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Objective: College Students’ sleep quality and daytime dysfunction have become
worse since the COVID-19 outbreak, the purpose of this study was to explore
the relationship between sleep quality and daytime dysfunction among college
students during the COVID-19 (Corona Virus Disease 2019) period.

Methods: This research adopts the form of cluster random sampling of online
questionnaires. From April 5 to 16 in 2022, questionnaires are distributed to
college students in various universities in Fujian Province, China and the general
information questionnaire and PSQI scale are used for investigation. SPSS26.0
was used to conduct an independent sample t-test and variance analysis on the
data, multi-factorial analysis was performed using logistic regression analysis. The
main outcome variables are the score of subjective sleep quality and daytime
dysfunction.

Results: During the COVID-19 period, the average PSQIl score of the tested
college students was 6.17 + 3.263, and the sleep disorder rate was 29.6%, the
daytime dysfunction rate was 85%. Being female, study liberal art/science/
engineering, irritable (due to limited outdoor), prolong electronic entertainment
time were associated with low sleep quality (p <0.001), and the occurrence of
daytime dysfunction was higher than other groups (p < 0.001). Logistics regression
analysis showed that sleep quality and daytime dysfunction were associated with
gender, profession, irritable (due to limited outdoor), and prolonged electronic
entertainment time (p <0.001).

Conclusion: During the COVID-19 epidemic, the sleep quality of college students
was affected, and different degrees of daytime dysfunction have appeared, both
are in worse condition than before the COVID-19 outbreak. Sleep quality may was
inversely associated with daytime dysfunction.
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1. Introduction

One-third of a person life is spent in sleep. The quality of sleep
often determines the quality of personal life (1, 2). With the
accelerating pace of life in contemporary society, different degrees of
sleep problems and daytime dysfunction have emerged. Before the
outbreak of the COVID-19 epidemic, more than 200 million people
in China had varying degrees of sleep quality problems and daytime
dysfunction (1). Since the outbreak of the COVID-19 epidemic,
according to the Chinese People’s Sleep Quality Report (2020), about
nearly 300 million people in China have different degrees of sleep
quality problems and daytime dysfunction, and nearly two-thirds of
them claim that they suffer from insomnia and other symptoms (2, 3).
College students who are in the late stage of adolescence and about to
enter society are sensitive to changes in the external environment.
Sleep problems and daytime dysfunction of this group have become
more severe under the influence of changes in study and life patterns,
and epidemic prevention policies in the COVID-19 era (4, 5). Recent
studies have showed that 36.1-50.1% of college students had different
degrees of sleep quality problems and daytime dysfunction (6). In
2022, due to the recurrence of the COVID-19 epidemic, colleges and
universities insisted on the general strategy of “external prevention of
importation and internal prevention of rebound” (Specific actions
include tightening controls on the student movement in COVID-19
epidemic regions and boosting isolation and supervision of people
accessing the campus, ensuring that students do not leave campus
unless required, and so on. Before the COVID-19 outbreak, these
measures had never been implemented.), scientifically formulated the
spring back-to-school program, and strengthened the health
management of teachers, students, and staff returning to school.
Hence, the study and life patterns of college students have changed
significantly. The purpose of this study is to understand and evaluate
the sleep quality of college students during the COVID-19, to explore
its relationship with daytime dysfunction, and to participate in
investigating the sleep quality reports of students in each university
during COVID-19.

2. Materials and methods

2.1. Study design

This study is a cross-sectional study with a whole random
sampling form of an online questionnaire, which was distributed to
college students in Fujian Province, China from April 5 to 16, 2022,
and filled out by students voluntarily and anonymously. The survey
has returned 6,993 questionnaires, covering 33 colleges and
universities in Fujian Province. Among them, 5,379 questionnaires
were valid, and the recovery efficiency was 76.9%.

2.2. Methodology of the study

2.2.1. Sample size

The sample size was determined according to the formula (7)

(n= uzarr(l—ﬂ)
n7752

disorders. In order to minimize the error, we set & as 0.3 [Based on the

). @ is the detection rate of college students’ sleep

Frontiers in Public Health

10.3389/fpubh.2023.1253834

reference (6)]. 8 is the allowable error, it is the maximum error of the
sample rate and the overall rate that should be controlled range, we set
the allowable error is 0.01w. We set ¢ as 0.05, a confidence interval is
taken as 95%, then the corresponding p is 1.96. Using this method,
we determine that n is 4,482 (people), and considering the 20% lost
interview rate, 5,379 people need to be surveyed.

2.2.2. Questionnaire development

The questionnaire was first developed in English and then
translated into Chinese, and a literature review, clinical expert
discussion, and validation were conducted to check the reliability and
validity related to the development of the questionnaire. The
Pittsburgh Sleep Quality Index scale (8) with high reliability and
validity was used, and then the online questionnaire design tool (Sleep
Medicine Research Management Platform) was used to form an
online questionnaire. After the questionnaire was formed, whole-
group random sampling was conducted online, and the questionnaire
was distributed to college students in Fujian Province, China from
April 5 to 16, 2022. The study was approved by the Ethics Committee
of the Second Affiliated Hospital of Fujian Medical University. Prior
to completing the survey, participants were informed that participation
was voluntary and that their data were anonymous. Study participants
consented to their participation in the survey being published. The
Questionnaire development process is shown in Figure 1.

2.2.3. Questionnaire quality control

To ensure the quality of the questionnaire itself, we have
conducted literature review, clinical expert discussion, and validation.
To ensure the quality of respondents filling out the questionnaire,
we performed a logical relationship validation of the questionnaire,
such that some of the question options are mutually exclusive or
inclusive. We set a certain number of questions and screened out the
questionnaires with inconsistent answers to these questions. In
addition, we measured the response time and screened out the
questionnaires where the response time was less than 5min. In
addition, to limit duplication, each IP address and cell phone number
can only fill out the questionnaire once. Finally, we conducted manual
screening after the questionnaires were collected, and the
questionnaires with disorderly or negative answers were invalidated.

2.2.4. General information questionnaire

1) General information: It contains basic information such as age,
gender, school, and major.

2) Study and life situation survey: It contains lifestyle (diet,
exercise situation) and study situation (online class study
status) during the COVID-19 epidemic.

3) Compliance survey: Whether you are willing to accept
nighttime sleep quality monitoring? (in the form of wearable
devices or smart bracelets); whether you are willing to accept
follow-up?

2.2.5. Pittsburgh sleep quality index

The PSQI scale was developed by scholars Buysse (8) and others
and then revised by scholars Liu (9) and others. The PSQI scale was
used to assess the sleep quality of subjects in the last month, and its
Chinese version has good reliability with a retest reliability of 0.81, a
sensitivity of 98.3%, and a specificity of 90.2% (10). The Cronbach’s o
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FIGURE 1
The questionnaire development process.

with Chinese version is 0.842 (9). After the survey, the discrete and
missing data were removed according to the demographic data
indicators, and the relevant items were analyzed with high internal
consistency (Cronbach’s a=0.859). The PSQI scale consists of 18
items, which is divided into 7 components. The components include
sleep quality (A), time to fall asleep (B), sleep duration (C), sleep
efficiency (D), sleep disturbance (E), hypnotic drug use (F), and
daytime dysfunction (G). Each component is scored on a scale of 0-3,
and the cumulative score of each component is the total PSQI score,
which ranges from 0 to 21, with higher scores indicating poorer sleep
quality. 0-5 is considered good sleep quality, 6-10 is fair sleep quality,
11-15 is poor sleep quality, and 16-21 is worse sleep quality. A total
PSQI score>7 is the criteria for determining sleep disorders (11).
There is one item abnormality in the daytime dysfunction score, which
is identified as a daytime dysfunction (Daytime dysfunction
score>1) (12).

2.3. Date analysis

In this study, SPSS26.0 software was used to analyze the data.
SPSS26.0 was used to conduct an independent sample t-test and
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variance analysis on the data, as well as to determine whether the
differences among variables were statistically significant through the
significant differences of each component, to test whether there were
mediating effects among variables. Multi-factorial analysis was
performed using logistic regression analysis. Differences were
considered statistically significant at p <0.05. The measurement data
conforming to normal distribution were expressed as mean + standard
deviation, those not conforming to normal distribution were
expressed as median (interquartile spacing), and the count data were
expressed as rate or composition ratio. In addition, all statistical tests
were two-sided (a=0.05).

3. Results

3.1. General status of tested college
students

The age range of this sample is 17-25years old, and the average
age is “19+1.4” years old. There were 1714 (31.9%) males and 3,665
(68.1%) females. There were 2,251 (41.8%) liberal arts majors, 2037
(37.9%) science and engineering majors, and 1,091 (20.3%)
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TABLE 1 General status of tested college students (n, %).

10.3389/fpubh.2023.1253834

Variables = Categories Participants Constituent ratio
Gender
Male 1714 31.9
Female 3,665 68.1
Major
Liberal Arts 2,251 41.8
Science and Engineering 2037 37.9
Medical-related 1,091 20.3
Grades
Graduation Class 376 7
Non-graduation Class 5,003 93
BMI
<18.5 1,221 22.7
[18.5,24] 3,295 61.3
[24,28) 598 11.1
>28 265 4.9
Colleges and Universities
Project 211/985 Colleges and Universities (National Key Colleges and Universities) 246 4.6
General Undergraduate of Colleges and Universities 4,229 78.6
General Vocational Colleges and Universities 904 16.8
Residence
FuZhou 1,003 18.6
XiaMen 109 2
QuanZhou 1,318 245
LongYan 1772 32.9
NanPing 238 4.4
NingDe 128 2.4
PuTian 37 0.7
SanMing 595 11.1
ZhangZhou 179 33

medical-related majors. There were 376 students (7.0%) in the
graduating class and 5,003 students (93.0%) in the non-graduating
class. Other demographic information is shown in Table 1 and
Figure 2.

3.2. Comparison of sleep quality and
demographic differences among college
students

In this study, the mean PSQI total score of college students during
the COVID-19 epidemic was 6.17 +3.263. Differences in scores were
correlated with gender, major, irritable (due to limited outdoor), and
the time spent on electronic devices for entertainment was prolonged,
and was not statistically significantly related to district and BMI; The
differences in sleep disorder rates among college students were
statistically significantly correlated with gender, major, irritable (due
to limited outdoor), the time spent on electronic devices for

Frontiers in Public Health

entertainment was prolonged, and district, and was not statistically
significantly related to BMI. Among 5,379 college students, the
number of poor sleep quality was 1,594, the rate of sleep disorders was
29.6%, the rate of daytime dysfunction was 85% (The percentage of
daytime dysfunction scores 1-2 was 31%, scores 3—4 was 33%, scores
5-6 was 21%.). Other information is summarized in Table 2 and
Figure 3.

3.3. Binary logistic regression—good and
bad sleep quality

The PSQI score was used as the dependent variable (bad sleep
quality =1, good sleep quality=0), and gender, major, irritable (due to
limited outdoor), the time spent on electronic devices for
entertainment was prolonged, and the district was used as independent
variables in a multi-factorial unconditional logistic regression analysis
(inclusion criteria were p <0.05 and exclusion criteria were p >0.10).
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The rows with  of 0 and OR of 1 in Table 3 were used as controls. The
results of the analysis showed that female, liberal arts and science
engineering, irritable (due to limited outdoor), the time spent on
electronic devices for entertainment was prolonged, and Quanzhou
city, Zhangzhou city, and Longyan city in the district were statistically
significantly associated with better or worse sleep quality during the
COVID-19 epidemic under the corresponding controls. This is
summarized in Table 3 and Figure 4.

3.4. Ordered multi-categorical logistic
regression-sleep quality(A)/daytime
dysfunction(G)

The outcome variables include sleep quality (A) and daytime
dysfunction (G): A/G item score was the dependent variable (very
good=0, better=1, worse=2, very bad=3), and gender, major,
irritable (due to limited outdoor), the time spent on electronic devices
for entertainment was prolonged, and district were the independent
variables in an ordered multi-categorical logistic regression (method:
Fisher). The rows with f of 0 and OR of 1 in Tables 4, 5 were used
as controls.

The results of the analysis (Table 4 and Figure 5) showed that the
sleep quality of females was worse than males during the COVID-19
epidemic; The sleep quality of the population of liberal arts and
science and engineering was worse than medical-related, especially in
the liberal arts; The sleep quality of those who felt irritable with
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restricted access to the outside and those with prolonged electronic
entertainment time were both worse than the average population. The
variables follow a hierarchical order of sometimes conforming, often
conforming, and always conforming. There was no statistically
significant difference in sleep quality between the study districts.
The other results (Table 5 and Figure 6) showed that the
proportion and degree of daytime dysfunction in men were lower than
those in women; Daytime dysfunction in medical-related majors was
better than that in liberal arts and science and engineering, with
liberal arts being more serious than science and engineering; Daytime
dysfunction in those who felt irritable when they were restricted from
going out and those who spent more time on electronic entertainment
showed different degrees of increase compared with the normal
population, and the variables that are sometimes conforming, often
conforming, and always conforming are progressive step-by-step; The
daytime dysfunction of the population in Fuzhou city, Xiamen city,
and Longyan city were more severe than that of the normal population,
while the population in other district had no statistical significance.

4. Discussion

This is the first study to explore the relationship between sleep
quality and daytime dysfunction in Chinese people during the
COVID-19 epidemic. We found that Sleep quality and daytime
dysfunction among Chinese college students were affected during
the COVID-19 epidemic and were more severe than before the
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TABLE 2 Comparison of sleep quality among college students in different demographic groups (n, %, X +S).

he The rate of
Variables Categories alflual oo ilea:epe - e t/F
poor s!eep SFeeelEs score
e[VE1114Y
Gender
Male 442 25.8 5.6+3.397 —6.944 <0.001 17.846 <0.001
Female 1,152 31.4 6.28+3.195
Major
Liberal arts 770 34.2 6.42+3.228
23.803 <0.001 40.868 <0.001
Science and engineering 554 27.2 5.86+3.286
Medical-related 270 247 5.71+3.286
BMI
<18.5 362 29.6 6.10+3.253
[18.5,24] 983 29.8 6.07+3.273 0.903 0.856 0.854 0.837
[24,28] 168 28.1 5.89+3.321
>28 81 30.6 6.25+3.303
Feel irritable when restricted from going out
Do not conform 400 19.4 5.03+3.092
Sometimes conform 694 30.9 6.34+2.994 156.445 <0.001 261.945 <0.001
Often conform 269 44.3 7.10£3.230
Always conform 231 50.2 7.93+3.870
The time spent on electronic devices for entertainment was prolonged
Do not conform 292 18 4.82+3.138
Sometimes conform 631 27.8 6.06+2.958 192.764 <0.001 319.122 <0.001
Often conform 409 40.5 7.10+3.181
Always conform 262 55.5 8.12+3.574
Residence
FuZhou 343 342 6.37+3.333
XiaMen 42 38.5 6.72+£3.238
QuanZhou 400 30.3 6.10+3.380
LongYan 431 24.3 5.77+3.106
4.972 0.026 48.52 <0.001
NanPing 66 27.7 5.71+3.312
NingDe 39 30.5 6.26+3.534
PuTian 9 24.3 5.54+2.501
SanMing 196 329 6.14+3.272
ZhangZhou 68 38 6.73+3.434

The first value of p corresponds to the t/F test and the second value of p corresponds to the chi-square test.

outbreak of COVID-19. We found that the average PSQI score of
the tested Chinese college students was 6.17+3.263, the sleep
disorder rate was 29.6% (PSQI score>7), the daytime dysfunction
rate was 85% (Daytime dysfunction score>1. Among them, The
percentage of daytime dysfunction scores 1-2 was 31%, scores 3-4
was 33%, scores 5-6 was 21%). In terms of demographic
characteristics, the sleep quality of the group with female, liberal
arts and science and engineering was worse than that of other
groups, and the occurrence of daytime dysfunction was higher than
other groups. Logistics regression analysis showed that sleep quality
and daytime dysfunction were associated with gender, profession,
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irritable (due to limited outdoor), and prolonged electronic
entertainment time.

Due to the rapid development of science and engineering, social
life is changing rapidly, and the social pressure faced by each person
has increased steeply (4, 13). Sleep problems and daytime dysfunction
can often appear under these pressures (Among the daytime
dysfunction are the following (14): ®Weakness or overall illness;
®@Diminished ability to pay attention, maintain focus, or remember
things; @Diminished capacity for learning, working, or socializing;
@Erratic or irritable moods; ®Daytime drowsiness; ®Loss of Interest
and Energy; @Increased propensity to make mistakes while working
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FIGURE 3
Comparison of PSQI scores, including gender, major, grades, BMI, colleges and universities, and residence.

or driving; ®Tension, headache, or other somatic symptoms associated
with sleep loss; ®Excessive worry about sleep.) (6, 12, 15). The number
of college students group continues to increase. Employment pressure,
academic pressure, interpersonal pressure, and other problems
continue to emerge under the influence of the COVID-19 epidemic.
In such cases, the sleep problems of this group must be addressed and
taken seriously (16). A survey by scholars (6, 17) in 2018 showed that
the prevalence of sleep disorders was 18.3%, a survey in 2019 showed
that the prevalence of sleep disorders was 33.3%, and a survey in 2020
showed that the prevalence of sleep disorders was 35.1%. The “2021
China Sleep Index Report” released by China in 2021 also showed that
sleep problems are becoming more prevalent and severe. Since the
COVID-19 epidemic, the sleep quality of college students is gradually
decreasing, the rate of sleep disorders continues to increase, and
daytime dysfunction is growing.

In the context of the recurrence of the COVID-19 epidemic, this
study found that the population of those with very good and better
sleep quality in component A of the PSQI scale accounted for 40%, and
its proportion was not much different from the proportion of those
with very good sleep quality corresponding to the total PSQI score,
indicating that the PSQI evaluation has a certain degree of reliability
and authenticity (9). In the component BCD, the cumulative score of
sleep time was 86% for people with less than 4 points; The sleep time
was 84% for people with more than 6h of sleep, but only 32% of them
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had more than 7h; The sleep efficiency was 82% for people with more
than 75%, but only 52% of them had more than 85% efficiency. The
difference between the three ratios is not significant, which suggests
that because patients have longer sleep time and ordinary sleep
efficiency, then the sleep time also decreases to a different extent. This
may be due to the fact that during the COVID-19 epidemic period,
some college students had large mood swings and failed to regulate
their emotions in a timely and reasonable manner, and they passively
coped with the changes brought about by the COVID-19 epidemic,
which affected sleep time and sleep efficiency in a certain extent, and
thus reduced sleep time when the next day’s study and living time was
scheduled (5, 18). In the accompanying component EG, only 14% of
the population had a cumulative score of 0 for a sleep disorder, and the
remaining 86% of the population had different degrees of sleep
disorder, of which 53% of the population had a cumulative score of 10
or more; At the same time, only 15% of the population had a
cumulative score of 0 for daytime dysfunction,85% of the population
had different degrees of daytime dysfunction, and 54% of the
population had more serious dysfunction. The percentage of people
with different degrees of daytime dysfunction was 85%, and the
percentage of people with more serious dysfunction was 54%. This
suggests that shortened sleep duration and reduced sleep efficiency can
lead to different degrees of sleep disorders and daytime dysfunction
compared to before the COVID-19 epidemic (1-3, 19, 20). On the one
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TABLE 3 Multi-factor logistic regression analysis of college students’ sleep quality (ending with good or bad sleep quality).

Factors Variables OR (95%Cl)
Constants —2.179 316.6299976 0.113 <0.001
Gender
Male 0.000 1
Female 0.107 2.12 1.112(0.964-1.284) 0.145
Major
Liberal arts 0.607 35.595 1.834(1.503-2.239) <0.001
Science and engineering 0.417 14.734 1.517(1.226-1.876) <0.001
Medical-related 0.000 36.648 1 <0.001
Feel irritable when restricted from going out
Always conform 1.123 95.103 3.073(2.452-3.851) <0.001
Often conform 0.996 92.720 2.709(2.211-3.317) <0.001
Sometimes conform 0.487 41.361 1.628(1.403-1.889) <0.001
Do not conform 0.000 144.574 1 <0.001
The time spent on electronic devices for entertainment was prolonged
Always conform 1.390 138.122 4.016(3.185-5.064) <0.001
Often conform 0.870 83.001 2.386(1.979-2.876) <0.001
Sometimes conform 0.391 22.144 1.479(1.256-1.741) <0.001
Do not conform 0.000 172.152 1 <0.001
Residence
FuZhou 0.678 14.063 1.970(1.382-2.807) <0.001
XiaMen —0.047 0.216 0.955(0.785-1.161) 0.642
QuanZhou —0.409 18.528 0.664(0.551-0.800) <0.001
LongYan —0.087 0.265 0.916(0.657-1.278) 0.607
NanPing —0.059 0.076 0.943(0.621-1.431) 0.783
NingDe —0.283 0.492 0.754(0.342-1.662) 0.483
PuTian —0.024 0.040 0.976(0.773-1.233) 0.841
SanMing 0.269 1.554 1.309(0.857-2.000) 0.213
ZhangZhou 0.000 48.847 1 <0.001

*f is the regression coefficient of logistic regression analysis, which indicates how many units a dependent variable increases or decreases if the other independent variables are unchanged.
"Wald y* is equal to $ divided by its standard error squared, and is used to test whether the partial regression coefficient 4 of logistic whether is equal to 0 (The rows with # of 0 and OR of 1 in

this table were used as controls.). OR, Odds ratio; CI, Confidence interval.

hand, this may be due to the fact that most college students are unable
to arrange their studies and lifetime rationally in the context of the
recurrent COVID-19 epidemic and failed to actively cope with the
adverse effects of the COVID-19 epidemic (21). Thus, on the basis of
the shortened sleep time and reduced sleep efficiency, they are unable
to regulate their own life rhythm which resulted in the successive
emergence of sleep disorders and daytime dysfunction; On the other
hand, it either stems from the fear of uncertainty and variability of the
COVID-19 epidemic, combined with the failure to relieve it in a timely
manner, which in turn causes increased sleep disturbances and
daytime dysfunction (22, 23).

It is important to note that the number of people using hypnotic
drugs in Component F was only 5%, which indicates that even though
the surveyed population had a significant degree of poor sleep quality,
they were still reluctant to use hypnotic drugs (such as Estazolam,
Zopiclone, Oryzanol Tablets, and so on). But perhaps it was the
reluctance to use drugs that led to the worsening of sleep problems

Frontiers in Public Health

and coupled with the complex environmental impact of the epidemic,
which in turn led to a continued decrease in sleep quality (5, 24, 25).
On the basis of the total PSQI score, the comparison of PSQI
component A and G showed that the proportion of people with very
good or better sleep quality and those with no or little daytime
dysfunction was similar, which means to some extent that people with
good sleep quality tend to be energetic in their daily work and study
life and rarely have daytime dysfunction such as sleepiness. This is
probably because these people can correctly cope with the adverse
impact of the COVID-19 epidemic, timely grasp their own life and
learning rhythm, and actively overcome the challenges brought by
changes in the surrounding environment to ensure that they are only
minimally affected or even not affected by the COVID-19 epidemic in
the context of recurrent epidemics (2, 5, 6, 26, 27).

The results of this study showed that women had higher rates of
sleep disturbance and poorer sleep quality than men during the
COVID-19 epidemic and had a higher proportion and severity of
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FIGURE 4
Protective and risk factors of multi-factor logistic regression analysis of college students’ sleep quality (Ending with good or bad sleep quality).

daytime dysfunction than men, which may be due to the physiological
characteristic that women are more sensitive to the external
environment and have higher risk perception than men, and this
characteristic may be exacerbated in response to environmental
changes in the context of recurrent COVID-19 epidemics (5, 28). It is
possible that the medical-related population has better sleep quality
and less daytime dysfunction than the liberal arts and science and
engineering, possibly because the medical-related population has a
more comprehensive and specific understanding of the COVID-19
epidemic and can make better judgments and more appropriate
adjustments (29). Among them, the poor sleep quality and daytime
dysfunction of the liberal arts population are more severe than those
of the science and engineering population, probably because the
liberal arts population perceives changes more carefully and thus
responds to environmental changes in a more complex way, while the
science and engineering population is less affected because of a deeper
understanding of the inner nature of things (4, 5, 28, 29). Those who
feel irritable when they are restricted from going out and those who
spend more time on electronic entertainment have poorer sleep
quality than other groups, and daytime dysfunction is also more
severe than other groups. This is probably due to the fact that the
quality of sleep was reduced because of the restriction of going out,
irritability, and the reduction of recreational activities (5, 6); Based on
this situation, the use of electronic devices is prolonged to relax, but
the next day’s class time is relatively fixed, thus affecting the quality of
sleep, and in a vicious circle, which in turn affects daytime dysfunction
(4-6, 29). It is worth mentioning that this phenomenon is more
significant in the district where the COVID-19 epidemic is recurrent,
such as Fuzhou city and Xiamen city. In these cities, the COVID-19
epidemic is being prevented and controlled with stronger procedures,
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such as prohibiting students from leaving school except in life-
threatening situations and quarantining and monitoring visitors and
departing campus for at least 2 weeks (Before the COVID-19 outbreak,
these procedures had never been implemented).

It should be noted that the proportion of those who always and
often conformed to the restriction of going out and feeling irritable
and the prolongation of electronic entertainment increased
significantly compared to those who did not, and the proportion of
poor sleep quality and daytime dysfunction that accompanied them
also increased significantly, while gender and major had a certain
degree of influence on sleep quality and daytime dysfunction, but less
than the two. This suggests that it is the main reason for the emergence
of poor sleep quality and daytime dysfunction among college students
during the COVID-19 epidemic. This may be because the COVID-19
epidemic had a negative impact on the cognitive ability of some
college students, which led to their irritability and depression, and the
superimposed effect of psychological factors such as irritability and
prolonged electronic entertainment time, in which sleep disorders and
daytime dysfunction emerged and worsened one after another (19, 21,
26, 29); On the contrary, although factors such as gender and major
all had an impact to some extent, the superimposed possibility or
superimposed effect due to the epidemic was relatively small (19, 29).

In conclusion, the situation of sleep quality and daytime dysfunction
is not optimistic among college students in the context of recurrent
epidemics. It is urgent to implement individualized measures to alleviate
and improve the physical and mental health of college students, such as
correctly guiding college students’ cognition of the COVID-19
epidemic, establishing confidence in overcoming the COVID-19
epidemic, providing social support to relieve the stress load, carrying
out special lectures and publicity, holding offline fellowship activities on
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TABLE 4 Multi-factor logistic regression analysis of sleep quality among college students (Sleep quality/A).

Factors @ Variables B Wald 22 OR(95%Cl) [
Threshold(A)
Very good 0.000 1
Better —0.185 4.004 0.831(0.694-0.996) 0.045
Worse 2.303 543.647 10.003(8.243-12.140) <0.001
Very worse 4.618 1471.013 101.251(0.970-1.226) <0.001
Gender
Male 0.000 1
Female 0.087 2.113 1.091(0.970-1.226) 0.146
Major
Liberal arts 0.403 24.166 1.497(1.274-1.758) <0.001
Science and engineering 0.282 10.547 1.326(1.118-1.572) <0.001
Medical-related 0.000 1
Feel irritable when restricted from going out
Always conform 1.143 125.496 3.137(2.569-3.832) <0.001
Often conform 0.864 90.375 2.372(1.985-2.834) <0.001
Sometimes conform 0.587 92.381 1.799(1.596-2.028) <0.001
Do not conform 0.000 1
The time spent on electronic devices for entertainment was prolonged
Always conform 1.248 143.040 3.483(2.839-4.273) <0.001
Often conform 1.042 166.867 2.835(2.420-3.320) <0.001
Sometimes conform 0.620 91.447 1.859(1.637-2.111) <0.001
Do not conform 0.000 1
Residence
FuZhou 0.173 1.224 1.189(0.875-1.614) 0.269
XiaMen —0.194 5.207 0.823(0.697-0.973) 0.022
QuanZhou —0.268 11.647 0.765(0.656-0.892) 0.001
LongYan —0.468 10.936 0.626(0.474-0.826) 0.001
NanPing 0.097 0.294 1.101(0.777-1.562) 0.588
NingDe —0.389 1.461 0.678(0.361-1.274) 0.227
PuTian —0.398 15.130 0.672(0.550-0.821) 0.000
SanMing —0.080 0.176 0.923(0.634-1.343) 0.675
ZhangZhou 0.000 1

*f is the regression coefficient of logistic regression analysis, which indicates how many units a dependent variable increases or decreases if the other independent variables are unchanged.
"Wald y? is equal to § divided by its standard error squared, and is used to test whether the partial regression coefficient f3 of logistic whether is equal to 0 (The rows with 8 of 0 and OR of 1 in

Table 4 was used as controls.). OR, Odds ratio; CI, Confidence interval.

campus, applying a music therapy, and easing the epidemic control and
prevention measures if circumstances permit in order to improve the
current situation of poor sleep quality and daytime dysfunction among
college students caused by the COVID-19 epidemic (1, 10, 17, 30).

It is noteworthy to mention that colleges and universities
worldwide implemented diverse precautionary measures at varying
stages of the COVID-19 situation. A number of colleges and universities
around the world adopted stringent COVID-19 prevention measures
such as mandatory mask-wearing on campus, promoting distance
learning, and suspending offline experiments (31-33). While students’
sociocultural backgrounds and customs might differ, it was observed
that many experienced sleep disturbances due to concerns regarding
the epidemic, familial issues, and academic performance (3-6, 32, 33).

Frontiers in Public Health

5. Strengths and limitations

This study’s strength was its substantial sample size, which gave
it the power to find significant relationships. A questionnaire is also
more practical and economical for a large-scale population survey,
although having a potential for lower specificity than laboratory tests.

Some potential limitations of the study merit discussion. First, the
causality of the observed relationships in this study could not
be established because of the cross-sectional nature of the study.
Second, all sleep quality and daytime dysfunction information were
collected via self-reporting, and objective measures of sleep quality and
daytime dysfunction were not available in the study. Misclassification
and recall bias could be introduced. Third, the scope of the clinical
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TABLE 5 Multi-factor logistic regression analysis of sleep quality among college students (Daytime dysfunction/G).

Factors | Variables B Wald 22 OR(95%Cl) [
Threshold(G)
Very good 0.000 1
Better 0.723 63.658 2.060(1.725-2.461) <0.001
Worse 2.255 556.638 9.539(7.909-11.505) <0.001
Very worse 4.070 1484.867 58.584(47.628-72.060) <0.001
Gender
Male 0.000 1
Female 0.270 22.015 1.311(1.171-1.467) <0.001
Major
Liberal arts 0.413 27.209 1.511(1.294-1.765) <0.001
Science and engineering 0.349 22.205 1.483(1.258-1.748) <0.001
Medical-related 0.000 1
Feel irritable when restricted from going out
Always conform 1.208 149.631 3.348(2.759-4.063) <0.001
Often conform 0.937 115.492 2.553(2.152-3.028) <0.001
Sometimes conform 0.648 122.920 1.911(1.704-2.143) <0.001
Do not conform 0.000 1
The time spent on electronic devices for entertainment was prolonged
Always conform 1.914 346.763 6.779(5.542-8.291) <0.001
Often conform 1.348 299.414 3.851(3.306-4.487) <0.001
Sometimes conform 0.727 139.908 2.090(1.849-2.361) <0.001
Do not conform 0.000 1
Residence
FuZhou 0.345 5.207 1.412(1.050-1.899) 0.022
XiaMen 0.293 12.676 1.340(1.141-1.574) <0.001
QuanZhou 0.348 21.086 1.416(1.220-1.642) <0.001
LongYan 0.311 5.265 1.365(1.046-1.780) 0.022
NanPing 0.181 1.112 1.199(0.856-1.679) 0.292
NingDe 0.19 0.383 1.210(0.662-2.211) 0.536
PuTian 0.258 6.902 1.295(1.068-1.570) 0.009
SanMing 0.791 18.399 2.207(1.537-3.168) <0.001
ZhangZhou 0.000 1

*f is the regression coefficient of logistic regression analysis, which indicates how many units a dependent variable increases or decreases if the other independent variables are unchanged.
"Wald y? is equal to § divided by its standard error squared, and is used to test whether the partial regression coefficient 4 of logistic whether is equal to 0 (The rows with # of 0 and OR of 1 in

Table 5 was used as controls.). OR, Odds ratio; CI, Confidence interval.

implications of our findings were constrained by the subjective global
evaluation of sleep quality and daytime dysfunction in this investigation.
Fourth, worse sleep quality and daytime dysfunction may be related not
only to home isolation and offline learning due to the epidemic, but it
is also possible that it is related to poor lifestyle habits of the subject
population, such as smoking, drinking, staying up late, and irregular
work and rest (34, 35). In addition, it should be noted that the
COVID-19 epidemic also exacerbates these poor habits. Since women
are more susceptible to environmental influences than men, and the
recurrence of epidemics brings about enormous environmental
changes, the large and substantial depression in sleep quality does not
exclude the reason for the predominance of women in the subject
population (36).

Frontiers in Public Health

6. Conclusion

During the COVID-19 epidemic, college students’ sleep quality
has been affected, with varying degrees of daytime dysfunction, both
are in worse condition than before the COVID-19 outbreak. Sleep
quality may have been negatively associated with daytime dysfunction.
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FIGURE 5

Protective and risk factors of multi-factor logistic regression analysis of sleep quality among college students (Sleep quality/A).
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Protective and risk factors of multi-factor logistic regression analysis of sleep quality among college students (Daytime dysfunction/G).

References

1. Gao R, Lv Y, Li XM, Zhou K, Jin X, Dang S, et al. Effects of comprehensive sleep
management on sleep quality in university students in mainland China. Sleep Biol
Rhythms. (2014) 12:194-202. doi: 10.1111/sbr.12063

2. Zhang SS, Liu ZH. Impcat of social network upward social comparison on sleep
quality in college students:the effect of online social anxiety and optimistic personality.
Chin ] Health Psychol. (2022) 30:1728-33. doi: 10.13342/j.cnki.cjhp.2022.11.023

3. Yang Y, Mao J, Ye Z, Zeng X, Zhao H, Liu Y, et al. Determinants of sleep quality
among pregnant women in China: a cross-sectional survey. ] Matern Fetal Neonatal Med.
(2018) 31:2980-5. doi: 10.1080/14767058.2017.1359831

4. Gulia KK, Kumar VM. Importance of sleep for health and wellbeing amidst
COVID-19 pandemic. Sleep Vigil. (2020) 4:49-50. doi: 10.1007/s41782-020-00087-4

5. Batra K, Sharma M, Batra R, Singh TP, Schvaneveldt N. Assessing the psychological
impact of COVID-19 among college students: an evidence of 15 countries. Healthcare
(Basel). (2021) 9:222. doi: 10.3390/healthcare9020222

6. Chen JY, Wu R. Relations of sleep quality to depression and anxiety in college
students. Chin ] Health Psychol. (2021) 29:608-14. doi: 10.13342/j.cnki.
cjhp.2021.04.028

7. Yang SZ, Gao SK, Bai DM. A study on the correlation between sleep quality and
depression in college students:taking a University in Gansu Province as an example. J
Hexi University. (2022) 38:32-8. doi: 10.13874/j.cnki.62-1171/g4.2022.02.005

8. Buysse DJ, Reynolds CE, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep
quality index. New Instrument for Psychiatric Prac Res Psychiatry Res. (1989) 28:193-213.
doi: 10.1016/0165-1781(89)90047-4

9. Liu XC, Tang MQ, Hu L. Reliability and validity of the Pittsburgh sleep quality
index. Chinese J Psychiatry. (1996) 29:103-7.

10. 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. doi: 10.3389/
fpsyg.2016.01126

11. Zheng W, Chen Q, Yao L, Zhuang ], Huang J, Hu Y, et al. Prediction models for
sleep quality among college students during the COVID-19 outbreak: cross-sectional
study based on the internet new media. ] Med Internet Res. (2023) 25:e45721. doi:
10.2196/45721

Frontiers in Public Health

13

12. Lin CH, Hsu NW, Chen HC, Chou P. The concomitant pattern of association
between subjective global sleep quality and daytime dysfunction in hypnotic-treated older
adults: the Yilan study. Taiwan Nat Sci Sleep. (2022) 14:567-79. doi: 10.2147/NSS.S353141

13.Irwin MR, Opp MR. Sleep health: reciprocal regulation of sleep and innate
immunity. Neuropsychopharmacology. (2017) 42:129-55. doi: 10.1038/npp.2016.148

14. American Academic of sleep Medicine. International classification of sleep
disorders In: ed. American Sleep Disorders Association, Rochester, Minnesota.
Diagnostic and coding mutual. 2nd ed. Westchester: One Westbrook (2005).

15. Yang PL, Burr RL, Buchanan DT, Pike KC, Kamp K], Heitkemper MM. Indirect
effect of sleep on abdominal pain through daytime dysfunction in adults with irritable
bowel syndrome. J Clin Sleep Med. (2020) 16:1701-10. doi: 10.5664/jcsm.8658

16. Fang BJ, Liu CX, Yao JC. Meta-analysis to results on the sleep quality of college
students in China during recent 2 decades. Modern Preven Med. (2020) 47:3553-6.

17.LiJ, Liu W, Yu BL. Canonical correlation analysis on sleep quality and quality of
life among college students. Acta Universitatis Medicinalis Anhui. (2019) 54:942-5. doi:
10.19405/j.cnki.issn1000-1492.2019.06.022

18. Tochigi M, Nishida A, Shimodera S, Oshima N, Inoue K, Okazaki Y, et al. Irregular
bedtime and nocturnal cellular phone usage as risk factors for being involved in bullying:
a cross-sectional survey of Japanese adolescents. PloS One. (2012) 7:e45736. doi:
10.1371/journal.pone.0045736

19. Demirci K, Akgéniil M, Akpinar A. Relationship of smartphone use severity with
sleep quality, depression, and anxiety in university students. ] Behav Addict. (2015)
4:85-92. doi: 10.1556/2006.4.2015.010

20. Becker SP, Gregory AM. Editorial perspective: perils and promise for child and
adolescent sleep and associated psychopathology during the COVID-19 pandemic. J
Child Psychol Psychiatry. (2020) 61:757-9. doi: 10.1111/jcpp.13278

21. Marelli S, Castelnuovo A, Somma A, Castronovo V, Mombelli S, Bottoni D, et al.
Impact of COVID-19 lockdown on sleep quality in university students and
administration staff. ] Neurol. (2021) 268:8-15. doi: 10.1007/s00415-020-10056-6

22. Wang JS, Liu WL, Li Q. Mobile phone addiction and sleep quality in college
students: the roles of anxiety and ruminant Thinking.Chinese. J Clin Psychol. (2021)
29:1060-3. doi: 10.16128/j.cnki.1005-3611.2021.05.034

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1253834
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1111/sbr.12063
https://doi.org/10.13342/j.cnki.cjhp.2022.11.023
https://doi.org/10.1080/14767058.2017.1359831
https://doi.org/10.1007/s41782-020-00087-4
https://doi.org/10.3390/healthcare9020222
https://doi.org/10.13342/j.cnki.cjhp.2021.04.028
https://doi.org/10.13342/j.cnki.cjhp.2021.04.028
https://doi.org/10.13874/j.cnki.62-1171/g4.2022.02.005
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.3389/fpsyg.2016.01126
https://doi.org/10.3389/fpsyg.2016.01126
https://doi.org/10.2196/45721
https://doi.org/10.2147/NSS.S353141
https://doi.org/10.1038/npp.2016.148
https://doi.org/10.5664/jcsm.8658
https://doi.org/10.19405/j.cnki.issn1000-1492.2019.06.022
https://doi.org/10.1371/journal.pone.0045736
https://doi.org/10.1556/2006.4.2015.010
https://doi.org/10.1111/jcpp.13278
https://doi.org/10.1007/s00415-020-10056-6
https://doi.org/10.16128/j.cnki.1005-3611.2021.05.034

Jietal

23. Ingram J, Maciejewski G, Hand CJ. Changes in diet, sleep, and physical activity are
associated with differences in negative mood during COVID-19 lockdown. Front
Psychol. (2020) 11:588604. doi: 10.3389/fpsyg.2020.588604

24. Smith MT, McCrae CS, Cheung J, Martin JL, Harrod CG, Heald JL, et al. Use of
Actigraphy for the evaluation of sleep disorders and circadian rhythm sleep-wake
disorders: an American Academy of sleep medicine systematic review, Meta-analysis,
and GRADE assessment. J Clin Sleep Med. (2018) 14:1209-30. doi: 10.5664/jcsm.7228

25. Luyster FS, Strollo PJ Jr, Zee PC, Walsh JKBoards of Directors of the American
Academy of Sleep Medicine and the Sleep Research Society. Boards of directors of the
American Academy of sleep medicine and the Sleep Research Society. Sleep: a health
imperative. Sleep. (2012) 35:727-34. doi: 10.5665/sleep.1846

26.Bozdag E Ergiin N. Psychological resilience of healthcare professionals during
COVID-19 pandemic. Psychol Rep. (2021) 124:2567-86. doi: 10.1177/0033294120965477

27. Killgore WDS, Taylor EC, Cloonan SA, Dailey NS. Psychological resilience during
the COVID-19 lockdown. Psychiatry Res. (2020) 291:113216. doi: 10.1016/j.
psychres.2020.113216

28. Beiter R, Nash R, McCrady M, Rhoades D, Linscomb M, Clarahan M, et al. The
prevalence and correlates of depression, anxiety, and stress in a sample of college
students. ] Affect Disord. (2015) 173:90-6. doi: 10.1016/j.jad.2014.10.054

29. Alemany-Arrebola I, Rojas-Ruiz G, Granda-Vera ], Mingorance-Estrada AC. Influence
of COVID-19 on the perception of academic self-Efficacy,State Anxiety,and trait anxiety in
college students. Front Psychol. (2020) 11:570017. doi: 10.3389/fpsyg.2020.570017

Frontiers in Public Health

14

10.3389/fpubh.2023.1253834

30. al Naamani Z, Gormley K, Noble H, Santin O, al Magbali M. Fatigue, anxiety,
depression and sleep quality in patients undergoing haemodialysis. BMC Nephrol. (2021)
22:157. doi: 10.1186/s12882-021-02349-3

31. Clark KC, Bailey MJ, Wasshuber S, Huntley R, Bjorkman KK, Bauer LC, et al. High
rates of observed face mask use at Colorado universities align with students' opinions
about masking and support the safety and viability of in-person higher education during
the COVID-19 pandemic. BMC Public Health. (2023) 23:299. doi: 10.1186/
512889-023-15211-y

32. Dhar BK, Ayittey FK, Sarkar SM. Impact of COVID-19 on psychology among the
university students. Glob Chall. (2020) 4:2000038. doi: 10.1002/gch2.202000038

33. Ghazawy ER, Ewis AA, Mahfouz EM, Khalil DM, Arafa A, Mohammed Z, et al.
Psychological impacts of COVID-19 pandemic on the university students in Egypt.
Health Promot Int. (2021) 36:1116-25. doi: 10.1093/heapro/daaal47

34. AlRyalat SA, Kussad S, el Khatib O, Hamad I, al-Tanjy A, Alshnneikat M, et al.
Assessing the effect of nicotine dose in cigarette smoking on sleep quality. Sleep Breath.
(2021) 25:1319-24. doi: 10.1007/s11325-020-02238-3

35. Duraccio KM, Whitacre C, Krietsch KN, Zhang N, Summer S, Price M, et al.
Losing sleep by staying up late leads adolescents to consume more carbohydrates and a
higher glycemic load. Sleep. (2022) 45:zsab269. doi: 10.1093/sleep/zsab269

36. Kling JM, Kapoor E, Mara K, Faubion SS. Associations of sleep and female sexual
function: good sleep quality matters. Menopause. (2021) 28:619-25. doi: 10.1097/
GME.0000000000001744

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1253834
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fpsyg.2020.588604
https://doi.org/10.5664/jcsm.7228
https://doi.org/10.5665/sleep.1846
https://doi.org/10.1177/0033294120965477
https://doi.org/10.1016/j.psychres.2020.113216
https://doi.org/10.1016/j.psychres.2020.113216
https://doi.org/10.1016/j.jad.2014.10.054
https://doi.org/10.3389/fpsyg.2020.570017
https://doi.org/10.1186/s12882-021-02349-3
https://doi.org/10.1186/s12889-023-15211-y
https://doi.org/10.1186/s12889-023-15211-y
https://doi.org/10.1002/gch2.202000038
https://doi.org/10.1093/heapro/daaa147
https://doi.org/10.1007/s11325-020-02238-3
https://doi.org/10.1093/sleep/zsab269
https://doi.org/10.1097/GME.0000000000001744
https://doi.org/10.1097/GME.0000000000001744

	The relationship between sleep quality and daytime dysfunction among college students in China during COVID-19: a cross-sectional study
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Methodology of the study
	2.2.1. Sample size
	2.2.2. Questionnaire development
	2.2.3. Questionnaire quality control
	2.2.4. General information questionnaire
	2.2.5. Pittsburgh sleep quality index
	2.3. Date analysis

	3. Results
	3.1. General status of tested college students
	3.2. Comparison of sleep quality and demographic differences among college students
	3.3. Binary logistic regression—good and bad sleep quality
	3.4. Ordered multi-categorical logistic regression-sleep quality(A)/daytime dysfunction(G)

	4. Discussion
	5. Strengths and limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

