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This retrospective cohort study investigates the association between the
incidence of sleep problems and changes in digital media use among university
students during the COVID-19 pandemic. It used data from annual health
check-ups performed at a Japanese university in 2019 and 2020. Students
undergoing these check-ups were identified to respond to questions about
sleep problems, digital media use, breakfast and exercise habits, and stress. In
total, 3,869 students were included in the analysis. The association between
the incidence of sleep problems in 2020 and the changes in digital media use
between 2019 and 2020 was assessed using logistic regression models. The
rate of long digital media use (> 2 hours) in 2019 was 42.6%, while in 2020 it
was 53.6%. Incidence of sleep problems was observed in 244 students (6.3%) in
2020. There were 786 students (20.3%) who used digital media for < 2hin 2019
and > 2h in 2020. From the sample, 66 students (8.4%) reported incidence
of sleep problems in 2020. Additionally, those respondents who specifically
reported increased digital media use between 2019 and 2020 (increased use)
where at greater risk (OR: 1.76; 95% Cl: 1.21, 2.55) of reporting sleep problems
in 2020, even after controlling for other study variables. Thus, this study
provides evidence that the incidence of sleep problems has had a significant
association with an increase in digital media use among university students
throughout the COVID-19 pandemic. These findings highlight the importance
of ensuring appropriate digital media use among students for improved quality
of sleep.
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Introduction

Since 2020, the world has been witnessing the spread of
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which has resulted in the COVID-19 pandemic. In
Japan, the first case of COVID-19 infection was reported on 15
January 2020, and the Japanese government declared a state of
emergency on 7 April 2020. To prevent the spread of infection,
educational institutions were required to discontinue in-person
teaching, and to conduct classes and share learning material
online. Most students had to stay home and study by themselves,
without face-to-face communication with teachers and friends.
Such isolation resulted in severe psychological stress among
university students (1, 2).

Studies have reported that increased levels of psychological
distress during the COVID-19 pandemic were associated with
sleep problems (3). The unusual conditions associated with the
pandemic affected students’ lifestyles, including sleep habits.
A recent study in China revealed increased screen and sleep
time, and decreased physical activity, among adolescents (4).
Studies in Italy revealed delayed sleep rhythms and poor sleep
quality during the COVID-19 lockdown (5, 6). In Spain, nursing
students spent more time in bed during the lockdown but
displayed an adverse quality of sleep (7).

Reports have indicated that insomnia may be associated with
stressful environments (8, 9). A study from China revealed that
the prevalence of insomnia symptoms in college students during
the COVID-19 pandemic was 25.7% (10). This figure exceeds
the 23.6% prevalence reported for Chinese university students
during the pre-COVID-19 period (11).

Extensive social media use among students is associated with
poorer sleep patterns, delayed onset of sleep, delayed waking up
time on school days, and difficulty falling asleep after waking
up (12). During the pandemic, many university students in
home quarantine were exposed to stressful COVID-19-related
information through social media (13); thus, an increased fear
of COVID-19 might have partially affected the rise in sleep
problems (14). Another cross-sectional study reported that
addiction to social media during the COVID-19 pandemic was
positively associated with poor sleep, anxiety, and depression in
Bangladeshi college and university students (15).

Previous research has described several possible mechanisms
for how digital media use might impact sleep. First, time
spent using digital media might directly replace sleep time
or other habits related to better sleep. Second, emotional
stimulation caused by digital media might cause sleep problems
via physiological reactions (16, 17). Third, exposure to blue
light might affect physiological functions, including circadian
rhythms (18). Light-emitting diodes, which are used in
computers and smartphones, have the strongest intensity in blue
wavelengths (400-490 nm) of the visible light range (18). Chang
and colleagues (19) established that the use of light-emitting
electronic devices before bedtime inhibits melatonin secretion
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and disrupts circadian rhythms. Melatonin is a hormone
produced in the corpus at night and plays an important role in
sleep and mood management synchronizing circadian rhythms
(20). The abovementioned reports indicate that exposure to blue
light from electronic devices can negatively affect sleep patterns
by inhibiting the melatonin pathway.

This study investigates the association between the incidence
of sleep problems in 2020 and changes in digital media use
from 2019 to 2020 among university students in Japan. To
the best of our knowledge, no cohort study has reported
an association between the frequency of sleep problems and
increased digital media use among university students during
the COVID-19 pandemic. We believe that the findings of this
retrospective cohort study will encourage university students to
be more cautious about their digital media use and improve their
sleep quality.

Materials and methods

Study participants and procedure

Of the 14,940 students who attended Osaka University
in 2019 and 2020, 4,510 students who underwent annual
health check-ups in April were eligible for this study (response
rate: 30.2%). The students accessed the website for annual
health check-ups operated by Osaka University and answered
an online questionnaire about sleep problems, digital media
use, stress, and their habits at the time of response. The
questionnaire was answered in April of each fiscal year. We
excluded the following individuals: (1) students who reported
243; 5.4%); and (2)
international students (n = 398; 8.8%). The final sample
included 3,869 students (85.8% of those initially selected; see
Figure 1). This study used an opt-out approach for informed

having sleep problems in 2019 (n =

consent, according to the Japanese Ethical Guidelines for
Medical and Health Research Involving Human Subjects.
According to the Osaka University and government regulations,
all students were required to undergo annual health check-
ups. Students were informed in the privacy policy that the
collected data would be anonymized and used for future research
and operational improvements. The protocol for this study
was approved by the Ethics Committee of the Health and
Counseling Center, Osaka University (number 14, 2022) and the
Ethics Committee of the Osaka University Hospital (number
18352-2, 2022). The details of the study were presented on
the university’s website, and a contact point was set up to
ensure that participants could opt out of the use of existing
data. All data was retrieved from the electronic database
of the Health and Counseling Center, Osaka University. All
procedures in this study involving human participants were
performed in accordance with the ethical standards of the
institutional and national research committee and with the 1964
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N=14,940 Students who attended the
university consecutively in 2019 and 2020

J ........................... .

N=4,510 Students who had annual
health check-ups in 2019 and 2020

f .......................... .

N=4,267 Students who did not
complain about sleep problems in

2019
f .......................... ;

N=3,869
Final sample

Excluded N=10,430
No data for annual health check-ups
in 2019 and/or 2020

3,808 did not have annual health
check-up in 2019.

9,894 did not have annual health
check-up in 2020.

3,272 students did not have annual
health check-up in 2019 and 2020.

Excluded N=243
Students who complained about
sleep problems in 2019

Excluded N=398
International students

FIGURE 1
Flow diagram of participant selection.

Helsinki Declaration and its later amendments or comparable
ethical standards.

Measures

The students were required to answer questions at each
health check-up in 2019 and 2020, as described below:

Sleep problems

Sleep problems were assessed based on the following
question: “Do you have difficulty in sleeping?” Two response
options were provided: “yes” and “no”.

Digital media use

Digital media use was determined by the following question:
“How many hours a day do you spend using a social networking
service and email, surfing the Internet, or playing games?” It
was accompanied by five response options: “30 min or less,” “30-
60 min,” “1-2h,” “2-3h,” and “3 h or more.” In this study, short
digital media use was defined as < 2 h and long digital media use
as > 2h based on the study by Wu et al. (21). We set the cut-
off point at 2 h; the students using digital media for > 2h were
assumed to be at high risk of sleep problems. To assess changes
in digital media use, the students were divided into four groups:
Short-Short, Short-Long, Long-Short, and Long-Long, based on
how much time they spent using digital media in 2019 and 2020.
For example, the “Short-Long” group included students who
used digital media for < 2hin 2019 and > 2 h in 2020.
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Stress
To assess how often they felt stressed, students were asked,
“Do you feel stressed?” and instructed to respond by choosing

» o«

one of the following options: “almost never, “sometimes,’

“often,” and “always”.

Breakfast habits
To assess students’ eating habits, the question, “Do you
eat breakfast?” was posed and accompanied by four response

» <«

options, namely: “almost always,” “usually,” “sometimes,” and

“almost never”.

Exercise habits
To assess students exercise habits, students were asked,
“How many days a week do you perform exercises?” and offered

» «

five response choices: “0 days,

» «

1 day;

» «

2 days,” “3 or 4 days,

and “5 or more days”.

Statistical analyses

Digital media use was used to classify students’ demographic
characteristics. The chi-square test and one-way ANOVA were
used to assess differences in characteristics among the four
groups classified by digital media use.

Univariable and multivariable logistic regression models
using the incidence of sleep problems in 2020 as a dependent
variable were used to calculate unadjusted and adjusted odds
ratios (OR) with 95% confidence intervals (CI) of age, sex,
exercise and breakfast habits in 2020, and the change in digital
media use.

Continuous variables were expressed as mean =+ standard
deviation (SD) and categorical variables were expressed as
numbers and proportions. Statistical significance was set at P <
0.05. All statistical analyses were performed using SPSS version
26 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of the participants in 2020
by changes in digital media use from
2019 to 2020

Table 1 shows the characteristics of the 3,869 students
according to the changes in digital media use from 2019 to 2020.
The sample comprised 2,484 male (64.2%) and 1,385 female
(35.8%) students, with a mean age of 22.7 years (SD = 4.0).
The group that reported short digital media use in both 2019
and 2020 (Short-Short group) included 1,435 students (37.1%),
whereas 786 students (20.3%) reported using digital media for
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TABLE 1 Students’

Total Short-Short

n=3,869 n=1435

Age, years® 22.7£4.0 23.8+55

Male, n (%) 2,484  (64.2%) 912 (63.6%)
Female, n (%) 1,385  (35.8%) 523 (36.4%)

Incidence of sleep problems, n (%) 244 (6.3%) 61 (4.3%)
Stress, 1 (%) Almost never 1,299  (33.6%) 521 (36.3%)
Sometimes 1,981  (51.2%) 716 (49.9%)
Often 495 (12.8%) 168 (11.7%)

Always 94 (2.4%) 30 (2.1%)
Breakfast, n (%)  Almost always 2,298  (59.4%) 929 (64.7%)
Usually 720 (18.6%) 265 (18.5%)

Sometimes 513 (13.3%) 138 (9.6%)

Almost never 338 (8.7%) 103 (7.2%)
Exercise, n (%) 0 days per week 1,791 (46.3%) 626 (43.6%)
1 day per week 760 (19.6%) 301 (21.0%)
2 days per week 580 (15.0%) 237 (16.5%)
3 to 4 days per week 514 (13.3%) 184 (12.8%)

5 or more days per week 224 (5.8%) 87 (6.1%)

#Mean = standard deviation.

more prolonged durations in 2020 than in 2019 (Short-Long
group). A total of 1,287 students (33.3%) reported long durations
of digital media use in both 2019 and 2020. The rate of long
digital media use in 2019 was 42.6%, while in 2020 it was 53.6%.
Incidence of sleep problems was observed in 244 students (6.3%)
in 2020. In the Short-Long group, 66 students (8.4%) reported
incidence of sleep problems, which was higher than that in all the
other groups. Regarding the degree of stress, almost half of the
students in each group reported feeling stressed “sometimes.”
Regarding the habit of eating breakfast, more than half of
the students in each group responded with “almost always.”
Moreover, over 40% of the students reported no exercise habits.

The association between the incidence of
sleep problems and changes in digital
media use from 2019 to 2020

As shown in Table 2, the Short-Long group in digital media
use was significantly associated with the incidence of sleep
problems in the unadjusted model (OR: 2.07; 95% CI: 1.44,
2.96), and even after adjusting for all other factors (adjusted OR:
1.76; 95% CI: 1.21, 2.55). Frequency of stress was significantly
associated with the incidence of sleep problems, and students
with higher stress tended to show higher odds of sleep problems.
As for breakfast, “Usually” and “Sometimes” were significantly
associated with the incidence of sleep problems. However, no
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characteristics in 2020 according to changes in digital media use from 2019 to 2020.

Short-Long Long-Short Long-Long  p-value
n =786 n =361 n=1,287
222425 223+3.0 22025 <0.001
501 (637%) 210 (582%) 861  (66.9%) 0.018
285 (363%) 151 (41.8%) 426 (33.1%)
66 (8.4%) 26 (7.2%) 91 (7.1%) <0.001
247 (31.4%) 118 (327%) 413 (32.1%) 0214
417 (53.1%) 189 (524%) 659 (51.2%)
102 (13.0%) 42 (11.6%) 183 (14.2%)
20 (2.5%) 12 (3.3%) 32 (2.5%)
445 (56.6%) 228 (632%) 696  (54.1%) <0.001
147 (18.7%) 63 (175%) 245 (19.0%)
124 (15.8%) 36 (100%) 215 (16.7%)
70 (8.9%) 34 (9.4%) 131 (10.2%)
351 (44.7%) 162 (449%) 652 (50.7%) 0.046
152 (19.3%) 69 (19.1%) 238 (18.5%)
116 (14.8%) 52 (14.4%) 175 (13.6%)
122 (15.5%) 55 (15.2%) 153 (11.9%)
45 (5.7%) 23 (6.4%) 69 (5.4%)

significant association was found between frequency of exercise
and the incidence of sleep problems.

Discussion

This study investigated the association between the
incidence of sleep problems and changes in digital media
use from 2019 to 2020 among university students during
the COVID-19 pandemic. Incidence of sleep problems was
observed in 244 students (6.3%) in 2020. We assessed additional
factors that may affect students’ sleep patterns. Both breakfast
and exercise habits are considered important lifestyle factors
that affect sleep (22, 23). During the COVID-19 pandemic, a
lack of exercise habits was reported as a risk factor for sleep
disorders in China (24). Therefore, in addition to digital media
use, these habits were assessed. Furthermore, the degree of
stress, which is considered to be a significant risk factor for sleep
problems experienced by students, was assessed. Even after
adjusting for the abovementioned factors, an increase in digital
media use from 2019 to 2020 was significantly associated with
the incidence of sleep problems in 2020.

In the adjusted model for other risk factors of sleep
problems, the Short-Long group had a change in digital media
exposure to > 2h, which may have caused sleep problems
through some physiological responses. In contrast, the Long-
Short group did not show a significant risk of sleep problems
caused by digital media use. These results imply that digital
media use of < 2h might not increase the risk of sleep problems
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TABLE 2 The association between the incidence of sleep problems and changes in digital media use from 2019 to 2020.

Unadjusted model Adjusted model
OR [95%CI] p-value OR [95%CI] p-value

Age, per 1 year 0.95 [0.91, 1.00] 0.026 0.93 [0.88, 0.98] 0.006
Female (vs. Male) 0.94 [0.71, 1.23] 0.644 0.85 [0.64, 1.14] 0.274
Stress Almost never 0.52[0.36, 0.74] <0.001 0.51 [0.35, 0.73] <0.001

Sometimes 1.00 [reference] 1.00 [reference]

Often 2.06 [1.47, 2,87] <0.001 2.13 [1.52, 2.99] <0.001

Always 6.70 [4.15, 10.82] <0.001 7.66 [4.63, 12.66] <0.001
Digital media use Short-Short 1.00 [reference] 1.00 [reference]

Short-Long 2.07 [1.44, 2.96] <0.001 1.76 [1.21, 2.55] 0.003

Long-Short 1.75[1.09, 2.81] 0.021 1.53 [0.94, 2.50] 0.088

Long-Long 1.71 [1.23, 2.39] 0.002 1.40 [0.99, 1.98] 0.057
Breakfast Almost always 1.00 [reference] 1.00 [reference]

Usually 1.53 [1.09, 2.13] 0.013 1.4 [1.02, 2.03] 0.037

Sometimes 1.90 [1.33, 2.70] <0.001 1.66 [1.14, 2.41] 0.008

Almost never 1.63 [1.06, 2.52] 0.027 1.44 (091, 2.27] 0.119
Exercise 0 days per week 1.00 [reference] 1.00 [reference]

1 day per week 0.74 [0.51, 1.08] 0.115 0.88 [0.60, 1.30] 0.519

2 days per week 1.13 [0.78, 1.62] 0.523 1.34[0.92, 1.95] 0.126

3 to 4 days per week 0.93 [0.62, 1.40] 0.735 1.05 [0.69, 1.60] 0.806

5 or more days per week 0.80 [0.43, 1.47] 0.462 0.88 [0.47, 1.66] 0.695

OR, odds ratio; CI, confidence interval.

compared to that of > 2h. The Long-Long group showed
lower odds of sleep problems than the Short-Long group. That
could possibly be because students who use digital media of >
2h already had sleep problems in 2019 and might have been
excluded during participant selection. With respect to the Long-
Long group, no statistically significant association was found,
but there was a tendency toward increased risk with a p-value
of 0.057. Thus, it is considered that this does not rule out an
association between digital media use of > 2 h over a long period
and the risk of sleep problems.

A recent systematic review and meta-analysis showed that
the prevalence of insomnia among populations affected by
COVID-19 was 23.9% (25). To our knowledge, no study has
longitudinally investigated the incidence of sleep problems
among university students during the COVID-19 pandemic.
However, Carter and colleagues revealed that bedtime media
device use was strongly associated with poor sleep quality and
daytime sleepiness (26). In particular, the COVID-19 pandemic
has resulted in an increased reliance on various electronic
devices to connect to the Internet, leading to increased screen
time (27). Furthermore, a cross-sectional study in Bangladesh
found that addiction to social media was positively associated
with poor sleep among college and university students (15).
In this study, the incidence of sleep problems was significantly
associated with an increase in digital media use from < 2h to
> 2h. Wu et al. (21) showed that high screen time, categorized
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as >2h per day, was significantly positively correlated with poor
sleep quality among Chinese college students. The results of this
study are consistent with the abovementioned finding.

This study has some limitations. First, the participants were
all students of the same university. The effects of the COVID-19
pandemic might vary depending on where the students live. It
has been reported that living in cities is a risk factor for insomnia
symptoms, compared with living in rural areas (10). In addition,
the lower the level of knowledge about COVID-19, the higher
the prevalence of insomnia symptoms among students (10). This
result implies that providing relevant and accurate COVID-19-
related information might protect university students from sleep
problems. Therefore, it is necessary to verify whether the present
results are reproducible in future studies in other universities.
Second, this study was based on students’ subjective reports
during annual health check-ups. In particular, “sleep problems”
were not based on a clinical diagnosis as represented by the
DSM-5. During the check-ups, sleep problems were assessed by
one yes-or-no question rather than the degree of sleep problems.
Therefore, this study could not assess changes in sleep problem
severity. Thus, future studies using a structured measurement
tool, such as the Pittsburgh Sleep Quality Index, are required to
assess sleep problems and their components in detail. Further
research is also needed to objectively measure sleep parameters
using other methods, such as actigraphy. Third, the degree
of stress was defined by only one question for the reasons
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mentioned above. The use of a comprehensive stress-assessment
questionnaire is warranted in further studies to examine the
impact of stress on our results in more detail. Fourth, timeframes
were not set for each question at the health check-ups. The
students reported their sleep problems, digital media use, stress,
and habits at the time of response. The effect of independent
factors on the incidence of sleep problems might vary depending
on the duration of exposure to each factor. Fifth, breakfast and
exercise habits were assessed by a question about frequency.
In this study, no stepwise association in breakfast habits was
found such that students who ate breakfast less frequently were
related with incidence of sleep problems. Regarding exercise,
there was no significant association between the frequency
of exercise and incidence of sleep problems. In addition to
frequency of breakfast or exercise, contents might influence the
incidence of sleep problems (23, 28), however, this study could
not assess these aspects in detail. Sixth, the sample in this study
included students who had undergone annual health check-
ups in two consecutive years (2019 and 2020), as described in
the participant selection flow diagram. Of the 14,940 students,
3,808 (dropout rate: 25.5%) did not have a health check-up
in 2019 and 9,894 (dropout rate: 66.2%) did not have one in
2020. The dropout rate in 2020 was very high, which might
be due to limitations on receiving health check-ups during the
COVID-19 pandemic. Such a high exclusion rate in the target
population could be considered a selection bias in the study
sample. Finally, this study could not assess the sleep problems
of international students. International students were excluded
during participant selection because they tend to contact their
family and friends in their home country while adjusting to
different time zones, which might make differences in the time
using digital media. Additionally, international students who
went home for spring vacation and could not return to Japan due
to the COVID-19 pandemic might answer the questionnaire at
health check-ups from their home country in 2020. International
students were considered unsuitable for the purpose of this study
because of differences in their lifestyles and surroundings.

Conclusions

This study assessed the relationship between the incidence
of sleep problems and changes in digital media use among
university students during the COVID-19 pandemic. The results
showed that incidence of sleep problems was significantly
associated with an increase in digital media use, even after
adjusting for the effects of related and underlying factors. This
is the first study that investigated the relationship between
incidence of sleep problems and changes in digital media use
during the COVID-19 pandemic among university students in
Japan. The results provide a warning to university students
regarding long digital media use, and highlight the need
to ensure appropriate digital media use to maintain sleep
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quality, particularly during situations that can result in abrupt
lifestyle changes.
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