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Abstract 

Background  The coronavirus disease 2019 (COVID-19) pandemic has greatly changed our daily life. Owing to the 
imposed restrictions, many educational facilities have introduced remote teaching. This study aims to clarify the asso-
ciation between remote teaching and Japanese university students’ sleeping habits.

Methods  The participants were medical students at Aichi Medical University. We used data from an ongoing longitu-
dinal sleeping habits survey. For the participants who enrolled in the university during 2018–2020, multilevel analyses 
of sleep duration during weekdays and weekends across 3 years were conducted, adjusting for sex, grade, place of 
stay, sleep problems and lifestyle habits.

Results  Among the students enrolled in the university, the data of 677 in 2018, 657 in 2019, and 398 in 2020 was 
available for analysis. The mean sleep duration during weekdays (in minutes) was 407.6 ± 60.3 in 2018, 406.9 ± 63.0 
in 2019, and 417.3 ± 80.9 in 2020. The mean sleep duration during weekends (in minutes) was 494.5 ± 82.5 in 2018, 
488.3 ± 87.9 in 2019, and 462.3 ± 96.4 in 2020. Multilevel analysis conducted for the 684 participants who enrolled 
during 2018–2020 showed that sleep duration during weekdays was associated with the place of stay and survey 
year. Moreover, students reported significantly longer sleep duration during weekdays in 2020 than in 2019, but no 
significant difference in sleep duration was found between 2018 and 2019. The other multilevel analysis found sleep 
duration during weekends to be associated with the survey year, sex and always doing something before going to 
bed. Sleep duration during weekends was shorter in 2020 than in 2019 and longer for male students and students 
who always do something before going to bed. Ten students were reported to have a delayed sleep phase in 2020.

Conclusions  Students’ sleep duration increased during weekdays and decreased during weekends in 2020. This dif-
ference could be explained by the COVID-19 pandemic and the introduction of remote teaching.

Keywords  Sleep duration, Delayed sleep phase, University student, COVID-19 pandemic, Remote teaching, Multilevel 
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Background
The coronavirus disease  2019 (COVID-19) pandemic has 
greatly affected various aspects of our daily life. In Japan, 
no so-called "urban lockdown" with a penalty was imposed; 
however, certain directives, such as avoiding unnecessary 
outings and working remotely from home, were encour-
aged [1]. Students were also requested to avoid going to 
school and to engage in self-directed learning early in the 
pandemic, with a subsequent transition to remote classes 
or practical assignments in a step-by-step manner.

Sleeping habits, including sleep duration, sleep loss, 
and sleep quality are known to be related to students’ 
academic achievement [2–5], psychological health [6–8], 
and physical health [7, 9, 10]. Using the Pittsburgh Sleep 
Quality Index, a recent meta-analysis [11] reported that 
the pooled prevalence of poor sleep quality was 52.7% 
among medical students. However, to our knowledge, 
there has been no report regarding the sleeping habits of 
Japanese medical students. We have met young people 
with school absenteeism and some sleep–wake problems 
in clinical practice and at a university site. Therefore, we 
conducted an anonymous pilot study on sleeping habits 
for our university students. It showed some differences in 
sleep duration based on sex, grade, and living place, and 
some students had various sleep–wake problems [12]. 
We have been conducting an annual survey to collect 
data on university students’ sleeping habits since 2018 
to better understand their everyday lives and to analyze 
their current sleep patterns.

Some reports [13–16] on sleeping habits during the 
COVID-19 pandemic have been published. A world-
wide internet-based Global Chrono Corona Survey that 
queried sleep–wake times before and during COVID-19 
social restriction reported that the individual sleep dura-
tion during weekdays increased and sleep duration dur-
ing work-free days decreased [13]. Moreover, it reported 
the individual mid-point of sleep delayed in social restric-
tion. However, not all participants answered at these two 
time points of the survey—that is, before and during the 
COVID-19 pandemic. Another online survey on sleep, 
conducted among the general public in Switzerland, Aus-
tria, and Germany, showed that the difference between 
mid-sleep on free days and workdays and the difference 
in sleep duration between free days and workdays were 
reduced. Further, sleep duration was increased during 
the lockdown [14]. A study on the sleep of 139 univer-
sity students in the U.S. who were taking the same classes 
remotely during the stay-at-home phase of the pandemic 
reported an increase in the average sleep duration for 
both weekdays and weekends during the stay-at-home 
phase compared to before the pandemic [15]. An obser-
vational study on 207 nursing students in Spain, moni-
tored in February and April 2020, showed that they spent 

more time in bed [16]. Although these studies differ in 
terms of the surveillance, participants, countries, and 
measurement methods, they were conducted in countries 
with strict lockdowns and compared data across a few 
months. In contrast, in Japan, the state of emergency for 
COVID-19 was declared on April 7 and lifted on May 25; 
subsequently, the regulations were eased in stages. How-
ever, the general public was directed to work or study 
remotely in July 2020, and since then, many universities 
have been conducting remote lectures in conformity with 
the request. Given this context, we assessed the students’ 
sleep duration and phase during weekdays and weekends 
from 2018 to 2020. This study was done to determine if 
medical students’ sleeping habits have changed during 
the COVID-19 pandemic.

Methods
Survey design and participants
The present survey was conducted as a part of a prospec-
tive survey on sleep behavior, sleep problems, and school 
life among the students of Aichi Medical University. The 
study participants were all medical students at Aichi 
Medical University, which had 707 students enrolled in 
2018, 709 in 2019 and 718 in 2020. In 2018 and 2019, a 
beneficial sleeping habits survey questionnaire was dis-
tributed to each participant and collected during their 
annual physical examination in April. The physical exam-
ination was conducted based on the School Health and 
Safety Act of Japan [17]. The participants were informed 
of this study’s purpose and methods, and were asked to 
consent to participation by ticking a box in the survey. 
The consent of the participants who failed to tick the 
box in the questionnaire was confirmed later by email. 
In 2020, the survey was conducted online in July because 
the students could not visit the university campus amid 
the COVID-19 pandemic.

Usually, the students from the first to the fourth year 
attend five or six classes a day, starting at 8:50 in the 
morning. Conversely, the fifth- and sixth-year students 
participate in clinical practice in the university hospital 
or community-based hospitals from the morning as per 
each hospital’s schedule. In July 2020, a quarter of the 
students in the first grade went to school in rotation, 
and the remaining first-year students and the second- 
and third-year students were instructed to take remote 
classes. The students reported living at their own or 
their parents’ homes. The schedule for the remote 
classes was the same as usual. Because the fifth- and 
sixth-year students could not go to community-based 
hospitals, they attended clinical practice at the univer-
sity hospital, thereby reducing the time and sharing the 
opportunity.
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Measures
A few second-year students created the questionnaire 
used in this study as part of a practical assignment 
for their curriculum in 2016—it was adapted from a 
questionnaire developed by Shirakawa [18]. The ques-
tions were designed to collect information about sleep-
ing habits and living situations, including the following: 
the hours at which one goes to bed and wakes up dur-
ing weekdays and weekends; the time spent lying awake 
in bed before falling asleep and after waking up; how 
comfortable one feels with the sleep duration; frequency 
of naps; a self-assessment of one’s sleeping depth; one’s 
ease in waking up; what one does before going to bed; the 
time spent watching TV or using a mobile phone; how 
one gets up; how often one wakes up early in the morn-
ing; arousal frequency during sleep; frequency of going 
to the bathroom during sleep time; if there is a need to 
use hypnotics or minor tranquilizers to promote sleep; 
how frequently sleep paralysis occurs; how frequently 
one dreams, snores, experiences sleep apnea; if one per-
forms any extracurricular activity, has a part-time job; 
whether one lives alone or with family; and if one smokes 
or drinks. The Aichi Medical University Hospital Ethics 
Board approved this study’s design (approval number: 
2018-M005, 2020-M015).

Statistical Analysis
Data were analyzed for 677 students in 2018, 657 in 2019, 
and 398 in 2020 who responded to the questionnaire. 
Among them, 199 observations for weekdays and 181 for 
weekends were treated as missing data. They were as fol-
lows: (A) the bedtime or wake-up time was absent (12 
observations for weekdays and 21 for weekends in 2018; 12 
observations for weekdays and 18 for weekends in 2019), 
(B) the sleep duration was less than 240 min (7 observations 
for weekdays and 6 for weekends in 2018; 5 observations 
for weekdays and 4 for weekends in 2019; 6 observations 
for weekdays and 4 for weekends in 2020), or (C) it was 
more than 900  min, and their bedtime and wakeup time 
were (C-1) between 6:00 and 10:00 and 23:00 and 4:00 (30 
observations for weekdays and 16 for weekends in 2018; 45 
observations for weekdays and 26 for weekends in 2019;2 
observations for weekdays and 2 for weekends in 2020), 
(C-2) between 10:00 and 15:00 and 5:00 and 12:00 (2 obser-

vations for weekends in 2018; 66 observations for weekdays 
and 39 for weekends in 2019;9 observations for weekdays 
and 9 for weekends in 2020), (C-3) between 22:00 and 4:00 

and 18:00 and 0:00 (1 observation for weekdays and 23 for 
weekends in 2018; 2 observations for weekdays and 18 for 
weekends in 2019;1 observation for weekdays in 2020), or 
another three data (between 8:30 and 8:15 on weekdays 
in 2020, between 22:00 and 14:00 on weekends in 2019, 
and between 7:45 and 6:45 on weekends in 2020), respec-
tively. These data were considered bedtime and wake-up 
time transposed, mixed up 12-h and 24-h notations, or 
some sort of mistake. For the multilevel analyses, 684 par-
ticipants who enrolled in the university during 2018–2020 
were included. Among the responses collected, 173 obser-
vations for weekdays and 161 for weekends were treated 
as missing data. Such observations included the following: 
(A) the bedtime or wake-up time was absent (12 observa-
tions for weekdays and 21 for weekends in 2018; 6 obser-
vations for weekdays and 12 for weekends in 2019); (B) 
the sleep duration was less than 240  min (7 observations 
for weekdays and 6 for weekends in 2018; 3 observations 
for weekdays and 2 for weekends in 2019; 3 observations 
for weekdays and 3 for weekends in 2020); or (C) it was 
more than 900  min, and their bedtime and wakeup time 
were (C-1) between 6:00 and 10:00 and 23:00 and 4:00 (30 
observations for weekdays and 16 for weekends in 2018; 40 
observations for weekdays and 24 for weekends in 2019;2 
observations for weekdays and 2 for weekends in 2020); 
(C-2) between 10:00 and 15:00 and 5:00 and 12:00 (2 obser-
vations for weekends in 2018;60 observations for weekdays 
and 29 for weekends in 2019;8 observations for weekdays 
and 7 for weekends in 2020); or (C-3) between 22:00 and 
4:00 and 18:00 and 0:00 (1 observation for weekdays and 23 
for weekends in 2018;1 observations for weekdays and 14 
for weekends in 2019).

All analyses were performed using SAS 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). The mean sleep duration dur-
ing weekdays and weekends was compared using a paired 
t-test. Multilevel analyses were performed to determine if 
there was any difference among each sleep duration data 
for weekdays and weekends across the 3 years, using the 
SAS PROC MIXED procedure. We did not exclude par-
ticipants for whom bedtime or wake-up data were miss-
ing because SAS PROC MIXED automatically handles 
missing data using restricted maximum likelihood.

We used the following model to explore the differences 
in the slopes for each interval of 3 years. 

where i represents the individual, y represents 
year, ꞵ1-12 represents parameters, and e is the error 
term.

Sleep durationiy = �1 + �2 × Genderi + �3 × Gradeiy + �4 × Place of stayiy + �5 × Smokingiy + �6 × Drinkingiy

+ �7 × Extracurricular activitiesiy + �8 × Part-time jobiy + �9 × Doing something always before going to bediy

+ �10 × Taking any hypnotics or minor tranquilizeriy + �11 × Apneaiy + �12 × Arousal during sleepiy + eiy
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The level of statistical significance was set at 5% 
(p < 0.05).

Results
In 2018, the data of 677 students who answered the ques-
tionnaire was available for analysis (response rate was 
95.8%). In 2019, 660 students answered the question-
naire, and the data of 657 was available: one student did 
not wish to be included and two students wrote the same 
identification number (response rate 92.7%). In 2020, the 
data of 398 students who answered questionnaire was 
available for analysis (response rate 55.4%). Their basic 
data is presented in Table 1.

The mean sleep duration (in minutes) during week-
days was 407.6 ± 60.3 in 2018, 406.9 ± 63.0 in 2019, and 
417.3 ± 80.9 in 2020 (Table 2). Based on the explanatory 
variables regarding basal characteristics, behaviors, and 
sleep–wake problems, the multilevel analysis of sleep 

duration during weekdays through the 3  years with a 
model that used 1,184 of the 1,536 data sets revealed that 
sleep duration was related to the grade, place of stay, and 
survey year (Table  3). Moreover, sleep duration during 
weekdays in 2020 was significantly longer than in 2019, 
but there was no significant difference between 2018 and 
2019. It was longer for those living alone than for those 
staying at their family home.

The mean sleep duration (in minutes) during week-
ends was 494.5 ± 82.6 in 2018, 488.3 ± 87.9 in 2019, and 
462.3 ± 96.4 in 2020 (Table  2). The multilevel analysis 
of sleep duration during weekends through the 3  years, 
with a model used 1,181 of the 1,536 data sets showed 
that sleep duration during weekends was related to sex, 
grade, doing something always before going to bed and 
survey year (Table  4). Sleep duration during weekends 
in 2020 was shorter than in 2019, although there was no 
significant difference between 2018 and 2019. Addition-
ally, sleep duration during weekends was shorter for male 
students than for female students, and longer among stu-
dents who consistently do something before going to bed.

A total of 10 students went to sleep between 3:00 and 
6:00 and got up after 9:00 during weekdays in 2020, com-
pared to two in 2018 and three in 2019. Conversely, 35 
students in 2018, 31 students in 2019, and 44 students in 
2020 went to sleep between 3:00 and 6:00 and woke up 
after 9:00 only during weekends.

Discussion
The annual study on student health and sleeping habits 
from 2018 to 2020 showed that sleep duration during 
weekdays increased. In contrast, sleep duration during 
weekends decreased, in the context of the COVID-19 

Table 1  Participant characteristics, by year

a number of valid respondents

Variable 2018 (n = 677) 2019 (n = 657) 2020 (n = 398)

Age 22.0 ± 2.5 650a 22.0 ± 2.5 620a 21.9 ± 2.6 389a

Sex (women) n, (%) 288 (44.8%) 643a 285 (43.9%) 650a 167 (42.5%) 393a

Student grade 643a 650a 398a

  First year n, (%) 115 (17.9%) 122 (18.8%) 104 (26.1%)

  Second year n, (%) 114 (17.7%) 115 (17.7%) 74 (18.6%)

  Third year n, (%) 99 (15.4%) 112 (17.2%) 69 (17.3%)

  Fourth year n, (%) 94 (14.6%) 99 (15.2%) 60 (15.1%)

  Fifth year n, (%) 107 (16.6%) 100 (15.3%) 46 (11.6%)

  Sixth year n, (%) 114 (17.7%) 102 (15.7%) 45 (11.3%)

Living alone n, (%) 438 (67.5%) 649a 436 (67.7%) 644a 189 (48.1%) 393a

Takes part in extracurricular 
activity

n, (%) 446 (67.2%) 664a 433 (66.8%) 648a 251 (64.0%) 392a

Has a part time job n, (%) 171 (25.8%) 664a 178 (27.5%) 648a 105 (26.4%) 398a

Current smoker n, (%) 19 (2.9%) 663a 21 (3.3%) 646a 11 (2.8%) 393a

Current drinker n, (%) 421 (63.4%) 664a 418 (35.3%) 646a 242 (61.4%) 394a

Table 2  Mean sleep duration during weekdays and weekends

Year Mean sleep 
duration during 
weekdays (min.)

Mean sleep 
duration during 
weekends (min.)

P-value

2018 Total 407.6 ± 60.3 494.5 ± 82.6  < 0.0001

Men 413.4 ± 63.1 485.8 ± 83.4  < 0.0001

Women 400.1 ± 55.7 505.5 ± 80.1  < 0.0001

2019 Total 406.9 ± 63.0 488.3 ± 87.9  < 0.0001

Men 408.7 ± 59.2 481.1 ± 85.3  < 0.0001

Women 404.6 ± 67.8 497.8 ± 90.7  < 0.0001

2020 Total 417.3 ± 80.9 462.3 ± 96.4  < 0.0001

Men 418.8 ± 86.0 456.6 ± 102.7  < 0.0001

Women 415.2 ± 74.0 470.1 ± 87.0  < 0.0001
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pandemic in 2020. It also showed that 10 students went 
to bed early in the morning and woke up late in 2020.

The students’ sleep duration during weekdays was 
shorter than during weekends for each year. This was 
consistent with the 2015 NHK Japanese Time Use Sur-
vey [19], which showed that the mean sleep duration 
was 7 h and 15 min during weekdays; 7 h and 42 min 
on Saturday; and 8  h and 3  min on Sunday. It also 
showed that the mean sleep duration during weekdays 
was 7 h and 27 min for men in their 20 s and 7 h and 
18  min for women in their 20  s; 7  h and 43  min for 
men in their 20 s and 8 h and 6 min for women in their 
20 s on Saturday; and 8 h and 25 min for men in their 
20 s and 8 h 27 min for women in their 20 s on Sunday. 
Although the participants of this study may have slept 
a shorter duration than responders of the NHK survey 
in their 20 s did, the difference in sex may denote the 
same tendency.

Although the sleep duration on weekdays and week-
ends did not differ between 2018 and 2019, in 2020, the 
sleep duration increased during weekdays and decreased 
during weekends. It means the gap between the sleep 
duration during weekdays and weekends decreased, 
which is one of indices of sleep deprivation. Further-
more, in 2020, 10 out of 393 students’ sleep phase was 
delayed, while two out of 644 students in 2018 and three 
out of 649 students in 2019 had a delayed sleep phase. A 
web-based survey for young adults in Japan [20] showed 
that time in bed per night and total sleep time in week-
days was longer during the pandemic than before the 
pandemic, with the same remaining unchanged in week-
ends. This differing result of sleep time in weekends may 
be due to the differences in the participants. Our study 
involved the students of a single medical university, 
while the aforementioned study recruited participants 
via an online marketing research company. We pos-
ited that the introduction of remote classes during the 
COVID-19 pandemic resulted in these changes. Remote 
classes reduce the commute time of students, allowing 
them to sleep longer and overcome sleep deprivation. 
However, these classes may have caused a delay in the 
sleep phase of some students. Instead of having a fixed 
time, they could take the classes whenever they choose 
to. Some studies on adolescents reported a later bed-
time on weekend nights compared to school nights [21]. 
Thus, several students may have slept later on weekdays 
without the usual tight schedule, similar to weekends.

Furthermore, students who always do something before 
going to bed slept longer during weekends, but not dur-
ing weekdays. A total of 95% of them used a smartphone 
or watched TV before going to bed. Because the students 
must go to school during weekdays, they may get up even 
if they do not have enough sleep, which might be why 

Table 3  Multilevel analysis of sleep duration during weekdays in 
2018–2020

Estimate SE 95% confidence 
limits

P-value

Lower Upper

Men 2.1 4.4 -6.6 10.7 0.64

Women reference

2018 -0.9 3.7 -8.1 6.3 0.80

2019 reference

2020 18.4 5.0 8.6 28.2 0.0003

Family home reference

Lodgings 23.3 4.4 14.6 32.1  < .0001

First year reference

Second year 14.4 7.7 -0.7 29.4 0.06

Third year 11.6 8.0 -4.1 27.3 0.15

Fourth year 21.2 8.3 4.9 37.5 0.1

Fifth year 14.3 8.3 -2.0 30.5 0.08

Sixth year 20.2 8.3 4.0 36.4 0.01 

Always do something before going to bed

  Yes -0.08 5.6 -11.3 11.1 0.98

  no reference 

Take hypnotics or minor tranquilizer

  Yes -10.9 12.6 -38.1 16.4 0.41

  no reference 

Sleep apnea

  Yes 1.6 5.0 -8.4 11.6 0.75

  no reference 

Arousal during sleep

  Yes 9.1 5.8 -2.5 20.7 0.12

  no reference 

Extracurricular activities

  Yes -1.8 4.6 -10.8 7.3 0.70

  No reference 

Part-time job

  Yes 0 4.3 -8.6 8.5 0.99

  No reference 

Smoking

  Yes 10.2 11.7 -17.6 38.0 0.41

  No reference 

Drinking

  Yes 0.2 4.2 -8.1 8.5 0.97

  No reference
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they sleep longer during weekends to compensate for the 
sleep debt accumulated on weekdays [22].

The students’ sleep duration on weekdays was not 
associated with sex but with living alone. Given the fact 
that students living alone tend to live closer to the uni-
versity, indicating that they need less time to commute to 
school, it was expected, to some extent, that they would 
be able to sleep longer than the participants living with 
their families. Previous studies among adult workers 
reported that long commute times were associated with 
self-reports of short sleep duration [23] and actigraphy-
measured short sleep duration and regularity [24]. Thus, 
future studies should conduct in-depth analyses of the 
relation between commute time to university and stu-
dents living with family. Although there were some dif-
ferences in students’ sleep duration by grade, the trends 
were not the same during weekdays and weekends. The 
students’ curricula by grade may be related to these dif-
ferences, and further studies are necessary.

This study has some limitations. First, our sample 
was limited to participants recruited from a single 
medical university in Japan. Therefore, the results may 
not be generalizable. However, we do have data from 
two years before the COVID-19 pandemic and could 
hence continuously follow the participants. Second, 
because we could not conduct a written survey in 2020, 
an online survey was conducted a couple of months 
later than planned, and the response rate decreased. 
Therefore, the risk of non-response bias due to poten-
tial differences between the responders and the non-
responders should be considered when interpreting the 
results. Students who responded to online survey in 
2020 might have had higher accessibility to the inter-
net, more interest in surveys and sleeping habits, and 
more screen-viewing time. Meanwhile, the participants 
answered the questionnaires in their private spaces in 
2020, while they did so in public spaces in 2018 and 
2019. Third, because the survey in 2020 was conducted 
at a different time than the surveys in 2018 and 2019, 
it is possible that seasonal differences, such as changes 
in sunlight exposure time and the new school term, 
may have impacted the differences in sleeping habits 
between 2018–2019 and 2020. Fourth, our data were 
based on subjective answers, and many responses may 
not be true. Participants may have been reluctant to 
answer truthfully in the questionnaire because they 
had to write their names on them, and they were not 
anonymized. We could not collect objective data using 
an actigraph or portable electroencephalogram for such 
a large group of students. Although there were many 
erroneous answers and the collection rate decreased 
in 2020, the number of students with a delayed sleep 

Table 4  Multilevel analysis of sleep duration during weekends in 
2018–2020

Estimate SE 95% confidence 
limits

P-value

Lower Upper

Men -24.4 6.4 -37.1 -11.8 0.0002

Women reference

2018 0.3 5.3 -10.1 10.8 0.95

2019 reference

2020 -25.1 7.2 -39.2 -11.0 0.0005

Family home reference

Lodgings 5.0 6.4 -7.9 18.0 0.44

First year reference

Second year 24.2 11.3 2.0 46.4 0.03

Third year 26.8 11.8 3.6 50.0 0.02

Fourth year 24.7 12.3 0.7 48.8 0.04

Fifth year 3.9 12.3 -20.2 28.2 0.75

Sixth year -0.8 12.2 -24.8 23.2 0.95 

Always do something before going to bed

  Yes 17.8 8.1 1.6 34.0 0.03

  no reference 

Take hypnotics or minor tranquilizer

  Yes -9.9 18.2 -49.5 29.7 0.60

  no reference 

Sleep apnea

  Yes -3.5 7.3 -18.1 11.0 0.63

  no reference 

Arousal during sleep

  Yes 13.0 8.3 -3.6 29.5 0.12

  no reference 

Extracurricular activities

  Yes -10.8 6.7 -24.1 2.4 0.11

  No reference 

Part-time job

  Yes 2.2 6.3 -10.4 14.8 0.73

  No reference 

Smoking

  Yes 0.3 16.4 -38.6 39.2 0.98

  No reference 

Drinking

  Yes 7.3 6.1 -4.9 19.4 0.24

  No reference
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phase increased. Furthermore, because respond-
ers were generally considered more ernest than non-
responders, this result might be undervalued. It would 
be of benefit for students to overcome sleep depriva-
tion, and a delayed sleep phase has a negative influ-
ence on students’ life and health [25]. Finally, because 
we did not divide the participants into groups with and 
without remote teaching, we cannot show the relation 
between remote teaching and sleep duration directly. A 
recent study by the University of Tsukuba, Japan that 
screened for depression reported that mental health 
problems had doubled [26], and there may be other 
factors that influence students’ sleeping habits, such as 
decreased physical activity, length of screen-viewing 
time, length of sunlight exposure time, psychological 
problems including depression, and the amount of alco-
hol consumption. Despite the above limitations, the 
participants’ sleeping habits were examined longitudi-
nally through this annual survey.

Although active learning has been recommended for 
medical education, the COVID-19 pandemic forced a shift 
to remote teaching so that education could continue under 
social restrictions. Remote teaching does not only have 
negative influences as described above. It can also posi-
tively help by saving school commute time. We strongly 
recommend the sole use of live streams or restricting assess 
to on demand lecture videos during the middle of the night 
and the use of interactive lessons on the web, to preserve 
the sleep-awake cycle and improve remote teaching.

Conclusions
Students’ sleep duration was longer during weekdays 
and shortened during weekends in 2020. This differ-
ence may have resulted from remote teaching during 
the COVID-19 pandemic, which also might be related 
to the sleep–wake phase being delayed in some students. 
Although it is unknown if these changes are reversible, 
remote teaching should be improved in terms of reduc-
ing its effect on the sleep–wake cycle. Furthermore, a 
follow-up review should be conducted in the next few 
years to examine these aspects.

Abbreviation
COVID-19	� Coronavirus disease 2019

Acknowledgements
The authors would like to thank staff of student affairs office of the Aichi Medi-
cal University for their assistance with data collection for this survey.

Authors’ contributions
All authors contributed to the generation of the paper. RH conceived and 
designed this study, collected and analyzed the data, and drafted the manu-
script. KS contributed to designing, implementing the study, and critically 
prepared, provided counsel for analyses, and agreed on the submitted paper’s 
final format. ES participated in the study design and data collection. IO, MM, 
TU, and AN participated in data collection and interpreted the data. All the 
authors read and accepted the final draft of the manuscript.

Funding
This research did not receive any grant from funding agencies in the public, 
commercial, or not-for-profit sectors.

Availability of data and materials
It is not possible to share the raw research data publicly because data privacy 
could be compromised. However, the raw data are available from the corre-
sponding author. Any researcher interested in gaining access to the raw data 
can send their request to the corresponding author at the contact information 
mentioned in the manuscript. All data generated or analyzed during this study 
are included in this published article.

Declarations

Ethics approval and consent to participate
This study was approved by the Aichi Medical University Hospital Ethics Board 
(approval number: 2018-M005, 2020-M015).

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Received: 15 December 2021   Accepted: 12 December 2022

References
	1.	 Overview of the act on special measures for pandemic influenza and 

new infectious diseases preparedness and response. https://​www.​mhlw.​
go.​jp/​conte​nt/​10900​000/​00060​6693.​pdf. Accessed 15 May 2021

	2.	 Hysing M, Pallesen S, Stormark KM, Jakobsen R, Lundervold AJ, Sivertsen 
B. Sleep and use of electronic devices in adolescence: results from a large 
population-based study. BMJ Open. 2015;5:e006748. https://​doi.​org/​10.​
1136/​bmjop​en-​2014-​006748.

	3.	 Azad MC, Fraser K, Rumana N, Abdullah AF, Shahana N, Hanly PJ, et al. 
Sleep disturbances among medical students: A global perspective. J Clin 
Sleep Med. 2015;11:69–74. https://​doi.​org/​10.​5664/​jcsm.​4370.

	4.	 Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity and 
academic performance. Sleep Med Rev. 2006;10:323–37. https://​doi.​org/​
10.​1016/j.​smrv.​2005.​11.​001.

	5.	 Prichard JR. Sleep predicts collegiate academic performance: Implications 
for equity in student retention and success. Sleep Med Clin. 2020;15:59–
69. https://​doi.​org/​10.​1016/j.​jsmc.​2019.​10.​003.

	6.	 Bernert RA, Hom MA, Iwata NG, Joiner TE. Objectively assessed sleep 
variability as an acute warning sign of suicidal ideation in a longitu-
dinal evaluation of young adults at high suicide risk. J Clin Psychiatry. 
2017;78:e678–87. https://​doi.​org/​10.​4088/​JCP.​16m11​193.

	7.	 Matsumoto Y, Toyomasu K, Uchimura N. Assessment of physical and men-
tal health in male university students with varying sleep habits. Kurume 
Med J. 2011;58:105–15. https://​doi.​org/​10.​2739/​kurum​emedj.​58.​105.

	8.	 Fischer D, McHill AW, Sano A, Picard RW, Barger LK, Czeisler CA, et al. Irreg-
ular sleep and event schedules are associated with poorer self-reported 
well-being in US college students. Sleep. 2020;43:zsz300. https://​doi.​org/​
10.​1093/​sleep/​zsz300.

	9.	 Roane BM, Seifer R, Sharkey KM, Van Reen E, Bond TL, Raffray T, et al. What 
role does sleep play in weight gain in the first semester of university? 
Behav Sleep Med. 2015;13:491–505. https://​doi.​org/​10.​1080/​15402​002.​
2014.​940109.

	10.	 Chan WS. Delay discounting and response disinhibition moderate asso-
ciations between actigraphically measured sleep parameters and body 
mass index. J Sleep Res. 2017;26:21–9. https://​doi.​org/​10.​1111/​jsr.​12437.

	11.	 Rao WW, Li W, Qi H, Hong L, Chen C, Li CY, et al. Sleep quality in medical 
students: a comprehensive meta-analysis of observational studies. Sleep 
Breath. 2020;24:1151–65. https://​doi.​org/​10.​1007/​s11325-​020-​02020-5.

https://www.mhlw.go.jp/content/10900000/000606693.pdf
https://www.mhlw.go.jp/content/10900000/000606693.pdf
https://doi.org/10.1136/bmjopen-2014-006748
https://doi.org/10.1136/bmjopen-2014-006748
https://doi.org/10.5664/jcsm.4370
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/10.1016/j.jsmc.2019.10.003
https://doi.org/10.4088/JCP.16m11193
https://doi.org/10.2739/kurumemedj.58.105
https://doi.org/10.1093/sleep/zsz300
https://doi.org/10.1093/sleep/zsz300
https://doi.org/10.1080/15402002.2014.940109
https://doi.org/10.1080/15402002.2014.940109
https://doi.org/10.1111/jsr.12437
https://doi.org/10.1007/s11325-020-02020-5


Page 8 of 8Hori et al. BioPsychoSocial Medicine           (2023) 17:14 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	12.	 Hori R, Shibata H, Okajima I, Matsunaga M, Umemura T, Narisada A, et al. 
The second report of sleeping habit of medical students – Sleeping time 
and feeling of sleeping well. Jpn Soc Sleep Res. 2019;44:250.

	13	 Korman M, Tkachev V, Reis C, Komada Y, Kitamura S, Gubin D, et al. COVID-
19-mandated social restrictions unveil the impact of social time pressure 
on sleep and body clock [Sc rep.]. Sci Rep. 2020;10:22225. https://​doi.​org/​
10.​1038/​s41598-​020-​79299-7.

	14.	 Blume C, Schmidt MH, Cajochen C. Effects of the COVID-19 lockdown on 
human sleep and rest-activity rhythms. Curr Biol. 2020;30:R795–7. https://​
doi.​org/​10.​1016/j.​cub.​2020.​06.​021.

	15.	 Wright KP Jr, Linton SK, Withrow D, Casiraghi L, Lanza SM, Iglesia H, et al. 
Sleep in university students prior to and during COVID-19 stay-at-home 
orders. Curr Biol. 2020;30:R797–8. https://​doi.​org/​10.​1016/j.​cub.​2020.​06.​022.

	16.	 Romero-Blanco C, Rodríguez-Almagro J, Onieva-Zafra MD, Parra-
Fernández ML, Prado-Laguna MDC, Hernández-Martínez A. Sleep 
pattern changes in nursing students during the COVID-19 lockdown. Int 
J Environ Res Public Health. 2020;17:5222. https://​doi.​org/​10.​3390/​ijerp​
h1714​5222.

	17.	 OECD. OECD reviews of public health: Japan A healthier tomorrow; 2019. 
http://​oecd.​org/​japan/​oecd-​revie​ws-​of-​public-​health-​japan-​97892​64311​
602-​en.​htm. Accessed 15 Jun 2021

	18.	 Tanaka H, Shirakawa S. Sleep health, lifestyle and mental health in the 
Japanese elderly: ensuring sleep to promote a healthy brain and mind. 
J Psychosom Res. 2004;56:465–77. https://​doi.​org/​10.​1016/j.​jpsyc​hores.​
2004.​03.​002.

	19.	 Sekine C, Watanabe Y, Hayashida M. No more decline in sleeping time, 
more time now spent on necessary activities from the 2015 NHK Japa-
nese time use survey; 2016. NHK. https://​www.​nhk.​or.​jp/​bunken/​engli​sh/​
repor​ts/​pdf/​report_​16071​301.​pdf. Accessed 15 Jun 2021

	20.	 Tanioka K, Kayaba M, Tomishima S, Komada Y, Inoue Y. Changes in sleep 
behavior, sleep problems, and psychological distress/health-related qual-
ity of life of young Japanese individuals before and during the COVID-19 
pandemic. Chronobiol Int. 2022;39:781–91. https://​doi.​org/​10.​1080/​
07420​528.​2022.​20348​39.

	21.	 Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and 
delayed phase in adolescence. Sleep Med. 2007;8:602–12. https://​doi.​org/​
10.​1016/j.​sleep.​2006.​12.​002.

	22.	 Komada Y, Okajima I, Kitamura S, Inoue Y. A survey on social jetlag in 
japan: a nationwide, cross-sectional internet survey. Sleep Biol Rhythms. 
2019;17:417–22. https://​doi.​org/​10.​1007/​s41105-​019-​00229-w.

	23.	 Knutson KL, Van Cauter E, Rathouz PJ, DeLeire T, Lauderdale DS. Trends 
in the prevalence of short sleepers in the USA: 1975–2006. Sleep. 
2010;33:37–45. https://​doi.​org/​10.​1093/​sleep/​33.1.​37.

	24.	 Petrov ME, Weng J, Reid KJ, Wang R, Ramos AR, Wallace DM, et al. Com-
muting and sleep: results from the Hispanic community health study/
study of latinos sueño ancillary study. Am J Prev Med. 2018;54:e49-57. 
https://​doi.​org/​10.​1016/j.​amepre.​2017.​11.​006.

	25.	 Montie K, Quaedackers L, Perlitius V, van der Horst E, Vandenbussche 
N, Overeem S, et al. The impact of delayed sleep phase disorder on 
adolescents and their family. Sleep Med. 2019;64:15–22. https://​doi.​org/​
10.​1016/j.​sleep.​2019.​05.​022.

	26.	 Shiratori Y, Ogawa T, Ota M, Sodeyama N, Sakamoto T, Arai T, et al. A 
longitudinal comparison of college student mental health under the 
COVID-19 self-restraint policy in japan. J Affect Disord Rep. 2022;8:100314. 
https://​doi.​org/​10.​1016/j.​jadr.​2022.​100314.

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

https://doi.org/10.1038/s41598-020-79299-7
https://doi.org/10.1038/s41598-020-79299-7
https://doi.org/10.1016/j.cub.2020.06.021
https://doi.org/10.1016/j.cub.2020.06.021
https://doi.org/10.1016/j.cub.2020.06.022
https://doi.org/10.3390/ijerph17145222
https://doi.org/10.3390/ijerph17145222
http://oecd.org/japan/oecd-reviews-of-public-health-japan-9789264311602-en.htm
http://oecd.org/japan/oecd-reviews-of-public-health-japan-9789264311602-en.htm
https://doi.org/10.1016/j.jpsychores.2004.03.002
https://doi.org/10.1016/j.jpsychores.2004.03.002
https://www.nhk.or.jp/bunken/english/reports/pdf/report_16071301.pdf
https://www.nhk.or.jp/bunken/english/reports/pdf/report_16071301.pdf
https://doi.org/10.1080/07420528.2022.2034839
https://doi.org/10.1080/07420528.2022.2034839
https://doi.org/10.1016/j.sleep.2006.12.002
https://doi.org/10.1016/j.sleep.2006.12.002
https://doi.org/10.1007/s41105-019-00229-w
https://doi.org/10.1093/sleep/33.1.37
https://doi.org/10.1016/j.amepre.2017.11.006
https://doi.org/10.1016/j.sleep.2019.05.022
https://doi.org/10.1016/j.sleep.2019.05.022
https://doi.org/10.1016/j.jadr.2022.100314

	Changes in the sleeping habits of Japanese university students during the COVID-19 pandemic: a 3-year follow-up study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Survey design and participants
	Measures
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


