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Abstract

Background: There is growing concern that screen time and media use in school-age children can negatively affect
children’s sleep. These negative effects are explained by three main underlying mechanisms: reduced sleep, time
allocated for more media consumption; increased mental, emotional, or psychological stimulation by media content;
and the effects of light emitted by digital devices on circadian rhythms and sleep physiology and arousal. In this study,
we focused not only on sleep duration, but also on sleep problems. We conducted a large-scale survey to examine
the relationship between excessive use of digital devices, Internet addictive behaviour, sleep duration, and sleep
problems.

Methods: We conducted a cross-sectional study of children enrolled in 20 public primary schools in Nagoya City,
Japan. Children’s parents/guardians completed a questionnaire including the brief sleep questionnaire for Japanese
children which is a shortened version of the ‘Children’s Sleep Habits Questionnaire’ Logistic regression analyses were
used to identify associations between sleep problems and grade, sex, weekday sleep time, weekend sleep time, own-
ership of digital devices, frequent checking of digital devices, use of digital devices for more than 4 hours per day, and
Internet addiction.

Results: In total, 8172 responses were received (91.6% response rate). After excluding incomplete responses, we
analysed complete datasets for 6893 children with a mean age of 9.0years. When adjusted for sex, grade, sleep dura-
tion on weekdays, and sleep duration on weekends, failure to control (odds ratio [OR] = 1.48; 95% confidence interval
[Cl]: 1.29-1.70; p<.001), more use than intended (OR=1.27; 95% Cl: 1.12-1.44; p <.001), and use to escape a dysphoric
mood (OR=1.30; 95% Cl: 1.03-1.64; p=.027) were associated with children’s sleep problems. A shorter weekday and
a longer weekend sleep duration indicated a higher likelihood of sleep problems.

Conclusions: After adjusting for sleep duration, a relationship was found between the three Internet addictive
behaviours and sleep problems, but not ownership of digital devices. Parents and teachers may need to address
screen media-related sleep problems in children, as these problems may be influenced by psychological factors.
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Background
Although the health effects of digital media exposure
on children, including sleep, have been emphasised

*Correspondence: naoko.sakamoto@med.toho-u.acjp in the past, the coronavirus pandemic has resulted in
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children and adolescents have been of concern since
before the pandemic [3, 4]. A systematic review found
that 90% of the 67 studies reviewed reported nega-
tive effects regarding screen time, including at least one
negative sleep outcome—primarily delayed timing (bed-
times) and shortened duration [5]. These negative effects
are explained by three main underlying mechanisms:
reduced sleep, time allocated for more media consump-
tion; increased mental, emotional, or psychological stim-
ulation by media content; and the effects of light emitted
by digital devices on circadian rhythms and sleep physiol-
ogy and arousal [6]. While there is general agreement on
the association between screen time and poor sleep out-
comes, most studies concerning screen-based media use
and sleep in children and adolescents have been observa-
tional, making it impossible to confirm a causal relation-
ship between the two.

Information and communication technology (ICT) has
become prevalent in the lives of children. ICT is being
used as an innovative tool in variety of ways in education,
in play, especially games, and in every day communica-
tion. Problematic behaviours related to the Internet such
as ‘excessive Internet use; ‘Internet addiction, and ‘patho-
logical Internet use’ due to inappropriate ICT use [7-13]
have become apparent. Concerns about the potential
harms of Internet use are rapidly growing, especially
considering that gaming disorders have been included
as a formal disorder in the International Classification
of Diseases 11th Revision [14] and as a disorder requir-
ing further study in the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition [15]. Epidemiological
studies on Internet addiction prevalence have reported
large variations, from 0.5-40.0% [16]. The prevalence of
Internet addiction may vary depending on study design,
assessment scales, sampling, and the extent of digital
device penetration. A large study of more than 10,000
adolescents in 11 EU countries showed a prevalence of
4.4% in 2012 [17]. Asian countries have a high prevalence
of Internet addiction among young people, with reported
rates of 10.4% in China [18], 10.7% in South Korea [19],
and 17-26.8% in Hong Kong [20]. Addiction is a seri-
ous health problem in itself, but it can also interfere with
children’s sleep and thus with their physical and mental
development [21-24]. In Japan, a 2018 survey of junior
high school students (aged 12-15years) reported that
4.3% were addicted to the Internet [13].

Sleep plays an important role in children’s health and
development, such as brain development and plastic-
ity [25], and disrupted sleep is associated with decline
in cognitive and behavioural functioning and poor aca-
demic performance [26-31]. Previous studies have
shown that the use of screen-based media shortens sleep
time, disrupts sleep onset, and affects circadian rhythms
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in children, and that many children are Internet-depend-
ent. Furthermore, in children and adolescents, a tempo-
ral relationship has been shown in which insomnia in the
early and middle stages predicts Internet addiction and
circadian rhythm disorders [21]. Therefore, it is vital to
understand the association between Internet use and
sleep problems in children in the current digital world.
However, few studies have investigated the impact of
Internet-dependency on sleep problems in children,
which is also a serious issue in Japan. We examined the
relationship between excessive Internet use and sleep
problems in Japanese primary school students using a
large-scale survey.

Methods

Participants and study design

This was a cross-sectional study of students enrolled in
20 public primary schools in Nagoya City, one of the
largest cities in Japan with a population of 2,327,557. It
was conducted in October 2019 [32]. In the same year,
Nagoya’s 2019 monthly average per working household
was 546,611 yen (4800 USD), while that of Japan in 2019
was 586,149 yen (5100 USD) [33]. The total number of
primary school students in Nagoya City that year was
112,106 (57,643 boys and 54,463 girls) [34]. We used a
stratified random sampling method to extract 20 schools
from the city across 16 school districts: one school each
from 12 school districts and two schools each from four
districts with a relatively large population. Self-admin-
istered, anonymous questionnaires and documents
explaining the research purpose and ethical consid-
erations were distributed at the schools. Parents/guard-
ians voluntarily agreed to participate in the study and
returned the questionnaires upon completion in anony-
mous envelops. They could also choose to not respond.
We received 8172 responses (response rate=91.6%).
Excluding records with even one missing value, 6893
records were analysed.

Ethical approval was granted by the Nagoya City Uni-
versity Medical Research Ethics Review Committee (no.
60-19-0108), and approval from the Nagoya City Board
of Education was obtained. However, because we could
not obtain approval from the Nagoya City Board of Edu-
cation to collect information on the sociodemographic
status of the parents/guardians, we did not collect such
information in this study.

Questionnaire

Sleep parameters are generally divided into four catego-
ries: duration, quality, sleep architecture and brain activ-
ity patterns, and schedule or circadian aspects [35]. In
this study, bedtime was classified as schedule informa-
tion, weekday and weekend sleep duration as duration
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information, and the brief sleep questionnaire for Japa-
nese children was classified as quality information. For a
large-scale epidemiological study, we did not collect sleep
structure and brain activity pattern information. The
brief sleep questionnaire for Japanese children consists
of 19 question items out of 52 in the Japanese version of
the Children’s Sleep Habits Questionnaire (CSHQ-J]) [36,
37]. The Children’s Sleep Habits Questionnaire (CSHQ)
has been translated and is being used in various countries
to assess sleep patterns and sleep problems in children
[38—41]. The Cronbach’s alpha of the brief sleep ques-
tionnaire is 0.65, indicating acceptable internal consist-
ency [42]. Okada confirmed that the cumulative score
of the brief questionnaire (cut-off score =24) was effec-
tive as a discriminator by comparing children with sleep
problems (CSHQ total score>41) with children with-
out sleep problems (CSHQ total score<41) using the
CSHQ cut-off value [36]. Using the cut-off score of the
original CSHQ as a threshold, sensitivity and specific-
ity were examined using receiver operating characteris-
tic curve analysis, and the area under the curve was 0.89
(0.86-0.91), sensitivity was 0.83, specificity was 0.78, and
the cut-off score was 24 [36]. The cumulative score of the
brief questionnaire correlated with the cumulative score
of CSHQ was r=0.81. It was also significantly correlated
with the subscale score (r=0.29-0.65) [36].

We also asked the participants three questions about
the use of digital devices: (1) Does your child have a
mobile phone, smartphone, tablet, or personal computer?
(2) Does your child seem to be constantly checking their
digital devices? (3) Does your child use digital devices for
more than 4 hours a day?

We used a Japanese questionnaire on Internet addiction
for junior and senior high school students [43], which
was developed based on the Young Diagnostic Question-
naire for Internet Addiction (YDQ) [44]. It was converted
into a format for parents/guardians to answer. The YDQ
consists of eight questions, and if five or more items are
met, it is suspected that the person is addicted to the
Internet: (1) Do you think your child is preoccupied
with the Internet? (thinks about previous on-line activ-
ity or anticipates their next on-line session)? (2) Do you
think your child needs to use the Internet more often to
achieve satisfaction? (3) Do you think your child repeat-
edly makes unsuccessful efforts to control, cut back, or
stop Internet use? (4) Do you think your child feels rest-
less, moody, depressed, or irritable when attempting to
cut down or stop Internet use? (5) Do you think your
child stays on-line longer than originally intended? (6)
Do you think your child jeopardised or risked the loss of
a significant relationship, educational, or extracurricular
activity because of the Internet? (7) Do you think your
child lied to family members or teachers to conceal the
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extent of their Internet involvement? (8) Do you think
your child uses the Internet as a way of escaping from
problems or for relieving a dysphoric mood?

Statistical analysis

To describe the data, we analysed the means and stand-
ard deviations of weekday and weekend bedtime, week-
day and weekend sleep duration, and the cumulative
score of the brief sleep questionnaire for Japanese chil-
dren by grade/sex. The Jonckheere—Terpstra test was
performed to examine grade trends in the quantitative
data. Additionally, the Cochrane—Armitage trend test
was conducted to examine grade trends in the percentage
of answers to the three questions regarding digital device
use and the YDQ. In the logistic regression analyses, the
dependent variable was whether the cumulative score of
the brief sleep questionnaire for Japanese children was 24
or more. The independent variables were grade, sex, sleep
duration on weekdays, sleep duration on weekends, digi-
tal device possession, checking digital devices frequently,
digital device use for more than 4 hours per day, and the
YDQ. We built a subset model using backward stepwise
logistic regression analyses (likelihood ratio) to clarify
the items related to Internet addiction that contribute to
children’s sleep while adjusting for grade, sex, sleep dura-
tion on weekdays, sleep duration on weekends, and digi-
tal device possession.

Significance was set to 5% in all tests. We used SPSS
Version 26 (IBM SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp.) and JMP® Pro 15.2 (SAS
Institute Inc., Cary, NC, USA) for all analyses.

Results

Complete datasets for 6893 children (grade 1, n=1189;
grade 2, n=1165; grade 3, n=1200; grade 4, n=1107;
grade 5, n=1070; and grade 6, n=1162) were available
for analysis, after excluding incomplete questionnaires.
The age range was 6—12, with a mean age of 9.0+ 1.8.
The percentages for boys in each grade, in order from
first to sixth grade, were 50.5, 48.6, 50.3, 51.7, 51.7, and
48.4, respectively, and 50.2 overall. Table 1 presents chil-
dren’s weekday and weekend bedtime, sleep duration,
and total score for the brief sleep questionnaire by sex
and by grade. For both weekdays and weekends, bedtime
progressively occurred at later times and sleep duration
decreased with advancing age. On average, children went
to bed at 21:34+0:44 for boys and 21:38 +0:46 for girls
on weekdays, and 22:00£0:52 for boys and 22:04+0:52
for girls on weekends. The mean sleep duration was
8.9+ 0.8hours for boys and 8.84+0.8hours for girls on
weekdays, and 9.1 £ 0.9 hours for boys and 9.3 £0.9 hours
for girls on weekends. As for the cumulative score of the
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Table 1 Bedtime, sleep duration, and cumulative score for brief sleep questionnaire for Japanese children by sex/grade
Sex Grade1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 p-trend”
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Weekday bedtime boy 21:09 038 21220 040 2127 038 21:36 039 2153 041 2206 045 <0001
girl  21:11 038 2122 039 2126 040 2142 041 2200 043 2210 046 <0.001
Weekend bedtime boy 21:33 048 21142 047 2154 046 2204 049 2219 049 2230 054 <0001
girl 2136 046 21148 047 21:53 047 2210 052 22222 050 2236 048 <0.001
Weekday sleep duration, hours boy 93 07 91 07 90 07 88 07 86 07 84 08 <0.001
girl 93 0.7 9.1 0.7 9.0 0.7 8.8 0.7 84 0.7 83 0.8 <0.001
Weekend sleep duration, hours boy 95 08 93 08 91 08 89 09 89 09 88 0.9 <0.001
girl 95 0.8 9.5 0.9 93 0.8 9.2 0.8 9.1 0.9 9.0 1.0 <0.001
Cumulative score of the briefsleep  boy  24.9 32 250 33 24.4 32 247 35 24.5 33 244 32 <0.001
questionnaire for Japanese children iy 250 33 250 34 249 32 247 32 246 31 246 35 <0001

SD is an abbreviation for Standard Deviation

“The Jonckheere-Terpstra test was performed to examine grade trends

brief sleep questionnaire, the mean score was 24.6 for
boys and 24.8 for girls.

Among both boys and girls, with an increase
in grade, bedtime tended to be delayed on week-

days (boys: TJT=3,344,346.00, z=26.07, p<.001;
girls: TJT=3,340,581.50, z=27.18, p<.001) and
on weekends (boys: TJT=3,234,237.50, z=22.73,

p<.001; girls: TJT=3,233,242.00, z=23.87, p<.001),
sleep duration was shortened on weekdays (boys:
TJT =1,689,776.50, z=—24.81, p<.001; girls:
TJT =1,598,541.50, z=—26.84, p<.001) and weekends
(boys: TJT=1,951,481.50, z=—16.68, p<.001; girls:
TJT=2,073,135.50, z=—12.08, p<.001), and cumula-
tive scores on the brief sleep questionnaire tended to
decrease (boys: TJT =2,353,063.00, z=—4.10, p<.001;
girls: TJT =2,338,133.00, z= — 3.64, p <.001).

Table 2 presents the proportion of children with a
cumulative score>24 on the brief sleep questionnaire
and the proportion of answers for digital device use ques-
tions and YDQ by sex and grade. The mean proportion
of students with scores >24 was 57.8% (95% confidence
interval [CI]: 56.1-59.4%) in boys and 61.1% (CI: 59.5—
62.7%) in girls. The mean proportion of having a mobile
phone, smartphone, tablet, or personal computer among
boys was 41.0% (CI: 39.3-42.6%) and among girls was
46.2% (CI: 44.6—47.9%). The mean proportion for check-
ing digital devices constantly was 18.2% (CI: 16.9-19.5%)
for boys and 19.1% (CI: 17.8-20.4%) for girls, and digi-
tal device use for more than 4 hours a day was 18.2% (CL:
16.9-19.5%) for boys and 9.2% (CI: 8.3-10.2%) for girls.

For both boys and girls, with an increase in grade, the
mean proportions of having a mobile phone, smart-
phone, tablet, or personal computer (both p<.001),
checking digital devices constantly (both p<.001), and
digital device use for more than 4 hours a day (both

p<.001) increased. Conversely, as grade increased, the
mean proportions of children with cumulative score > 24
on the brief sleep questionnaire decreased for both boys
and girls (boys, p <.001; girls, p=.01).

The mean proportion of children who scored five or
more on the YDQ was 21.1% (CI: 19.8-22.5%) in boys
and 13.0% (CIL: 11.9-14.2%) in girls. The bottom half of
Table 2 shows the proportion of students whose parents/
guardians answered ‘yes’ to the eight questions of the
YDQ. For both boys and girls, the proportion of respond-
ents to all questions increased with an increase in grade
(p-trend < .001 or = .001).

We used logistic regression analyses to investigate the
relationship among screen-based media usage behav-
iour, the Internet and Japanese children with a cumula-
tive score>24 on the brief sleep questionnaire. Table 3
presents the unadjusted odds ratios (ORs) and the results
of logistic regression analyses for having a cumulative
score>24 on the brief sleep questionnaire, with the
model including all variables except bedtime-weekdays
and bedtime-weekends, and the model after backward
elimination (likelihood ratio). When adjusted for sex,
grade, sleep duration-weekdays, and sleep duration-
weekends in the all-variable model, ‘have own digital
device’; ‘feel restless, moody, depressed, or irritable when
attempting to cut down or stop Internet use’; and ‘stay
on-line longer than originally intended’” had a significant
effect on children’s cumulative score of the brief sleep
questionnaire. In the elimination model, when adjust-
ing for sex, grade, sleep duration-weekdays, and sleep
duration-weekends, ‘feel restless, moody, depressed, or
irritable when attempting to cut down or stop Internet
use’; ‘stay on-line longer than originally intended’; and
‘use the Internet as a way of escaping from problems or
for relieving a dysphoric mood’ had a significant effect on
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children’s cumulative score of the brief sleep question-
naire. In both models of logistic analysis, sex, weekday
sleep duration, and weekend sleep duration were statis-
tically significant, and the respective OR values in both
models were nearly the same. Being a girl rather than
a boy, sleeping less on weekdays, and sleeping more on
weekends were associated with having a cumulative
score > 24 on the brief sleep questionnaire.

Discussion

We evaluated sleep problems and behaviours related to
screen-based media use among primary school children.
The major findings were that in the instance of increased
cumulative scores of the brief sleep questionnaire were
associated not with having a digital device, but with feel-
ing restless, moody, depressed, or irritable when attempt-
ing to cut down or stop Internet use; staying on-line
longer than originally intended; and using the Internet as
a way of escaping from problems or relieving a dysphoric
mood. We also found that longer weekday sleep duration
was associated with less sleep problems, while longer
weekend sleep duration was detrimental.

This study used the brief sleep questionnaire for Japa-
nese children developed by a group at the National Cen-
tre of Neurology and Psychiatry in 2017 to assess sleep
problems in children [36]. The reliability and validity
study conducted by the development group was con-
ducted with primary school students (grades 1-6) and
reported a mean cumulative score of 24.2+3.6 (range:
19-38) [36]. Compared to that value, the mean cumula-
tive score in this study was slightly higher at 24.74+3.3. In
addition, the percentage of children with a threshold of
>24 was 59.4% in the present study, compared to 53.5%
in that 2017 study [36]. The data used for the develop-
ment of the brief sleep questionnaire were collected in
2009 [45], and the study area was about as urbanised as
the areas covered in the current survey; thus, the differ-
ence in percentages may be largely due to changes over
time, as well as other factors such as sample size, schools,
and measures.

Our study showed that the cumulative score was higher
for younger (vs. older) students, meaning that they were
more likely to have sleep problems. A previous study
using the CSHQ-] showed similar results, with cumula-
tive scores being significantly higher in the lower (first
and second graders) than in the higher grades (fifth and
sixth graders) [45]. The reason for this was that the scores
in lower grades were significantly higher than those of
the higher graders on the CSHQ-]J sub-items ‘resistance
at bedtime’ and ‘sleep anxiety’ [45]. The questionnaire
included questions about ‘children resisting bedtimes,
and ‘children being afraid of sleeping in the dark; which
may be the reason for the high scores in the lower grades.
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In this study, we used the YDQ, which is a very sim-
ple and easy way to assess/classify Internet addiction,
with the criterion of answering in the affirmative to five
or more items. However, we have some concerns about
this criterion, as it might not be very sensitive (or spe-
cific) to draw an accurate classification/diagnosis. Beard
suggested that to be relatively more certain of an accu-
rate classification/diagnosis, the first five items should be
answered as ‘yes’ and at least one of the remaining items
should also be answered as ‘yes’ [46]. Further study is
needed when using the YDQ in clinical situations.

The proportion of children addicted to the Internet
seems to change over time, depending on the age of those
surveyed and the timing of the survey. A previous Japa-
nese study in 2019 used the same YDQ as the one used
in this study, and reported the percentage of upper grade
children who met five or more criteria as 8.4% for boys
and 4.2% for girls [47]. A 2018 survey of Japanese junior
high school students using Young’s Internet Addiction
Test reported that 4.3% were ‘addicted’ and 26.3% were
‘possibly addicted’ [13]. In another study using the YDQ
in 2016-17, the percentage of children who met the cri-
terion of five or more items was 17 and 6% for first to
third grade boys and girls, respectively, and 12 and 7% for
fourth to sixth grade boys and girls, respectively [48]. The
percentage of lower grade boys in this study was about
the same as the 17% in the previous study; however, the
percentage of lower grade girls was higher. As for the
percentage of upper grade students, the percentage was
2-3 times higher for both sexes than that in the two pre-
vious studies. In a 2008 study in Greece that also used the
YDQ, the percentage of adolescents who met the crite-
rion of five or more items was 11% [49].

In this study, associations were observed between the
higher cumulative score of the brief sleep questionnaire
for Japanese children and sex, grade, weekday sleep dura-
tion, and weekend sleep duration. Results indicated that
boys had lower scores than girls. As for grades, there
was no significant difference in first or second grade, but
for third grade and above, the ORs became significantly
smaller as the grade increased. It was found that the
higher the grade, the lower the score. Moreover, a longer
sleep duration on weekdays had a protective effect on
the score, while longer sleep duration on weekends was a
risk factor for raising the score. Less sleep time on week-
days indicated a later bedtime. Additionally, more sleep
on weekends may indicate a situation where individuals
may be compensating for the weekday sleep portion (i.e.
sleep debt) [50]. This is an important issue in children’s
sleep, as evidence supports an association between differ-
ences in weekday and weekend sleep and academic per-
formance, depressive symptoms, substance use, and risk
of overweight/obesity [51, 52].
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We created a model adjusted for sex, grade, weekday
sleep duration, weekend sleep duration and a reduced
model with backward elimination adjusted for the same
variables to examine the association between children
with a cumulative score > 24 on the brief sleep question-
naire, the digital devise ownership, and Internet addictive
behaviour. Having one’s own digital device was associ-
ated with children with a cumulative score >24 on the
brief sleep questionnaire in univariate analyses; how-
ever, the association was lost in logistic regression analy-
ses using the backward elimination method. A previous
study showed that portable electronic devices are more
strongly associated with sleep duration than non-porta-
ble electronic devices, and the association is maintained
when demographic variables, diagnoses of anxiety and
depression, physical activity, and body mass index are
included in the model [53]. The results of this study sug-
gest the need to distinguish between sleep duration and
problems when considering the association between elec-
tronic devices and children’s sleep. In the reduced model,
the item ‘have own digital device’ was removed, leaving
the following items: ‘feel restless, moody, depressed, or
irritable when attempting to cut down or stop Internet
use’; ‘stay on-line longer than originally intended’; and
‘use the Internet as a way of escaping from problems or
for relieving a dysphoric mood’—all of which had sig-
nificant effects on children’s cumulative score of the brief
sleep questionnaire. These items, especially the associa-
tion between Internet use to escape a dysphoric mood
and the children’s score, may suggest the presence of
some problems or anxiety.

Anxiety often leads to sleep problems [54, 55]. Exces-
sive worry and fear can make it difficult to fall asleep and
stay asleep throughout the night. Sleep deprivation can
worsen anxiety and add to a negative cycle that includes
insomnia and anxiety disorders [56]. Stress resulting
from any problem also activates the sympathetic nervous
system and the hypothalamic-pituitary-adrenal axis, and
the activation stimulates the secretion of corticotropin-
releasing hormone, which further induces sleep distur-
bances. Indeed, stress [57] and stressful times can have
negative effects on adolescents’ sleep [58]. Mental or
psychological problems may also be potentially causing
an individual to ‘feel restless, moody, depressed, or irri-
table when attempting to cut down or stop Internet use’
and ‘stay on-line longer than originally intended’ In ado-
lescents, low self-regulation is independently associated
with greater daytime sleepiness and greater eveningness
chronotype, but not with shorter sleep duration [59]. A
study of children and adolescents with attention-deficit/
hyperactivity disorder found that children with higher
deficits in emotional self-regulation also had higher sleep
problems [60].
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We speculate that the link between Internet use and
the cumulative score of the brief sleep questionnaire may
be owing to children’s emotional and psychological devel-
opment. A study of primary school students reported
that an Internet-dependence tendency was significantly
associated with mental health, relationship with parents,
communication, normative consciousness, and aggres-
sion; and that time spent on the Internet was associ-
ated only with mental health when adjusting for grade
and sex [61]. It can be difficult for children to cope with
emotional and psychological factors, such as anxiety and
self-regulation, that can affect their sleep problems. Par-
ents and teachers may, therefore, need to identify prob-
lems as early as possible and consult health professionals
[62]. Children’s screen media use and sleep could benefit
from a public health approach [63, 64]. In the future, it is
important to raise awareness about this among children,
parents, and teachers [57, 65].

This study had several limitations. First, since the
research design was cross-sectional, causal relationships
could not be ascertained. In the future, longitudinal or
intervention studies are needed to closely examine the
effects of digital device use on children’s sleep. Second,
since the YDQ was answered by parents/guardians, the
responses related to objective facts were highly reliable;
however, those related to subjectivity may not be as reli-
able. Therefore, it is necessary to conduct a survey to
confirm the validity of the responses when the YDQ is
answered by parents. Third, the study used the brief sleep
questionnaire for children in Japan, (a shortened version
of the CSHQ-J which has been validated in translation
with Owens, the developer of the original CSHQ), but its
validation has not been completed yet. Finally, the lack of
assessment of physical activity levels, sociodemographic
level of parents/guardians, and other important poten-
tial covariates does not remove the possibility of these
effects.

Conclusion

The results suggest that the relationship between
screen-based media use and children’s sleep problem is
not simply that media use leads to less sleep, but that
mental or psychological factors may contribute to the
use of media by children with sleep problems. Parents
and teachers may need to address screen-related sleep
problems in children, as they may be influenced by
mental or psychological factors. It can be foreseen that
screen use will become even more present in children’s
lives. Further research is also needed to emphasise the
relationship between screen-based media use and chil-
dren’s sleep, as sleep is an important factor in child
development.



Sakamoto et al. BMC Public Health (2022) 22:1006

Abbreviations

Cl: Confidence interval; ICT: Information and communication technology;
CSHQ: Children’s Sleep Habits Questionnaire; CSHQ-J: Japanese version of the
Children’s Sleep Habits Questionnaire; YDQ: The Young Diagnostic Question-
naire for Internet Addiction; OR: Odds ratio.

Acknowledgements
The authors thank the students and guardians involved in this study, as well as
the teachers and the education board of Nagoya City.

Authors’ contributions

N.S. designed the study, analysed the data, wrote the main manuscript
text, and prepared Tables 1, 2 and 3. KK. collected the data and reviewed
the manuscript. M.N. collected the data and reviewed the manuscript. The
author(s) read and approved the final manuscript.

Funding

The phases of the design and the data collection of this study were supported
by the Nagoya City University Special Research Grant, #1930002. The phases
of the analysis and interpretation of data and of writing the manuscript were
supported by the Toho University Individual Research Budget.

Availability of data and materials
The datasets used and/or analysed on current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki and
ethical approval was granted by the Nagoya City University Medical Research
Ethics Review Committee (#60-19-0108).

Parents/guardians read the document explaining the research purpose, ethi-
cal considerations, and instructions on how to return the questionnaire, and
if they freely and voluntarily agreed to participate in the study, they checked
the ‘agree to participate in the study’box and completed the questionnaire.
Informed consent was obtained from all parents of minors.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Faculty of Nursing, Toho University, Omori-nishi, Ohta-ku, Tokyo 143-0015,
Japan. ?Department of Otolaryngology and Good Sleep Center, Nagoya City
University, Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan.

Received: 6 June 2021 Accepted: 9 May 2022
Published online: 18 May 2022

References

1. Cachdn-Zagalaz J, Zagalaz-Sanchez ML, Arufe-Girdldez V, Sanmiguel-
Rodriguez A, Gonzélez-Valero G. Physical activity and daily routine among
children aged 0-12 during the COVID-19 pandemic in Spain. Int J Environ
Res Public Health. 2021;18:703. https://doi.org/10.3390/ijerph18020703.

2. Lépez-Bueno R, Lépez-Sanchez GF, Casajus JA, Calatayud J, Tully MA,
Smith L. Potential health-related behaviors for pre-school and school-
aged children during COVID-19 lockdown: a narrative review. Prev Med.
2021;143:106349. https://doi.org/10.1016/j.ypmed.2020.106349.

3. Stiglic N, Viner RM. Effects of screentime on the health and well-being
of children and adolescents: a systematic review of reviews. BMJ Open.
2019;9:023191. https://doi.org/10.1136/bmjopen-2018-023191.

4. Magee CA, Lee JK, Vella SA. Bidirectional relationships between sleep
duration and screen time in early childhood. JAMA Pediatr. 2014;168:465—
70. https://doi.org/10.1001/jamapediatrics.2013.4183.

20.

22.

23.

24.

25.

26.

Page 10 of 11

Hale L, Guan S. Screen time and sleep among school-aged children
and adolescents: a systematic literature review. Sleep Med Rev.
2015;21:50-8. https://doi.org/10.1016/j.smrv.2014.07.007.

LeBourgeois MK, Hale L, Chang AM, Akacem LD, Montgomery-Downs
HE, Buxton OM. Digital media and sleep in childhood and adolescence.
Pediatrics. 2017;140:592-6. https://doi.org/10.1542/peds.2016-1758J.
Spada MM. An overview of problematic internet use. Addict Behav.
2014,39:3-6. https://doi.org/10.1016/j.addbeh.2013.09.007.

Anderson EL, Steen E, Stavropoulos V. Internet use and problematic
internet use: a systematic review of longitudinal research trends

in adolescence and emergent adulthood. Int J Adolesc Youth.
2017;22:430-54. https://doi.org/10.1080/02673843.2016.1227716.
Chou C, Hsiao M. Internet addiction, usage, gratification, and pleas-
ure experience: the Taiwan college students’ case. Comput Educ.
2000;35:65-80.

Cao F, Su L. Internet addiction among Chinese adolescents: prevalence
and psychological features. Child Care Health Dev. 2007;33:275-81.
https://doi.org/10.1111/j.1365-2214.2006.00715 x.

. Eliacik K, Bolat N, Kogyigit C, Kanik A, Selkie E, Yilmaz H, et al. Internet

addiction, sleep and health-related life quality among obese indi-
viduals: a comparison study of the growing problems in adolescent
health. Eat Weight Disord. 2016;21:709-17. https://doi.org/10.1007/
s40519-016-0327-z.

Zboralski K, Orzechowska A, Talarowska M, Darmosz A, Janiak A, Janiak
M, et al. The prevalence of computer and internet addiction among
pupils. Postepy Hig Med Dosw (Online). 2009;63:8-12.

Kawabe K, Horiuchi F, Nakachi K, Hosokawa R, Ueno SI. Prevalence of
internet addiction in Japan: comparison of two cross-sectional surveys.
Pediatr Int. 2020;62:970-5. https://doi.org/10.1111/ped.14250.

World Health Organization. International classification of diseases 11th
revision. World health Organization; 2020. https://icd.who.int/ct11/
icd11_mms/en/release Accessed 1 Mar 2021.

American Psychological Association. Diagnostic and Statistical Manual
of Mental Disorders. 5th ed: Amer Psychiatric Pub Inc; 2013.

Pan YC, Chiu YC, Lin YH. Systematic review and meta-analysis of epide-
miology of internet addiction. Neurosci Biobehav Rev. 2020;118:612—
22. https://doi.org/10.1016/j.neubiorev.2020.08.013.

Durkee T, Kaess M, Carli V, Parzer P, Wasserman C, Floderus B, et al.
Prevalence of pathological internet use among adolescents in Europe:
demographic and social factors. Addiction. 2012;107:2210-22. https://
doi.org/10.1111/j.1360-0443.2012.03946.X.

Wu XS, Zhang ZH, Zhao F, Wang WJ, Li YF, Bi L, et al. Prevalence of
internet addiction and its association with social support and other
related factors among adolescents in China. J Adolesc. 2016;52:103-11.
https://doi.org/10.1016/j.adolescence.2016.07.012.

Park SK, Kim JY, Cho CB. Prevalence of internet addiction and correla-
tions with family factors among south Korean adolescents. Adoles-
cence. 2008;43:895-909.

Shek DT, Yu L. Adolescent internet addiction in Hong Kong:
prevalence, change, and correlates. J Pediatr Adolesc Gynecol.
2016;29(Suppl):S22-30. https://doi.org/10.1016/j,jpag.2015.10.005.

. Chen YL, Gau SS. Sleep problems and internet addiction among chil-

dren and adolescents: a longitudinal study. J Sleep Res. 2016;25:458-
65. https://doi.org/10.1111/jsr.12388.

Dresp-Langley B. Children’s health in the digital age. Int J Environ Res
Public Health. 2020;17. https://doi.org/10.3390/ijerph17093240.
Kawabe K, Horiuchi F, Oka Y, Ueno SI. Association between sleep habits
and problems and internet addiction in adolescents. Psychiatry Inves-
tig. 2019;16:581-7. https://doi.org/10.30773/pi.2019.03.21.2.

Li JB, Lau JTF, Mo PKH, Su XF, Tang J, Qin ZG, et al. Insomnia partially
mediated the association between problematic internet use and
depression among secondary school students in China. J Behav Addict.
2017,6:554-63. https://doi.org/10.1556/2006.6.2017.085.

Ashworth A, Hill CM, Karmiloff-Smith A, Dimitriou D. Sleep enhances
memory consolidation in children. J Sleep Res. 2014,23:302-8. https://
doi.org/10.1111/jsr.12119.

Galland B, Spruyt K, Dawes P, McDowall PS, Elder D, Schaughency E.
Sleep disordered breathing and academic performance: a meta-
analysis. Pediatrics. 2015;136:€934-46. https://doi.org/10.1542/peds.
2015-1677.


https://doi.org/10.3390/ijerph18020703
https://doi.org/10.1016/j.ypmed.2020.106349
https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.1001/jamapediatrics.2013.4183
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1542/peds.2016-1758J
https://doi.org/10.1016/j.addbeh.2013.09.007
https://doi.org/10.1080/02673843.2016.1227716
https://doi.org/10.1111/j.1365-2214.2006.00715.x
https://doi.org/10.1007/s40519-016-0327-z
https://doi.org/10.1007/s40519-016-0327-z
https://doi.org/10.1111/ped.14250
https://icd.who.int/ct11/icd11_mms/en/release
https://icd.who.int/ct11/icd11_mms/en/release
https://doi.org/10.1016/j.neubiorev.2020.08.013
https://doi.org/10.1111/j.1360-0443.2012.03946.x
https://doi.org/10.1111/j.1360-0443.2012.03946.x
https://doi.org/10.1016/j.adolescence.2016.07.012
https://doi.org/10.1016/j.jpag.2015.10.005
https://doi.org/10.1111/jsr.12388
https://doi.org/10.3390/ijerph17093240
https://doi.org/10.30773/pi.2019.03.21.2
https://doi.org/10.1556/2006.6.2017.085
https://doi.org/10.1111/jsr.12119
https://doi.org/10.1111/jsr.12119
https://doi.org/10.1542/peds.2015-1677
https://doi.org/10.1542/peds.2015-1677

Sakamoto et al. BMC Public Health (2022) 22:1006

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Erath SA, Tu KM, Buckhalt JA, EI-Sheikh M. Associations between children’s
intelligence and academic achievement: the role of sleep. J Sleep Res.
2015;24:510-3. https://doi.org/10.1111/jsr.12281.

Brockmann PE, Schlaud M, Poets CF, Urschitz MS. Predicting poor school
performance in children suspected for sleep-disordered breathing. Sleep
Med. 2015;16:1077-83. https://doi.org/10.1016/j.sleep.2015.03.021.

Gozal D. Sleep-disordered breathing and school performance in children.
Pediatrics. 1998;102:616-20.

Beebe DW, Ris MD, Kramer ME, Long E, Amin R. The association between
sleep disordered breathing, academic grades, and cognitive and
behavioral functioning among overweight subjects during middle to late
childhood. Sleep. 2010;33:1447-56.

Seegers V, Touchette E, Dionne G, Petit D, Seguin JR, Montplaisir J, et al.
Short persistent sleep duration is associated with poor receptive vocabu-
lary performance in middle childhood. J Sleep Res. 2016;25:325-32.
https://doi.org/10.1111/jsr.12375.

Nagoya Co. Population. 2020. https://www.city.nagoya.jp/somu/page/
0000123453.html Accessed 20 Feb 2021 (in Japanese).

The Portal Site of Official Statistics of Japan. Family income and expendi-
ture survey 2019; 2019. https://www.e-stat.go.jp/stat-search/files?page=
1&layout=datalist&toukei=00200561&tstat=000000330001&cycle=7&
year=20190&month=0&tclass1=000000330001&tclass2=0000003300
04&tclass3=000000330005&result_back=1&tclass4val=0 Accessed 1
Mar 2021 (in Japanese).

City of Nagoya. Education. 2019. https://www.city.nagoya.jp/kyoiku/
page/0000062372.html Accessed 1 Mar 2021 (in Japanese).

Sadeh A, Gruber R, Raviv A. Sleep, neurobehavioral functioning, and
behavior problems in school-age children. Child Dev. 2002;73:405-17.
Okada M, Kitamura S, Iwadare Y, Tachimori H, Kamei Y, Higuchi S,

et al. Reliability and validity of a brief sleep questionnaire for children

in Japan. J Physiol Anthropol. 2017,36:35. https://doi.org/10.1186/
s40101-017-0151-9.

DoiY, Oka Y, Horiuchi F, Okawa M, Uchiyama M. The Japanese version of
Children's sleep habits questionnaire (CSHQ-J). Suimin Iryo. 2007,2:83-8
(in Japanese).

Owens JA, Spirito A, McGuinn M. The Children'’s sleep habits question-
naire (CSHQ): psychometric properties of a survey instrument for school-
aged children. Sleep. 2000;23:1043-51.

Liu X, Liu L, Owens JA, Kaplan DL. Sleep patterns and sleep problems
among schoolchildren in the United States and China. Pediatrics.
2005;115(Suppl):241-9. https://doi.org/10.1542/peds.2004-0815F.

Braig S, Urschitz MS, Rothenbacher D, Genuneit J. Changes in children’s
sleep domains between 2 and 3 years of age: the Ulm SPATZ health study.
Sleep Med. 2017,36:18-22. https.//doi.org/10.1016/j.sleep.2017.04.011.
Cortesi F, Giannotti F, Sebastiani T, Vagnoni C, Marioni P. Cosleeping versus
solitary sleeping in children with bedtime problems: child emotional
problems and parental distress. Behav Sleep Med. 2008;6:89-105. https://
doi.org/10.1080/15402000801952922.

Cortina JM. What is coefficient alpha? An examination of theory and
applications. J Appl Psychol. 1993;78:98-104.

Okada T. Health problems due to inappropriate use of ICT (smartphones,
tablets, etc.). J Pediatr Pract. 2016;79:1651-6 (in Japanese).

Young KS. Internet addiction: the emergence of a new clinical disorder.
Cyber Psychol Behav. 1998;1:237-44.

Iwadare Y, Kamei Y, Oiji A, Doi Y, Usami M, Kodaira M, et al. Study of the
sleep patterns, sleep habits, and sleep problems in Japanese elemen-
tary school children using the CSHQ-J. Kitasato Med J. 2013;43:31-7 (in
Japanese).

Beard KW. Internet addiction: a review of current assessment techniques
and potential assessment questions. CyberPsychol Behav. 2005;8:7-14.
https://doi.org/10.1089/cpb.2005.8.7.

Takeuchi K. Smartphone addiction and interventions in educational set-
tings. Clin Psychiatry. 2017;59:61-9 (in Japanese).

Masuda A, Yamasita K, Matsumoto H, Masuda K, Munamoto T. Internet/
game dependence and sleep disorders in children of younger ages. J
Japanese Soc Psychosomatic Pediatr. 2019;27:473-5 (in Japanese).
Siomos KE, Dafouli ED, Braimiotis DA, Mouzas OD, Angelopoulos NV.
Internet addiction among Greek adolescent students. CyberPsychol
Behav. 2008;11:653-7. https://doi.org/10.1089/cpb.2008.0088.

Page 11 of 11

50. Owens JA, Weiss MR. Insufficient sleep in adolescents: causes and con-
sequences. Minerva Pediatr. 2017;69:326-36. https://doi.org/10.23736/
S0026-4946.17.04914-3.

51. SunW, Ling J, Zhu X, Lee TM, Li SX. Associations of weekday-to-weekend
sleep differences with academic performance and health-related out-
comes in school-age children and youths. Sleep Med Rev. 2019;46:27-53.
https://doi.org/10.1016/j.smrv.2019.04.003.

52. Li A ChenS, Quan SF, Silva GE, Ackerman C, Powers LS, et al. Sleep pat-
terns and sleep deprivation recorded by actigraphy in 4th-grade and
5th-grade students. Sleep Med. 2020;67:191-9. https://doi.org/10.1016/j.
sleep.2019.12.001.

53. Twenge JM, Hisler GC, Krizan Z. Associations between screen time
and sleep duration are primarily driven by portable electronic devices:
evidence from a population-based study of U.S. children ages 0-17. Sleep
Med. 2019;56:211-8. https://doi.org/10.1016/j.sleep.2018.11.009.

54. McMakin DL, Alfano CA. Sleep and anxiety in late childhood and early
adolescence. Curr Opin Psychiatry. 2015;28:483-9. https://doi.org/10.
1097/YCO.0000000000000204.

55. Palmer CA, Alfano CA. Anxiety modifies the emotional effects of sleep
loss. Curr Opin Psychol. 2020;34:100-4. https://doi.org/10.1016/j.copsyc.
2019.12.001.

56. Hoge E, Bickham D, Cantor J. Digital media, anxiety, and depression in
children. Pediatrics. 2017;140:576-80. https://doi.org/10.1542/peds.
2016-1758G.

57. Ramamoorthy S, Kamaldeen D, Ravichandran L, Sundaramahalingam
M. Effect of stress on sleep hygiene among school going adolescents
in Chennai. J Family Med Prim Care. 2019;8:2917-20. https://doi.org/10.
4103/jfmpcjfmpc_564_19.

58. Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bogels SM. Adolescents’sleep
in low-stress and high-stress (exam) times: a prospective quasi-experi-
ment. Behav Sleep Med. 2014;12:493-506. https://doi.org/10.1080/15402
002.2012.670675.

59. Owens JA, Dearth-Wesley T, Lewin D, Gioia G, Whitaker RC. Self-regulation
and sleep duration, sleepiness, and Chronotype in adolescents. Pediatrics.
2016;138. https://doi.org/10.1542/peds.2016-1406.

60. Sanabra M, Gomez-Hinojosa T, Grau N, Alda JA. Deficient emotional self-
regulation and sleep problems in ADHD with and without pharmacologi-
cal treatment. J Atten Disord. 2022;26:426-33. https://doi.org/10.1177/
1087054720986242.

61. Tobe H, Takeuchi K, Hotta M. The relationship between the tendency
toward internet dependence and mental health and the psycho-social
problems of students. Jpn J Sch Health. 2010;52:125-34 (in Japanese).

62. Sakamoto N, Gozal D, Smith DL, Yang L, Morimoto N, Wada H, et al. Sleep
duration, snoring prevalence, obesity, and behavioral problems in a large
cohort of primary school students in Japan. Sleep. 2017;40. https://doi.
0rg/10.1093/sleep/zsw082.

63. Buxton OM, Chang AM, Spilsbury JC, Bos T, Emsellem H, Knutson KL.
Sleep in the modern family: protective family routines for child and
adolescent sleep. Sleep Health. 2015;1:15-27. https://doi.org/10.1016/].
sleh.2014.12.002.

64. Carter B, Rees P, Hale L, Bhattacharjee D, Paradkar MS. Association
between portable screen-based media device access or use and
sleep outcomes: a systematic review and meta-analysis. JAMA Pediatr.
2016;170:1202-8. https://doi.org/10.1001/jamapediatrics.2016.2341.

65. Dorrian J, Centofanti S, Smith A, McDermott KD. Self-regulation and social
behavior during sleep deprivation. Prog Brain Res. 2019,246:73-110.
https://doi.org/10.1016/bs.pbr.2019.03.010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/jsr.12281
https://doi.org/10.1016/j.sleep.2015.03.021
https://doi.org/10.1111/jsr.12375
https://www.city.nagoya.jp/somu/page/0000123453.html
https://www.city.nagoya.jp/somu/page/0000123453.html
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200561&tstat=000000330001&cycle=7&year=20190&month=0&tclass1=000000330001&tclass2=000000330004&tclass3=000000330005&result_back=1&tclass4val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200561&tstat=000000330001&cycle=7&year=20190&month=0&tclass1=000000330001&tclass2=000000330004&tclass3=000000330005&result_back=1&tclass4val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200561&tstat=000000330001&cycle=7&year=20190&month=0&tclass1=000000330001&tclass2=000000330004&tclass3=000000330005&result_back=1&tclass4val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200561&tstat=000000330001&cycle=7&year=20190&month=0&tclass1=000000330001&tclass2=000000330004&tclass3=000000330005&result_back=1&tclass4val=0
https://www.city.nagoya.jp/kyoiku/page/0000062372.html
https://www.city.nagoya.jp/kyoiku/page/0000062372.html
https://doi.org/10.1186/s40101-017-0151-9
https://doi.org/10.1186/s40101-017-0151-9
https://doi.org/10.1542/peds.2004-0815F
https://doi.org/10.1016/j.sleep.2017.04.011
https://doi.org/10.1080/15402000801952922
https://doi.org/10.1080/15402000801952922
https://doi.org/10.1089/cpb.2005.8.7
https://doi.org/10.1089/cpb.2008.0088
https://doi.org/10.23736/S0026-4946.17.04914-3
https://doi.org/10.23736/S0026-4946.17.04914-3
https://doi.org/10.1016/j.smrv.2019.04.003
https://doi.org/10.1016/j.sleep.2019.12.001
https://doi.org/10.1016/j.sleep.2019.12.001
https://doi.org/10.1016/j.sleep.2018.11.009
https://doi.org/10.1097/YCO.0000000000000204
https://doi.org/10.1097/YCO.0000000000000204
https://doi.org/10.1016/j.copsyc.2019.12.001
https://doi.org/10.1016/j.copsyc.2019.12.001
https://doi.org/10.1542/peds.2016-1758G
https://doi.org/10.1542/peds.2016-1758G
https://doi.org/10.4103/jfmpc.jfmpc_564_19
https://doi.org/10.4103/jfmpc.jfmpc_564_19
https://doi.org/10.1080/15402002.2012.670675
https://doi.org/10.1080/15402002.2012.670675
https://doi.org/10.1542/peds.2016-1406
https://doi.org/10.1177/1087054720986242
https://doi.org/10.1177/1087054720986242
https://doi.org/10.1093/sleep/zsw082
https://doi.org/10.1093/sleep/zsw082
https://doi.org/10.1016/j.sleh.2014.12.002
https://doi.org/10.1016/j.sleh.2014.12.002
https://doi.org/10.1001/jamapediatrics.2016.2341
https://doi.org/10.1016/bs.pbr.2019.03.010

	Sleep problems, sleep duration, and use of digital devices among primary school students in Japan
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants and study design
	Questionnaire
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


