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ABSTRACT

Background. Studies that focus on the relationships of problematic Internet use (PIU),
sleep disorders, and behavioral/emotional problems were limited. This study aimed to
explore (1) the relationship between PIU and behavioral/emotional problems among
Chinese adolescents and (2) whether sleep disorders mediate the relationship between
PIU and behavioral/emotional problems.

Methods. A total of 1,976 adolescents were recruited by cluster sampling from ten
secondary schools in Guangzhou between January and April 2019, and 1,956 of
them provided valid information (response rate: 98.9% ). Among them, 50.8% were
males and the mean age was 13.6%1.5 years, ranging from 11 to 18 years. Data
on behavioral/emotional problems, sleep disorders, and PIU were collected using a
self-reported questionnaire. Linear regression models and mediation analyses were
performed.

Results. Of the participants, 14.5% (284/1,956) reported moderate to severe PIU, and
their average score for total difficulties was significantly higher than the score for average
users (14.9£5.5 Vs 9.8+4.7). After adjusting for controlled variables, PIU was further
proven to be positively related to elevated levels of behavioral/emotional problems
(unstandardized § =0.16, p < 0.05). In addition, sleep disorders partially mediated the
forgoing associations.

Conclusions. Adolescents with problematic Internet habits were at higher risk of
developing behavioral and emotional problems than their normal-use peers, and
sleep disorders partially mediated the effect. Close attention and effective guidance
for adolescents with PIU and behavioral/emotional problems were recommended for
parents and schools.

Subjects Epidemiology, Pediatrics, Psychiatry and Psychology, Public Health

Keywords Sleep disorders, Emotional problems, Behavioral problems, Adolescents, Problematic
Internet use

INTRODUCTION

With its rapid development in recent decades, the Internet has become an indispensable
part of people’s lives. However, while providing people with great convenience in many
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areas, the Internet can also lure people into problematic use and addiction. In recent years,
the prevalence of problematic Internet use (PIU) has increased dramatically (Carbonell
etal, 2018). A large amount of information and services provided on the Internet has
dramatically supported people in their lives. In adolescence, a sensitive period in which
self-restraint has not been fully developed, the Internet may be particularly tempting with
its massive amount of information and novel content. PIU has become a serious health
issue worldwide in recent years (WHO, 2015). Large-scale investigations in China have
indicated that the prevalence of Internet addiction among adolescents was as high as 15%
(Yang et al., 2018), with 2.2% reporting severe addiction (Guo et al., 2018). Certain Internet
activities, such as online gaming and gambling, may negatively influence adolescents; for
example, causing social problems and dysfunctional family relationships (Torres-Rodriguez
et al., 2018) and directly or indirectly causing mental disorders (e.g., depression, anxiety,
sleep disturbances, behavioral and emotional disorders), especially for individuals with
PIU (Lam, 2014). Evidence has indicated that PIU is one of the major contributors to
behavioral/emotional problems among adolescents (Tsitsika et al., 2014).

Behavioral and emotional problems have become a major mental health issue among
adolescents in recent years, with 10-20% of adolescents experiencing mental disorders
worldwide (WHO, 2019). Behavioral/emotional problems can emerge at a very young age,
with an upward trend from age five and a significant increase during adolescence (Patalay
¢ Fitzsimons, 2017). Studies have indicated that behavioral/emotional problems may lead
to major depressive disorders (McCann et al., 2014), self-injury, substance abuse (Wilens
et al., 2013), and suicidal behaviors (Guo et al., 2019). However, to establish effective
interventions at an early stage, it is critical first to identify the risk factors and mechanisms
underlying behavioral/emotional problems.

It is well established that sleep disorders are comorbid with and are significant
predictors of psychiatric disorders such as internalizing and externalizing problems
and suicidal behaviors (Guo ef al., 2018; Lovato ¢ Gradisar, 2014; Reynolds ¢ Alfano,
2016). In addition, sleep disorders are among the major consequences of PIU (Yarng
et al., 2018). Epidemiological evidence from a systematic review demonstrated a positive
relationship between PIU and sleep disorders, including insomnia, short sleep duration,
and suboptimal sleeping quality (Larm, 2014). Screen light emitted from electronic devices
can affect sleeping quality by altering people’s circadian rhythm and hormone levels,
especially at night (Cain ¢ Gradisar, 2010; Lemola et al., 2015). The potential pathways
linking PIU to behavioral/emotional problems have not been fully discovered. There is
evidence demonstrating the indirect effect of sleeping quality on the association between
excessive Internet use and mental disorders among adolescents (A et al., 2014; Guo
et al., 2018). However, limited studies focus on sleep disorders as mediators of PIU and
behavioral/emotional problems among Chinese adolescents. As a result, the current study
aimed to explore (1) the associations among PIU, sleep disorders, and behavioral/emotional
problems and (2) the mediating role of sleep disorders in PIU and behavioral/emotional
problems.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 2115


https://peerj.com
http://dx.doi.org/10.7717/peerj.10839

Peer

MATERIALS AND METHODS
Study design and participants

Cross-sectional data were drawn from the baseline part of the 1-year Longitudinal Study of
Adolescents’ Mental and Behavioral Well-being in Guangzhou, China between 2019 and
2020 (Registration No. ChiCTR1900022032). Ten public high schools from four major
districts in Guangzhou were sampled using cluster sampling, with the school department
as the sampling unit. All the 1st graders and their legal guardians were sent an informed
consent letter explaining the intention of this study, and those who agreed to participate
were included. Self-report questionnaires were distributed in classrooms with a trained
researcher helping participants with their questionnaires and checking the rationality

of the answers. In order to protect participants’ privacy and avoid information bias, the
questionnaires and data analyses procedure were completely de-identified and anonymous.
A total of 1,976 participants were included, and 1,956 (response rate: 98.99%) were eligible
to participate and completed the questionnaire. A total of 50.8% of the participants were
boys, and the age ranged from 11 to 18 years, with an average age of 13.6 (£1.5) years.

Dependent variables

Behavioral and emotional problems were assessed using the self-report Strengths and
Difficulties Questionnaire (SDQ). This questionnaire was first designed and validated
by Goodman to evaluate young people’s mental health (Goodman, 1997). There are 25
items assessing participants’ hyperactivity, emotional symptoms, conduct problems, peer
problems and prosocial behaviors. The total score for hyperactivity, emotional symptoms,
conduct problems, and peer problems indicates the total difficulties score ranging from
0 to 40 (Goodman, 1997). A higher score indicates more behavioral/emotional disorders.
In addition, a higher score of the prosocial subscale indicated more prosocial behaviors.
Cronbach’s alpha for the SDQ were 0.76 and 0.74 for the total difficulties in the present
study. The Chinese version was validated in a previous study (Liu et al., 2013).

Independent variables

PIU was assessed by the Chinese version of the Young’s Internet Addiction Test (IAT),
which consists of 20 questions related to whether and how the Internet use affects young
people’s daily lives. The total IAT score ranges from 20 to 100, and a higher score indicates
more severe symptoms of PIU. The validated cut-off point criteria proposed by Young
were 20—49 (average users), 50-79 (moderately addicted) and 80-100 (severely addicted).
In the present study, both the total IAT score and a cut-off point of 50 were adopted. The
Cronbach’s alpha was 0.90 in the present study.

The presence of sleep disorders was assessed using the Chinese version of the Pittsburgh
Sleep Quality Index (PSQI), which has been widely used to measure sleep quality and
disorders. The Chinese version was validated by Tsai and colleagues (Tsai et al., 2005),
and the PSQI consists of 18 items and 7 components: sleep quality, sleep duration,
sleep efficiency, sleep latency, sleep disturbance, use of sleep medication, and daytime
dysfunction. The global score ranges from 0 to 21, and a higher score indicates more severe
sleep disorders. The Cronbach’s alpha was 0.77 in the present study.
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Demographic variables

Sex (1 = male, 2 = female), age, ethnicity (1 = Han, 2 = Other), family economic
status, family relationships, and perceived academic pressure were adjusted as categorical
variables with dummy variables set, except for age, in multivariable analyses. Family
economic status was coded as 1 = above average, 2 = average, and 3 = below average,
representing participants’ perception of their family’s financial status. Family relationships
were measured by asking whether the relationships among family members were 1 =
harmonious, 2 = average or 3 = conflicted. Perceived academic pressure was assessed by
adolescents’ perception of academic pressure at school: 1 = mild, 2 = moderate, or 3 =
heavy. The school unit was also adjusted as a continuous variable in the models.

Statistical analyses

R language 3.6.0 and SPSS 25.0 were adopted for the statistical analyses. Baseline
characteristics were described by the Mean £ SD for the continuous variables and the
number and proportions for the categorical variables. Univariable and multivariable
linear regression analyses were conducted for the relationship between the demographic
covariates, PIU, sleep disorders, and behavioral/emotional problems. Demographic
variables and covariates that were significant at the 0.25 level or widely reported by
previous studies were further submitted to the multivariable analysis (Hosmer, Lermeshow
& Sturdivant, 2013). Moreover, mediation analyses based on the methods proposed by
Preacher and Hayes (Preacher & Hayes, 2004) were conducted using PROCESS 3.0 in SPSS,
with the 5000 bootstrap samples for bias correction and 95% confidence interval. All the
tests were two-tailed and the p-value< 0.05 was considered significant.

Ethics

The study received approval from Sun Yat-sen University, School of Public Health
Institutional Review Board (Ethics Approval Number: 12017060, date obtained:
2017/12/08). All the invited participants received a consent letter with the intention of the
current study fully described. Consent letters were sent to legal guardians for participants
under 18 years old. Participation was entirely voluntary.

RESULTS

Baseline characteristics and univariable analyses

As shown in Table 1, a total of 1,956 participants were included in this study, with 993
(50.8%) boys and 963 (49.2%) girls. The age ranged from 11 to 18 years old, with a mean
of 13.6 & 1.5 years. The mean PIU score was 36.5 &+ 12.7, with 14.5% of the participants
reported as severe users. The average score for total difficulties in the SDQ was 10.5 &+ 5.1,
and the score for each subscale ranged from 2.1 to 3.2. We also observed significantly
higher scores for total difficulties among individuals with PIU compared to average
users (14.9+5.5 VS 9.8£4.7), while the result for the prosocial score was the opposite. The
Pearson correlation analyses in Table 2 show that PIU and sleep disorders were significantly
correlated with each other and that both were related to behavioral/emotional problems as
well as to each subscale.
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Table 1 Baseline characteristics of the participating adolescents (n=1,956).
Variables Total Behavioral/emotional
problems (M £SD)
n (%) Total Prosocial
difficulties behaviors
Age (years) 136+ 1.5
Sex
Boys 993 (50.8) 10.2 4.9 6.8 +2.3
Girls 963 (49.2) 10.8 £5.3° 7.5+2.0
Ethnicity
Han 1,912 (97.8) 10.5 £ 5.1 72422
Other 44 (2.2) 11.1+64 7.1+2.1
Economic status
Above average 1,012 (51.9) 9.8 +4.8 7.4+£22
Average 861 (44.2) 11.1 £5.2° 7.0+22
Below average 77 (3.9) 13.6 £5.7 6.7+£22
Missing 6
Family relationship
Harmonious 1,659 (85.2) 9.9+48 73+22
Average 230 (11.8) 13.4 4 5.5 6.6 24
Conflicted 59 (3.0) 16.4 £5.2 7.0+ 2.1
Missing 8
Academic pressure
Mild 515 (26.4) 9.2+ 4.6 73122
Moderate 910 (46.6) 10.1 £ 4.8 7.11+2.2
Heavy 526 (27.0) 12.6 £5.5 724122
Missing 5
Behavioral/Emotional problems (M =+ SD)
Total difficulties 10.5 £ 5.1 - -
Conduct problems 21+15 - -
Peer problems 3.0+ 1.6 - -
Hyperactivity 32+21 - -
Emotional problems 23+22 - -
Prosocial behaviors 72422 - -
Problematic Internet Use
M+ SD 36.5 £ 12.7 - -
Average users 1,672 (85.5) 9.8 £4.7 72+22
Problematic users 284 (14.5) 1494+ 5.5 6.8+23
Sleep Disorders (M =+ SD) 53+2.8 - -

Notes.

*unadjusted univariable linear regression analyses p < 0.05.

Total difficulties: Total score generated from emotional problems, conduct problems, hyperactivity, peer problems.
Prosocial behaviors: a sub-scale in strength and difficulties questionnaire assessing young people’s positive social behaviors.
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Table 2 Pearson correlations between problematic Internet use, sleep disorders and behavioral/emo-

tional problems.
Problematic Sleep
Internet Use disorders
Problematic Internet Use -
Sleep disorders 0.40 -
Total difficulties 0.46° 0.48
Conduct problems 0.35 0.25'
Peer problems 0.12° 0.16°
Hyperactivity 0.42 0.38
Emotional problems 0.36° 0.46°
Prosocial behaviors —0.10 —0.08'
Notes.
*p <0.05.

Table S1 demonstrated the baseline characteristics by sex. Age was similar between boys
and girls. We can see that boys demonstrated a slightly higher score of behavioral and peer
problems and lower prosocial behaviors scores. In comparison, girls showed a higher score
of emotional problems, PIU as well as sleep disorders.

The unadjusted results in Table 3 and Table S2 showed that sex, family economic status,
family relationships, academic pressure from school, PIU, and sleep disorders were linked
to higher levels of behavioral/emotional problems. In addition, univariable analyses showed
that PIU was positively related to sleep disorders (8=0.09 p < 0.05, Table 4).

Adjusted associations among PIU, sleep disorders, and
behavioral/emotional problems

Asshown in Table 3, after adjustment for covariates, higher levels of PIU (8 = 0.16, p < 0.05)
indicated significantly more severe behavioral/emotional problems. Furthermore, the total
difficulties score increased by 0.75 (p < 0.05) per one unit of the sleep disorders scale. The
forgoing associations remained significant when sleep disorders and PIU were each entered
into the models. Moreover, the association between PIU and sleep disorders was significant
(B=0.07, p <0.05, Table 4) after adjusting for covariates.

Indirect effect of sleep disorders on PIU and behavioral/emotional
problems

Mediation analyses indicated that sleep disorders partly mediated the association between
PIU and behavioral/emotional problems. As shown in Table 5, the indirect effect of
sleep disorders on the association between PIU and total difficulties was 0.04 (95%CI
[0.03-0.05]). In addition, sleep disorders also partly mediated the association between PIU
and conduct, emotional and hyperactive problems, and prosocial behaviors, respectively.
However, when sleep disorders were entered into the linear regression model of PIU and
peer problems, the direct effect of PIU was no longer statistically significant, implying a
possibly complete indirect effect.
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Table 3 Associations between problematic Internet use, sleep disorders and behavioral/emotional problems.

Independent variables Total Conduct Peer problems Hyperactivity Emotional Prosocial

difficulties problems problems behaviors
Unstandardized § (SE)

Problematic Internet Use

Model 1° 0.19 (0.008) 0.04 (0.002) 0.01 (0.003)" 0.07 (0.003) 0.06 (0.004) —0.02 (0.004)"

Model 2 0.16 (0.008)" 0.04 (0.002) 0.01 (0.003)" 0.06 (0.003) 0.05 (0.004)" —0.014 (0.004)"

Model 3° 0.12 (0.008) 0.03 (0.003) 0.006 (0.003) 0.05 (0.004)" 0.03 (0.004) —0.01 (0.004)"

Sleep disorders

Model 4° 0.87 (0.037)’ 0.13 (0.011) 0.09 (0.013)’ 0.28 (0.016) 0.37 (0.016) —0.06 (0.018)°

Model 5" 0.75 (0.038) 0.12 (0.012)° 0.08 (0.013)" 0.25 (0.016) 0.31 (0.017) —0.06 (0.019)°

Model 6 0.57 (0.038) 0.07 (0.012) 0.07 (0.014)" 0.18 (0.016) 0.26 (0.017) —0.04 (0.020)

Adjusted R* 0.38 0.18 0.05 0.27 0.33 0.06

Notes.

*unadjusted B and standard error.

bacljusted for age, sex, ethnicity, school unit, family economic status, family relationship, academic pressure.

“adjusted for covariates in Model 1 and sleep disorders.
dadjusted for covariates in Model 5 and problematic Internet use.

¢for model including problematic Internet use, sleep disorders, sex, age, ethnicity, school unit, family economic status, family relationship, academic pressure.

*p < 0.05.

Table 4 Associations between problematic Internet use and sleep disorders.

Problematic Internet Unstandardized § (SE) Adjusted R?
use — Sleep disorders
Model 1* 0.09 (0.005) 0.16
Model 2° 0.07 (0.005)" 0.22
Notes.

2unadjusted model.

badjusted for age, sex, ethnicity, school unit, family economic status, family relationship, academic pressure.

*p < 0.05.

Table 5 Indirect effect of sleep disorders on problematic Internet use and behavioral/emotional prob-

lems.”

Direct effect

Indirect effect

B (95% CI)

Total difficulties
Conduct problems
Peer problems
Hyperactivity
Emotional problems

Prosocial behaviors

0.12 (0.10, 0.13)’

0.03 (0.03, 0.04)°

0.006 (—0.001, 0.01)
0.05 (0.040, 0.054)"
0.03 (0.02, 0.04)°

—0.01 (—0.02, —0.004)"

0.04 (0.03, 0.05)°

0.005 (0.003, 0.007)"

0.005 (0.003, 0.01)"

0.01 (0.010, 0.016)

0.02 (0.015, 0.023)"

—0.003 (—0.006, —0.0004)

Notes.
*p <0.05.

2adjusted for age, sex, ethnicity, school unit, family economic status, family relationship, academic pressure.
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DISCUSSION

The average PIU score was 36.5 & 12.7 in the current study, with 14.5% of the participants
reporting problematic use. The mean global score for total behavioral and emotional
difficulties was 10.5, with each difficulty subscale having a mean score between 2 and 3 and a
score of 7 for the prosocial subscale. In addition, this study presented a positive association
between PIU and behavioral/emotional problems, with sleep disorders mediating the
aforementioned association.

The mean score for PIU was similar to that in former research, while the prevalence was
slightly lower (Guo et al., 2018; Yang et al., 2018). The differences in the sample size and
baseline characteristics of the participants may be the underlying contribution for such
variance. The average levels for sleep disorders and behavioral and emotional difficulties in
this study were similar to those reported in other studies in China (Guo et al., 2019; Xiao
etal., 2019).

The univariable analyses suggested that sex, family economic status, family relationship,
and perceived academic pressure were related to total behavioral and emotional difficulties
and subscales. Girls were more vulnerable to having a higher level of total difficulties and
emotional problems, while boys were more likely to report conduct and prosocial problems.
Low economic status, conflicted family relationships, and heavy academic pressure were
also associated with increased risks of behavioral and emotional difficulties. Previous
studies also came to similar conclusions (Emam, Kazem ¢ Al-Zubaidy, 2016; Wang, Liu &
Wang, 2014).

The current study found that PIU was positively related to having more
behavioral/emotional problems and negatively related to prosocial behaviors. For the
subscales, we discovered that users with more severe PIU demonstrated higher levels of
emotional, conduct, and peer problems as well as hyperactivity. Machimbarrena et al.
(2019) also pointed out that PIU among adolescents was strongly related to lower levels
of adolescents’ physical, psychological, and social and family well-being. Specifically, the
authors found that PIU, especially severe use or Internet addiction, caused a serious
loss of psychological health, including depressive and somatic symptoms, as well as
behavioral/emotional problems among adolescents (Cerruti et al., 2017; Machimbarrena
et al., 2019). Tt has been proposed that Internet addiction is usually related to people’s
reward system, memory and cognitive ability and to the cerebral synaptic activity in the
brain, which is subsequently linked to depression and behavioral disorders (Kuss, 2013).
Among people with Internet gaming addiction, reduced dopamine transport has also been
proven to be account for depression and some personality disorders (Bernardi ¢ Pallanti,
2009; Morrison ¢ Gore, 2010). Another possible explanation is that some inappropriate
content on the Internet, such as aggressive or dishonest behaviors, plays a guiding role for
adolescents to imitate, destructively influencing them. Fisoun et al. reported that abusive
Internet use was significantly correlated with anti-social and aggressive behaviors among
adolescents, giving rise to increasing behavioral problems (Fisoun et al., 2012). On the other
hand, Yanget al. pointed out that compared to infrequent Internet users, frequent users were
more likely to be emotionally unstable, affective, and lonely, which can lead to emotional
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issues among adolescents (Yang et al., 2005). Additionally, more harmful Internet activities
were associated with worse interpersonal activities and fewer prosocial attributes (Ma, Li ¢
Pow, 2011; Milani, Osualdella ¢ Blasio, 2009), a finding that is consistent with the negative
relationship between PIU and prosocial behaviors in the current study. Social withdrawal
and isolation symptoms generated from excessive dependence on the Internet were found
to be another pathway to psychiatric disorders and behavioral problems (Kato, Shinfuku
¢ Tateno, 2020). Taken together, our results regarding the strong association of PIU with
behavioral/emotional problems among adolescents are supported by previous studies. In
particularly, our data demonstrated that compared to the other three problems, higher
score of PIU caused more increase in hyperactivity and emotional problems, indicating
that these problems were more likely be affected by inappropriate Internet use.

We also found that PIU was positively associated with sleep disorders, which were further
related to elevated levels of behavioral/emotional problems. There is existing evidence
supporting a strong relationship of PIU with sleep disorders (Yang et al., 2018), as well as
evidence that suboptimal sleeping quality increases the likelihood of behavioral/emotional
problems (Kosticova, Husarova ¢ Dankulincova, 2020). In addition, we also found that sleep
disorders caused more emotional, hyperactive problems, compared to other sub-scales. In
conclusion, our data demonstrated that adolescents with a mean age of 13.5 were prone
to developing hyperactive and emotional problems if they have inappropriate Internet use
habits or sleep problems.

Furthermore, we identified a partial indirect effect of sleep disorders on the relationships
between PIU and behavioral/emotional problems and prosocial behaviors in this study.
Previous studies have illustrated that sleep situations may be a potential mechanism
explaining the relationship between PIU and psychiatric disorders among both adolescents
and adults (An et al., 2014; Kim et al., 2017). Internet use, especially excessive use or
addiction, becomes increasingly challenging for people to abstain from. The withdrawal
symptoms cause serious disturbances in people’s daily lives, including regular sleeping
habits (Herlache, Lang & Krizan, 2018). Inadequate sleeping and circadian activities were
proven to be associated with people’s psychiatric well-being via their hormone levels.
Dysregulated cortisol and pubertal hormone levels, such as testosterone or estradiol, were
detected among children and adolescents with sleeping and behavioral/emotional disorders
(Dolsen, Deardorff ¢ Harvey, 2019; Hatzinger et al., 2012). Our study also showed that the
indirect effect of PIU on peer problems was statistically significant, while the direct effect
was not, with the 95% CI of the mediated proportion covering 100%, suggesting a possibly
complete mediation effect of sleep disorders. In the future study, we will further confirm
this association in a longitudinal study with larger sample size.

Considering that Internet use is becoming an inevitable part of modern society, where
adolescents pursue both their academic as well as entertainment goals, we suggested that
parents and educational facilities should pay more attention to adolescents’ Internet use,
including time and content, to prevent the development of problematic use and even
addiction. Additionally, schools and educational facilities are advised to assign homework
and after-school curricula relying more on real books and classrooms instead of online
methods, thus reducing adolescents’ time spent on the Internet and electronic devices. In
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addition, the negative effect of Internet use on sleeping cannot be ignored. It is essential
for students to build a healthy schedule of sleep and work, especially for Chinses students
facing heavy academic pressure. Last but not least, adolescents’ psychological and behavioral
well-being, as one of the major negative consequences of PIU and sleep disorders, should be
a top priority during their development. Our study especially indicated that adolescents are
more likely to develop hyperactive and emotional problems if exposed to too much Internet
use or sleep problems during this period. Parents and teachers are strongly suggested to
closely keep track of adolescents’ emotional and behavioral changes and provide counseling
in a timely manner.

There were some limitations of this study that should be noted. First, the current study
was the baseline part of a longitudinal study. As a result, it is a cross-sectional design, which
made it impossible to draw causal conclusions. Results from this study are a preliminary
exploration of the associations among PIU, sleep disorders and behavioral/emotional
problems. We will further test the relationships with better time sequence through
longitudinal study design in our future study. Second, the sample was gathered only
in Guangzhou, a well-developed region of China. Moreover, the proportion of junior high
school students was more extensive than that of senior high school students (72.6% vs.
27.4%), thus introducing selection bias. As a result, the conclusions from this study should
be generalized with caution. Third, although self-reported questionnaire has been proven
to be a valid research instrument, it may still generate information bias. On the other
hand, this study has several strengths, one of which was providing a high level of quality
control during the field survey. Trained interviewers were present to guide students with
their questionnaires, which aimed to reduce some of the reporting bias. Another strength
was that the school-based sample in this study ensured a high response rate and good
cooperation from participants, thereby ensuring data quality.

CONCLUSIONS

The current study suggested that PIU was positively related to adolescents’ behavioral
and emotional problems, especially hyperactivity, emotional and conductive problems.
Furthermore, sleep disorders partially mediated the effect of PIU on behavioral as well as
emotional problems. This finding provided a possible mechanism of the effect of sleep
disorders on the forgoing associations. Despite the convenience brought by the Internet,
inappropriate use significantly disturbs adolescents’ sleep quality and further worsens
their behavioral and emotional well-being. As a result, parents are highly encouraged to
increase their attention to adolescents’ Internet use and alterations in mood and behavior
and provide guidance when necessary. Moreover, a healthy sleeping schedule should
be guaranteed for adolescents since sleep can affect their daily performance and their
psychological and behavioral well-being.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the contribution of the Guangzhou Primary and High
School Health Promotion Center and its participating schools.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 10/15


https://peerj.com
http://dx.doi.org/10.7717/peerj.10839

Peer

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the National Natural Science Foundation of China (Grant No.
81761128030), the National Natural Science Foundation of China (Grant No. 81903339),
and the Natural Science Foundation of Guangdong Province (Grant No. 2018A0303130331;
Grant No. 2019A1515011091). The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

National Natural Science Foundation of China: 81761128030.

National Natural Science Foundation of China: 81903339.

Natural Science Foundation of Guangdong Province: 2018A0303130331,2019A1515011091.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Wanxin Wang performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the paper, and approved the final draft.

e Xueying Du and Yangfeng Guo analyzed the data, authored or reviewed drafts of the
paper, and approved the final draft.

e Wenyan Li and Sheng Zhang performed the experiments, prepared figures and/or tables,
and approved the final draft.

e Lan Guo and Ciyong Lu conceived and designed the experiments, authored or reviewed
drafts of the paper, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Sun Yat-sen University, School of Public Health Institutional Review Board granted
Ethical approval to carry out the study within its facilities (Ethic Number: L2017060).

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplementary Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.10839#supplemental-information.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 11/15


https://peerj.com
http://dx.doi.org/10.7717/peerj.10839#supplemental-information
http://dx.doi.org/10.7717/peerj.10839#supplemental-information
http://dx.doi.org/10.7717/peerj.10839#supplemental-information
http://dx.doi.org/10.7717/peerj.10839

Peer

REFERENCES

AnJ, Sun Y, Wan YH, Chen J, Wang X, Tao FB. 2014. Associations between
problematic internet use and adolescents’ physical and psychological symp-
toms: possible role of sleep quality. Journal of Addiction Medicine 8:282-287
DOI 10.1097/adm.0000000000000026.

Bernardi S, Pallanti S. 2009. Internet addiction: a descriptive clinical study focusing on
comorbidities and dissociative symptoms. Comprehensive Psychiatry 50:510-516
DOI 10.1016/j.comppsych.2008.11.011.

Cain N, Gradisar M. 2010. Electronic media use and sleep in school-aged children and
adolescents: a review. Sleep Medicine 11:735-742 DOI 10.1016/j.sleep.2010.02.006.

Carbonell X, Chamarro A, Oberst U, Rodrigo B, Prades M. 2018. Problematic Use of the
Internet and Smartphones in University Students: 2006-2017. International Journal of
Environmental Research and Public Health 15:475 DOI 10.3390/ijerph15030475.

Cerruti R, Spensieri V, Presaghi F, Valastro C, Fontana A, Guidetti V. 2017. An
exploratory study on internet addiction, somatic symptoms and emotional and
behavioral functioning in school-aged adolescents. Clinical Neuropsychiatry
14:374-383.

Dolsen MR, Deardorff ], Harvey AG. 2019. Salivary pubertal hormones, sleep distur-
bance, and an evening circadian preference in adolescents: risk across health do-
mains. Journal of Adolescent Health 64:523-529 DOI 10.1016/j.jadohealth.2018.10.003.

Emam MM, Kazem AM, Al-Zubaidy AS. 2016. Emotional and behavioural diffi-
culties among middle school students in Oman: an examination of prevalence
rate and gender differences. Emotional and Behavioural Difficulties 21:314-328
DOI 10.1080/13632752.2016.1165965.

Fisoun V, Floros G, Geroukalis D, Ioannidi N, Farkonas N, Sergentani E, Angelopoulos
N, Siomos K. 2012. Internet addiction in the island of Hippocrates: the associations
between internet abuse and adolescent off-line behaviours. Child and Adolescent
Mental Health 17:37—44 DOI 10.1111/5.1475-3588.2011.00605.

Goodman R. 1997. The Strengths and Difficulties Questionnaire: a research note.

Journal of Child Psychology and Psychiatry, and Allied Disciplines 38:581-586
DOI10.1111/j.1469-7610.1997.tb01545.x.

Guo L, Luo M, Wang WX, Huang GL, Xu Y, Gao X, Lu CY, Zhang WH. 2018.
Association between problematic Internet use. sleep disturbance, and suicidal
behavior in Chinese adolescents. Journal of Behavioral Addictions 7:965-975
DOI 10.1556/2006.7.2018.115.

Guo L, Wang WX, Wang T, Li WY, Gong MQ, Zhang S, Zhang WH, Lu CY. 2019.
Association of emotional and behavioral problems with single and multiple suicide
attempts among Chinese adolescents: modulated by academic performance. Journal
of Affective Disorders 258:25-32 DOI 10.1016/j.jad.2019.07.085.

Hatzinger M, Brand S, Perren S, Von Wyl A, Stadelmann S, Von Klitzing K, Holsboer-
Trachsler E. 2012. Pre-schoolers suffering from psychiatric disorders show increased

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 12/15


https://peerj.com
http://dx.doi.org/10.1097/adm.0000000000000026
http://dx.doi.org/10.1016/j.comppsych.2008.11.011
http://dx.doi.org/10.1016/j.sleep.2010.02.006
http://dx.doi.org/10.3390/ijerph15030475
http://dx.doi.org/10.1016/j.jadohealth.2018.10.003
http://dx.doi.org/10.1080/13632752.2016.1165965
http://dx.doi.org/10.1111/j.1475-3588.2011.00605
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://dx.doi.org/10.1556/2006.7.2018.115
http://dx.doi.org/10.1016/j.jad.2019.07.085
http://dx.doi.org/10.7717/peerj.10839

Peer

cortisol secretion and poor sleep compared to healthy controls. Journal of Psychiatric
Research 46:590-599 DOI 10.1016/j.jpsychires.2012.01.018.

Herlache AD, Lang KM, Krizan Z. 2018. Withdrawn and wired: problematic internet
use accounts for the link of neurotic withdrawal to sleep disturbances. Sleep Science
11:69—73 DOI 10.5935/1984-0063.20180015.

Hosmer DWJ, Lemeshow S, Sturdivant RX. 2013. Applied Logistic Regression. 3rd
edition. Hoboken, New Jersey: John Wiley & Sons, Inc..

Kato TA, Shinfuku N, Tateno M. 2020. Internet society, internet addiction, and patho-
logical social withdrawal: the chicken and egg dilemma for internet addiction and
hikikomori. Current Opinion in Psychiatry 33:264-270
DOI 10.1097/yco0.0000000000000601.

Kim K, Lee H, Hong JP, Cho MJ, Fava M, Mischoulon D, Kim D], Jeon H]J. 2017.

Poor sleep quality and suicide attempt among adults with internet addic-
tion: a nationwide community sample of Korea. PLOS ONE 12(4):e0174619
DOI 10.1371/journal.pone.0174619.

Kosticova M, Husarova D, Dankulincova Z. 2020. Difficulties in getting to sleep and
their association with emotional and behavioural problems in adolescents: does the
sleeping duration influence this association? International Journal of Environmental
Research and Public Health 17(5):1691 DOI 10.3390/ijerph17051691.

Kuss DJ. 2013. Internet gaming addiction: current perspectives. Psychology Research and
Behavior Management 6:125—-137 DOI 10.2147/PRBM.S39476.

Lam LT. 2014. Internet gaming addiction, problematic use of the internet, and
sleep problems: a systematic review. Current Psychiatry Reports 16(4):444
DOI10.1007/s11920-014-0444-1.

Lemola S, Perkinson-Gloor N, Arx PHagmann-von, Brand S, Holsboer-Trachsler E,
Grob A, Weber P. 2015. Morning cortisol secretion in school-age children is related
to the sleep pattern of the preceding night. Psychoneuroendocrinology 52:297-301
DOI 10.1016/j.psyneuen.2014.12.007.

Liu SK, Chien YL, Shang CY, Lin CH, Liu YC, Gau SSF. 2013. Psychometric properties
of the Chinese version of strength and difficulties questionnaire. Comprehensive
Psychiatry 54:720-730 DOI 10.1016/j.comppsych.2013.01.002.

Lovato N, Gradisar M. 2014. A meta-analysis and model of the relationship between
sleep and depression in adolescents: recommendations for future research and clini-
cal practice. Sleep Medicine Reviews 18:521-529 DOI 10.1016/j.smrv.2014.03.006.

Ma HK, Li SC, Pow JWC. 2011. The relation of internet use to prosocial and antisocial
behavior in Chinese adolescents. Cyberpsychology Behavior and Social Networking
14:123-130 DOI 10.1089/cyber.2009.0347.

Machimbarrena JM, Gonzalez-Cabrera J, Ortega-Baron J, Beranuy-Fargues M,
Alvarez-Bardon A, Tejero B. 2019. Profiles of problematic internet use and its
impact on adolescents’ health-related quality of life. International Journal of Envi-
ronmental Research and Public Health 16: DOI 10.3390/ijerph16203877.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 13/15


https://peerj.com
http://dx.doi.org/10.1016/j.jpsychires.2012.01.018
http://dx.doi.org/10.5935/1984-0063.20180015
http://dx.doi.org/10.1097/yco.0000000000000601
http://dx.doi.org/10.1371/journal.pone.0174619
http://dx.doi.org/10.3390/ijerph17051691
http://dx.doi.org/10.2147/PRBM.S39476
http://dx.doi.org/10.1007/s11920-014-0444-1
http://dx.doi.org/10.1016/j.psyneuen.2014.12.007
http://dx.doi.org/10.1016/j.comppsych.2013.01.002
http://dx.doi.org/10.1016/j.smrv.2014.03.006
http://dx.doi.org/10.1089/cyber.2009.0347
http://dx.doi.org/10.3390/ijerph16203877
http://dx.doi.org/10.7717/peerj.10839

Peer

McCann M, Higgins K, Perra O, McCartan C, McLaughlin A. 2014. Adolescent ecstasy
use and depression: cause and effect, or two outcomes of home environments?.
European Journal of Public Health 24(5):845-850 DOI 10.1093/eurpub/cku062.

Milani L, Osualdella D, Blasio Di. 2009. Quality of interpersonal relationships and
problematic internet use in adolescence. Cyberpsychology ¢ Behavior 12:681-684
DOI 10.1089/cpb.2009.0071.

Morrison CM, Gore H. 2010. The relationship between excessive internet use and
depression: a questionnaire-based study of 1319 young people and adults. Psy-
chopathology 43:121-126 DOI 10.1159/000277001.

Patalay P, Fitzsimons E. 2017. Mental ill-health among children of the new century: trends
across childhood with a focus on age. 14. London: Centre for Longitudinal Studies,
1-6.

Preacher KJ, Hayes AF. 2004. SPSS and SAS procedures for estimating indirect effects
in simple mediation models. Behavior Research Methods Instruments ¢ Computers
36:717-731 DOI 10.3758/bf03206553.

Reynolds KC, Alfano CA. 2016. Childhood bedtime problems predict adolescent
internalizing symptoms through emotional reactivity. Journal of Pediatric Psychology
41:971-982 DOI 10.1093/jpepsy/jsw014.

Torres-Rodriguez A, Griffiths MD, Carbonell X, Oberst U. 2018. Internet gaming
disorder in adolescence: psychological characteristics of a clinical sample. Journal
of Behavioral Addictions 7:707-718 DOI 10.1556/2006.7.2018.75.

Tsai P-S, Wang S-Y, Wang M-Y, Su C-T, Yang T-T, Huang C-J, Fang S-C. 2005.
Psychometric evaluation of the Chinese version of the Pittsburgh sleep quality index
(CPSQI) in primary insomnia and control subjects. Quality of Life Research: an
International Journal of Quality of Life Aspects of Treatment, Care and Rehabilitation
14:1943-1952 DOI 10.1007/s11136-005-4346-x.

Tsitsika A, Janikian M, Schoenmakers TM, Tzavela EC, Olafsson K, Wojcik S, Macarie
GF, Tzavara C, Richardson C, Consortium ENA. 2014. Internet addictive behavior
in adolescence: a cross-sectional study in seven European countries. Cyberpsychology
Behavior and Social Networking 17:528-535 DOI 10.1089/cyber.2013.0382.

Wang )N, Liu L, Wang L. 2014. Prevalence and associated factors of emotional and
behavioural problems in Chinese school adolescents: a cross-sectional survey. Child
Care Health and Development 40:319-326 DOI 10.1111/cch.12101.

WHO. 2015. Public health implications of excessive use of the internet, computers,
smartphones and similar electronic devices: meeting report. In: Main Meeting Hall,
Foundation for Promotion of Cancer Research, National Cancer Research Centre,
Tokyo, Japan, 27-29 2014. 2014. Geneva: World Health Organization.

WHO. 2019. Adolescent mental health: Fact sheet. Available at hitps://www.who.int/
news-room/ fact-sheets/ detail/ adolescent-mental- health.

Wilens TE, Martelon M, Anderson JP, Shelley-Abrahamson R, Biederman J. 2013.
Difficulties in emotional regulation and substance use disorders: a controlled
family study of bipolar adolescents. Drug and Alcohol Dependence 132:114-121
DOI 10.1016/j.drugalcdep.2013.01.015.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 14/15


https://peerj.com
http://dx.doi.org/10.1093/eurpub/cku062
http://dx.doi.org/10.1089/cpb.2009.0071
http://dx.doi.org/10.1159/000277001
http://dx.doi.org/10.3758/bf03206553
http://dx.doi.org/10.1093/jpepsy/jsw014
http://dx.doi.org/10.1556/2006.7.2018.75
http://dx.doi.org/10.1007/s11136-005-4346-x
http://dx.doi.org/10.1089/cyber.2013.0382
http://dx.doi.org/10.1111/cch.12101
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
http://dx.doi.org/10.1016/j.drugalcdep.2013.01.015
http://dx.doi.org/10.7717/peerj.10839

Peer

Xiao LY, Zhang S, Li WY, Wu RP, Wang WX, Wang T, Guo L, Lu CY. 2019. The me-
diating effect of sleep quality on the relationship between emotional and behavioral
problems and suicidal ideation. International Journal of Environmental Research and
Public Health 16(11):4963 DOI 10.3390/ijerph16244963.

Yang CK, Choe BM, Baity M, Lee JH, Cho JS. 2005. SCL-90-R and 16PF profiles of se-
nior high school students with excessive Internet use. Canadian Journal of Psychiatry-
Revue Canadienne De Psychiatrie 50:407—414 DOI 10.1177/070674370505000704.

YangJ, Guo Y, DuX, Jiang Y, Wang W, Xiao D, Wang T, Lu C, Guo L. 2018. Association
between problematic internet use and sleep disturbance among adolescents: the role
of the child’s sex. International Journal of Environmental Research and Public Health
15:2682 DOI 10.3390/ijerph15122682.

Wang et al. (2021), PeerdJ, DOI 10.7717/peerj.10839 15/15


https://peerj.com
http://dx.doi.org/10.3390/ijerph16244963
http://dx.doi.org/10.1177/070674370505000704
http://dx.doi.org/10.3390/ijerph15122682
http://dx.doi.org/10.7717/peerj.10839

