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INTRODUCTION

The Internet has provided a new communication medium 
that enables access to unlimited information resources across 
numerous topics. In the past decades, Internet use has greatly 
increased worldwide. The Internet penetration rate in Japan 
is 83.0% across all age groups according to the Ministry of 
Internal Affairs and Communications survey in 2016. Among 
13–49-year-olds, the Internet penetration rate has reached 
95%,1 demonstrating that the Internet has become an essen-
tial aspect of our life. However, heavy Internet use has been 
associated with potentially detrimental side effects. General-
ly, adolescents spend more time on the Internet than adults,2 
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predisposing themselves to Internet addiction (IA). IA crite-
ria comprise the following four components: 1) excessive In-
ternet use, often associated with a loss of sense of time or a 
neglect of basic drives, 2) withdrawal, including feelings of 
anger, depression, and tension when the Internet is inaccessi-
ble, 3) lack of tolerance, especially regarding the need for bet-
ter computer equipment, amount of software, or more hours 
of use, and 4) negative repercussions, including arguments, 
lying, poor achievement, social isolation, and fatigue.3 Seri-
ous problems associated with IA among adolescents include 
refusal to attend school, negative influence on family rela-
tionships, and mental health problems, such as loneliness, 
low self-esteem, less life satisfaction, poor academic perfor-
mance, insufficient sleep, anxiety, and depression.4-8 In addi-
tion, close peers are associated in the development of IA.9 IA 
and sleep problems are common among children and ado-
lescents, and are a main concern for parents. Students who 
spend more time watching television, playing computer 
games, and using the Internet eventually spend less time 
sleeping and experience higher levels of tiredness.10 The use 
of computer games and mobile phones in the bedroom is re-
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lated to poor sleep habits, learning, and memory in chil-
dren.11-13 Stegar reported that Japanese high school students 
often study until late at night and sacrifice their sleep, and 
then nap during the afternoon, which is widely accepted.14 
Nightmares and sleep paralysis were also found to be associ-
ated with daytime naps according to a cross-sectional survey 
of junior and senior high school students in Japan.15 We pre-
viously reported a strong correlation between IA and mental 
health problems, such as suicidal depression, and the accessi-
bility to smartphones in junior high school students.16 Re-
cently, the importance of sleep for a high quality and healthy 
life both physically and psychologically has been reevaluated 
in Japan.17 A previous study on Japanese adult psychiatric pa-
tients revealed that problematic internet users had signifi-
cantly higher scores for sleep problems.18 However, there are 
no reports on the association between sleep habits and prob-
lems and IA among Japanese adolescents.

We hypothesized that sleep habits and problems in adoles-
cents are significantly associated with IA. Thus, the aim of 
this study was to examine the association of IA with sleep 
habits/problems in adolescents.

METHODS 

Participants
In November 2014, participants were recruited from three 

junior high schools in Masaki town in Ehime Prefecture, 
which is a rural area close to the sea in western Japan. The 
average income level in Ehime prefecture is the same as the 
national average, and the overall unemployment rate (for 
those aged ≥15 years) in Ehime in 2017 (2.3%) was lower 
than the national rate (2.8%). In Japan, public schools gener-
ally start at 8:30 a.m. and finish at 4:00 p.m. on weekdays. 
The population of the surveyed area, Masaki town, is 31,000, 
and it is increasing. There are 3 public junior high schools in 
the survey area. All junior high school students in the area 
(n=874; age, 12–15 years) were recruited in the study. Two 
students did not participate in the study, and 19 students did 
not respond to at least one questionnaire; therefore, we ex-
cluded 21 students. In total, 853 participants (males, n=425; 
females, n=428) were included in the analysis (proper re-
sponse rate, 97.6%).

Materials
Participants responded to the Young’s Internet Addiction 

Test (IAT), Child and Adolescent Sleep Checklist (CASC), 
and their usage of or exposure to electronic devices. 

Measurement of IA
The 20 items that comprise the IAT are scored on a scale 

ranging from 1 to 5 (total scores ranging from 20 to 100), 
with higher scores reflecting a greater tendency toward ad-
diction.19 Three types of Internet users were identified in ac-
cordance with the original scheme of Young.20 Respondents 
with IAT scores >70 were classified as “addicted,” and most 
likely had encountered significant life problems due to exces-
sive Internet use. Respondents with IAT scores between 40 
and 69 were classified as “possibly-addicted,” and those scor-
ing <39 were considered “non-addicted” and were most likely 
average Internet users, with only some problems in control-
ling their Internet use. The cut-off points were determined by 
referring to previous studies conducted in Japan.21,22 Although 
the Japanese version of the IAT has not been validated, the 
originally validated IAT has been used globally. In the present 
study sample (n=853), Cronbach’s α coefficient was 0.929.

Measurement of sleep habits and problems
Sleep habits and problems among students were assessed 

using the high school students’ version of the CASC.23 It was 
designed to identify sleep habits and screen for sleep prob-
lems among preschoolers, elementary school children, and 
high school students. Currently available language options 
are English and Japanese. It consists of 12 questions regard-
ing sleep habits, and a 24-item checklist that addresses sleep-
related problems. Usual bedtime (BT), wake time (WT), and 
total night sleep time (TST) on weekdays and weekends over 
the previous week were obtained from the self-reported ver-
sion of the CASC. Individual weekend catch-up sleep dura-
tion was calculated as the weekend sleep duration minus the 
weekday sleep duration. Regarding the 24 items, participants 
were asked to respond using a 4-point frequency scale in 
which 0 indicated “never and unknown,” 1 indicated “occa-
sionally” (0–1 day per week), 2 indicated “sometimes” (2–4 
days per week), and 3 indicated “always” (5–7 days per week). 
The 24 items that comprise sleep disturbance were scored on 
a scale ranging from 0 to 3 (total score ranging from 0 to 72). 
CASC scores were subdivided into three categories: pre-sleep 
domain, Q1–6 (6 questions); nighttime domain, Q7–19 (13 
questions); and daytime domain, Q20–24 (5 questions). In 
the present study sample (n=853), Cronbach’s α coefficient 
was 0.786.

Measurement of usage of and exposure to electronic devices
Participants were asked to fill out a questionnaire on their 

usage of electronic devices such as televisions, radios, cell 
phones, smartphones, laptop computers, tablet computers, 
console games, including computer games, and portable 
games. Participants were also asked to respond whether elec-
tronic devices were freely accessible to them or placed in 
their own room with ‘yes’ or ‘no’.
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Sample size calculation
The sample size was calculated based on a multiple logistic 

regression model using G* power 3.1.9.2 software.24 A small 
size effect of 0.02, a significance level of alpha=0.05, and a 
statistical power of 1–β=0.95 were considered. The necessary 
sample size is fulfilled in this study.

Ethical considerations
This study was approved by the Institutional Review Board 

of the Ehime University Graduate School of Medicine, with 
the cooperation of the School Board of Masaki town (IRB 
No. 1410021). The study protocol was explained to the junior 
high school teachers, and parents were informed of this study 
via a letter and were asked to contact the school for further 
clarification. In November 2014, homeroom teachers ex-
plained the purpose of the study to their students, who then 
filled the questionnaires during class using a self-reporting 
format. It took about 20 minutes were required which stu-
dents to filled out these questionnaires. The questionnaires 
are anonymous, so the individual result is uninformed to 
each student. Students were informed that they could freely 
determine the entry of this study and reassured that this 
would not affect their school life in any ways. Written in-
formed consent was obtained from each student.

Data analysis
Continuous variables were expressed as mean±SD. Cate-

gorical variables were expressed as numbers and percentages. 
For categorical variables, chi-square tests were employed to 
compare the number of participants in the non-addicted, 
possibly-addicted, and addicted groups, complemented by 
adjusted residual analysis. In addition, a one-way analysis of 
variance (ANOVA) was conducted to compare CASC scores 
among the three IAT groups with post hoc analysis using the 
Bonferroni correction. Next, we defined the participants 

with IAT scores of >40, who were included in the addicted 
and possibly-addicted groups with IA. Logistic regression 
models were used to assess the independent associations be-
tween IA and sleep problems evaluated by CASC. We em-
ployed a multivariate model and backward stepwise regres-
sion. All tests were two-sided and assumed a 5% significance 
level. All data were analyzed using the statistical software 
SPSS Statistics (IBM Corp., Armonk, NY, USA) for Win-
dows, version 23.0.

RESULTS

The mean age of the students was 13.6±0.9 years (male, 
13.6±0.9 years; female, 13.5±1.0 years). Of the 853 students 
(male/female, 425/428), 279 (12–13 years old; male/female, 
126/153) were first grade, 271 (13–14 years old; male/female, 
144/127) were second grade, and 303 (14–15 years old; male/
female, 155/148) were third grade students. Based on the to-
tal IAT scores, 2.0% (male, 2.1%; female, 1.9%) and 21.7% 
(male, 19.8%; female, 23.6%) of adolescents were classified as 
addicted and possibly-addicted, respectively (Table 1). As a 
result, the prevalence of IA, including both addicted and 
possibly-addicted adolescents, was 23.7% (male, 21.9%; fe-
male, 25.5%). Table 1 depicts the demographic features of the 
participants according to their IA-status. No significant gen-
der differences were found. Regarding grade, first grade par-
ticipants classified as non-addicted had significantly higher 
prevalence rates than third grade participants, and third 
grade participants classified as possibly-addicted had signifi-
cantly higher prevalence rates than first grade participants. 

The sleep habits/problems of students with IA
As shown in Table 2, the TST in the addicted group on 

weekdays was significantly shorter than that in other groups, 
and the TST in the possibly-addicted group was significantly 

Table 1. Demographics of Internet use according to status of Internet addiction 

Demographics
IA-status

p-value
Non-addicted (IAT<40) Possibly-addicted (IAT: 40–69) Addicted (IAT>70)

Total, N (%) 651 (76.3) 185 (21.7) 17 (2.0)
Sex, N (%) 0.393

Male 332 (78.1) 84 (19.8) 9 (2.1)
Female 319 (74.5) 101 (23.6) 8 (1.9)

Junior high school grade, N (%) <0.001*
First 238 (85.3) 36 (12.9) 5 (1.8)
Second 201 (74.2) 64 (23.6) 6 (2.2)
Third 212 (70.0) 85 (28.0) 6 (2.0)

IAT score 26.2±5.7 49.8±8.3 81.1±8.8
Chi-square test; *p<0.01. IAT: Young’s Internet Addiction Test
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shorter than that in the non-addicted group. In addition, the 
TST on weekends was significantly shorter in the possibly-
addicted group than that in the non-addicted group. WT on 
weekdays was not different among the three groups; howev-
er, it was significantly later in the addicted group than in the 
other two groups on weekends and in the possibly-addicted 
group than in the non-addicted group. BT in the addicted 
group on both weekdays and weekends was significantly de-
layed compared with the other groups; it was also signifi-
cantly delayed in the possibly-addicted group compared with 
the non-addicted group. Weekend catch-up sleep signifi-
cantly differed among three groups; however, post hoc tests 
did not reveal significant differences among the groups. The 
total scores and each subscale of sleep problems measured by 
CASC were significantly different among the three groups.

Factors that contribute to IA
As shown in Table 3, univariate logistic regression analyses 

revealed that 20 variables were significantly associated with 
IA. Using a multivariate model with IA as the dependent 
variable, we found that the following items had significantly 
high odds ratios (ORs): pre-sleep domain: “I play video games, 
surf the Internet, or send texts one hour or less before going 
to bed” [crude OR=2.56 and 95% confidence interval (CI)= 
2.06–3.17; adjusted OR=2.51 and 95% CI=1.19–3.74] and “I 
avoid going to bed even though it is time to go to sleep” 
(crude OR=2.56 and 95% CI=1.51–2.10; adjusted OR=1.31 

and 95% CI=1.08–1.59); nighttime domain: “I cry out in my 
sleep and wake up during the night.” (crude OR=2.51 and 95% 
CI=1.61–3.90; adjusted OR=2.11 and 95% CI=1.19–3.74) and 
“The amount of sleep I get varies each night.” (crude OR=1.83 
and 95% CI=1.52–2.19; adjusted OR=1.37 and 95% CI=1.10–
1.69); daytime domain: “I feel tired or groggy when I wake up 
in the morning.” (crude OR=1.83 and 95% CI=1.54–2.17; ad-
justed OR=1.38 and 95% CI=1.13–1.69) and “I get sleepy dur-
ing class.” (crude OR=2.02 and 95% CI=1.66–2.45; adjusted 
OR=1.43 and 95% CI=1.13–1.81).

DISCUSSION

This study focused on the association between sleep hab-
its/problems and IA in junior high school students. Based on 
our results, several sleep habits, including TST, WT, BT, and 
subscales of sleep problems measured by CASC were signifi-
cantly different among the addicted, possibly-addicted, and 
non-addicted groups. A previous study by Chen and Gau25 is 
a 1-year longitudinal survey to evaluate the bidirectional re-
lationships between sleep problems and IA among children 
and adolescents. Their study findings showed that IA is asso-
ciated with decreased sleep duration during the night- time 
and dyssomnias sequentially predicted IA, and IA sequen-
tially predicted disturbed circadian rhythm. However, their 
study did not indicate the association between IA and quali-
ties of sleep problems, which are insomnia, periodic leg move-

Table 2. Analysis of variance for Child and Adolescent Sleep Checklist (CASC) subscale scores and sleep habits/problems in the three 
groups

Sleep habits
Total

N=853
Non-addicted

N=651 (A)
Possibly-addicted

N=185 (B)
Addicted
N=17 (C)

F p*

Total night sleep time
Weekdays, minutes 422.1±77.4 431.2±72.4 397.9±80.6 323.0±113.2 27.0 <0.001†,‡,§

Weekends, minutes 482.4±96.4 487.8±91.6 467.5±101.8 428.3±174.5 5.6 0.004†

Wake time  
Weekdays 6:24±0:35 6:23±0:35 6:25±0:33 6:40±0:37 2.0 0.140
Weekends 7:48±1:26 7:41±1:19 8:04±1:41 9:13±2:24 11.1 <0.001†,‡,§

Bedtime
Weekdays 23:09±1:00 23:02±0:54 23:25±1:10 24:32±1:17 27.8 <0.001†,‡,§

Weekends 23:26 ±1:11 23:16±1:02 23:51±1:20 25:10±2:12 37.5 <0.001†,‡,§

Weekend catch-up, minutes 60.7±91.0 56.7±84.9 71.4±105.2 105.3±135.5 3.7 0.025
CASC

Total 14.9±7.4 13.3±6.6 19.3±6.7 27.8±12.1 87.0 <0.001†,‡,§

Pre-sleep 4.9±2.8 4.4±2.6 6.4±2.5 8.8±3.3 66.2 <0.001†,‡,§

Nighttime 4.8±3.8 4.3±3.4 6.1±3.8 9.9±9.2 34.2 <0.001†,‡,§

Daytime 5.2±2.9 4.7±2.7 6.7±2.9 9.1±2.7 58.3 <0.001†,‡,§

*ANOVA, p<0.05, †the score of A is significantly lower than that of B, ‡the score of B is significantly lower than that of C, §the score of A is 
significantly lower than that of C
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ments, sleep terrors, sleepwalking, sleep talking, nightmares, 
bruxism, snoring and sleep apnea. Although our current 
study was performed by different methodologic and different 
assessment tools, it is significantly shorter total sleep dura-
tion in children with IA. Furthermore, our study indicated 
that the amount of sleep time varies considerably from day 
to day in children with IA. To the best of our knowledge, the 
present study is the first to demonstrate an association be-
tween sleep habits/problems and IA among Japanese junior 
high school students.

The total sleep duration by children with IA
According to the present study, the average TST on week-

days was <7 h in both the addicted and possibly-addicted 
groups. According to Wolfson and Carskadon,26 with the on-
set of adolescence, teenagers require 9.2 h of sleep per day. 
Silva et al.27 reported that children who slept for <7.5 h/night 
had a high risk of being overweight or obese, anxious or de-
pressed, and having learning problems compared with those 
who slept for ≥9 h/night. The TST was comparatively shorter 

in the possibly-addicted and addicted groups. Several studies 
have found that sleep problems, including short sleep dura-
tion, can seriously affect school performance and cause de-
pression in adolescents.28,29 Thus, we need to carefully ob-
serve sleep habits and total sleep duration, and communicate 
the importance of sleep to adolescents with IA.

Weekend catch-up sleep by children with IA
The WT on weekends in the addicted and possibly-addict-

ed groups was significantly later than that in the non-addict-
ed group. Shorter weekday sleep duration and longer week-
end oversleeping is associated with developing IA. Increased 
weekend catch-up sleep by adolescents as an indicator of in-
sufficient weekday sleep was associated with poor perfor-
mance on objective attention tasks.30 In addition, weekend 
oversleep was found to be associated with suicidal tenden-
cies, but independent of depression, daytime sleepiness, 
snoring, and insomnia among adolescents.31 Longer week-
end catch-up sleep should be considered in terms of preven-
tion of IA.

Table 3. Association of Internet addiction (IA) with factors on the Child and Adolescent Sleep Checklist (CASC)

 Checklist
Adjusted

OR 95% CI
Pre-sleep  
  domain

I drink a caffeinated beverage three hours or less before going to bed.
I play video games, surf the Internet, or send texts one hour or less before going to bed. 2.16† 1.73–2.71
I avoid going to bed even though it is time to go to sleep. 1.31† 1.08–1.59
I feel anxious or afraid when it is time to go to sleep.
I have trouble falling asleep when I am by myself.
Before I fall asleep, my legs feel uncomfortable like I cannot hold them still.

Nighttime  
  domain

I snore.
My breath sounds as if it is getting caught in my throat.
I stop breathing while I sleep.
I toss and turn, or change positions often while I sleep.
I talk in my sleep.
I cry out in my sleep and wake up during the night. 2.11* 1.19–3.74
I have scary dreams or cry out during nightmares.
I sleepwalk.
My legs twitch while I sleep.
I urinate in my sleep.
I grind my teeth while I sleep.
I sweat excessively while I sleep.
The amount of sleep I get varies each night. 1.37† 1.10–1.69

Daytime  
  domain

I feel tired or groggy when I wake up in the morning. 1.38† 1.13–1.69
I skip breakfast.
I get sleepy during class. 1.43† 1.13–1.81
I fall asleep during class.
I fall asleep if I sit still. (i.e., watching TV, riding in the car)

*p<0.05, †p<0.01. OR: odds ratio, CI: confidence interval
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Details regarding sleep problems in children with IA
The addicted and possibly-addicted groups exhibited more 

sleep problems than the non-addicted group across all sub-
scales of the CASC. Our study also revealed the details of 
sleep problems among students with IA using the logistic re-
gression model. The students categorized as having IA had 
sleep problems in all the three domains (pre-sleep, nighttime, 
and daytime). The most notable subscale item with the high-
est OR was “I play video games, surf the Internet, or send 
texts one hour or less before going to bed,” followed by “I cry 
out in my sleep and wake up during the night.” There were 43 
participants who did not respond “0” to “I cry out in my sleep 
and wake up during the night.” In this questionnaire, “cry out 
during the night” indicates sleep terrors, which are defined as 
an event that produces a partially aroused state from deep 
sleep. Sleep terrors are a part of a larger group of parasomnias 
and are characterized by marked autonomic nervous system 
activation, where tachycardia, tachypnea, tremulousness, my-
driasis, and sweating are often present.32 The prevalence of 
sleep terrors has not been reported in Japan. The prevalence 
of sleep terrors was 5.1% (43/853) in this study. There was 
also low prevalence (3.65%) of sleep terrors in a normal 
school-age population according to Belgian study.33 To date, 
there has been very little research on the relationship between 
sleep terrors and IA. A past study by Choi et al.34 reported an 
association between IA and sleep problems, but no associa-
tion between IA and sleep terrors.34 Factors that may increase 
the likelihood of sleep terror events in susceptible individuals 
include acute stress associated with sleep deprivation. High 
stimulation prior to bedtime may be one of the causal factors 
for sleep terrors. Based on this study, sleep terrors may be par-
tially associated with IA in adolescents. 

The next notable subscale item was “I get sleepy during 
class.” According to Choi et al.,34 Internet overuse is highly 
associated with excessive daytime sleepiness in adolescents, 
and IA causes some sleep behavioral problems in many situ-
ations, including at school or home. The American Academy 
of Pediatrics (AAP) has expressed concerns about the 
amount of time that children and teenagers spend watching 
media and about some of the content they view.35 AAP rec-
ommends keeping the TV set and Internet-connected elec-
tronic devices out of the bedroom, and enforcing a mealtime 
and bedtime “curfew” on the use of such equipment. In addi-
tion, it recommends monitoring the media or websites that 
children access, supervising children while they watch TV, 
movies, and videos, and use this as a way of discussing im-
portant family values. Taken together, the findings of the 
present study suggest that IA contributes to sleep problems, 
and that it is important to prevent IA in order to attenuate its 
detrimental effects on the sleep habits of adolescents.

Limitations
The present study has several limitations. First, our assess-

ment relied on self-reports. We did not control for confound-
ing factors such as economic status and academic perfor-
mance. IA is significantly related to poor academic attainment 
with the previous study.36 In addition, it has been reported 
that IA may have one or more psychiatric comorbidities.37 
However, we did not assess any psychiatric symptoms related 
to depression, anxiety disorder, obsessive compulsive disor-
der, attention deficit disorder, or neurodevelopmental disor-
der in this study. Therefore, our findings may underestimate 
the seriousness of IA and sleep problems. Second, as the 
present study was cross-sectional, it cannot demonstrate 
cause and effect relationships, different from longitudinal 
studies. Third, study participants were recruited from public 
junior high schools in suburban areas. Although the recruit-
ment area was suburban and relatively intermediate in terms 
of socioeconomics, our findings may not be generalized for 
the entire Japanese adolescent population. Fourth, the IAT 
was developed approximately 20 years ago when internet ac-
cess and proliferation of multimedia devices was limited 
compared with now.

In conclusion, this study revealed a strong association be-
tween IA and sleep habits/problems among Japanese adoles-
cents. We suggest that further studies be undertaken to cor-
roborate these findings, and to develop strategies to moderate 
the use of the Internet and improve the quantity and quality 
of sleep in this population.
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