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Abstract: Health behaviors of higher education students can be negatively influenced by stressful
events. The global COVID-19 pandemic presents a unique opportunity to characterize and compare
health behaviors across multiple countries and to examine how these behaviors are shaped by
the pandemic experience. Undergraduate and graduate students enrolled in universities in China,
Ireland, Malaysia, South Korea, Taiwan, the Netherlands and the United States (USA) were recruited
into this cross-sectional study. Eligible students filled out an online survey comprised of validated
tools for assessing sleep quality and duration, dietary risk, alcohol misuse and physical activity
between late April and the end of May 2020. Health behaviors were fairly consistent across countries,
and all countries reported poor sleep quality. However, during the survey period, the COVID-19
pandemic influenced the health behaviors of students in European countries and the USA more
negatively than Asian countries, which could be attributed to the differences in pandemic time course
and caseloads. Students who experienced a decline in sleep quality during the COVID-19 pandemic
had higher dietary risk scores than students who did not experience a change in sleep quality
(p = 0.001). Improved sleep quality was associated with less sitting time (p = 0.010). Addressing sleep
issues among higher education students is a pressing concern, especially during stressful events.
These results support the importance of making education and behavior-based sleep programming
available for higher education students in order to benefit students’ overall health.

Keywords: sleep; dietary risk; physical activity; alcohol misuse; COVID-19; undergraduate and
graduate students
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1. Introduction

Young adulthood is a time when many health behaviors solidify, making this develop-
mental period a prime opportunity for public health practitioners to shape lifelong healthy
habits [1]. While higher education student experiences vary across the globe, one important
change from adolescence that many students face is increased independence in structuring
one’s time [2–4]. In addition to academics, time is also spent on a variety of factors includ-
ing socializing; working, volunteering, or extracurricular activities; and health behaviors
like sleeping, eating and physical activity. Struggling with time management demands
contributes to many undergraduate and graduate students reporting elevated levels of
perceived stress [5,6]. These high levels of perceived stress are a global phenomenon; for
example, prior to the pandemic more than three-quarters of Malaysian students reported
experiencing moderate stress [7] while nearly 40% of USA students reported high levels
of perceived stress [8]. Stress plays an important role in health behaviors, like insuffi-
cient sleep [6,9,10] and increased alcohol consumption [11–13], which can lead to negative
health outcomes such as cardiovascular disease [14,15], diabetes [16,17] and cancers [18–21].
An improved understanding of the health behaviors of young adults, especially under
conditions of heightened stress, is needed to assist public health practitioners in designing
programming to promote the development of lifelong healthy habits.

While the prevalence of higher education students reporting elevated stress is high,
the current COVID-19 pandemic has further increased stress for many students [22–24].
Previous studies demonstrated that large-scale disasters, including pandemics, led to
profound health behavior changes [25,26], including unhealthy eating behaviors, poor
sleep and lower physical activity levels [27–33]. Other studies noted increased mental
health distress during disasters [34–36]. Because the student population is at increased
risk for elevated stress and mental health concerns [37–40], and because many students
experienced disruption of their established daily schedules, the current study sought
to characterize higher education student health behaviors in multiple countries and to
examine how these behaviors were affected by the COVID-19 pandemic.

During the COVID-19 pandemic, popular press and scholarly work reported that sleep
duration and quality suffered [41–43]. The inability to obtain sufficient, good quality sleep
has been demonstrated to be an independent risk factor for a variety of diseases and condi-
tions, including obesity [44], type 2 diabetes [45,46], hypertension [45], alcohol misuse [47]
and depression [48]. Stressful events, like a pandemic, can interfere with sleep [49]. Thus,
the present study also explored whether changes in sleep quality and duration during the
COVID-19 pandemic were related to health behaviors. It was hypothesized that a decline
in sleep quality and a reduction in sleep duration would be associated with increased
dietary risk scores and alcohol misuse, decreased physical activity levels and increased
sitting time, while improved sleep quality and increased duration would be associated
with the opposite.

2. Results
2.1. Demographic and Anthropometric Information

A total of 2663 students studying in China, Ireland, Malaysia, South Korea, Taiwan,
the Netherlands and the USA initiated the survey, and a total of 2254 students completed
it and were included in the analyses (Table 1). The majority of countries surveyed had
more female participants except South Korea and Taiwan, and most of the students were
undergraduate students except for South Korea. Students from all countries, besides the
Netherlands, were predominantly domestic students, meaning that they attended a higher
education institution in their country of citizenship. Students from the USA reported a
higher body mass index (BMI) compared to all other countries. Overall, demographic
information among the countries was fairly consistent, but BMI (based on self-reported
height and weight) differed.
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2.2. Differences in Health Behaviors by Country

Sleep quality and average, weekday and weekend sleep duration were largely consis-
tent across countries. However, the highest and lowest absolute values often differed from
each other (Table 2). Sleep quality was measured using the Pittsburgh Sleep Quality Index
(PSQI) where a higher score indicates poorer sleep quality [50]. All countries reported PSQI
scores greater than 5, which indicates poor sleep quality. The following sleep measures
were significantly different between the highest and lowest absolute values reported, but
these values did not differ between most other countries: PSQI score (USA vs. Taiwan, p <
0.001), average sleep duration (The Netherlands vs. Taiwan, p < 0.001) and weekday sleep
duration (The Netherlands vs. Korea, p = 0.032). Additionally, the following proportions
were significantly different between the highest and lowest absolute proportions, but
these proportions did not differ between most other countries: the proportion of students
classified as poor sleepers (USA vs. China, p < 0.05) and the proportion of students who
did not meet the minimum recommended sleep duration of 7 h per day [51] (Korea vs. The
Netherlands, p < 0.05). To summarize, sleep quality was poor for students from all coun-
tries and, in most countries, more than 25% of students were not meeting sleep duration
guidelines.

Overall dietary risk and alcohol misuse scores were largely consistent by country,
but the highest and the lowest absolute values were different from each other (Table 3).
Students from the USA reported the highest absolute dietary risk scores, which differed
from China where students reported the absolute lowest risk scores (p < 0.001). However,
the two scores were not different from other countries. The following alcohol misuse
measures were significantly different between the highest and lowest absolute values
reported, but these values did not differ between most other countries: male students’
alcohol misuse scores (Ireland vs. Malaysia, p < 0.001) and the proportions of male students
classified as alcohol misusers (Ireland vs. Malaysia, p < 0.05). Female students in China
and Malaysia (p < 0.05 for both) reported a lower alcohol misuse score compared to all
other countries, and the proportion of female students who were classified as misusers was
lower in China and Malaysia (p < 0.05 for both) compared to all other countries.

Physical activity level, measured by self-reported total metabolic equivalents (METs)
minutes per week, and by sitting time, displayed considerable consistency across countries;
however, the highest and the lowest values differed from each other (Table 4). While
Irish students were the most active, and Malaysian students the least (p < 0.001), activity
levels reported by these two countries were not different from most other countries. In
addition, students from Malaysia reported a higher amount of sitting time compared to
most other countries.

2.3. Differences in COVID-19 Pandemic-Influenced Health Behaviors by Country

The influence of the COVID-19 pandemic on health behaviors was similar across
countries with few differences observed (Table 5). The absolute proportion of students
who indicated they were eating less healthfully during the pandemic compared to before
was lowest in Taiwan compared to all other countries (p < 0.05), whereas the highest
value, observed among USA students, did not differ among the remaining countries. The
following behaviors were significantly different between the highest and lowest absolute
values reported, but these values did not differ between most other countries: the propor-
tion of students drinking more alcohol (USA vs. Malaysia, p < 0.05), sleeping worse and
sleeping less (Ireland vs. Taiwan, p < 0.05) and exercising less (China vs. Ireland, p < 0.05).
In addition, the proportion of students reporting decreased exercise intensity did not differ
by country. Generally, in terms of health behaviors, students in European countries and the
USA were more negatively affected by the COVID-19 pandemic during the study period
compared to students in Asian countries.
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Table 1. Demographic and anthropometric information of higher education students from 7 countries.

China Ireland Malaysia South Korea Taiwan The Netherlands USA Total Adjusted Total

N 111 192 91 89 377 114 1280 2254 -
Female (%) 67.6 a 71.9 a 79.1 a 39.3 b 41.1 b 80.7 a 73.0 a 66.6 † 74.5
Male (%) 32.4 a 27.6 a 20.9 a 60.7 b 53.6 b 19.3 a 24.1 a 30.8 † 33.7

Age (year) (Mean ± SD) 20.4 ± 2.5 c 24.7 ± 7.6 a 22.2 ± 4.1 b,c 25.5 ± 4.6 a 20.8 ± 3.1 c 20.1 ± 1.3 c 22.9 ± 5.9 b 22.5 ± 5.5 22.4
BMI (kg/m2) (Mean ± SD) 20.2 ± 2.9 d 24.1 ± 6.3 b 22.2 ± 4.6 b,c,d 22.7 ± 3.4 b,c 22.5 ± 3.2 c 22.0 ± 3.6 c,d 26.0 ± 6.4 a 24.4 ± 5.6 22.8

Undergraduate (%) 84.7 a,b,c 80.2 c 96.7 b,d 46.1 e 95.5 d 100.0 d 74.3 a,c 79.9 88.6
Domestic student (%) 95.5 a,b 93.2 a,b 81.3 c 94.4 a,b,c 95.5 b 40.4 d 87.0 a,c 87.0 91.2

Means with different superscripts are significantly different, p < 0.05. Chi-square test of homogeneity was used for comparisons of gender, undergraduate vs. graduate status, and domestic vs. international
status. One-way ANOVA was used for comparisons of age and BMI. Domestic student was defined as a student attending a higher education institution in their country of citizenship. † 2.6% of students
self-identified as other, which included transgender, genderqueer, other, and choose not to disclose. Missing values: gender n = 0; age n = 2; BMI n = 16; undergraduate vs. graduate status n = 0; domestic vs.
international status n = 0.

Table 2. Country comparisons of sleep quality and duration.

China Ireland Malaysia South Korea Taiwan The Netherlands USA Total * Adjusted Total

N 111 190 91 89 375 114 1272 2242 -
PSQI

(Mean ± SD) 5.5 ± 2.6 b,c 7.4 ± 3.6 a 5.9 ± 3.1 b,c 6.4 ± 3.1 a,b,c 5.5 ± 3.1 c 6.8 ± 3.4 a,b 7.4 ± 3.6 a 6.8 ± 3.5 6.4

Average sleep (h/d)
(Mean ± SD) 7.7 ± 0.8 a,b 7.5 ± 1.2 a,b,c 7.2 ± 1.2 b,c,d 7.1 ± 1.1 c,d 7.0 ± 1.1 d 7.7 ± 1.0 a 7.6 ± 1.3 a 7.5 ± 1.2 7.5

Weekday sleep (h/d)
(Mean ± SD) 7.5 ± 0.9 a,b 7.3 ± 1.2 a,b 7.0 ± 1.2 a,b 6.7 ± 1.3 b 7.0 ± 1.3 b 8.2 ± 4.6 a 7.6 ± 2.5 a,b 7.5 ± 3.5 7.4

Weekend sleep (h/d)
(Mean ± SD) 8.2 ± 1.1 8.0 ± 1.4 7.8 ± 1.5 8.3 ± 1.5 8.2 ± 3.4 8.2 ± 1.1 8.2 ± 1.6 8.1 ± 1.9 8.1

Poor sleep quality (%) 46.8 a,b,c,d 64.7 c,d,e 49.5 a,b,c,d 60.7 b,d,e 42.7 a 55.3 a,b,c,d,e 67.2 e 60.3 55.3
Short sleep duration (%) 14.4 a 26.6 a,b 34.1 b,c 46.1 c 43.2 c 12.3 a 24.2 a,b 27.8 28.7

Means with different superscripts are significantly different, p < 0.05. One-way ANOVA was used for comparisons of PSQI, average sleep hours, weekday and weekend sleep hours. Chi-square test of
homogeneity was used for comparisons of percentages of students who reported poor sleep quality and short sleep duration. PSQI = Pittsburg Sleep Quality Index. PSQI scores range from 0 = best to 21 = worst
sleep quality. PSQI scores > 5 were defined as poor sleep quality. Short sleep duration was defined as sleep duration <7 h/day (average of weekday and weekends). * Included all valid data for which PSQI scores
could be computed. Missing values: PSQI n = 12; average sleep duration n = 21; weekday sleep duration n = 2; weekend sleep duration n = 2; poor sleep quality (%) n = 12; short sleep duration (%) n = 21.
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Table 3. Country comparisons of dietary risk and alcohol consumption.

China Ireland Malaysia South Korea Taiwan The Netherlands USA Total * Adjusted Total

N 111 192 91 89 - 114 1280 1877 -
Dietary risk (Mean ± SD) 6.6 ± 2.3 b 6.9 ± 3.1 b 7.1 ± 2.4 b 7.4 ± 2.9 a,b - 7.0 ± 2.5 b 8.2 ± 2.7 a 7.9 ± 2.8 7.3

n
(provided alcohol use data) 107 190 91 86 377 114 796 1761 -

Alcohol misuse score
(Mean ± SD)

(male †)
2.3 ± 2.5 c 4.4 ± 2.5 a 1.2 ± 1.6 c 4.2 ± 3.3 a,b 4.0 ± 3.3 a,b 4.4 ± 2.3 a,b 3.3 ± 3.0 b 3.6 ± 3.1 3.4

Alcohol misuse score
(Mean ± SD)
(female ††)

1.2 ± 1.7 a 3.6 ± 2.1 b 0.9 ± 1.4 a 3.1 ± 2.8 b,c 2.7 ± 2.4 c 3.7 ± 2.3 b 3.1 ± 2.4 b,c 2.9 ± 2.4 2.6

Classified as misuser (%)
(male †) 25.0% a,b,c,d 49.1% d 5.3% c 48.1% b,d 42.6% b,d 45.5% a,b,c,d 23.7% a,c 33.3% 34.2%

Classified as misuser (%)
(female ††) 8.0% a 50.7% b 6.9% a 42.9% b,c 36.8% b 53.3% b 23.3% c 28.0% 31.7%

Means with different superscripts are significantly different, p < 0.05. † For male students, n = 35 China, n = 53 Ireland, n = 19 Malaysia, n = 54 South Korea, n = 202 Taiwan, n = 22 the Netherlands, n = 211 the
USA †† For female students, n = 72 China, n = 136 Ireland, n = 72 Malaysia, n = 32 South Korea, n = 155 Taiwan, n = 92 the Netherlands, n = 561 the USA Dietary risk was defined by score on the Starting the
Conversation food frequency questionnaire. 0 = best to 16 = worst dietary quality. Alcohol misuse was defined by score on the Alcohol Use Disorders Identification Test Consumption questionnaire. 0 = no
alcohol use to 12 = highest alcohol use. Scores ≥ 3 in females and ≥4 in males were defined as misuse. * Missing values for dietary risk, n = 377. Dietary risk data from Taiwan were not collected due to technical
difficulties. Missing values for alcohol misuse, n = 493, represented students who did not meet the legal drinking age of their country.

Table 4. Country comparisons of physical activity level and sitting time.

China Ireland Malaysia South Korea Taiwan The Netherlands USA Total * Adjusted Total

N 105 177 88 87 - 109 1174 1742 -
Total

METs (min/wk)
(Mean ± SD)

1966.5 ± 2710.9 b,c 3748.1 ± 3772.3 a 1639.2 ± 2502.9 c 2842.6 ± 3317.9
a,b,c - 2849.7 ± 2442.6

a,b,c 2892.9 ± 3549.5 b 2859.8 ± 3441.0 2656.5

Sitting time
(min/d)

(Mean ± SD)
285.7 ± 204.4 a 389.7 ± 189.7 b 492.8 ± 255.5 c 368.5 ± 200.2 a,b - 427.1 ± 165.5 b,c 423.8 ± 204.3 b 413.0 ± 206.7 397.9

Means with different superscripts are significantly different, p < 0.05. One-way ANOVA was used for comparisons of total METs and sitting time. Physical activity level was defined by metabolic equivalents
(METS) reported on the International Physical Activity Questionnaire. * Physical activity data from Taiwan were not collected due to technical difficulties.
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Table 5. Percentage of students reporting undesirable changes in health behaviors during the COVID-19 pandemic compared to before the pandemic.

China (%) Ireland (%) Malaysia (%) South Korea
(%) Taiwan (%) The Netherlands

(%) USA (%) Total Adjusted Total

N 111 192 91 89 377 114 1280 2254 -
Diet Less healthy 22.5 a 35.8 a,b 36.3 a,b 24.7 a 6.1 c 33.3 a,b 45.6 b 35.2 30.5

Alcohol
consumption * Drinking more 5.6 a,b,c 16.3 c,d 2.2 b 5.8 a,b,c 6.1 b 17.5 a,b,d 26.1 d 16.8 8.9

Sleep quality Sleeping worse 16.2 a,b 41.6 c 29.7 b,c 19.1 b 8.0 a 48.2 c 38.8 c 32.1 21.7
Sleep duration Sleeping less 12.6 a,b,c,d,e 27.4 d,e 22.0 c,e 10.1 a,b,c 8.2 b 20.2 a,c,d,e 18.5 a,c,d,e 17.1 17.0

Exercise
frequency * Exercising less 56.8 a 37.0 b 50.5 a,b 44.9 a,b - 50.0 a,b 51.5 a 49.9 48.5

Exercise
intensity * Less intense 49.5 a 39.7 a 42.9 a 38.2 a - 43.0 a 46.4 a 45.2 a 43.3

Means with different superscripts are significantly different, p < 0.05. Chi-square test of homogeneity was used for comparisons of all variables presented in the table. * n different from the n presented in the table.
Total n for alcohol = 1761 as alcohol consumption questions were only shown to students who were of legal drinking age. Total n for exercise frequency and intensity = 1873. Exercise data from Taiwan were not
collected due to technical difficulties.
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2.4. Examination of Relationships between Sleep Quality and Duration Changes and
Health Behaviors

PSQI scores and average sleep duration were compared between students who re-
ported sleeping worse, sleeping better and no change in sleep quality during the COVID-19
pandemic compared to before. Students who reported sleeping worse during the pan-
demic experienced poorer sleep quality, as evidenced by higher PSQI scores, compared to
students who reported that sleep quality did not change or who reported sleeping better
(Table 6). Average sleep duration was different between the three groups, with students
who reported sleeping better reporting the longest sleep duration while students who
reported sleeping worse reported the shortest.

Table 6. PSQI and average sleep duration of sleep quality and duration change groups.

Groups n (%) PSQI
(Mean ± SD)

Average Sleep Duration (h/day)
(Mean ± SD)

Sleep quality change
Worse 719 (32.1) 9.2 ± 3.4 a 7.3 ± 1.3 a

Better 348 (15.5) 5.5 ± 2.9 b 7.8 ± 1.1 b

Did not change 1175 (52.4) 5.8 ± 2.9 b 7.5 ± 1.1 c

Sleep duration
change

Less 383 (17.1) 9.4 ± 3.8 a 6.7 ± 1.2 a

More 1002 (44.7) 6.6 ± 3.2 b 8.0 ± 1.1 b

Did not change 857 (38.2) 6.0 ± 3.2 c 7.3 ± 1.0 c

Means with different superscripts are significantly different, p < 0.05. PSQI = Pittsburgh Sleep Quality Index.

Sleep quality differed between students who reported sleeping less, sleeping more
and no change in sleep duration during the COVID-19 pandemic compared to before.
Students who reported sleeping less during the pandemic reported the highest PSQI scores
(worse sleep quality), while students who reported better or no change in sleep duration
reported lower PSQI scores that did not differ between each other (Table 6). As expected,
average sleep duration differed between the three groups; those who reported sleeping
less reported the shortest duration, those who reported sleeping more reported the longest
duration, and those reporting no change reported an intermediate duration. Additionally,
those who reported sleeping less had the highest PSQI scores compared to those who slept
more and did not change in sleep duration.

Students who experienced reduced sleep quality during the pandemic had a higher
dietary risk score compared to students who reported improved or no change in sleep
quality (Table 7). Students who slept less and slept more had a higher dietary risk score
compared to students who reported no change in sleep duration. To summarize, reduced
sleep quality was associated with higher dietary risk scores, but change in sleep duration
was not a reliable predictor of dietary risk.

Compared to students who reported no change in sleep quality, students who slept
better and slept worse did not differ in alcohol misuse scores, and students who slept less
and slept more both had higher alcohol misuse scores (Table 7). Therefore, change in sleep
quality was not associated with alcohol misuse scores, and change in sleep duration was
not a reliable predictor of alcohol misuse scores.

In terms of physical activity levels and sitting time, students who reported improved
sleep quality reported less sitting time but no difference in physical activity levels compared
to students who reported no change in sleep quality. There was no difference in physical
activity levels and sitting time for students who reported reduced sleep quality when
compared to students who reported no change (Table 7). Additionally, students who slept
more reported lower physical activity levels and more sitting time, while there was no
difference in physical activity levels and sitting time for students who slept less when
compared to students who reported no change in sleep duration. To summarize, sleeping
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better during the COVID-19 pandemic was associated with higher physical activity levels
and less sitting time, while sleeping more was associated with lower physical activity levels
and more sitting time.

Table 7. Outcomes of linear regression models examining whether sleep changes were related to health behaviors.

Predictors Dietary Risk
B (p-Value)

Alcohol Misuse
Scores

B (p-Value)

Physical Activity
(METs/wk)
B (p-Value)

Sitting Time (min/d)
B (p-Value)

(Constant) 6.756 (<0.001) 2.005 (<0.001) 2517.932 (<0.001) 368.664 (<0.001)
Sleep quality change

Worse 0.486 (0.001) 0.310 (0.051) −272.907 (0.123) 19.909 (0.082)
Better −0.323 (0.081) 10.162 (0.413) 18.737 (0.934) −36.064 (0.010)

Did not change (reference) - - - -
Sleep duration change

Less 0.409 (0.040) 0.473 (0.019) −128.772 (0.582) 4.436 (0.770)
More 0.408 (0.008) 0.459 (0.004) −568.192 (0.002) 22.841 (0.050 *)

Did not change (reference) - - - -

n = 1877 for dietary risk, n = 1761 for alcohol misuse scores, n = 1736 for physical activity, and n = 1872 for sitting time. One model was
built for each dependent variable, and the models controlled for age, BMI, gender, and countries. * The exact p value is 0.049880. Dietary
risk was defined by score on the Starting the Conversation, a simplified food frequency questionnaire. 0 = best to 16 = worst dietary quality.
Alcohol misuse was defined by score on the Alcohol Use Disorders Identification Test Consumption questionnaire. 0 = no alcohol use
to 12 = highest alcohol use. Scores ≥ 3 in females and ≥4 in males were defined as misuse. Physical activity level and sitting time were
reported on the International Physical Activity Questionnaire. METs = metabolic equivalents.

3. Discussion

Health behaviors of students across the seven countries were largely similar, although
a few differences were noted. The negative effects of the COVID-19 pandemic on health be-
haviors disproportionately affected students in European countries and the USA compared
to students in Asian countries. This likely resulted from the timeframe of the study (see
discussion below). As hypothesized, students who indicated poorer sleep quality during
the pandemic had higher dietary risk scores and engaged in less physical activity, while
improved sleep quality was associated with higher physical activity levels and less sitting
time. Contrary to our hypothesis, sleeping more during the pandemic was associated with
lower physical activity levels and greater sitting time. These results suggest that working
to improve the sleep quality of higher education students could be an important target for
improving overall health by supporting healthier behaviors. This conclusion needs further
testing due to the cross-sectional nature of the present study.

3.1. Differences in the Overall Influence of the COVID-19 Pandemic by Country

Students from European countries and the USA were generally more negatively af-
fected by the COVID-19 pandemic compared to students in Asian countries, and students
from Taiwan seemed to be the least negatively affected in terms of diet, alcohol consump-
tion and sleep. The study took place between April and May 2020, during which COVID-19
cases were exponentially growing in the USA and in some European countries while the
growth of cases had started to decline or plateau in China, Malaysia, South Korea and Tai-
wan [52]. Additionally, popular media reported that Taiwan had experienced just 690 novel
coronavirus cases and seven deaths as of early December 2020, while the USA reported
14 million cases and more than 283,000 deaths [53]. As the case numbers grew in the USA
and European countries and more deaths were being reported, students likely experienced
increased stress. This supposition is supported by several studies that reported increased
mental health concerns among higher education students in China during the Spring of
2020, when the peak number of COVID-19 cases in China emerged [54–58] and worsened
mental health among higher education students and young adults in the USA reported
both by popular media [59] and the Centers for Disease Control and Prevention [60]. Addi-
tionally, during the data collection period, the European countries and the USA enacted
mandatory quarantine, which could also contribute to increased stress [61], while some
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Asian countries had lifted the lockdown order. These differences in pandemic-related stress
could contribute to some of the differences observed between the countries surveyed.

3.2. Health Behaviors among Students in Higher Education during the COVID-19 Pandemic

Both insufficient sleep and poor sleep quality are health concerns among higher edu-
cation students [62,63]. However, the present study observed that poor sleep quality is a
more immediate problem for this population. The average PSQI score for all countries was
greater than 5, which is consistent with sleep problems [64] and consistent with previous
reports regarding high prevalence of poor sleep quality among higher education stu-
dents [12,65–67]. Sleep duration was less of a concern than sleep quality for most countries
except South Korea and Taiwan, where more than 40% of students failed to meet the mini-
mal recommended sleep guidelines of 7 h per night. Unlike other reports [52,57,58], more
students in the present study met the recommended minimum sleep duration guidelines of
7 h. For example, one meta-analysis of Chinese students’ sleeping patterns reported 43.9%
of students failing to sleep at least 7 h per day [67], but the prevalence of insufficient sleep
among our Chinese cohort was only 14.4%. Another study, where the majority of students
were from the Netherlands, revealed that nearly 25% of students slept less than 7 h [68].
This contrasts with the present findings, where 12.3% of students in the Netherlands did
not meet minimum recommendations. Further, a study of higher education students in
Malaysia revealed that nearly 60% of students reported sleeping less than 7 h per day
compared to the present study’s findings of 34.1% [62]. The differences in sleeping duration
results observed in the present study compared to previously published work could be
attributed to the large proportion of students (37.0–55.9% across the different countries) in
the present study who reported sleeping more during the COVID-19 pandemic compared
to before. While getting an adequate amount of sleep is important, improving sleep quality
among students in higher education appears to be a more pressing concern, especially
during a stressful event like the COVID-19 pandemic.

Dietary risk scores of students were largely consistent across all countries with few
differences observed. These findings are consistent with the current literature [69–76].
Students from the USA reported the highest absolute dietary risk score, which is consistent
with the higher prevalence of overweight and obesity among American students, and
higher BMI compared to students in the other countries studied [69–76]. Even though
the prevalence of overweight and obesity was higher among USA students, previous
work reported that the majority of students from the USA and other countries did not
meet the daily recommended servings of fruit and vegetable intake [77–81]. Additionally,
approximately one in three students in the present study reported eating less healthfully
during the COVID-19 pandemic compared to before, and almost half of the USA students
reported eating less healthfully during the COVID-19 pandemic. These findings suggest
poor dietary behaviors among students in higher education are global issues, and the
COVID-19 pandemic appears to have worsened the problem for a substantial proportion
of students.

While a lower proportion of students were classified as alcohol misusers compared to
other recent reports [71,82–85], the findings still warrant concern. For example, a recent
report observed two-thirds of Irish students misused alcohol (classified as an AUDIT-C
score of greater than six among male students and greater than five among female students
by the study’s authors) [71], while the present study reported half of both male and female
Irish students were alcohol misusers based on AUDIT-C cut-off scores of greater than four
for male and three for female according to the National Institute on Drug Abuse [86–88].
Given these lower cut-offs, there is considerable discrepancy between the current study’s
findings and those of the Davoren group [71]. Further, while the current results classified
48.1% of male and 42.9% of female South Korean students as alcohol misusers, others
reported 65% of South Korean students were problem drinkers [85]. It is possible that the
pandemic played a role in these differences, as one of the primary reasons for drinking
among students involves socializing [89,90]. The lower prevalence of alcohol misuse could



Clocks&Sleep 2021, 3 21

be due, in part, to social distancing rules related to the pandemic that reduced students’
ability to socialize. Additionally, it could also due to changes in living situations, as
COVID-19 caused 36% of college students to move, which could contribute to reduced
opportunities to socialize [91]. Despite the reduced prevalence of problem drinking in this
sample, alcohol misuse continues to be a grave concern in many countries.

The absolute total METs/week of students in Ireland met the recommended 3000 to
4000 METs per week for disease prevention and health improvement [92], while students in
other countries did not. These results were lower than what was previously reported in Euro-
pean countries and the USA but similar to what was reported in Asian countries; for example,
students in the USA reported an average physical activity of 6000 METs/week [93], and stu-
dents in several European countries reported approximately 3500 to 4600 METs/week [94],
while students in China reported just over 1000 METs/week [95]. During the COVID-19
pandemic, approximately half of students in the present study reported lower physical ac-
tivity levels, which could explain the discrepancy between physical activity levels reported
in the current study and previous studies. Overall, the COVID-19 pandemic appeared to
negatively influence many students’ physical activity levels.

3.3. Health Behavior Analysis

The present study observed that students reporting decreased sleep quality during
the pandemic reported higher dietary risk scores, while students reporting improved sleep
quality reported less siting time. The results are consistent with previous studies reporting
that higher education students with poor sleep quality consumed less fruit and dairy
servings, and poor sleep quality was associated with higher energy intake and poorer
diet quality among adult women including young adults [96,97]. Poor sleep, including
both insufficient and poor quality sleep, may also contribute to low physical activity
levels [98–101] and is associated with sedentary behaviors [102,103]. Therefore, dietary
habits and physical activity levels of students are likely to be improved when students’
sleep quality improves.

While both sleep duration and quality are important for health [97–101,103,104], the
current study observed that poor sleep quality appeared to be a more critical risk factor
to health than sleep duration. Most literature suggests that sufficient sleep is associated
with a higher quality diet and higher physical activity levels [98–101,104], but the current
study found that sleep duration change was not consistently related to dietary risk, and
sleeping more was associated with lower physical activity levels and more sitting time.
These discrepancies might be explained by the high PSQI scores (>6) reported by all
three sleep duration change groups, as higher PSQI scores are associated with unhealthy
dietary behaviors [97,103], less physical activity and more sedentary behaviors [99,105].
Additionally, the present study observed that nearly 45% of students reported sleeping
more during COVID-19 and 32% of students reported sleeping worse. It is possible that
some students compensated for poor sleep quality with increased duration, as previous
work reported that longer sleep duration was related to poor subjective sleep quality [106].
Therefore, in the present study sample, sleep quality change, rather than sleep duration
change, appears to be more closely associated with dietary behaviors and sitting time.

Alcohol misuse is common among higher education students [71,83,107], and previ-
ous work indicated college students who reported poor sleep quality consumed alcohol
more frequently and excessively and experienced more negative consequences [108–112].
Additionally, insufficient sleep impairs cognitive functioning that serves as a protective
mechanism against alcohol misuse [113–116]. The present study, however, found that
changes in sleep quality and duration did not predict higher or lower alcohol misuse scores,
which could be explained by the high PSQI scores of all groups compared, as PSQI scores
and sleep duration were negatively correlated in this study. Given that all groups compared
for changes in sleep duration and quality reported a PSQI score above 5, differences in
alcohol misuse might not be detectable.
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3.4. Public Health Message

While sleeping adequately is important for health, enhancing sleep quality is also
critical; yet, improving higher education students’ sleep quality has received little atten-
tion [117,118]. Higher education students in all countries studied suffered from poor sleep
quality, which has been associated with lower grades, impaired learning ability, worse
mood, greater stress, more risk-taking behaviors and poorer overall health [10,108,119–121].
One study of over 55,000 students reported that stress, binge drinking and drug use had
similar, or even smaller, associations with academic success compared to sleep disturbance;
yet these risk factors received far more attention by university administrators compared to
sleep problems [121]. Improved sleep quality of students is associated with not only better
health but also better academic performance, improved graduation rates and improved
future earnings [117]. Further, one study predicted that the economic gain of improving
students’ sleep exceeds the cost of implementing sleep education programs [117]. Thus, im-
proving sleep among students can likely serve as an effective and efficient way to improve
students’ future health and economic success.

A variety of strategies can be adopted by universities to improve students’ sleep,
including sleep hygiene education [122,123], cognitive behavioral therapy for insomnia
(CBTi), relaxation, mindfulness and hypnotherapy [124]. CBTi is an intervention that
involves cognitive, behavioral and educational interventions [125]. CBTi focuses on help-
ing individuals suffering from insomnia to identify and modify thoughts, feelings and
behaviors that contribute to sleep problems. Two systematic reviews have concluded
that CBTi-based sleep interventions delivered the largest improvements in a multitude of
sleep measures among college students compared to other interventions [124] and that
online delivery of CBTi is effective [126]. Given the ongoing global pandemic and social
distancing requirements in many countries, an online CBTi-based sleep education program
could be a feasible way to improve students’ sleep especially when more than 30% of
students reported sleeping worse during the pandemic. Ensuring sufficient, good quality
sleep not only protects against a variety of chronic diseases [44–46] but also against more
immediate health concerns like poor diet quality [97], mental health concerns [48] and
alcohol misuse [47]. Therefore, university administrators should consider implementing
effective strategies, such as CBTi, among university students to improve sleep quality and
promote the overall health of students.

3.5. Strengths and Limitations

There are several strengths to this study. First, the study involved a large sample
of students from seven different countries on three continents, which increases the gen-
eralizability of the results. Second, the study utilized validated surveys for assessing
health behaviors of higher education students. Third, the health behavior differences by
country were controlled for in the linear regression models. Fourth, the study included
both undergraduate and graduate students, which increased the generalizability of the
results to a larger student body.

There are limitations to the study. First, the cross-sectional nature of the study pre-
cludes conclusions about the causal relationships between sleep changes and health behav-
iors changes. Second, the COVID-19 questions included in the survey were not validated;
however, validated questionnaires were not available for addressing the specific questions
in the study due to the emerging nature of the pandemic. Third, countries included in the
study were under different quarantine rules and stages of the pandemic during the data
collection period, and these differences could contribute to disparities in and differences in
health behaviors. Finally, students who took the study survey were required to have En-
glish proficiency, which might have resulted in not all students who wished to participate
being able to do so.
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4. Materials and Methods
4.1. Study Design

Higher education students, including both undergraduate and graduate students,
who were at least 18 years old and were enrolled in universities in China, Ireland, Malaysia,
Taiwan, South Korea, the Netherlands and the USA were recruited into this cross-sectional
study. Countries included in the present study were based on availability. Survey data
was collected in April and May 2020, when most states in the USA had adopted shelter in
place orders, and most areas in Ireland, Malaysia, and the Netherlands had also enacted
shelter in place orders due to the COVID-19 pandemic. During this time, China, Taiwan,
and South Korea had recently revoked their shelter in place orders.

The study was approved by the Michigan State University Human Research Protection
Program (East Lansing, MI, USA) STUDY00004285, 7 April 2020; International Medical
University Joint Committee on Research and Ethics (Kuala Lumpur, Malaysia), 481/2020,
14 May 2020; Faculty of Governance and Global Affairs Ethics Committee (The Hague,
South Holland, The Netherlands), 2020-009-LUC-Cho, 25 May 2020; Indiana University
Institutional Review Board for the Protection of Human Subjects (Indiana, PA, USA), IRB
Log 20-101, 15 May 2020; Institute Research Ethics Committee, Institute of Technology,
Sligo (Sligo, Ireland), ref 2020015, 5 May 2020; University of Taipei Institutional Review
Board (Taipei, Taiwan), IRB-2020-045, 16 June 2020; and Bowling Green State University
Office of Research Compliance (Bowling Green, OH, USA) 1,599,753 (US students), 29 April
2020; 1,599,753 (Chinese students), 22 May 2020; 1,599,753 (Korean students), 11 May 2020.
Consent was obtained from all participants prior to the start of the study.

4.2. Demographics

Information regarding age, gender, undergraduate vs. graduate status including year
classification, domestic versus international status, weight and height was collected.

4.3. Assessment of Dietary Risk and Alcohol Misuse

Diet was evaluated using the Starting the Conversation (STC) questionnaire. The
STC is an eight-item simplified food frequency questionnaire (FFQ), which was used
to determine participants’ dietary risk score based on common dietary patterns [127].
Examples of questions include: How many times a week did you eat fast food meals or
snacks? How many regular sodas or glasses of sweet tea did you drink each day? The STC
provides a global score of dietary risk, with higher scores indicating greater risk. Food
terms were adjusted to account for cultural differences among countries. For example,
the term snack chips was changed to crisps in the Ireland survey.

Alcohol misuse score was determined using the Alcohol Use Disorders Identification
Test Alcohol Consumption questionnaire (AUDIT-C), which is a validated screener for
problem drinking over the past year [86]. A standard drink equivalents reference chart
was included in the survey to help participants quantify drink servings [128]. A score of
4 and higher for men and 3 and higher for women suggests misuse [129]. The alcohol
assessment questions were only shown to students who were of legal drinking age in their
respective countries.

4.4. Assessment of Sleep Quality and Duration

Assessment of sleep quality and duration over the past month was conducted using
the Pittsburgh Sleep Quality Index (PSQI), which has been validated [64,130–132]. In addi-
tion to the PSQI, weekday and weekend sleep duration were also quantified in order to
distinguish sleeping duration differences between weekdays and weekends.

4.5. Assessment of Physical Activity and Sitting Time

Physical activity levels and sitting over the past week were measured using the
International Physical Activity Questionnaire (IPAQ) [133]. The total physical activity
levels were calculated and reported using metabolic equivalents (METs) minutes per week.
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The total METs minutes per week were calculated using METs of vigorous, moderate,
or walking activity multiplied by the corresponding activity duration. Therefore, METs
minutes per week reflects both physical activity intensity and duration. Total METs minutes
per week was selected to reflect the overall physical activity levels of participants as the
measure captures both physical activity intensity and duration. As such, physical activity
level is used to refer to METs minutes per week. Sitting times were reported as minutes
per day.

4.6. Assessment of the Influence of the COVID-19 Pandemic on the Factors Described Above

At the end of each survey section, a question about how the COVID-19 pandemic
had affected participants’ diet, alcohol consumption, sleep quality, sleep duration and
physical activity frequency and intensity was asked. Examples of questions included: Have
you made changes to your diet during the COVID-19 quarantine compared to before the
quarantine? Possible answers included: healthier than before, less healthy than before or
my diet did not change. Has the intensity of your exercising changed during the COVID-19
quarantine compared to before the quarantine? Possible answers included: more intense,
less intense, or my exercise intensity did not change.

4.7. Statistical Analysis

Outlier screening was conducted for each variable, and outliers defined as greater or
less than mean values ± 3 standard deviations, were excluded from data analysis. After
outlier exclusion, all examined variables were approximately normally distributed based
on normal probability plot, kurtosis and skewness. Adjusted totals were calculated by
averaging variable means of each country to account for differences in country sample
size [134]. Differences between countries for age, BMI, sleep quality and duration, dietary
risk, alcohol misuse risk, physical activity and sitting time were assessed using one-way
ANOVA and Bonferroni post hoc tests. Statistical significance for these tests was deter-
mined by p < 0.05. Categorical variables of gender, undergraduate vs. graduate status,
domestic versus international status and health behaviors influenced by the COVID-19 pan-
demic were compared between countries using a chi-square test of homogeneity followed
by z-test comparisons of country proportions. Bonferroni adjusted p-values were used
to determine significance. Specific p values for proportion comparisons were not given
by SPSS. Therefore, the p value cut-offs were calculated based on Bonferroni adjustment
rules of alpha divided by number of comparisons [135,136]. Linear regression with dummy
coding of categorical independent variables was conducted to examine whether sleep
quality and duration changes were related to dietary risk scores, alcohol misuse scores,
physical activity levels (duration and frequency reflected by total METs per week) and
sitting time. The differences in PSQI scores and sleep duration were compared between
the sleep quality change groups and between the sleep duration change groups using
one-way ANOVA. Normal P-P plot and scatter plots of regression standardized residuals
were produced, and the plots showed that assumptions of normality and homoscedasticity
were met. Linear relationships between independent variables and the outcome variable
were observed. Four linear regression models adjusting for age, gender, BMI and countries
were built using the Enter method. All analyses were completed using IBM SPSS version
26 (IBM Corporation, Armonk, NY, USA).

5. Conclusions

The present study identified numerous similarities and only a few differences in
health behavior risks among higher education students living in seven different countries.
Sleeping worse was associated with higher dietary risk scores while sleeping better was
associated with less sitting time. Collectively, these data demonstrate that poor sleep
quality is a pressing concern among higher education students around the world, especially
during the COVID-19 global pandemic. Based on previous work, online CBTi-based sleep
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education programs appear to be a socially distanced and relatively inexpensive way to
improve students’ sleep outcomes and overall health.
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94. Mulahasanović, I.Ć.; Mujanovic, A.N.; Mujanovic, E.; Atikovic, A. Level of Physical Activity of the Students at the University of
Tuzla According to IPAQ. Cent. Eur. J. Sport Sci. Med. 2018, 21, 23–30. [CrossRef]

95. Liu, H.; Dai, X. Correlation between physical activity and self-efficacy in Chinese university students. Rev. Psicol. Deporte 2017, 26,
110–114.

96. Lotfi, M.; Al-Hosseini, M.K. The relationship of sleep quality with eating behavior and food intake among male university
students. J. Sleep Med. Disord. 2015, 8, 1034.

97. Zuraikat, F.M.; Makarem, N.; Liao, M.; St-Onge, M.P.; Aggarwal, B. Measures of poor sleep quality are associated with higher
energy intake and poor diet quality in a diverse sample of women from the Go Red for women strategically focused research
network. J. Am. Heart Assoc. 2020, 9, e014587. [CrossRef]

98. Strand, L.B.; Laugsand, L.E.; Wisløff, U.; Nes, B.M.; Vatten, L.; Janszky, I. Insomnia symptoms and cardiorespiratory fitness in
healthy individuals: The Nord-Trøndelag Health Study (HUNT). Sleep 2013, 36, 99–108. [CrossRef]

99. Kline, C.E. The bidirectional relationship between exercise and sleep: Implications for exercise adherence and sleep improvement.
Am. J. Lifestyle Med. 2014, 8, 375–379. [CrossRef]

100. Sherrill, D.L.; Kotchou, K.; Quan, S.F. Association of physical activity and human sleep disorders. Arch. Intern. Med. 1998, 158,
1894–1898. [CrossRef]

101. Dzierzewski, J.M.; Buman, M.P.; Giacobbi, P.R.; Roberts, B.L.; Aiken-Morgan, A.T.; Marsiske, M.; McCrae, C.S. Exercise and sleep
in community-dwelling older adults: Evidence for a reciprocal relationship. J. Sleep Res. 2014, 23, 61–68. [CrossRef]

102. Must, A.; Parisi, S.M. Sedentary behavior and sleep: Paradoxical effects in association with childhood obesity. Int. J. Obes. 2009,
33, S82–S86. [CrossRef]

103. Ferranti, R.; Marventano, S.; Castellano, S.; Giogianni, G.; Nolfo, F.; Rametta, S.; Matalone, M.; Mistretta, A. Sleep quality and
duration is related with diet and obesity in young adolescent living in Sicily, Southern Italy. Sleep Sci. 2016, 9, 117–122. [CrossRef]

104. Lin, P.H.; Lin, C.Y.; Wang, P.Y.; Yang, S.Y. Association between sleeping duration and health-related behaviors in college student.
Soc. Health Behav. 2018, 1, 31. [CrossRef]

105. Dolezal, B.A.; Neufeld, E.V.; Boland, D.M.; Martin, J.L.; Cooper, C.B. Interrelationship between Sleep and Exercise: A Systematic
Review. Adv. Prev. Med. 2017, 2017, 1–14. [CrossRef]

106. Lemola, S.; Ledermann, T.; Friedman, E.M. Variability of sleep duration is related to subjective sleep quality and subjective
well-being: An actigraphy study. PLoS ONE 2013, 8, e71292. [CrossRef] [PubMed]

107. Ji, C.Y.; Hu, P.J.; Song, Y. The epidemiology of alcohol consumption and misuse among Chinese college students. Alcohol 2012, 47,
464–472. [CrossRef]

108. Lund, H.G.; Reider, B.D.; Whiting, A.B.; Prichard, J.R. Sleep patterns and predictors of disturbed sleep in a large population of
college students. J. Adolesc. Health 2010, 46, 124–132. [CrossRef]

109. Galambos, N.L.; Dalton, A.L.; Maggs, J.L. Losing sleep over it: Daily variation in sleep quantity and quality in Canadian students’
first semester of university. J. Res. Adolesc. 2009, 19, 741–761. [CrossRef]

http://doi.org/10.3389/fpsyt.2017.00086
http://www.ncbi.nlm.nih.gov/pubmed/28579966
http://doi.org/10.1080/15332640.2014.996313
http://www.ncbi.nlm.nih.gov/pubmed/26161809
http://doi.org/10.1016/j.childyouth.2018.01.038
http://doi.org/10.1001/archinte.158.16.1789
http://doi.org/10.1001/archinte.163.7.821
https://cde.drugabuse.gov/instrument/f229c68a-67ce-9a58-e040-bb89ad432be4
https://cde.drugabuse.gov/instrument/f229c68a-67ce-9a58-e040-bb89ad432be4
http://doi.org/10.1037/a0016293
http://doi.org/10.1037/a0035770
Healthy_Minds_NCHA_COVID_Survey_Report_FINAL.pdf.
Healthy_Minds_NCHA_COVID_Survey_Report_FINAL.pdf.
http://doi.org/10.1136/bmj.i3857
http://doi.org/10.18276/cej.2018.1-03
http://doi.org/10.1161/JAHA.119.014587
http://doi.org/10.5665/sleep.2310
http://doi.org/10.1177/1559827614544437
http://doi.org/10.1001/archinte.158.17.1894
http://doi.org/10.1111/jsr.12078
http://doi.org/10.1038/ijo.2009.23
http://doi.org/10.1016/j.slsci.2016.04.003
http://doi.org/10.4103/SHB.SHB_16_18
http://doi.org/10.1155/2017/1364387
http://doi.org/10.1371/journal.pone.0071292
http://www.ncbi.nlm.nih.gov/pubmed/23967186
http://doi.org/10.1093/alcalc/ags037
http://doi.org/10.1016/j.jadohealth.2009.06.016
http://doi.org/10.1111/j.1532-7795.2009.00618.x


Clocks&Sleep 2021, 3 30

110. Schoenborn, C.; Adams, P.F. Sleep Duration as A Correlate of Smoking, Alcohol Use, Leisure-Time Physical Inactivity, and Obesity
among Adults: United States, 2004–2006. Available online: https://www.cdc.gov/nchs/data/hestat/sleep04-06/sleep04-06.pdf
(accessed on 11 September 2020).

111. Babor, T.F.; Steinberg, K.; Anton, R.; Del Boca, F. Talk is cheap: Measuring drinking outcomes in clinical trials. J. Stud. Alcohol
2000, 61, 55–63. [CrossRef]

112. Stein, M.D.; Friedmann, P.D. Disturbed sleep and its relationship to alcohol use. Subst. Abuse Off. Publ. Assoc. Med. Educ. Res.
Subst. Abuse 2005, 26, 1–13. [CrossRef]

113. Linde, L.; Bergström, M. The effect of one night without sleep on problem-solving and immediate recall. Psychol. Res. 1992, 54,
127–136. [CrossRef]

114. Nilsson, J.P.; Söderström, M.; Karlsson, A.U.; Lekander, M.; Akerstedt, T.; Lindroth, N.E.; Axelsson, J. Less effective executive
functioning after one night’s sleep deprivation. J. Sleep Res. 2005, 14, 1–6. [CrossRef]

115. Wimmer, F.; Hoffmann, R.F.; Bonato, R.A.; Moffitt, A.R. The effects of sleep deprivation on divergent thinking and attention
processes. J. Sleep Res. 1992, 1, 223–230. [CrossRef] [PubMed]

116. Roehrs, T.; Papineau, K.; Rosenthal, L.; Roth, T. Ethanol as a hypnotic in insomniacs: Self administration and effects on sleep and
mood. Neuropsychopharmacol. Off. Publ. Am. Coll. Neuropsychopharmacol. 1999, 20, 279–286. [CrossRef]

117. Prichard, J.R.; Hartmann, M.E. Follow-up to Hartmann & Prichard: Should universities invest in promoting healthy sleep?
A question of academic and economic significance. Sleep Health 2019, 5, 320–325. [CrossRef] [PubMed]

118. Center for Colegiate Mental Health (CCMH) 2017 Annual Report. Available online: https://nccpsafety.org/assets/files/library/
CCMH_2017_Annual_Report.pdf (accessed on 11 September 2020).

119. Hershner, S. Sleep and academic performance: Measuring the impact of sleep. Curr. Opin. Behav. Sci. 2020, 33, 51–56. [CrossRef]
120. Afandi, O.; Hawi, H.; Mohammed, L.; Salim, F.; Hameed, A.K.; Shaikh, R.B.; Al Sharbatti, S.; Khan, F.A. Sleep quality among

university students: Evaluating the impact of smoking, social media use, and energy drink consumption on sleep quality and
anxiety. Inq. J. 2013, 5, 1–3.

121. Hartmann, M.E.; Prichard, J.R. Calculating the contribution of sleep problems to undergraduates’ academic success. Sleep Health
2018, 4, 463–471. [CrossRef]

122. Levenson, J.C.; Miller, E.; Hafer, B.; Reidell, M.F.; Buysse, D.J.; Franzen, P.L. Pilot study of a sleep health promotion program for
college students. Sleep Health 2016, 2, 167–174. [CrossRef]

123. Hershner, S.; O’Brien, L.M. The impact of a randomized sleep education intervention for college students. J. Clin. Sleep Med.
JCSM Off. Publ. Am. Acad. Sleep Med. 2018, 14, 337–347. [CrossRef]

124. Friedrich, A.; Schlarb, A.A. Let’s talk about sleep: A systematic review of psychological interventions to improve sleep in college
students. J. Sleep Res. 2018, 27, 4–22. [CrossRef]

125. Cognitive Behavioral Therapy for Insomnia (CBT-I). Available online: https://www.sleepfoundation.org/insomnia/treatment/
cognitive-behavioral-therapy-insomnia (accessed on 5 January 2021).

126. Bowen, L. Assessing the effectiveness of online cognitive behavioral therapy in adults with chronic insomnia: A systematic
review and meta-analysis. Lynchburg J. Med. Sci. 2019, 1, 6.

127. Paxton, A.E.; Strycker, L.A.; Toobert, D.J.; Ammerman, A.S.; Glasgow, R.E. Starting the conversation: Performance of a brief
dietary assessment and intervention tool for health professionals. Am. J. Prev. Med. 2011, 40, 67–71. [CrossRef] [PubMed]

128. National Institute on Alcohol Abuse and Alcoholism (NIAAA). Available online: https://www.nih.gov/about-nih/what-we-
do/nih-almanac/national-institute-alcohol-abuse-alcoholism-niaaa (accessed on 11 September 2020).

129. AUDIT-C Frequently Asked Questions. Available online: https://www.queri.research.va.gov/tools/alcohol-misuse/alcohol-
faqs.cfm#6 (accessed on 5 August 2020).

130. Guo, S.; Sun, W.; Liu, C.; Wu, S. Structural Validity of the Pittsburgh Sleep Quality Index in Chinese Undergraduate Students.
Front. Psychol. 2016, 7, 1126. [CrossRef] [PubMed]

131. Beaudreau, S.A.; Spira, A.P.; Stewart, A.; Kezirian, E.J.; Lui, L.-Y.; Ensrud, K.; Redline, S.; Ancoli-Israel, S.; Stone, K.L. Validation
of the Pittsburgh Sleep Quality Index and the Epworth Sleepiness Scale in older black and white women. Sleep Med. 2012, 13,
36–42. [CrossRef] [PubMed]

132. Marques, D.; Gomes, A.A.; Meiavia, A.; Salgueiro, A.; Ribeiro, C.C.; Dischler, J. Reliability and initial validation of the Pittsburgh
Sleep Quality Index, European Portuguese version: A preliminary study in a sample of higher education students. Sleep Med.
2013, 14, e140. [CrossRef]

133. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.;
et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395.
[CrossRef] [PubMed]

134. Wuensch, K.L. Weighted means and unweighted means One-Way ANOVA 2014. Pers. Commun. 2014, 10, 1–2.
135. Wright, S.P. Adjusted P-Values for simultaneous inference. Biometrics 1992, 48, 1005–1013. [CrossRef]
136. Shan, G.; Gerstenberger, S. Fisher’s exact approach for post hoc analysis of a chi-squared test. PLoS ONE 2017, 12, e0188709.

[CrossRef]

https://www.cdc.gov/nchs/data/hestat/sleep04-06/sleep04-06.pdf
http://doi.org/10.15288/jsa.2000.61.55
http://doi.org/10.1300/J465v26n01_01
http://doi.org/10.1007/BF00937141
http://doi.org/10.1111/j.1365-2869.2005.00442.x
http://doi.org/10.1111/j.1365-2869.1992.tb00043.x
http://www.ncbi.nlm.nih.gov/pubmed/10607055
http://doi.org/10.1016/S0893-133X(98)00068-2
http://doi.org/10.1016/j.sleh.2019.01.006
http://www.ncbi.nlm.nih.gov/pubmed/30928496
https://nccpsafety.org/assets/files/library/CCMH_2017_Annual_Report.pdf
https://nccpsafety.org/assets/files/library/CCMH_2017_Annual_Report.pdf
http://doi.org/10.1016/j.cobeha.2019.11.009
http://doi.org/10.1016/j.sleh.2018.07.002
http://doi.org/10.1016/j.sleh.2016.03.006
http://doi.org/10.5664/jcsm.6974
http://doi.org/10.1111/jsr.12568
https://www.sleepfoundation.org/insomnia/treatment/cognitive-behavioral-therapy-insomnia
https://www.sleepfoundation.org/insomnia/treatment/cognitive-behavioral-therapy-insomnia
http://doi.org/10.1016/j.amepre.2010.10.009
http://www.ncbi.nlm.nih.gov/pubmed/21146770
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-alcohol-abuse-alcoholism-niaaa
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-institute-alcohol-abuse-alcoholism-niaaa
https://www.queri.research.va.gov/tools/alcohol-misuse/alcohol-faqs.cfm#6
https://www.queri.research.va.gov/tools/alcohol-misuse/alcohol-faqs.cfm#6
http://doi.org/10.3389/fpsyg.2016.01126
http://www.ncbi.nlm.nih.gov/pubmed/27551270
http://doi.org/10.1016/j.sleep.2011.04.005
http://www.ncbi.nlm.nih.gov/pubmed/22033120
http://doi.org/10.1016/j.sleep.2013.11.316
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://doi.org/10.2307/2532694
http://doi.org/10.1371/journal.pone.0188709

	Introduction 
	Results 
	Demographic and Anthropometric Information 
	Differences in Health Behaviors by Country 
	Differences in COVID-19 Pandemic-Influenced Health Behaviors by Country 
	Examination of Relationships between Sleep Quality and Duration Changes and Health Behaviors 

	Discussion 
	Differences in the Overall Influence of the COVID-19 Pandemic by Country 
	Health Behaviors among Students in Higher Education during the COVID-19 Pandemic 
	Health Behavior Analysis 
	Public Health Message 
	Strengths and Limitations 

	Materials and Methods 
	Study Design 
	Demographics 
	Assessment of Dietary Risk and Alcohol Misuse 
	Assessment of Sleep Quality and Duration 
	Assessment of Physical Activity and Sitting Time 
	Assessment of the Influence of the COVID-19 Pandemic on the Factors Described Above 
	Statistical Analysis 

	Conclusions 
	References

