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Background: Little is known about what timing and intensity of physical
activity (PA) are beneficial to preventing children’s late sleeping habits. We
investigated the association between timing and intensity of PA and late
sleeping habits among Japanese children.

Methods: The amount of PA on a weekday (light (>1.5 to <3.0 metabolic
equivalents [METs]); moderate (3.0 to <6.0 METs); and vigorous (6.0 to <20.0
METs) was measured for the whole day, before school, during school, and after
school, using accelerometers for population-based fourth-grade elementary
school and eighth graders for 7 consecutive days between September and
December 2018. Late sleeping habit (going to bed after 10 p.m. for fourth
graders and after 11 p.m. for eighth graders) was assessed by questionnaires.
The data of 229 fourth graders and 182 eighth graders were analyzed with
Poisson regression adjusted for grade, gender, household income, body mass
index (BMI), belonging to a sports club, wake-up time on weekdays, and PAs
with different intensities.

Results: Total PA was not associated with late sleeping habits. Light-intensity
PA before school was protectively associated with late sleeping habits
(prevalence ratio [PR]: 0.82, 95% confidence interval [Cl]: 0.68, 0.99) while PA
at school or after school was not.

Conclusion: Light-intensity PA before school may enhance the earlier
bedtime of children.

physical activity, sleep, child, school, accelerometer
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Introduction

health
adiposity is

an essential role in children’s

(1). child
more prevalent in those with short sleep duration (2).

Sleep plays

and wellbeing For example,

Sleep with poor quality or short duration increases
daytime sleepiness and can reduce memory and school
of children (3). Further, short
duration is associated with the psychosocial wellbeing
of children, such as emotional (4). Thus,
the of children important

target of public health intervention to improve child

performance sleep
regulation
sleep habits could be an
health and wellbeing.

The association between physical activity (PA) and
the sleep habits of children has been reported, but the
results are inconsistent. A study of children aged 3-
7 years old in New Zealand reported that children who
went to bed later did more sedentary and light-intensity
PA but not more moderate-to vigorous-intensity PA than
those with earlier bedtimes (5). Another study in Sweden
reported that moderate-to vigorous-intensity PA during
the day promoted sleep efficiency at night but not total
sleeping hours among children aged 6-10 years old (6). In
contrast, Pesonen et al. reported an association between PA
during the day and decreased sleep duration and increased
Although these studies
employed accelerometers to objectively measure the PAs

sleep fragmentation at night (7).

of children, they did not consider the time of the day, or
timing when children engaged in PAs, which might have
accounted for the inconsistent results. To the best of our
knowledge, no studies have investigated the association
between timing and intensity of PAs and late sleeping
habit among children.

In Japan, there are no national guidelines regarding
the sleep of children, neither of appropriate duration nor
timing on activity for better sleep. The average sleep hours
of children aged 10-14 years old are reportedly 8 h (8),
which is shorter than the National Sleep Foundation’s
h for children (9).
Japanese children spent about 4-7 h or more at school

recommendation of 9-11 school
on weekdays. Thus, if PA is related to late sleeping
habits, the school could be an effective
field to enhance the PA of children.
common for some children to go to school earlier so

intervention
In Japan, it is

that they can play on the school field before class and
participate in PAs at school sports clubs after school
hours. Thus, it is worthwhile to investigate the timing and
intensity of PA during school, which may prevent late
sleeping habits.

This study aimed to investigate the association between the
timing of PA, measured with different intensities, before, during,
and after school on weekdays, and the sleep habits of children in
Japan.
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Materials and methods

Study participants

This study is a part of the Adachi Child Health Impact of
Living Difficulty (A-CHILD) study, a cohort study to investigate
the association between socioeconomic factors, such as poverty,
lifestyle, and health of school children, in Adachi City, Tokyo,
Japan (10). In the present study, data on PA were measured
with a tri-axial accelerometer, the Active Style Pro HJA-750C
[Omron Healthcare, Kyoto, Japan (11)], which is a new version
of the HJA-350IT, a frequently used research-grade tri-axial
accelerometers (12). The data were linked to the questionnaire
survey conducted in 2018. As shown in Figure 1, 455 fourth
graders (i.e., 9-10 years old) in nine public elementary schools
and 281 eighth graders (i.e, 13-14 years old) in six public
junior high schools are asked to wear an accelerometer on their
waist for 7 consecutive days between September and December
2018. These schools were selected by the local city government
with consideration for representativeness in terms of social and
geographical environments. The children were also asked via the
questionnaire about their waking time and bedtime during the
7 days. Of the 736 children, 674 children (418 fourth graders
and 256 eighth graders) agreed to participate (participation
rate: 91.6%). After excluding children with invalid data on
accelerometers, such as running out of accelerometer battery,
errors when extracting data from the device to the database,
and mismatched identification numbers, a valid data set of 492
children was available. As a considerable number of children
were excluded due to the unexpected errors when measuring
their PA, we did not exclude children by the number of days that
they wore an accelerometer. Therefore, the data of all children
who wore an accelerometer for 10 h or more during at least a
weekday were used. We further excluded children who did not
agree to link to the questionnaire survey and those with a lack
of information on sleep habits. Finally, 411 children (229 fourth
graders and 182 eighth graders) were included in the analysis.
The present study was approved by the Ethics Committee at
Tokyo Medical and Dental University (M2016-284-02).

Demographic characteristics

Information on the child’s gender, household income (<3.0,
3.0-5.9, 6.0-9.9, >1.0 million JPY, and do not know/do not
want to answer; 1 USD = 110 JPY in 2018) was assessed via a
questionnaire for caregivers. Children were asked whether they
belong to any sports clubs (yes/no) and their wake-up time on
weekdays (before or after 7 am). Furthermore, following the
WHO Child Grows Standards (13), age- and sex-specific body
mass index (BMI) z-scores were derived from children’s height
and weight measured in school health checkups. The variable on
BMI z-scores was categorized to three groups (< —1 SD, —1 SD
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FIGURE 1
Flow chart of study participants

< +1 SD, and > +1 SD). These variables were used as covariates
in the analysis.

Physical activity on weekdays

Physical activity on weekdays assessed  with
(HJA-750C),

the schools. Participants were asked to wear it on their waist

was
accelerometers which were distributed via
for 7 consecutive days between September and December
2018. Epoch length was set at 10 s to account for the young
children’s instantaneous activity (14). School starting and
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ending times of each day were obtained from the schools,
and total PA on a weekday that falls within the following
timeframes was calculated: (1) after getting up but before
starting class (hereafter, before school), (2) during school
time, and (3) after school and before bedtime (hereafter, after
school). Sedentary behavior (0.9-1.5 metabolic equivalents,
METs), light (>1.5 to <3.0 METs), moderate (3.0 to <6.0
METs), and vigorous (6.0 to <20.0 METs) intensities of PA were
measured in each timeframe. The conversion equations for
children were applied to consider the potential overestimation
of MET values among children (15). Consecutive zero counts
for 60 min were considered non-wear time, and data were
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excluded if the total wearing time for the day was less than
10h (16).

Late sleeping habit

Habitual bedtime during weekdays was assessed with a
questionnaire in the A-CHILD study conducted in October
2018. Children indicated the time they go to bed on weekdays by

» «

selecting from the following options: “before 8 p.m.,” “8-9 p.m.,”
“9-10 p.m.,” “10-11 p.m.;” “I11 p.m.-0 a.m.,” and “0 a.m. or after.”
After considering the distribution of the answers, fourth graders
with bedtime at 10 p.m. or later and eighth graders with bedtime

at 11 p.m. or later were considered to have late sleeping habits.

Statistical analysis

The association between the average duration of PA per
day with different intensities (i.e., sedentary, light, moderate,
and vigorous) for each timeframe (before school, during school,
and after school) and the late sleeping habits were investigated
by Poisson regression analysis adjusted for grade, gender,
household income, BMI z-score, belonging to sports clubs,
and wake-up time on weekdays. Furthermore, to consider
potential confounding among PAs with different intensities,
light, moderate, and vigorous PAs at the same time of the day
were mutually adjusted. Sedentary behavior was not included in
model 2, as we had focused on PAs that could be enhanced by
potential interventions at school. PA variables were standardized
within the grade.

Results

Table 1 shows the demographic characteristics of the
participants and the amount of PA with different intensities in
each timeframe. Of the 411 children, 187 (45.5%) children were
boys; 31.9 and 34.1% of the households had 3.0-5.9 and 6.0-
9.9 million JPY; 65% were within &= 1 SD of WHO standard
BMI z-score; 70.6% belonged to sports club; and 55.7% woke up
before 7 a.m. on weekdays.

Figure 2 shows the duration of PA of children on a weekday.
The average sedentary time, light, moderate, and vigorous PAs
were 299.3, 327.0, 50.1, and 8.6 min per day, respectively. The
duration of PA was the longest during school time, followed by
after school and before school. The fourth graders were more
physically active than the eighth graders. The average sedentary
time, light, moderate, and vigorous intensities of PA for fourth
graders were 273.6, 383.0, 58.2, and 9.0 min per day, respectively;
that for eighth graders were 331.6, 256.6, 39.9, and 8.1 min per
day, respectively.
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TABLE 1 Demographic characteristics of the study participants
(N = 411).

Grade
Total Grade 4 Grade 8
N=411 N=229(557%) N =182 (44.3%)

N (%) N (%) N (%)
Sex
Boys 187 (45.5%) 106 (46.3%) 81 (44.5%)
Girls 224 (54.5%) 123 (53.7%) 101 (55.5%)
Household
income (million
JPY)
<3.0 34 (8.3%) 17 (7.4%) 17 (9.3%)
3.0-5.9 131 (31.9%) 72 (31.4%) 59 (32.4%)
6.0-9.9 140 (34.1%) 81 (35.4%) 59 (32.4%)
>1.0 56 (13.6%) 33 (14.4%) 23 (12.6%)
Do not know/do 50 (12.2%) 26 (11.4%) 24 (13.2%)
not want to
answer
WHO standard
BMI z-score
<-1SD 80 (19.5%) 35 (15.3%) 45 (24.7%)
>-1SD, <1SD 267 (65.0%) 144 (62.9%) 123 (67.6%)
> 1SD 59 (14.4%) 49 (21.4%) 10 (5.5%)
Missing 5(1.2%) 1(0.4%) 4(2.2%)
Belonging to
sports club
Yes 290 (70.6%) 163 (71.2%) 127 (69.8%)
No 120 (29.2%) 65 (28.4%) 55 (30.2%)
Missing 1(0.2%) 1(0.4%) 0 (0.0%)
Waking-up
time on
weekdays
Before 7 a.m. 229 (55.7%) 130 (56.8%) 99 (54.4%)
7 a.m. or after 182 (44.3%) 99 (43.2%) 83 (45.6%)

SD, standard deviation; BMI, body mass index.

Table 2 shows the average PA by grade and sleeping habit. Of
the 229 fourth graders, 93 (40.6%) had late sleeping habits, while
117 (64.3%) of the 182 eighth graders had one too. Children
without a late sleeping habit showed longer sedentary time, light,
and moderate intensities of PA before school. Vigorous-intensity
PA before school and other intensities during or after school
were not significantly different from having late sleeping habits.

Figure 3 shows the association of PA by intensity and
timeframe with late sleeping habits. Total PA per day was
not associated with the late sleeping habits of children. After
adjusting for grade, gender, household income, BMI z-score,
belonging to sports clubs, and wake-up time on weekdays,
sedentary behavior before school showed a significant inverse
association with late sleeping habits [prevalence ratio (PR): 0.79,
95% confidence interval (CI): 0.66, 0.95]. Light-intensity PA
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TABLE 2 Average physical activity by grade and sleeping habit.

Grade 4

Grade 8

10.3389/fped.2022.915758

Going to bed
before 10 p.m.

N =136 (59.4%)

Going to bed
after 10 p.m.

N =93 (40.6%)

Going to bed
before 11 p.m.

N =65 (35.7%)

Going to bed
after 11 p.m.

N =117 (64.3%)

Mean (SD) Mean (SD) P-value Mean (SD) Mean (SD) P-value
PA total (min)
Sedentary 272.9 (62.6) 274.7 (70.1) 0.840 333.8 (111.7) 330.4 (99.9) 0.830
Light 386.8 (73.0) 377.5 (81.8) 0.370 264.2 (78.2) 252.3 (74.1) 0.310
Moderate 58.6 (21.9) 57.6 (22.5) 0.730 43.2(23.7) 38.1(22.8) 0.150
Vigorous 9.2(7.3) 8.7 (6.5) 0.540 8.9 (14.1) 7.6 (14.7) 0.570
PA before school (min)
Sedentary 23.7 (12.3) 17.1 (10.6) <0.001 26.7 (19.4) 17.0 (12.5) <0.001
Light 42.1(15.4) 32.9 (15.6) <0.001 35.7 (22.4) 26.8 (15.2) 0.002
Moderate 7.6 (4.4) 6.3 (5.1) 0.045 7.9 (5.7) 6.2 (5.4) 0.041
Vigorous 1.0 (1.6) 0.7 (0.9) 0.092 0.6 (1.0) 0.6 (1.6) 0.930
PA during school (min)
Sedentary 140.4 (35.6) 144.0 (37.1) 0.460 197.2 (42.3) 200.6 (43.7) 0.600
Light 225.4 (40.9) 228.7 (41.9) 0.560 139.6 (38.9) 139.3 (37.4) 0.960
Moderate 30.3(13.2) 30.5 (12.0) 0.900 18.7 (17.3) 16.7 (13.5) 0.400
Vigorous 5.5(4.8) 4.9 (4.1) 0.360 5.7 (10.7) 4.3(9.2) 0.370
PA after school (min)
Sedentary 108.8 (35.4) 113.6 (42.0) 0.350 110.0 (70.6) 112.8 (66.5) 0.790
Light 119.3 (39.5) 116.0 (46.7) 0.560 88.9 (44.6) 86.2 (48.2) 0.710
Moderate 20.8 (8.8) 20.8 (11.3) 0.980 16.6 (10.5) 15.2(11.2) 0.390
Vigorous 2.8(2.3) 3.0(2.8) 0.390 2.6 (4.0) 2.7 (5.4) 0.960
SD, standard deviation; PA, physical activity.
Sedentary: 0.9-1.4 metabolic equivalents, METS; light: 1.5-2.9 METs; moderate: 3.0-5.9 METs; vigorous: 6.0-19.9 METs.
s Model 1 Model 2
PA Total (unit 1SD)
Sedentary 4
Light+ —e] —e|
Moderate - —_——
Vigorous - —_———————
PA before school (unit 1SD)
Sedentary 4 B —
Light ————— ——————e
Moderate : —_————————
Vigorous - —_—— e
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PA after school (unit 1SD)
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T T T T T
.6 .8 1.2 6 .8 1.2

FIGURE 3
Association between physical activity (PA) and late sleeping habit; late sleeping habit was defined as 10 p.m. or later for fourth graders and 11
p.m. or later for eighth graders; sedentary behavior: 0.9-1.5 METs; light: >1.5 to <3.0 METs; moderate: 3.0 to <6.0 METs; vigorous: 6.0 to <20.0
METs; model 1 was adjusted for grade, gender, household income, body mass index, belonging to a sports club, and wake-up time; each
physical activity variable was separately included; model 2 was further mutually adjusting for light, moderate, and vigorous intensities of physical
activity in the same timing of the day.

PR for going bed late
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before school showed a significant inverse association with late
sleeping habits (PR: 0.82, 95% CI: 0.69, 0.99). In the model
that mutually adjusted for light, moderate, and vigorous PAs
in the same timeframe of the day, light-intensity PA showed
a significant inverse association with late sleeping habits (PR:
0.82, 95% CI: 0.68, 0.99). On the contrary, vigorous-intensity
PA before school was not significantly associated with the late
sleeping habits of children. Furthermore, PA of any intensity
during or after school was not significantly associated with the
late sleeping habits of children. The detailed numbers are shown
in Supplementary Table 1.

Discussion

This study is the first to report the association between PA
according to intensity and timing of the day and late sleeping
habits among children. The analysis found that light-intensity
PA before school was protectively associated with late sleeping
habits, which is not true for moderate or vigorous intensity of
PA before school or PA of any intensity during or after school.

It is worth comparing the amount of PA between the
participants of the present study and those of another similar
study. A study reported that sedentary behavior, light, moderate,
and vigorous intensities of PA of children in Okayama
City, Japan were 420, 318, 51, and 29 min, respectively, for
higher grades of elementary school, and 520, 252, 27, and
20 min, respectively, for junior high school students (17). The
participants of the present study had a similar amount of light-
and moderate-intensity PA but less sedentary behavior and
vigorous-intensity PA. This difference could be attributed to
the differences in the study field, that is, geographical location
(Adachi City is located in urban Tokyo), age of children, and the
make of the accelerometer (one by Lifecorder Suzuken Co., was
used in the study).

Some studies have investigated the association between
PAs and the sleep habits of children. Williams et al. reported
that children aged 3-7 years old with more sedentary
behavior and light-intensity PA had later sleeping time (5).
Similarly, a multinational study of 12 countries found that
children aged 9-11 years with more sedentary behavior
had later bedtime, while those with the more moderate-
to-vigorous intensity of PA had earlier sleeping time (18).
In contrast, Ekstedt et al. reported that elementary school
children with more moderate-to-vigorous intensity PA had
later bedtime, while no significant association was found
with total sleep time (6). These inconsistent results suggest
a complex nature of the relationship between PA and the
bedtime of children. Importantly, none of these studies
have considered the time of the day when the children
participated in PA.

The present study found no association between total PA
per day with any intensity of PA and late sleeping habits.
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However, participating in light-intensity PA before school was
associated with having earlier sleep habits. These findings, in
turn, suggest a potential program for children to have better
sleep. According to the present study’s estimate, the prevalence
of children with late sleeping habits was decreased by about
18 percentage points per 1 SD (i.e., 10-20 min) increment
in light-intensity PA before school. Engaging in light-intensity
PA, such as walking on the school field or stretching in the
classroom before class, may improve the child’s sleep habits. As
for the inverse association between sedentary behavior before
school and having late sleeping habits, it might suggest that
those who wake up early but do not participate in any PA
tend to go to bed early. However, it would be difficult for
schools to implement a program to enhance sedentary behavior,
which has been shown to be associated with poor health
outcomes in children (19). Further study is needed to consider
the more detailed information on children’s behavior before
going to school.

This study has limitations. First, the sleep habit of children
was self-reported. Sleep outcomes could be detected from
accelerometer measurements; however, the algorithm is still
under development (20). In addition, the definition of late
bedtime was not predefined but is based on the distribution
of the responses. Second, a considerable number of children
was excluded due to invalid data on accelerometers; however,
most of the excluded cases were due to empty batteries or
errors in extracting data from the device to the database,
which are unlikely to be affected by the children’s PA, and
thus this exclusion would not lead to severe bias. Third,
this is a cross-sectional study, and the causality between PA
and sleep habits is unknown, i.e., children with late sleeping
habits might be less likely to participate in light-intensity PA.
Fourth, all the study participants were from the same city
in Tokyo. Their PA patterns might differ from children in
other areas in Japan, especially those in rural areas because the
environment of the neighborhood and school have an influence
on a child’s PA (21).

Conclusion

In conclusion, the present study found an inverse
association between light-intensity PA before school and
late sleeping habits among school children in Tokyo, Japan.
Encouraging PA before school might improve children’s sleep.
A future longitudinal study is required to confirm the finding.
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