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Background and Objective The purpose of this study was to investigate the effect of delaying
school start time on sleep quality, emotions, and performance in Korean adolescents.

Methods Data were collected in two months and 12 months after delaying school time, each us-
ing self-administered questionnaires for 238 students at a middle school in Gyeonggi province.
Questionnaires consisted of demographic data and various sleep and emotion related scales, in-
cluding the Pittsburgh Sleep Quality Index (PSQI). Students were divided into two groups, of in-
creased or decreased total sleep time (TST).

Results In both groups, sleep duration, global PSQI score, and sleep efficiency significantly im-
proved in 12 months, compared to two months data. There was significant improvement in de-
pression, stress, behavioral aggression, and verbal aggression in the increased TST group. The in-
creased TST group showed advancement in subjective feeling of happiness, and number of times
students are late for school, between baseline and 12 months. The decreased TST group showed
significant differences between baseline and 12 months in seven categories of subjective life quality/
emotions in school, including subjective feeling of happiness, concentrating in classes, and anger.

Conclusions After school start time was delayed, many adolescent’s TST relatively decreased
on school nights. However, students whose TST increased, showed reduction in depression, stress,
and behavioral/verbal aggression. Students whose TST decreased also reported reduced negative
affect, and significant improvement in subjective emotions and school performance. Delaying
school start time may be beneficial, in improving mental health and quality of life of students.
Sleep Med Res 2019;10(1):1-7
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INTRODUCTION

During adolescence, students experience changes in sleep/wake time on weekdays and
weekends. Adolescents tend to experience later sleep onset and later wake time in daytime,
that is not usually seen among children and older adults [1,2]. This sleep phase shift is proba-
bly a result of multiple factors, including changes in the intrinsic circadian timing system, and
the homeostatic sleep system during adolescent development [3]. It is deeply related to mela-
tonin, the nocturnal hormone, and is influenced by sleep behavior and the environment (life-
style factors such as light, exercise, eating habits, social interactions, and etc.) [4]. In adoles-
cence, the sleep-wake cycle shifts from 11 pm to 8 am, so that sleep time is maintained, making
it difficult to go to bed before 11 pm. This causes late-adolescent students to go to bed, later
than early adolescents [5,6]. This change in bedtime is influenced by physical changes in pu-
berty, and many researchers report that sleep deprivation is caused by delay in sleep, sleeping
pressure rate, or in the homeostatic sleep drive, which is the biological trigger of sleep [6,7].
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Nonetheless, adolescents are under pressure to meet increasing
academic and social demands, especially in East Asia where
the importance of academic success is heavily emphasized [8].
This social atmosphere leads to later sleep and earlier wake up
times, and adolescents usually don’t get enough sleep. The lon-
ger they stay awake, and the higher the pressure on their sleep,
the harder it is to resist [9].

According to a study on Human Rights of Korean Children
and Adolescents by the National Youth Policy Institute of Ko-
rea in 2013, many adolescents reported insufficient sleep. From
fourth grade in elementary school to third grade in high school
(age 10-18), mean sleep duration was seven hours, six minutes
[10]. The rate of children and adolescents who responded, that
they had insufficient sleep was 52.8% [10]. As many students
consistently petitioned to delay school start time, education
experts investigated actual conditions in schools in Gyeonggi
province. As a result, 99% of middle schools had school start-
ing hours before or after 8:30 am.

Meanwhile for students, sleep patterns on weekends are de-
layed, compared to weekdays. Hansen and colleagues studied
sleep patterns, of fourth-year high school students on school
days and during vacations [11]. According to sleep diary data,
weekday wake up times on school days were 1.5 hour earlier
compared to vacation weekdays. Consequently, school sched-
ules and early school start time, are causing weekday sleep de-
privation and weekend oversleeping. This leads to circadian
timing disruption, and decreased daytime alertness levels in
adolescents. So, it is possible that average adolescents, suffer
from chronic sleep deprivation during weekdays.

The impact of chronic insufficient sleep in adolescents has
been implied in various studies. Many adverse medical and
mental issues are related to sleep deprivation, including drowsy
driving-related crashes, cardiovascular disease, and metabolic
disorders [12-14]. Decreased executive cognitive functions,
such as learning and memory function impairment, academic
performance, and motivation for learning were also identified
as potential consequences of deficient sleep in adolescents. Stu-
dents also have impairments in mood, behavioral control, and
report increased tardiness and absenteeism [15-19]. Results
suggest that sleep deprivation could be modified by delaying
school start time, to improve sleep deprivation of adolescents.

Owens et al. [20] designed a study that enrolled high school
students in Rhode Island, to examine the impact of a 30-min-
ute delay in school start time on adolescents’ sleep, mood, and
behavior. Students showed increased sleep duration, later aver-
age wake time, and average bedtime on school nights became
significantly earlier. The study also reported improvement in
fatigue, motivation in schoolwork, sports, and socializing. In
another study, Danner and Phillips [21] researched the impact
of delayed school start time, as one hour delay in school time
was initiated in Kentucky. The result showed increased hours
of sleep, and decreased extra sleep hours on weekends.
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Based on results of the study that later school hours enhance
the quality of students’ school life as discussed earlier, the
Gyeonggi Provincial Office of Education recommended that
all schools start at 9:00 am in September 2014. As the previous
school start time was 8:20 am, school attendance time was de-
layed 40 minutes.

The purpose of this study was to investigate the impact of
delaying school start time on adolescent’s sleep quality, emo-
tions, and performance in school; in short term and long term
follow up.

METHODS

Participants and Study Design

Subjects that participated in this study, were from a middle
school in Gyeong-gi Province. We conducted two surveys: the
first survey was conducted in November 2014, two months af-
ter the delay of school start time. The second survey was con-
ducted in September 2015, 12 months after the delay of school
start time. By conducting two surveys, we intended to examine
short-term and long-term effects, after policy implementation.
Students were given one week, to respond to each survey.

A longitudinal, observational study was accomplished with a
self-administered, structured questionnaire that contained so-
cio-demographic data, Pittsburgh Sleep Quality Index (PSQI),
subscales of School Sleep Habits Survey (SSHS) (Sleepiness
Scale, Depressed Mood Scale, Sleep/Wake Problems Behavior
Scale), Perceived Stress Scale (PSS), Positive Affect and Nega-
tive Affect Schedule (PANAS), Satisfaction With Life Scale, and
Anger Coping Scale (SWLS). We also included the Visual Ana-
logue Scale (VAS) of subjective feeling of happiness, number of
breakfasts eaten per week, number of times tardy at school per
week, sleepiness during classes, concentration in classes, rela-
tionships with friends, energy in daily life, general feeling in
school, willingness to attend school, anger, and suicidal ideation.

Sample size was 263 students. We excluded students who didn't
complete the survey. Finally, 238 students completed question-
naires. In this study, we divided students into two groups whose
total sleep time (TST) difference between two months follow
up and 12 months follow up, decreased or increased by more
than 20 minutes. We hypothesized that there will be changes in
sleep patterns and school life according to increase or decrease
in TST, over a certain period after delay of school starting hours.

The number of decreased TST group was 128 (53.8%) and
in the increased TST group, the number was 55 (23.1%). Fifty-
five students (23.1%) whose TST difference was plus-minus five
minutes, were considered “equal”

This study was approved by the Institutional Review Board
(IRB) of St. Vincents Hospital, Suwon, Republic of Korea. The
IRB granted a waiver of documentation of consent in this study
(Study No. VC15QISI0192).



Measures

Pittsburgh Sleep Quality Index

PSQI is a self-rated scale, to evaluate sleep quality and dis-
turbances over a one-month interval in adults. It consists of sev-
en components: 1) Subjective sleep quality, 2) Sleep latency, 3)
Sleep duration, 4) Habitual sleep efficiency, 5) Sleep disturbanc-
es, 6) Use of sleeping medications, and 7) Daytime dysfunc-
tion. The first four questions are open question forms, and the
last three items are 0—3 Likert-type scale. Lower scores indicate
healthier sleep quality, and five or greater scores indicate poor
sleep quality [22]. A study confirmed that the Korean version of
PSQI is useful [23].

School Sleep Habits Survey

SSHS is a 63-item questionnaire, designed to assess sleep/
wake habits and typical daytime functioning of high school
students. This scale distinguishes sleep habits in sub categories
1) Depressed Mood Scale, 2) Sleepiness Scale, 3) Sleep/Wake
Problems Behavior Scale, and 4) The Superscience Morning-
ness/Eveningness Scale. In this study, we used three subscales of
SSHS: Depressed Mood Scale, Sleepiness Scale, and Sleep/Wake
Problems Behavior Scale [24].

Perceived Stress Scale

PSS consists of a 10-question, self-administered inventory,
widely used for measuring psychological stress [25]. In Korea,
a 10-item version of PSS was reliable, and was validated in pa-
tients with chronic disease [26].

Positive Affect and Negative Affect Schedule

PANAS is a self-report instrument that measures two gener-
al dimensions, positive and negative affect. There are two ver-
sions of the questionnaire: a 60-item version (PANAS-X) and a
brief 20-item scale. Participants rate how they feel for each ad-
jective on a 5-point scale ranging from 1 (very slightly) to 5
(extremely) [27]. High Positive Affect (PA) scores mean high en-
ergy concentration, and low PA is distinguished as sadness and
lethargy. Negative Affect reflects calmness and tranquility. In
this study, we adopted the brief version of PANAS. The Korean
version of PANAS was validated by a study [28].

Satisfaction with Life Scale

SWLS is a five-item scale, which focuses on assessing global
life satisfaction in people experiencing serious health concerns.
Scores of SWLS are highly related to subjective well-being [29].
The instrument, is a 7-point Likert style response scale. Range
of scores is 5-35, with a score of 20-24 representing an average
satisfaction. Scores between 5-9 indicate the respondent is ex-
tremely dissatisfied with life, and a score of 30-35 indicate that
respondents are in a highly satisfied condition [30]. To exam-
ine reliability of the scale in Korean students, a validation study
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was conducted, and was proven to be effective [31].

Anger Coping Scale

Anger Coping Scale was formulated for Koreans based on
the concept that the method of responding to anger varies among
different cultures. The measure comprises 19 questions in five
sub categories: 1) Behavioral aggression, 2) Problem-solving
coping, 3) Verbal aggression, 4) Tension releasing coping, and
5) Anger suppression. Meanwhile, the survey consisted of a 5-point
scale that required participants to respond to ‘Never’ (0 points),
‘Rarely’ (1 points), ‘Occasionally’ (2 points), Almost always’ (3
points), and ‘Every time’ (4 points) [32].

Statistical Analysis

Statistical analyses were performed, with the Statistical Pack-
age for Social Sciences software (SPSS, version 21.0, IBM Corp.,
Armonk. NY, USA). Mann-Whitney U test was used to mea-
sure differences between decreased TST, and increased TST
groups, for all demographic variables. To evaluate differences
between two-month and 12-month data in each group, we used
the Wilcoxon signed rank test. All statistical analyses used a
two-tailed a level of 0.05, for defining statistical significance.

RESULTS

Demographic Data

Table 1 shows basic demographic data in our two different
groups. The Mann-Whitney U test was used to assess if there is
a difference between the two groups, in the two-month follow
up data and one-year follow up data. This study revealed 55
(23.1%) of students in the increased TST group, 128 (53.8%) stu-
dents in the decreased TST group, and 55 (23.1%) in the equal
TST group. Eighty-five participants were male. The study was
conducted on age 13-14 students. Sex and Body Mass Index
differences, were not statistically significant.

Differences in School Nights and Weekend Nights

Table 2 shows self-reported bedtime, wake time, and TST on
school nights and weekend nights. On school nights, wake
time and TST were significantly different for 12 months follow
up data, compared to two months follow up data in both groups.
Wake time was delayed to 7:45 am in the increased TST group
(p = 0.002), and TST increased from 7.4 * 1.3 hours to 8.0 £
1.2 hours in 12 months follow up (p = 0.002). In the decreased
TST group, bedtime was significantly delayed from 11:32 pm to
12:06 am (p < 0.001). Mean wake time became significantly
earlier from 7:35 am to 7:26 am (+ 44 minutes) (p = 0.003),
and TST decreased from 8.1 + 0.9 hours to 7.3 + 1.1 hours (p
<0.001).

On weekend nights, the increased TST group had no signifi-
cant differences between short- and long-term follow up.
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Meanwhile, in the decreased TST group, weekend bedtime was
delayed to 12:47 am (£ 1 hour 17 minutes) (p < 0.001), and
TST time also was reduced to 8.7 + 1.5 hours (p < 0.001).

Opverall, students whose TST increased after the policy,
awoke later on school days, and kept their sleep patterns on
weekend nights. Students who slept less tended to sleep later,
waking up earlier. This sleep pattern was maintained on weekend
nights.

Findings in Sleep Parameters and Emotions
Table 3 shows differences of sleep-related parameters and

Table 1. Demographic data of the two-months follow study

school day emotions, between two months and 12 months fol-
low up by each group. In the increased TST group, PSQI sleep
duration (0.9 £ 0.8 vs. 0.5 + 0.6, p < 0.001), global PSQI score
(6.2 £34vs. 53 %238, p=0.049), sleep efficiency (87.0 + 9.8
vs. 96.8 £ 6.7, p < 0.001) had significant differences in 12 months.
Also, scores in the Depressed Mood Scale of SSHS (8.6 + 2.2
vs. 8.0 = 2.0, p = 0.045) and PSS-10 (14.6 + 6.7 vs. 129 £ 5.8, p
= 0.038) was significantly reduced. There was significant differ-
ence of behavior aggression (1.4 = 2.0 vs. 0.9 * 1.9, p = 0.006)
and verbal aggression (4.5 = 3.3 vs. 3.4 + 3.0, p = 0.015), that
are subscales of the Anger Coping Scale.

Increased TST (n = 55)

Decreased TST (n = 128)

Equal TST (n = 55)

Total (n =238)

Age 137+ 0.5 133 +05 135+ 05 135405
Sex (M/F) 23/32 62/66 23/32 108/130
BMI (kg/m?) 193+ 26 194+ 3.1 188425 193428

Analyzed by chi-square test, and Mann-Whitney U test.

TST: total sleep time, BMI: Body Mass Index.

Table 2. Mean self-reported bedtimes, wake times and sleep duration on school nights and weekend nights

Increased TST (n = 55)

Decreased TST (n = 128)

2 months 12 months 2 months 12 months

School nights

Bedtime 12:02 am (1:15) 11:47 pm (0:56) 11:32 pm (0:50) 12:06 am (1:03)*

Wake time 7:25 am (0:28) 7:45 am (1:04)* 7:35 am (0:32) 7:26 am (0:44)*

TST (hour) 7.4 (1.3) 8.0 (1.2)* 8.1(0.9) 7.3 (L.1)*
Weekend nights

Bedtime 12:20 am (1:34) 12:34 am (1:12) 12:11 am (1:21) 12:47 am (1:17)*

Wake time 9:36 am (2:21) 9:46 am (2:17) 9:32 am (1:24) 9:27 am (1:26)

TST (hour) 9.0 (1.9) 92 (2.3) 9.3 (1.5) 8.7 (1.5)*

Data are expressed as mean (SD). For bedtimes and wake times, the standard deviations are expressed as hours:minutes.

*Significantly different from the 2 month data (p < 0.05).

TST: total sleep time.

Table 3. Mean differences of sleep related parameters and emotions in increased or decreased TST groups

Increased TST (n = 55)

Decreased TST (n = 128)

2 months 12 months 2 months 12 months
PSQI subjective sleep quality 091038 09106 0.8+0.7 0.8+0.7
PSQI daytime functioning 1.9+ 16 1.7+13 1.8+ 15 1.8+15
PSQI sleep duration 0.9*038 0.5+ 0.6* 0.3*0.6 0.7 £ 0.8*
PSQI sum 62134 53+ 2.8* 50%+33 5.6t 3.2*
Sleep efficiency (%) 87.0 9.8 96.8 £ 6.7* 97.7 £5.0 88.9 £ 10.1*
Depressed mood scale 86+22 8.0 £ 2.0* 83+24 81£20
PSS-10 146 £ 6.7 129 £5.8* 141%6.6 13.8£5.6
Behavioral aggression 14+20 09+ 1.9* 14+22 1.0+18
Verbal aggression 45133 3.4+ 3.0* 38+29 36127
Negative affect 10.1+7.1 92166 11.0+72 9.5+ 6.7*

Data are expressed as mean * SD. Analyzed by Wilcoxon signed rank test.

*Significantly different from 2 month data (p < 0.05).

PSQI: Pittsburgh Sleep Quality Index, TST: total sleep time, PSS: Perceived Stress Scale.
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In the decreased TST group, PSQI sleep duration (0.3 £ 0.6
vs. 0.7 £ 0.8, p < 0.001), global PSQI score (5.0 £ 3.3 vs. 5.6 +
3.2, p = 0.004), and sleep efficiency (97.7 £ 5.0 vs. 88.9 + 10.1,
p < 0.001) had significant differences in one year follow up.
Differences in the Depressed Mood Scale, PSS-10, behavior ag-
gression, and verbal aggression were not significant in the de-
creased TST group, but negative affect was significantly re-
duced (11.0 £ 7.2 vs. 9.5 + 6.7, p = 0.036).

School Attendance, Subjective School Life Quality,
and Emotions

Students were required to respond, to the VAS of emotions
related to school activities. For example, a subjective feeling of
happiness was graded from 1 (very much unhappy) to 10 (very
much happy). Number of breakfasts eaten per week, and tardi-
ness at school per week were graded 1 to 7.

Table 4 shows that in each group, emotions and behavior in
school changed, as students adapted to a later school start time.
Differences in subjective school life quality and emotion pa-
rameters measured in VAS between the baseline, two-month
follow up, and 12-month follow up data are presented. In the
increased TST group, two-month happiness was significantly
greater than the baseline (6.9 £ 2.0 vs. 6.2 = 2.0, p = 0.008).
Also, the two-month number relative to tardiness, was signifi-
cantly lower than the baseline (1.2 + 1.5 vs. 1.6 = 1.7, p = 0.035).

In the decreased TST group, subjective feeling of happiness
in two months (7.0 £ 2.2) and 12 months (7.1 £ 1.9) was sig-
nificantly greater than the baseline (5.9 £ 2.2, p < 0.001, p <
0.001). Number of breakfasts eaten per week also increased in
two-month follow up (5.5 + 2.2) and 12-month follow up (5.5
+ 2.0) compared with the baseline (5.0 + 2.4, p < 0.001, p =
0.005). Tardiness occurrence at school was significantly lower

Kim HY, et al.

in two-month (1.1 + 1.7) and 12-month (1.1 £ 1.1) follow up,
than the baseline (1.3 + 1.6, p = 0.026, p = 0.045). Sleepiness
during classes decreased in two-month (4.2 + 2.8) and 12-month
(4.2 £ 2.3) follow up, compared with the baseline (5.1 £ 3.0, p
<0.001, p = 0.006). Concentration in classes in two-month fol-
low up (6.5 * 2.6) and 12-month follow up (6.9 + 1.9) was sig-
nificantly greater than the baseline (5.9 = 2.4, p < 0.001, p <
0.001). Relationships with friends was 7.4 + 2.4 in the baseline
and 7.9 £ 2.1 in two-month follow up, shows significant differ-
ence (p = 0.005). Energy in daily life score was 6.9 + 2.3 in the
baseline, and 7.6 & 2.0 in two-month follow up (p < 0.001).
Students’ responses show that the general feeling in school was
significantly better in two-month (7.2 + 2.1) and 12-month
(7.3 + 2.0) follow up, than the baseline happiness (6.8 £ 2.2, p
= 0.001, p = 0.030). Also, willingness to attend school signifi-
cantly increased from the baseline to two-month follow up (6.2
+2.5vs. 6.6 = 2.4, p <0.001). Anger significantly decreased in
only 12-month follow up, compared to the baseline (3.2 £ 1.8
vs. 4.0 £2.2,p =0.003).

DISCUSSION

In this study, we revealed the effect of delaying school start
time of Korean adolescents on their sleep quality, emotions,
and performance. The school start time was delayed from 8:20
am to 9:00 am in the sample school, which was a 40-minute
delay. In this study, we divided students into two groups, ac-
cording to increase and decrease of TST, between two and 12
months. We assumed that physiological sleep phase shift in ad-
olescents, may have caused chronic sleep deprivation. We
speculated that if school start time is delayed, many adoles-

Table 4. School attendance, subjective school life quality and emotion parameters measured in VAS in adolescents with baseline, 2 months

follow up and 12 months follow up

Increased TST (n = 55)

Decreased TST (n = 128)

Baseline 2 months 12 months Baseline 2 months 12 months
Subjective feeling of happiness 62120 6.9 +2.0* 68121 59%22 7.0 £2.2* 7.1% 1.9
Number of eating breakfast 54%22 55%20 58*1.8 5024 55%2.2* 55%20f
Number of being late for school 1.6 + 1.7 1.2+ 1.5* 1.1+£13 13116 1.1 £1.7* 1.1t L1t
Sleepiness during class 44 %27 44+23 44%25 51£3.0 42 +2.8* 4223t
Concentration on class 59%29 64126 67123 59%24 6.5%2.6* 69197
Relationship with friends 8.7+ 10.0 77122 78121 74124 79 £2.1* 78119
Energy in daily life 70124 74123 71120 69123 7.6 £ 2.0* 73121
General feeling in school 70125 73123 72120 68+22 72+2.1* 7.3 +2.0f
Willingness to go to school 64126 6.7+25 6.7+25 62125 6.6 +2.4* 65124
Anger 33+23 33+23 31+19 40+22 37122 32+ 1.8f
Suicidal ideation 20+ 1.9 20+20 1.8+1.4 21+21 21+21 1.7£15

Data are expressed as mean + SD.

*Significantly different from baseline (p < 0.05). *Significantly different from baseline (p < 0.05).

VAS: Visual Analogue Scale, TST: total sleep time.

www.sleepmedres.org 5



Delaying School Start Time in Korean Adolescents

cents would benefit from sleep duration, reduce health related
problems, and improve school performance.

In our study, results showed that of 238 students (total) who
responded to the questionnaire, 128 had decrease in TST after
10 months, and 55 had TST increase of more than 20 minutes.
This differs from results of other studies postulating, that ado-
lescents have generally increased sleep time after delaying
school start time [33-35]. According to our results, more than
half of the students sleep less in 12 months, compared to two
months after delaying school start time. It is likely to be related
to survey timing, or seasonal factor of the study. It could be
also related to different school years, of the two surveys. All the
students became seniors, which may have caused sleep depri-
vation because of more academic pressure. Table 2 also shows
students’ bedtime is 30-40 minutes delayed, but wake-up time
is two hours delayed on weekends. Although school start time
was delayed, students may have had sleep deprivation on
school nights.

In the decreased TST group, even if TST on weekdays de-
creased and global PSQI score, sleep efficiency worsened in
12-month follow up, the negative affect showed improvement.
They wake up earlier, but since they have time to spare until
school starts, their satisfaction level in school life seems to in-
crease. In the increased TST group, improvement in global
PSQI score and sleep efficiency, as well as advanced depression,
stress, and behavioral/verbal aggression was remarkable. This
may have positive effects, on sense of well-being of adolescents.
Because the number of tardy days at school is included in
school reports, early school start time would have been stress-
ful for students.

VAS score was applied, to evaluate subjective feelings related
to school activities. The questionnaire was designed to measure
the feelings in early school hour days before the policy was im-
plemented, and current feelings and performance. In two-month
follow-up data, we discovered how students subjectively felt
about changes in school start time and their school life in two
and 12 months, compared to the baseline. This also showed
how students remembered their old days, compared to present
school life, retrospectively. In this study, two months’ improve-
ment in subjective feeling of happiness and number of tardy
days at school, was significant in the increased TST group.
However, students did not feel significant differences in school
life in the 12-month follow up study. This may indicate that
students experienced rapid improvement in the early period
after adjustment to school start time, and long-term studies
have shown that they adapted to these changes. Students whose
TST decreased also had experienced improvement in emotions
and performance in school in most of the subscales, and these
subjective feelings prevailed in long-term follow up. Adoles-
cents showed significant improvement in anger management
after 12 months, suggesting that improvement in anger man-
agement did not change in early stages, but was significant in

6 Sleep Med Res 2019;10(1):1-7

later stages. Overall, according to the VAS, distress in school
life was reduced in both groups.

The strength of this study is that the outcome supports pre-
vious studies that reported after school start time was delayed,
many adolescents’” emotions and behavior in school improved
[20,33,36]. Also, to our knowledge, there has been scant re-
search, on sleep time of adolescents in South Korea. As school
culture in East Asia heavily emphasizes the importance of aca-
demic achievement, it is significant to reveal changes in school
life when school start time is delayed [8]. This study is mean-
ingful in that it analyzed short-term and long-term effects after
policy implementation, as it was conducted twice in a group
with a large population after two months and 12 months, re-
spectively.

This study has limitations. First, we recruited all subjects from
one institution only, so the result may have limitations relative
to generalizations. Second, it was difficult to obtain sufficient
data on the baseline, because delaying school start time was
abruptly decided. Specifically, students with reduced TST slept
longer in two months (8.1 £ 0.9 hours), than those with in-
creased sleep (7.4 £ 1.3). We lack data on previous sleep dura-
tion before changing the school start time, so this study is lim-
ited in asserting reasons for the change in TST over time.

In future studies, it will be crucial to assess long-term out-
comes in middle and high schools, which adopted the policy
of delaying school time. Broader studies are possible using a
variety of sleep or depression, anxiety, and stress-related mea-
sures. Results of this study could support previous studies re-
porting benefits of adjusting school start time for adolescents’
circadian rhythm, sleep needs in the developmental stage, per-
formance in school, and quality of life. Since this study has laid
the groundwork for long-term benefits after policy implemen-
tation, it should be possible to further strengthen this evidence
through larger, longer-term studies.
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