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Abstract
A cross-sectional survey was conducted to simultaneously evaluate sleep quality, duration, and phase in school-aged children 
and correlations between each dimension of sleep and daytime sleepiness were comprehensively examined. A cross-sectional 
survey was conducted with school-aged children enrolled in four public elementary schools in Joetsu city, Niigata prefecture 
in Japan (n = 1683). Among the collected responses (n = 1290), 1134 valid responses (547 boys and 587 girls) were analyzed 
(valid response rate was 87.90%). Data on daytime sleepiness, sleep quality (problems in sleeping at night), sleep duration 
(the average sleeping time during a week), and sleep phase (sleep timing: bedtime and rising time on weekdays, and sleep 
regularity: differences in bedtime and rising time between on weekdays and weekends) were collected. The results of multi-
variate logistic regression analysis indicated that the following dimensions were significantly correlated with daytime sleepi-
ness: the decline in sleep quality [adjusted odds ratio (AOR) = 2.62, 95% confidence interval (CI) = 1.71–4.00], bedtime after 
21:30 on weekdays (AOR = 1.58, 95% CI = 1.15–2.18), bedtime delay on weekends, compared to weekdays (AOR = 1.75, 
95% CI = 1.27–2.41), and bedtime advance on weekends, compared to weekdays (AOR = 3.33, 95% CI = 1.78–6.20). Sleep 
dimensions that significantly affected daytime sleepiness in school-aged children are sleep quality, bedtime-timing, and 
regularity of bedtime. It is important to detect problems in night sleep and establish treatments, as well as to provide support 
for early bedding on weekdays and for a regular bedtime both on weekdays and on weekends to prevent daytime sleepiness 
in school-aged children.
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Introduction

Daytime sleepiness in school-aged children is regarded as 
an important problem from the perspective of school health 
because it causes various problems in life [1]. It has been 
reported that daytime sleepiness deteriorates mental and 
physical health [2], as well as attention [3] and learning 
capacity [4], which have negative effects on school perfor-
mance [5].

It is considered that daytime sleepiness in school-aged chil-
dren might be caused by problems in the following dimen-
sions: sleep quality, duration, and phase. First, sleep quality 
is a dimension related to starting and continuing sleep as 
well as the degree of disorders in sleep structure. Problems 
in night sleep leading to daytime sleepiness include insom-
nia disorders, restless legs syndrome, and sleep apnea among 
others [6]. A longitudinal study conducted with adolescents 
reported that a decline in sleep quality would cause daytime 
sleepiness [7]. Second, sleep duration is a dimension related 
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to the degree of lack of sleep. Accumulation of a sleep debt 
excessively increases sleep pressure and causes daytime sleepi-
ness. In recent years, it has been advocated that recommended 
sleep duration for school-aged children is 9–11 h [8]. However, 
there is a report that the average sleeping hours of Japanese 
school-aged children is 7 h and 36 min [9]. Moreover, a sur-
vey conducted with junior high school students has reported 
sleep time less than the recommended sleep duration which 
causes daytime sleepiness [10]. The above results suggest that 
many school-aged children in Japan have daytime sleepiness, 
because of the accumulated sleep debt. Third, sleep phase is a 
dimension related to the degree of disorders in the sleep-wake 
cycle. It is divided into two dimensions; sleep timing and sleep 
regularity. The former is involved in bedtime and rising time 
on weekdays and the latter is involved in differences in bed-
time and rising time between weekdays and weekends [11]. 
It has been reported that late bedtime and late rising time on 
weekdays disturb the sleep–wake cycle, which causes daytime 
sleepiness [12]. Moreover, there is a report that bedtime delay 
and rising-time delay on weekends, compared to weekdays, 
increase daytime sleepiness [13].

Previous studies have examined correlations between 
three dimensions of sleep and daytime sleepiness. Based on 
their findings, public health activities for ensuring adequate 
sleep among school-aged children have been implemented, 
based on the perspective of each dimension [14]. However, 
correlations among the three dimensions and correlations 
between each dimension and daytime sleepiness, by con-
sidering the inter-dimensional correlations, have not been 
undertaken [15]. It has been indicated that problems in three 
dimensions might be correlated with various problems [15]. 
For example, reduction in sleep duration and bedtime delay 
might have been caused by sleep habits chosen by children 
themselves. On the other hand, these sleep habits might have 
been produced by problems in night sleep. Therefore, it 
would be necessary to examine the effects of each dimension 
on daytime sleepiness, with considering correlations among 
the three dimensions, when providing appropriate support 
for preventing daytime sleepiness in school-aged children.

In this study, data collected through a cross-sectional sur-
vey using the Child and Adolescent Sleep Checklist (CASC) 
[16], by which sleep quality, duration, and phase are simul-
taneously evaluated, were analyzed. Furthermore, correla-
tions between each dimension and daytime sleepiness were 
comprehensively examined.

Materials and methods

Participants

A cross-sectional survey was conducted with school-aged 
children enrolled in four public elementary schools in the 

urban area of Joetsu city, Niigata prefecture, Japan. The 
total number of the children enrolled in the schools was 
1683, excluding those enrolled in special needs classes. The 
extraction ratio was 25.73% of all the school-aged children 
living in the urban area of Joetsu city. Among the collected 
responses (N = 1290), those with missing values regarding 
the grade, gender, or three items related to daytime sleepi-
ness in CASC [16] were excluded from the study. Finally, 
1134 responses (547 boys and 587 girls) were analyzed. The 
valid response rate was 87.90%.

Survey procedures

This survey was implemented as a part of the research pro-
ject of Joetsu University of Education, “Descriptive and epi-
demiological studies on correlations between sleep habits 
of school-aged children and their families-Establishment of 
sleep health education at elementary school (II)-” (princi-
pal investigator: Ryuichiro Yamamoto). From September 
to October in 2015, written and oral explanations about 
research purposes and ethical consideration were provided 
to the principals of the elementary schools. The survey was 
conducted at schools that gave consent to the study. Class 
teachers distributed envelops enclosing an explanation letter, 
a questionnaire, and a reply envelope to students. Teach-
ers told students to give the envelope to their parents when 
returning home. Students opened the envelope with their 
parents at home, and read explanations about study purposes 
and ethical confirmation. When they agreed to participate 
in the survey, they responded to the questionnaire. After 
responding, they put the questionnaire in the envelope and 
sealed it. Students brought it to school and submitted it to 
the class teacher. The questionnaires were directly collected 
by researchers.

Materials

There were two types of questionnaires: a questionnaire 
for parents and children. The contents of the questionnaire 
for parents included the consent form, specification of the 
respondent, items on the child’s grade, age, gender, height, 
weight, bedding, and bedtime lighting, items on family 
members’ bedtime and rising time on weekdays and week-
ends, total sleep time, and sleep-related problems, as well 
as CASC (evaluation of children’s sleep habits and sleep 
problems by parents). The contents of the questionnaire for 
children included CASC (self-evaluation of sleep habits and 
sleep problems). In this study, parents’ responses about chil-
dren’s grade and gender as well as children’s responses to 
CASC were used for analysis.

CASC is a questionnaire regarding sleep habits and sleep 
problems, responded by children themselves. Items related to 
sleep habits consist of bedtime and rising time on weekdays 
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and weekends as well as sleep duration. Items for assessing 
sleep problems are composed of four components below, 
including 24 items; the first component: bedtime problems, 
the second component: sleep breathing and unstable sleep, 
the third component: parasomnia and sleep movement, and 
the fourth component: daytime problems. These items are 
evaluated using the four-point Likert scale; “always (5–7 
days/week),” “sometimes (2–4 days/week),” “occasionally 
(1 day/week),” and “never.”

Definition of variables

Table 1 shows the operational definition of sleep quality, 
duration, phase, and daytime sleepiness.

Statistical analysis

Aiming to describe participants’ sleep characteristics, fre-
quency distribution tables were developed for sleep quality, 
duration, phase, and daytime sleepiness, depending on the 
grade and gender. Moreover, a residual analysis was con-
ducted for examining whether there are differences in three 
dimensions of sleep and the frequency of sleepiness among 
grades and between genders. Aiming to examine correla-
tions among grade, gender, and three dimensions of sleep, 
Cramér’s V among variables was calculated.

Furthermore, logistic regression analysis was conducted 
with grade, gender, and three dimensions of sleep as explan-
atory variables and daytime sleepiness as an explained vari-
able. First, crude odds ratio (OR) [95% confidence interval 

Table 1   Operational definition of each variable

CASC child and adolescent sleep checklist

Variables Operational definition

Daytime sleepiness Items related to daytime sleepiness in CASC were questions that asked participants whether they have the following 
experiences, “I get sleepy during school,” ‘‘I fall asleep during school,” and “I fall asleep when I sit still, like when 
I’m watching TV or riding in the car”

Participants that selected “5–7 days/week” or “2–4 days/week” about at least one item were classified into “yes.” Those 
that selected “1 day/week” or “never” about all the 3 items were classified into “no”

Sleep quality Items related to night sleep in CASC were the questions asking participants whether they have the following experi-
ences, “bedtime resistance,” “bedtime worry,” “sleep-onset insomnia,” “restless legs syndrome,” “snore,” “cough,” 
“apnea,” “toss and turn,” “sweat,” “sleep talking,” “night terror,” “nightmare,” “sleep walking,” “periodic limb mov-
ing,” “nocturnal enuresis,” and “nocturnal bruxism”

Participants that selected “5–7 days/week” or “2–4 days/week” about at least one item were classified into “poor.” 
Those that selected “1 day/week” or “never” about all the 16 items were classified into “good”

Sleep duration Items related to sleep duration in CASC were the questions asking participants about sleep duration at night on week-
days (a) and sleep duration at night on weekends (b). Aiming to calculate the average sleep duration during a week, 
the following calculation was made: dividing [(a) X5 + (b) X2] by 7

Recommended sleep duration for children is reported as 9–11 h [8]. Participants that answered they sleep 9–11 h 
were classified into “9–11 h.” Those that answered they sleep less than 9 h were classified into “<9 h.”. Those that 
answered they sleep more than 11 h were classified into “>11 h”

Sleep phase: Timing Items related to sleep timing in CASC were the questions asking participants about bedtime and rising time on week-
days

In the previous study [17], participants were classified into early bedtime and late bedtime, as well as early rising time 
and late rising time, with the median of bedtime and rising time as the base point. This study used this classification 
method

The median of weekday bedtime of the participants was 21:30. Participants whose weekday bedtime was before 21:30 
were classified into “before 21:30.” Participants whose weekday bedtime was after 21:30 were classified into “after 
21:30.”

The median of weekday rising time of the participants was 6:30. Participants whose weekday rising time was before 
6:30 were classified into “before 6:30.” Participants whose weekday rising time was after 6:30 were classified into 
“after 6:30.”

Sleep phase: Regurality In the previous study [18], participants were classified into delay bedtime and advance bedtime, as well as delay rising 
time and advance rising time, with the median of bedtime and rising time on weekdays as the base point. This study 
used this classification method

Participants whose weekday bedtime and weekend bedtime were identical were classified into “regular.” Participants 
whose weekend bedtime delayed were classified into “delay.” Participants whose weekend bedtime advanced were 
classified into “advance.”

Participants whose weekday rising time and weekend rising time were identical were classified into “regular.” Par-
ticipants whose weekend rising time delayed were classified into “delay.” Participants whose weekend rising time 
advanced were classified into “advance.”



180	 Sleep and Biological Rhythms (2018) 16:177–185

1 3

(CI)] of each explanatory variable was calculated through 
univariate logistic regression analysis. Next, adjusted OR 
(95% CI) of each explanatory variable was calculated using 
multivariate logistic regression analysis (backward elimi-
nation method: excluded when p < 0.1). We set the level of 
significance at p < 0.05. IBM SPSS Statistics 24 (IBM corp., 
Armonk, NY) was used for analyses.

Ethical consideration

Voluntariness of one’s response to a questionnaire and 
protection of personal information were explained to par-
ents and children by an explanatory document. Consent to 
participation in the survey was confirmed by filling in the 
consent form, included in the questionnaire. This study was 
permitted by the Ethics Committee of Joetsu University of 
Education (Permission number: 56).

Results

Characteristics of three dimensions of sleep 
and daytime sleepiness in participants

Table 2 shows frequency distribution of three dimensions 
of sleep and daytime sleepiness. The results of residual 
analysis indicated significant differences in the expected 
frequency and observed frequency between genders, in (1) 
“advanced” in regularity of bedtime, (2) “delay,” “regular,” 
and “advance” in regularity of rising time, in the data of the 
whole participants. Regarding boys, significant differences 
in the expected frequency and observed frequency were indi-
cated among grades, in (1) “no” and “yes” in daytime sleepi-
ness, (2) “<9 h,” “9–11 h,” and “>11h” in sleep duration, (3) 
“before 21:30” and “after 21:30” in bedtime-timing, and (4) 
“before 6:30” and “after 6:30” in rising time-timing. Regard-
ing girls, significant differences in the expected frequency 
and observed frequency were indicated among grades, in (1) 
“no” and “yes” in daytime sleepiness, (2) “<9h” and “9-11h” 
in sleep duration, (3) “before 21:30” and “after 21:30” in 
bedtime-timing, (4) “before 6:30” and “after 6:30” in rising 
time-timing, and (5) “delay,” “regular,” and “advance” in 
bedtime-timing.

Correlations among grade, gender, and three 
dimensions of sleep

Table 3 shows correlations among grade, gender, and three 
dimensions of sleep. Cramér’s V among variables was cal-
culated and significant correlations were indicated as fol-
lows: (1) between sleep quality and rising time-timing as 
well as regularity of bedtime, (2) between sleep duration and 
bedtime-timing, regularity of bedtime, as well as grade, (3) 

between bedtime-timing and rising time-timing, regularity 
of bedtime, regularity of rising time, as well as grade, (4) 
between rising time-timing and regularity of bedtime, regu-
larity of rising time, as well as grade, (5) between regularity 
of bedtime and regularity of rising time, as well as between 
regularity of rising time and gender.

Correlations between grade, gender, as well as three 
dimensions of sleep and daytime sleepiness 
through logistic regression analysis

Table 4 shows the results of the final step of univariate 
logistic regression analysis and multivariate logistic regres-
sion analysis (backward elimination method). The results of 
univariate logistic regression analysis indicated that grade, 
sleep quality, sleep duration, bedtime-timing, rising time-
timing, regularity of bedtime, and regularity of rising time 
were significantly correlated with daytime sleepiness. More-
over, the results of multivariate logistic regression analysis 
indicated that grade, sleep quality, bedtime-timing, and regu-
larity of bedtime were significantly correlated with daytime 
sleepiness. Sleep duration and regularity of rising time were 
excluded from the model.

Discussion

The aim of the present study was to simultaneously evalu-
ate sleep quality, duration, and phase in school-aged chil-
dren, and comprehensively examine correlations between 
those dimensions of sleep and daytime sleepiness. Previous 
studies had been examining correlations between daytime 
sleepiness and three dimensions of sleep from the respective 
perspective. As far as we know, this is the first report that 
simultaneously evaluated these three dimensions of sleep 
and indicated the differences in their correlations with day-
time sleepiness. The results of this study have indicated that 
sleep quality, bedtime-timing, and regularity of bedtime sig-
nificantly affect daytime sleepiness.

Sleep quality

It was indicated that children with night sleep problems had 
daytime sleepiness more than those without such problems. 
It has been reported that a certain number of children have 
night sleep problems such as insomnia disorders [19], rest-
less legs syndrome [20], and sleep apnea [21] among others. 
In previous public health activities for ensuring adequate 
sleep among school-aged children, the main problem of day-
time sleepiness was considered to have been caused by life 
habits selected by children themselves, i.e., “do not sleep.” 
Therefore, in the activities, approaches to facilitate behav-
ioral changes were considered important. However, there 
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Table 2   Frequency distribution for each variable

BT bedtime. RT rising time. Lower grade 1 or 2 (6, 7, or 8 years). Middle grade 3 or 4 (8, 9, or 10 years). Upper grade 5 or 6 (10, 11, or 12 years)
*The observed frequency was significantly greater than the expected frequency at the 5% level among gender
**The observed frequency was significantly smaller than the expected frequency at the 5% level among gender
a The observed frequency was significantly greater than the expected frequency at the 5% level among grades
b The observed frequency was significantly smaller than the expected frequency at the 5% level among grades.Sleep duration (%) “recom-
mended” and “maybe approprite”: 92.42, “not recommended (short)”: 1.85, “not recommended (lomg)”: 2.12, uncertain: 3.61

Boys 𝜒2 df p value Girls 𝜒2 df p value

Lower Middle Upper All Lower Middle Upper All

Daytime sleepiness 22.3 2 < 0.001 15.8 2 < 0.001
 No 149a 125 120b 394 148a 139 108b 395
 Yes 35b 39 79a 153 55b 53 84a 192

Sleep quality 2.4 2 0.292 0.10 2 0.947
 Good 28 36 39 103 33 31 35 99
 Poor 140 116 151 407 151 146 151 448

Sleep duration 52.4 4 < 0.001 34.8 4 < 0.001
 < 9 h 40b 60 107a 207 47b 71 101a 219
 9–11 h 132a 96 75b 303 141a 108 84b 333
 > 11 h 2b 5 11a 18 3 5 5 13

Sleep phase
 BT timing 72.5 2 < 0.001 75.3 2 < 0.001
  Before 21:30 124a 77 48b 249 130a 78 41b 249
  After 21:30 58b 85 148a 291 71b 108 151a 330

 RT timing 8.3 2 0.016 8.7 2 0.013
  Before 6:30 127a 96 109b 332 141a 114 106b 361
  After 6:30 57b 68 89a 214 61b 73 85a 219

 Regularity BT 1.2 4 0.863 11.86 4 0.018
  Delay 107 91 119 317 107b 114 130a 351
  Regular 61 57 60 178 77 68 56b 201
  Advance 11 12 15 38* 13a 4 5 22**

 Regularity RT 1.5 4 0.821 8.9 4 0.061
  Delay 137 119 148 404** 167 167 174 508*

  Regular 21 17 23 61* 22 8 11 41**

  Advance 23 28 27 78* 11 10 6 27**

Table 3   Associations between 
school year, gender, and three 
dimensions of sleep

**p < 0.01, *p < 0.05. BT bedtime. RT rising time. Correlation coefficient in the table is Cramér’s V

Sleep quality Sleep duration Sleep phase

BT timing RT timing Regurality BT Regurality RT

Sleep quality
Sleep duration 0.02
Sleep phase
 BT timing 0.02 0.37**

 RT timing 0.06* 0.01 0.24**

 Regularity BT 0.08* 0.09** 0.12** 0.09**

 Regularity RT 0.03 0.05 0.11** 0.11** 0.14**

Grade 0.03 0.28** 0.36** 0.12** 0.05 0.04
Gender 0.02 0.03 0.03 0.01 0.07 0.18**
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might be children that “want to sleep but cannot,” or “are 
sleeping but cannot have a good quality sleep.” For exam-
ple, when children with insomnia try to go to bed early, 
the association between sleep environment and awakening 
gets stronger, leading to a decline in sleep quality and sleep 
efficiency [15]. It is considered important to construct sys-
tems for detecting night sleep problems in the early stage 
and providing early treatment, for supporting school-aged 
children with daytime sleepiness.

Bedtime‑timing

School-aged children that go to bed late on weekdays tended 
to show daytime sleepiness more often than those that go 

to bed early. In the previous studies, a correlation between 
bedtime and daytime sleepiness has been indicated [12]. On 
weekdays, school-aged children get up at a fixed time to 
go to school. When weekday bedtime is delayed, a sleep 
debt is accumulated, which would cause daytime sleepiness. 
However, the results of this study did not show a correlation 
between reduction of sleep duration and daytime sleepiness. 
This might be caused by the fact that 92.42% of the partici-
pants secured “recommended” or “maybe appropriate” sleep 
duration suggested by the National Sleep Foundation. The 
percentage of those that did not reach “recommended” or 
“maybe appropriate” sleep duration was only 1.85%. That 
is, most of the participants secured sufficient sleep duration, 
and even if it slightly changed, daytime sleepiness was not 

Table 4   Multivariate logistic 
regression analysis for daytime 
sleepiness

OR odds ratio. CI confidence interval. BT bedtime. RT rising time. Lower 6, 7, or 8 years. Middle 8, 9, or 
10 years. Upper 10, 11, or 12 years.
The results of the final step(the third step) was shown. Participants with missing date were excluded from 
the analysis. Adjusted factors included grade, gender, sleep quality, sleep duration, BT timing, RT timing, 
regurality BT, and regurality RT. Sleep duration and regurality RT were excluded from the final step

Covariates n Crude n Adjusted

OR 95% CI p value OR 95% CI p value

Grade < 0.001 < 0.001
 Lower 387 Reference 322 Reference
 Middle 356 1.15 0.82–1.60 0.413 310 1.08 0.74–1.59 0.664
 Upper 391 2.35 1.73–3.21 < 0.001 361 2.12 1.47–3.06 < 0.001

Gender
 Boys 547 Reference 478 Reference
 Girls 587 1.25 0.97–1.61 0.083 515 1.27 0.95–1.69 0.095

Sleep quality
 Good 202 Reference 188 Reference
 Poor 855 2.74 1.83–4.10 < 0.001 805 2.62 1.71–4.00 < 0.001

Sleep duration < 0.001
 < 9 h 426 1.71 1.31–2.23 < 0.001 382 – – –
 9–11 h 636 Reference 581 – – –
 > 11 h 31 1.37 0.63–2.97 0.425 30 – – –

Sleep phase
 BT timing
  Before 21:30 498 Reference 440 Reference
  After 21:30 621 2.22 1.70–2.91 < 0.001 553 1.58 1.15–2.18 < 0.001

 RT timing
  Before 6:30 693 Reference 614 Reference
  After 6:30 433 1.63 1.26–2.11 < 0.001 379 1.31 0.97–1.76 0.071

 Regularity BT < 0.001 < 0.001
  Delay 668 1.97 1.47–2.65 < 0.001 596 1.75 1.27–2.41 0.001
  Regular 379 Reference 341 Reference
  Advance 60 3.27 1.86–5.74 < 0.001 56 3.33 1.78–6.20 < 0.001

 Regularity RT 0.028
  Delay 912 2.02 1.20–3.40 0.007 808 – – –
  Regular 102 Reference 94 – – –
  Advance 105 1.91 1.00–3.66 0.050 91 – – –
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affected. From the perspective of countermeasures against 
daytime sleepiness, it would be important to prevent the 
sleep-wake cycle from being disturbed, by supporting early 
bedtime and consistent bedtime on weekdays and on week-
ends, not just prolonging sleep duration.

Regularity of bedtime

School-aged children that go to bed later or earlier on week-
ends, compared to on weekdays, showed daytime sleepiness 
more often than those go to bed at a fixed time both on 
weekdays and on weekends. By contrast, there were no cor-
relations between daytime sleepiness and a delay or advance 
in rising time on weekends, compared to weekdays. It would 
be important to provide support for school-aged children, 
so that they can keep consistent bedtime on weekdays and 
weekends, for preventing daytime sleepiness.

Bedtime delay on weekends, compared to weekdays

Bedtime delay on weekends disturbs a sleep-wake cycle that 
was established on weekdays, which would cause a delay 
in the phase of melatonin secretion and melatonin suppres-
sion. The phase delay of melatonin secretion is explained 
based on the phase response curve (PRC). According to 
PRC, when exposed to light in the morning for the biological 
clock, melatonin secretion phase advances. Contrarily, when 
exposed to light at night for the biological clock, melatonin 
secretion phase delays. It has been pointed out that in the 
youth, melatonin secretion phase delay might be dominant 
over advance [22]. The pupil size of school-aged children is 
large [23], and the transmission rate of a short wavelength 
of light in the crystal lens is high [24]. Therefore, melatonin 
suppression caused by light exposure more easily occurs, 
compared to adults [25]. School-aged children that go to bed 
late on weekends have more opportunities for light exposure 
at night for the biological clock, which would lead to mela-
tonin secretion phase delay and melatonin suppression. It 
produces a temporary lack of sleep caused by a difficulty in 
falling asleep on weekends and disturbance of a sleep-wake 
cycle, which is maintained on weekdays, leading to daytime 
sleepiness [26]. In the future, effects of bedtime delay on 
weekends on melatonin secretion phase and melatonin sup-
pression in school-aged children should be examined.

Bedtime advance, compared to weekdays

As far as we know, there is no study that examined the cor-
relation between bedtime advance on weekends and day-
time sleepiness, as it might also disturb a sleep-wake cycle. 
In addition, bedtime advance on weekends might occur for 
compensating for daytime sleepiness. In the future, correla-
tions between bedtime advance on weekends and daytime 

sleepiness should be minutely examined through a longitu-
dinal survey.

Developmental changes in sleep habits and daytime 
sleepiness

Bedtime delay, rising time delay, short sleep duration, 
and much daytime sleepiness were confirmed in upper-
grade children. It has been reported that bedtime delay 
and reduction of sleep duration are considerably observed 
in school-aged children that are approaching puberty [27]. 
These changes in sleep habits are supposed to be caused by 
changes in sleep environment and psychological/physical 
changes related to secondary sexual characteristics. Chil-
dren in China, located in East Asia like Japan, often sleep 
with their parents from infancy to mid-childhood [28]. How-
ever, school-aged children in late childhood start to sleep 
alone [28]. Consequently, as grade in school advanced, sleep 
environment and bedtime activity can change. For exam-
ple, it has been reported that the rate of browsing internet 
before bedtime increases with advancing grades of school-
aged children in Japan [29]. Furthermore, children who use 
internet tend to go to bed later than the others who do not 
use it [29]. Moreover, children that start to show secondary 
sexual characteristics have physiological changes such as 
delayed timing of melatonin secretion [30] and a decline in 
sleep pressure regulated by homeostasis [31]. An increase 
in daytime sleepiness in children of this age might be caused 
by two factors: (1) children do not sleep because they do not 
want to sleep, owing to changes in sleep environment and (2) 
they cannot sleep even if they want to sleep early, because of 
physiological changes. Recently, it has been indicated that 
it might be effective to delay school start time for securing 
“good sleep” for school-aged children [32]. In Japan, how-
ever, elementary school start time (mostly 8:30) is already 
relatively late, compared to foreign countries, and there are 
some problems in delaying school start time in the present 
educational system [15]. In the future, correlations between 
daytime sleepiness and changes in sleep environment as well 
as physiological changes in children in the period of showing 
secondary sexual characteristics should be minutely exam-
ined, and countermeasures should be discussed.

Limitations and future directions

The limitations of this study are as follows: (1) There was 
a bias in sampling. This study was conducted in a specific 
area. There might be differences in sleep habits between 
children living in urban areas and those living in rural 
areas. For example, usually, it takes a longer time to go to 
school for children living in rural areas, compared to those 
in urban areas. Therefore, they need to wake up earlier. In 
the future, possibilities of generalization of the results of 
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this study should be examined, with expanding the target 
area to a national scale, including urban and rural areas. (2) 
Data used in this study are based on children’s self-report, 
collected through a questionnaire. Rising time on weekdays 
is relatively fixed by school start time and commuting time 
in school-aged children, and self-report would have reliabil-
ity. However, there is intra-individual variation in how to 
spend weekends, and comprehensive evaluation is difficult. 
In the future, data should be collected using objective sleep 
assessment methods such as actigraph and compared with 
the data of this study. (3) The research design of this study 
was cross-sectional. As described above, earlier bedtime 
on weekends and the day before weekends were correlated 
with daytime sleepiness. However, the direction of the causal 
relationship is not clear. Bedtime delay on weekends might 
occur for compensating for daytime sleepiness. In the future, 
a longitudinal study should be conducted.
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