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1 | INTRODUCTION

Abstract

This study aimed to assess changes in sleep pattern and their influence on people's
daily life and emotion during the COVID-19 pandemic. Self-developed questionnaires
were used to measure changes in nocturnal sleep, daytime napping, lifestyles and
negative emotions in individuals before and after the COVID-19 pandemic. Nine hun-
dred and thirty effective questionnaires were collected in this study. Repeated meas-
ures analysis of variance and hierarchical regression analysis were applied. We found
that individuals' sleep rhythms were delayed, and sleep duration and sleep latency
were increased during the stay-at-home orders. Meanwhile, their exercise levels and
learning/working efficiency were decreased, and electronic device use time, annoy-
ance levels and anxiety levels were increased. Delayed sleep patterns affected life-
styles and emotions. Moreover, sleep quality positively predicted learning/working
efficiency and exercise levels, and negatively predicted use of electronic devices and
negative emotions. Sleep patterns became delayed on weekdays during stay-at-home
orders in all four daytime napping groups (no daytime napping, daytime napping as
before, more daytime napping and less daytime napping), and the group taking day-
time naps as before had a minimal variation, and their lifestyles and emotions were
significantly better than those of the other groups. This study demonstrated that
under the influence of stress caused by the pandemic, maintaining regular daytime
napping was an effective way to stabilize sleep patterns and biological rhythms, keep
good lifestyles and alleviate the effect of acute psychological stress, and to prevent

and control mental disorders during the pandemic.
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Organization, 2020). To control the spread of COVID-19, many gov-
ernments have adopted quarantine and 'stay-at-home' measures

Coronavirus disease 2019 (COVID-19) is a public health emer-
gency of international concern, causing global crises with regard

to life, health, safety, economies and societies (World Health

W. Dai and J. Zhou contributed to this manuscript equally.

and temporarily closed educational institutions, workplaces and
entertainment venues. During the COVID-19 pandemic, concerns
over infection and economic issues, as well as media broadcasts
regarding the pandemic, became sources of psychological stress

(Dong & Zheng, 2020; Léger et al., 2020), possibly resulting in stress
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responses that affected people's sleep, lifestyles and emotions.
Stress is a state of threatened homeostasis (physical or perceived
threat to homeostasis). In this state, adaptive compensatory re-
sponses by the organism might be activated to sustain homeostasis
(Pacak & Palkovits, 2001). Psychological stress occurs when indi-
viduals perceive that environmental demands tax or exceed their
adaptive capacity (Cohen et al., 1995, 2007), which can trigger
stress responses in many areas, such as emotions (e.g., fear, anger,
helplessness and hopelessness), cognitions (e.g., confusion, disso-
ciation, difficulty concentrating, etc.), physiological responses (e.g.,
insomnia, increased heart rate, anxiety, fatigue, etc.) and interper-
sonal relationship issues (e.g., suspicion, isolation, sense of aban-
donment, etc.) (Friedman, 2015). Studies have shown that public
health emergencies, such as the severe acute respiratory syndrome
(SARS) and the 2009 H1N1/influenza A epidemics, caused acute
stress responses in people, which generated negative emotions
(e.g., fear, anxiety and anger) (Bai et al., 2004; Carmona et al., 2016;
Tam et al., 2004; Yu et al., 2005). Stress also affects sleep, in-
cluding sleep-wake patterns, wake after sleep onset (WASO) and
sleep architecture, by affecting the activation of the hypothalam-
ic-pituitary-adrenal (HPA) axis (Lo Martire et al., in press; Sanford
et al., 2014).

Recent findings demonstrated that during COVID-19, individ-
uals experienced changes in sleep patterns, such as delayed sleep
phases, increased sleep duration and poor sleep quality when stay-
ing at home (Cellini et al., 2020; Wright et al., 2020). In contrast to
nocturnal sleep, daytime napping usually lasts from 15 min to 2 h
(Dinges, 1989). An appropriate nap can not only reduce the level
of subjective and objective sleepiness but also improve cognitive
function and behavioural performance, such as short-term mem-
ory and emotional control (Brooks & Lack, 2006; Evans et al., 1977,
Jones, 2009; Tietzel & Lack, 2001). Although daytime napping might
be beneficial, long naps lead to sleep inertia, which affects subse-
quent cognitive and emotional functions. In addition, long naps neg-
atively affect the duration and pattern of nocturnal sleep (AKerstedt
et al., 1989). People's schedules would be more flexible at home
during the COVID-19 pandemic, providing conditions for daytime
napping or alterations in daytime napping time. Previous studies on
daytime napping mainly focused on the effects of napping and fac-
tors that influence it, but paid less attention to individual differences
in daytime napping and daily performance and nocturnal sleep.

Young adulthood (or early adulthood) is when individuals
have the greatest energy and strong contradiction and stress
(Levinson, 1986). Young adults, especially people aged 18-25 years,
are in a maturing stage of their physiological and psychological de-
velopment. They are in the process of stabilizing their career and
life. However, they have to face social, emotional and life chal-
lenges and change, and their strengths and vulnerabilities continue
to emerge (Wood et al., 2018). However, COVID-19 has suddenly
posed a threat to young adults' stability and they may exhibit
strong stress responses to emergencies and emergency-caused
changes, thus causing significant changes to their sleep, lifestyles

and emotions.

The present study focused on alterations in young adults' noctur-
nal sleep, daytime napping, lifestyle and negative emotions before
and after the COVID-19 pandemic. This study proposed the follow-
ing hypotheses. (a) Compared to before the COVID-19 pandemic, in-
dividuals' exercise and learning/working efficiency might be worse.
Electronic device use and negative emotions might increase. Sleep
patterns might be changed, such as delayed sleep rhythm and in-
creased sleep duration and sleep latency, during the stay-at-home
orders. (b) Changes in sleep patterns after the pandemic might neg-
atively predict learning/working efficiency and exercise and posi-
tively predict electronic device use and negative emotions. (c) After
the pandemic, changes in daytime napping have different effects on
changes in nocturnal sleep patterns, lifestyles and negative emo-
tions. Stabilized habitual daytime napping might have positive ef-

fects on nocturnal sleep, lifestyle and alleviating negative emotion.

2 | METHODS
2.1 | Participants

A total of 1,136 questionnaires were collected. After excluding un-
qualified questionnaires (67 out of the age range and 139 incom-
plete), 930 questionnaires were included in the final analysis. The
valid response rate was 81.9%. The survey was internet based and
investigated sleep, lifestyle and negative emotion among healthy
Chinese young adults (18-35 years old) (see Table 1). The study was
approved by the Ethics Committee of South China Normal University
and was conducted from late March to April 2020.

2.2 | Measures

This questionnaire was developed to assess people's physical and men-
tal conditions under stay-at-home orders during the COVID-19 pan-
demic. There were 25 items about sleep, lifestyle and negative emotion.

2.21 | Sleep

Time to wake-up and fall asleep

There were eight items about wake-up time and time of falling
asleep on weekdays and weekends before and after the pandemic.
Participants needed to indicate the actual wake-up time and time
of falling asleep, not the time for getting up and going to bed. To
facilitate statistical analysis, for the item "Before the pandemic, what
time did you usually fall asleep on weekdays?", if the time of falling
asleep exceeded midnight (24:00 PM), 24 h was added to indicate
that the time was the next day. The participants' original data were
converted into an hour unit (e.g., 24.25 h represents 00:15). Sleep
duration on weekdays and weekends before and after the pandemic

was calculated based on wake-up times and times of falling asleep.
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TABLE 1 Demographic statistics (n = 930)
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Demographic variables Frequency Percentage (%) Minimum Maximum Mean (SD)
Gender

Male 229 24.6

Female 701 75.4
Age 18 35 22.43(3.77)
BMI 14.69 30.67 20.33(2.52)
Occupation

Undergraduate 564 60.6

Graduate 195 21.0

Working 171 18.4

Sleep latency 4 = slightly improved and 5 = substantially improved. A 5-point

There were four items about sleep duration on weekdays and week-
ends before and after the pandemic. Participants were asked to pro-
vide the time they needed from going to bed or putting down their
phones to actually fall asleep.

Sleep quality

Sleep quality was assessed with a single item that asked respondents
for the degree of change in their sleep quality during the stay-at-
home orders (compared with that before the pandemic). A 5-point
Likert-type scale was used: 1 = substantially worsened, 2 = slightly
worsened, 3 = basically unchanged, 4 = slightly improved and

5 = substantially improved.

Daytime napping

Changes in daytime napping between before and after the pandemic
were assessed with a single item evaluated on a 4-point scale: 1 =no
daytime napping, 2 = daytime napping as before, 3 = more daytime

napping than before and 4 = less daytime napping than before.

Changes in sleep patterns between before and after the pandemic

Changes in sleep patterns between before and after the pandemic
were obtained by subtracting the sleep conditions before the pan-
demic from the sleep conditions during the stay-at-home order. For
example, the difference between wake-up times on weekdays be-
fore and after the pandemic was obtained by subtracting the wake-
up times on weekdays before the pandemic from the wake-up times
on weekdays during the stay-at-home order. The same method was
used to obtain the differences between wake-up times on weekends,
time falling asleep on weekdays, time falling asleep on weekends,
sleep duration on weekdays, sleep duration on weekends, sleep la-

tency on weekdays and sleep latency on weekends.

Lifestyle

For lifestyle, three items were used to evaluate changes in exercise
levels, learning/working efficiency and using electronic devices be-
fore and after the pandemic. A 5-point Likert-type scale was used
for exercise level and learning/working efficiency: 1 = substan-

tially worsened, 2 = slightly worsened, 3 = basically unchanged,

Likert-type scale was used for time using electronic devices: 1 = sub-
stantially reduced, 2 = slightly reduced, 3 = basically unchanged,
4 = slightly increased and 5 = substantially increased.

Negative emotion

For negative emotion, seven items were used to evaluate changes in
subjective feelings (annoyance, anxiety, helplessness, lack of inter-
est in other things, sense of control, fatigue and anger) in the par-
ticipants during the stay-at-home order (e.g., "Compared with before
the pandemic, your feelings of being annoyed during the stay-at-
home order have..."). A 5-point Likert-type scale was used: 1 = sig-
nificantly reduced, 2 = slightly reduced, 3 = basically unchanged,
4 = slightly aggravated and 5 = severely aggravated.

Demographic variables
Demographic variables included gender, age, body mass index (BMI)
and occupation (including undergraduate students, graduate stu-

dents and employed people).

2.3 | Data analysis

Jamovi 1.2.6 was applied to perform descriptive statistics on the
major variables, including sleep (such as time of waking up and fall-
ing asleep, sleep duration, sleep latency and daytime napping), life-
style and negative emotions. Changes in individual sleep patterns
on weekdays and weekends before and after the pandemic and the
effects of daytime naps on changes in sleep patterns were inves-
tigated by repeated measures analysis of variance (ANOVA). SPSS
25.0 was used to conduct a partial correlation analysis of the major
variables when the demographic variables were controlled. The ef-
fects of changes in sleep patterns and daytime napping on lifestyle
and negative emotions were investigated through hierarchical re-
gression analysis. In the hierarchical regression analysis, the first
layer was the demographic variables, the second layer was the inde-
pendent variables, including changes in sleep patterns and changes
in the type of nap before and after the pandemic, and changes in

lifestyle and negative emotions were the dependent variables. The
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TABLE 4 Simple effect of the interaction between the pandemic and weeks
Weekdays Weekends
Before the Stay at Mean Before the Stay at Mean
pandemic home difference t pandemic home difference t
Wake-up time 7.68 AM 8.17 AM -0.49 hr -14.40"" 8.71 AM 8.83 AM -0.12h -3.56"
Time falling 23.97 PM 2418 PM -0.21 hr -6.69" 24.37 PM 24.43 PM -0.06 h -1.88
asleep
Sleep duration 7.71h 7.99 h -0.28 h -8.41" 8.34h 8.40 h -0.06 h -1.87
Sleep latency 20.36 min 25.02 min -4.65 min -8.25" 24.69 min 27.70 min -3.01 min -5.34"
*p < .05.
**p < .01.
***p <.001.
9.00 2450
(a) (b) .
8.80 e - 2440 | e ————— T
*- - - [ -
- 8.60 | < 2430 |
= L o
g 840 3 2420
g 820 1 E 24.10
g 800 | / % .
) = 24.00
4 780 f =
< S
2 760 - 2 2390 |
740 | = 2380 |
7.20 - - ) 23.70 . . ) Weekd
. . —e— \Weekdays
Before the pandemic Stay at home Before the pandemic Stay at home Y
— & - Weekends
29.00
8.60
© (@ o
s40 |- - 27.00 -
— - " E\ - -
< go0 L é 25.00 | -~
g %
= 500 | 5 23.00
g 2
S 0 | / g 2100 f
a o
b} 3 19.00 f
7 760 7 :
140 | 17.00 |
790 ) ) ) 15.00 . . . )
Before the pandemic Stay at home Before the pandemic Stay at home
FIGURE 1 (a)Interaction between the pandemic and weeks for wake-up time. (b) Interaction between the pandemic and weeks for time falling

asleep. (c) Interaction between the pandemic and weeks for sleep duration. (d) Interaction between the pandemic and weeks for sleep latency

categorical variables (daytime napping and occupation) were coded
as dummy variables, and taking daytime naps as before (original code
of 2) and undergraduate student (original code of 1) were coded as 0.
A bilateral a < 0.05 was considered statistically significant.

3 | RESULTS

3.1 | Changes in lifestyle and negative emotions
under the stay-at-home order during the pandemic

In terms of lifestyle, compared with before the pandemic, 37% of the

participants reported that their exercise levels were slightly worse,

43.2% of the participants reported that their learning/working ef-
ficiency was slightly worse and approximately half (50.2%) of the
participants reported that time using electronic devices increased
significantly during the stay-at-home order. In terms of negative
emotions, only anxiety and annoyance were slightly aggravated, ac-
counting for 46.8% and 53.1%, respectively. In terms of sleep qual-
ity, 51.7% of the participants reported that sleep quality remained
unchanged during the stay-at-home order compared with before the
pandemic (see Table 2).

A partial correlation analysis was performed to preliminarily ex-
amine the relationships between sleep pattern changes, daytime nap-
ping, lifestyle and negative emotions. The partial correlation analysis

results between the major variables after controlling the demographic
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variables are shown in Table 3. Changes in lifestyle were significantly
correlated with differences in wake-up times, falling asleep times,
sleep latency and sleep quality before and after the pandemic, and
were not significantly correlated with differences in sleep duration.
Negative emotions were not significantly correlated with differences
in wake-up times on weekends and sleep duration on weekdays, and
significantly correlated with changes in other sleep patterns. Daytime
napping was significantly associated with lifestyle and negative emo-

tions. These results provided preliminary support for further analysis.

3.2 | Changes in sleep patterns under the stay-at-
home order during the COVID-19 pandemic

To explore changes in the sleep patterns of the participants before
and after the pandemic, wake-up time, time falling asleep, sleep du-
ration and sleep latency were used as dependent variables to per-
form a 2 (pandemic: before the pandemic, stay at home) x 2 (weeks:
weekdays and weekends) repeated-measures ANOVA. The main ef-

(1,929) = 106.02,
P <.001; Fyi e fatling asleep (1,929)=22.05,p < .001; Fieep duration (1,929)
= 38.14, p < .001; F eep tatency (1,929) = 54.99, p < .001. Overall,

wake-up time and time falling asleep during the stay-at-home order

fects of the pandemic were significant: Fwake_up time

were significantly shifted to later compared to wake-up time and
time falling asleep before the pandemic (mean
= 8:11 AM, mean

wake-up time before pan-

wake-up time during the stay-at-home order = 8:30 AM;
=00:10 AM’ meantime falling asleep during

demic

meantime falling asleep before pandemic
= 00:18 AM), and sleep duration and sleep latency

the stay-at-home order —

during the stay-at-home order were significantly longer than before

Journal of 7 of 16
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sleep duration before pandemic = 8.02 h' mean
= 8.20 h; mean

the pandemic (mean sleep du-

ration during the stay-at-home order sleep latency before the pan-

demic = 22.53 min, Mean =26.36 min).
Additionally, the interactions between the pandemic and weeks
1,929) = 122.50, p < .001; F,

sleep latency during the stay-at-home order

were significant: Fwake_up time ( ime falling
asteep (1.929) = 3471, p < .00%; Fio guration (1,.929) = 34.79, p < .001;
Foeep tatency (1,929) = 13.23, p < .001. Under the stay-at-home order
during the COVID-19 pandemic, changes in wake-up time, time of
falling asleep, sleep duration and sleep latency on weekdays were
significantly greater than on weekends. The detailed results and

variation tendencies are shown in Table 4 and Figure 1.

3.3 | The effect of daytime napping on sleep pattern
changes under the stay-at-home order during the
COVID-19 pandemic

To further investigate the effect of daytime napping on changes
in sleep patterns, wake-up time, time of falling asleep, sleep
duration and sleep latency were used as dependent variables
to perform 4 (type of napping changes) x 2 (pandemic: before
pandemic, stay at home) x 2 (weeks: weekdays and weekends)
repeated-measures ANOVAs. For wake-up time, time falling
asleep and sleep latency, the interactions between the pandemic
and daytime napping were significant (see Figure 2): F,
(3,926) = 6.48, p < .001; Fy;,.. falling asleep (3,926) = 3.96, p < .01;
F 3,926) = 3.78, p < .05 (see Table 5). In detail, in the

group with no daytime napping and less daytime napping than

wake-up time

sleep latency (

before, compared to before the pandemic outbreak, the wake-up

880  (a) 24.60 (b)
870 | o= 2450 ¢
= 860 o, 2440 |
[
S 80y S 430t
g 840 | 2
2 ey oy 2420
o 830 | g
=3 = 2410 -
> 820 | =
= 24.00 -
< 810 ©
Z 300 | E 2390 |
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TABLE 5 Simple effect test of the interaction between the pandemic and daytime napping

Napping type Before the pandemic Stay at home t

Wake-up time No daytime napping 8.23 AM 8.58 AM -4.31"
Daytime napping as before 8.12 AM 8.24 AM -2.28
More daytime napping than before 8.12 AM 8.53 AM -8.63"
Less daytime napping than before 8.28 AM 8.67AM -5.39"

Time falling asleep No daytime napping 24.06 PM 24.14 PM -0.97
Daytime napping as before 23.99 PM 24.00 PM -0.24
More daytime napping than before 24.30 PM 24.53 PM -5.19""
Less daytime napping than before 24.32 PM 24.49 PM -2.48

Sleep duration No daytime napping 8.16 h 8.44 h -3.56"
Daytime napping as before 8.12h 8.23h -2.16
More daytime napping than before 7.82h 799 h -3.86"
Less daytime napping than before 795h 8.17 h -3.17

Sleep latency No daytime napping 20.57 min 27.55 min -4.87"
Daytime napping as before 19.98 min 21.61 min -1.79
More daytime napping than before 25.82 min 30.17 min -5.29"
Less daytime napping than before 22.71 min 27.14 min -3.46

*p < .05.
**p <.01.
***p <.001.

time was later and the sleep duration and sleep latency were
longer during stay-at-home orders. In the group with more day-
time napping than before, the differences in wake-up time, time
falling asleep, sleep duration and sleep latency before and after
the pandemic were significant. In the group taking daytime nap-
ping as before, the differences in wake-up time, time falling
asleep, sleep duration and sleep latency before and after the pan-
demic were not significant. For wake-up time and sleep latency,
the interactions of pandemic, weeks and daytime napping were
significant (see Figure 3): Fwake-uptime (3,926) = 3.27,p < .05; FSleep
latency (3,926) = 5.53, p < .001. The results showed that in the
group taking daytime napping as before, the differences in wake-
up time, time falling asleep and sleep duration between before
and after the pandemic were significant on weekdays, but were
not significant on the weekends (see Table 6). In the group of no
daytime napping, the differences in wake-up time and sleep du-
ration between before and after the pandemic were significant
on the weekdays, but on weekends, only the difference in sleep
latency between before and after the pandemic was significant.
In the group taking more daytime naps, there were significant dif-
ferences in wake-up time, time falling asleep, sleep duration and
sleep latency between before and after the pandemic on week-
days, and significant difference in wake-up time between before
and after the pandemic on weekends. In the group with less day-
time napping, there were significant differences in wake-up time,
time falling asleep and sleep duration between before and after
the pandemic on weekdays. Although sleep patterns became later
on the weekdays during stay-at-home orders in all groups, the

group taking daytime naps as before had minimal variation. There

were no significant differences in sleep quality between before
and after the pandemic in each group.

3.4 | Effects of changes in sleep patterns and
daytime napping on lifestyle and psychological
feelings during the pandemic

To further investigate the effects of changes in sleep (wake-up
time, time of falling asleep, sleep duration, sleep latency and sleep
quality) and daytime napping on lifestyle and negative emotions
during the pandemic, hierarchical regression analysis was per-
formed (see Tables 7 and 8). After controlling for demographic
variables, the R-squared had significantly improved in all the re-
gression equations. In the regression model with lifestyle as the
dependent variable: ARZEXercise = 0.09, p < .001; ARzleaming/WDrking
efficiency = 0-12, p <.001; AR? =0.07,p <.001.
In the regression model with negative emotions as the dependent
variable: AR? ¢ =0.11, p <.001; AR? = 0.11, p < .001;

annoye

electronic device using time

anxious

Athelpless = 11’ p < 001’ ARzuninterested = 006’ p < 001’ ARzlosing
controt = 0:07,p < .001; AR? . =0.17,p <.001; AR?, = =0.12,
p <.001.

A delayed sleep-wake pattern, increased sleep duration and
sleep latency had significant impacts on lifestyles and emotions
(the specific results are presented in Table 7 and Table 8). Change in
sleep quality was one of the important factors affecting lifestyle and
negative emotions. Specifically, greater sleep quality during stay-at-
home orders positively predicted exercise level (= 0.18, p < .001)
and learning/working efficiency (f = 0.28, p < .001), and negatively
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predicted electronic device use (f = -0.07, p < .05) and negative
emotions (B, ovance = ~0-29, p < .00%L; B oy, = —0.27, p < .00%;
= -0.28, p < .00%; B, interested = ~0-18, p < .001; By e
-0.21, p < .001; B g = —0.37, p < .001; A = -0.30,

anger

ﬂhelplessness

control —

p <.001).

Regarding changes in daytime napping, learning/working
efficiency in the group taking more daytime naps was signifi-
cantly lower than that in the group taking daytime naps as before
(p = -0.10, p < .01), and electronic device use in the groups tak-
ing more daytime naps and taking fewer daytime naps was sig-
nificantly greater than in the group taking daytime naps as before
(Baking more daytime naps = 0-17, P < -00L; B yinc tess daytime naps = 0-10.
p < .01). Negative emotions in the group that reported taking
more daytime naps were significantly higher than in the group
that reported taking daytime naps as before (,liannoyanCe = 0.12,
p <.00%L; B, yiety = 012, p < .001; By jpiessness = 0-10, p < .01 4 .
terested = 0-11, p <.00L; B o ontror = 013, p <.00%; B i o = 0.16,
p <.001; 8

anger

that reported taking fewer daytime naps were significantly higher

=0.10, p < .01), and negative emotions in the group

than those in the group that reported taking daytime naps as be-
fore (. = 0.16, p < .001; =0.17, p < .001; Boipiess-

annoyance anxiety

ness — 0'14’ p < 001’ ﬂlosing control — 0'11’ p < 001’ ﬂfatigue = 0'11’
p<.0L;p

anger

=0.14, p <.001). Annoyance and anxiety in the group
that reported no daytime napping were higher than in the group

that reported taking daytime naps as before (/}annoyance = 0.08,
p <.05; B, yiety = 0.08, p < .05).
4 | DISCUSSION

As a public health emergency of international concern, COVID-19
caused individuals to experience acute psychological stress, and af-
fected their sleep, lifestyles and emotions. Stress responses without
care or treatment may ultimately lead to acute stress disorder (ASD)
and post-traumatic stress disorder (PTSD, Friedman, 2015). This study
investigated the sleep, lifestyles and psychological well-being of young
adults during the stay-at-home orders and demonstrated that isolation
decreased their exercise levels and learning/working efficiency (com-
pared with before the pandemic), increased electronic device use, and
elevated annoyance and anxiety levels. During the pandemic, the stay-
at-home order delayed individuals' sleep-wake schedules, increased
sleep duration and prolonged sleep latency, which could further af-
fect individuals' lifestyles and negative emotions during the pandemic.
Importantly, the present findings indicated that maintaining stable
daytime napping was helpful in maintaining sleep and psychological
health under the stay-at-home orders during the pandemic, which may
provide evidence for preventing and intervening in acute psychological

stress caused by emergencies such as the COVID-19 pandemic.
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TABLE 6 Simple effect of the interactions among the pandemic, daytime napping and weeks
Before the
Napping type Weeks pandemic Stay at home t
Wake-up time No daytime napping Weekdays 7.78 AM 8.29 AM -5.49""
Weekends 8.68 AM 8.87 AM -2.02
Daytime napping as before Weekdays 7.66 AM 7.92 AM -4.29"
Weekends 8.58 AM 8.56 AM 0.32
More daytime napping than before ~ Weekdays 7.59 AM 8.18 AM -10.93"
Weekends 8.66 AM 8.89 AM -4.10"
Less daytime napping than before Weekdays 7.65 AM 8.35 AM -8.19""
Weekends 8.90 AM 9.00AM -1.20
Time falling asleep No daytime napping Weekdays 23.89 PM 24.05 PM -1.79
Weekends 24.25 PM 24.24 PM 0.02
Daytime napping as before Weekdays 23.85 PM 23.89 PM -0.78""
Weekends 2415 PM 2413 PM 0.35
More daytime napping than before ~ Weekdays 24.06 PM 24.39 PM -6.66"
Weekends 24.55 PM 24.69 PM -2.82
Less daytime napping than before Weekdays 24.12 PM 24.40 PM -3.69°
Weekends 24.54 PM 24.60 PM -0.84
Sleep duration No daytime napping Weekdays 7.88h 8.25h -3.87
Weekends 8.44h 8.63h -2.05
Daytime napping as before Weekdays 7.81h 8.02h -3.59
Weekends 8.43h 8.43h -0.00
More daytime napping than before ~ Weekdays 7.53 h 7.79 h -4.89"
Weekends 8.12h 8.20h -1.54
Less daytime napping than before ~ Weekdays 7.54 h 7.94 h -4.84"
weekends 8.36 h 8.40 h -0.43
Sleep latency No daytime napping Weekdays 19.07 min 26.52 min -4.77"
Weekends 22.07 min 28.57 min -4.16"
Daytime napping as before Weekdays 18.84 min 20.63 min -1.80
Weekends 21.12 min 22.58 min -1.47
More daytime napping than before ~ Weekdays 22.24 min 28.53 min -7.00""
Weekends 29.40 min 31.82 min -2.69
Less daytime napping than before Weekdays 21.40 min 25.55 min -2.96
Weekends 24.02 min 28.73 min =887/
*p < .05.
**p <.01.
***p <.001.

4.1 | The relationship between sleep and individual
lifestyles and negative emotions during the stay-at-
home order

Studies have shown that increased digital media usage near
bedtime and decreased physical activity occurred during the
COVID-19 pandemic (Cellini et al., 2020; Ong et al., in press).
In line with this research, the present study demonstrated that
acute stress as a result of the pandemic affected not only indi-
vidual lifestyles (increased use of electronic devices, decreased

exercise levels and low learning/working efficiency), but also

affected individual psychological well-being (increased levels of
anxiety and annoyance) during the stay-at-home orders. It has
been shown that the SARS pandemic, which was similar to the
COVID-19 pandemic, affected people's mental health and led to
negative emotions, such as fear, loneliness and annoyance (Tam
et al.,, 2004; Yu et al., 2005). A review published in The Lancet
proposed that the pandemic would aggravate negative emo-
tions, such as anxiety, depression and panic (Xiang et al., 2020).
Moreover, during the stay-at-home orders, news about the pan-
demic may aggravate people's fears and other negative emo-
tions (Léger et al., 2020; Montemurro, 2020). Therefore, much
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TABLE 7 Results of hierarchical regression analysis of the changes in sleep patterns, daytime napping and lifestyles between before and

after the epidemic

Exercise (f)

Factor Model 1 Model 2
1. Demographic variables
Gender 0.04 0.04
Age 013’ 0.10°
Body mass index -0.04 -0.05
Graduate 0.01 0.03
Worked 0.04 0.05
2. Independent variables
The difference in wake-up time -0.02
on weekends
The difference in time falling -0.19""
asleep on weekdays
The difference in time falling 0.05
asleep on weekends
The difference in sleep duration -0.08""
on weekdays
The difference in sleep duration 0.01
on weekends
The difference in sleep latency -0.01
on weekdays
The difference in sleep latency -0.08
on weekends
Sleep quality 0.18""
No daytime napping 0.01
More daytime napping than -0.04
before
Less daytime napping than -0.05
before
F 523" 7.86 "
R? 0.03 0.12
AR? 0.03" 0.09"

Electronic device use time

Learning (working) efficiency () (B)
Model
Model 1 Model 2 Model 1 2
-0.06 -0.05 0.03 0.00
0.13" 0.10" -0.20"" -0.20""
0.00 -0.01 -0.03 -0.03
-0.14"" -0.12" 0.05 0.03
0.04 0.05 0.02 0.03
0.00 0.13
-0.14" 0.06
0.02 -0.09
-0.07 0.09°
-0.01 -0.16
0.01 0.11
-0.03 -0.04
0.28"" -0.07"
0.03 0.03
-0.10" 017"
-0.02 0.10"
8.39" 11.07"" 6.65 6.86"
0.04 0.16 0.04 0.11
0.04"" 012" 0.04" 0.07""

The difference in wake-up time on weekdays does not enter any regression model.

Data results are kept to two decimal places.
*p<0.05.

**p<0.01.

***p<0.001.

attention should be paid to people's mental health under the
stress of a pandemic.

Since the outbreak of COVID-19, a series of studies have fo-
cused on individuals' sleep changes during the pandemic (Cellini
et al., 2020; Léger et al., 2020; Sanford et al., 2014). One study
found that among 1,005 adults, 54% reported that their sleep
worsened during the period of lockdown (Léger et al., 2020).
Another study investigating 1,310 young adults showed that sleep
rhythms were significantly delayed, with increased sleep duration

and lower sleep quality (Cellini et al., 2020). Investigators also

proposed that acute stress responses triggered by the pandemic
promoted the secretion of stress-related neuropeptides and hor-
mones, thereby promoting wakefulness and affecting sleep ar-
chitecture (Sanford et al., 2014). In the current study, we found
that the sleep rhythms of young adults were delayed, sleep du-
ration was increased and sleep latency was prolonged during the
pandemic. Generally, a late sleep-wake schedule is linked with
poor mental and physical health (Dong et al., 2019; Roenneberg
et al., 2012). We further investigated the influence of the changes

in sleep-wake schedules on individual lifestyles and negative
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TABLE 8 Hierarchical regression analysis results for changes in sleep patterns, daytime napping and negative emotions between before
and after the epidemic

Annoyed () Anxious (B) Helpless (B)
Factor Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
1. Demographic variables
Gender 0.01 0.01 0.02 0.02 -0.02 -0.02
Age -0.15 -0.11 -0.018"" -0.15" -0.16 " -0.13"
Body mass index 0.00 0.02 -0.01 0.01 0.01 0.03
Graduate 011 0.09" 018" 016" 013" 0.10°
Working 0.01 0.00 0.02 0.02 0.05 0.04
2. Independent variables
The difference in wake-up time -0.12 -0.13" -0.12
on weekends
The difference in time falling 0.06 0.09 0.10°
asleep on weekdays
The difference in time falling 0.02 0.01 0.02
asleep on weekends
The difference in sleep 0.08" 0.03 0.06
duration on weekdays
The difference in sleep 0.10 0.08 0.09
duration on weekends
The difference in sleep latency 0.03 0.02 0.03
on weekdays
The difference in sleep latency 0.00 0.01 -0.00
on weekends
Sleep quality —0.29™" -0.27"" -0.28""
No daytime napping 0.08" 0.08" 0.06
More daytime napping than 012" 012" 0.10"
before
Less daytime napping than 0.16 " 017" 014"
before
F 403" 8.87"" 799" 10.23™" 3.61" 8.25"
R? 0.02 0.13 0.04 0.15 0.02 0.13
AR? 0.02" 011" 0.04™" 011" 0.02" 011"
Uninterested (f) Losing control (B) Fatigue (f) Angry (p)
Factor Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
1. Demographic variables
Gender 0.04 0.03 0.04 0.03 -0.01 -0.01 0.02 0.03
Age -0.10 -0.09 -0.08 -0.06 -0.15" -0.11 -0.11 -0.08
Body mass index 0.05 0.06 0.01 0.02 0.02 0.05 0.04 0.07"
Graduate 0.07 0.05 0.10° 0.08 0.05 0.02 0.08 0.06
Working -0.05 -0.05 -0.05 -0.05 -0.08 -0.08 -0.08 -0.09
2. Independent variables
The difference in wake-up -0.05 -0.04 -0.04 -0.11
time on weekends
The difference in time falling 0.07 0.04 -0.01 0.04
asleep on weekdays
The difference in time falling 0.03 0.02 0.02 0.02
asleep on weekends
The difference in sleep 0.08 0.04 -0.03 0.03

duration on weekdays
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TABLE 8 (Continued)
Uninterested (f) Losing control (B) Fatigue (B) Angry (B)
Factor Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

The difference in sleep 0.01 0.02 0.02 0.07
duration on weekends

The difference in sleep latency -0.00 0.04 0.03 0.03
on weekdays

The difference in sleep latency 0.05 0.01 0.04 0.06
on weekends

Sleep quality -0.18"" -0.21" -0.37"" -0.30""

No daytime napping 0.06 0.02 0.06 0.06

More daytime napping than 011" 0.13"" 016" 0.10"
before

Less daytime napping than 0.07 011" 011" 014"
before

F 420" 494" 425" 6.08"" 8.63"" 15.82"" 671" 10.51""

R? 0.02 0.08 0.02 0.10 0.05 0.22 0.04 0.16

AR? 0.02" 0.06™" 0.02"" 0.07"" 0.05" 017" 0.04" 012"

The difference in wake-up time on weekdays was not entered into any regression model.

Data results are kept to 2 decimal places.
*p < .05.

**p <.01.

***p <.001.

emotions, and found that the delayed sleep-wake times could pos-
itively predict the participants' negative emotions and electronic
device use, but negatively predict the exercise levels during the
stay-at-home orders. Previous literature had proved that sleep
loss and late nocturnal sleep are related to deterioration in phys-
ical health, mental health and quality of life (Haraden et al., 2017;
Kayaba et al., 2020; Kristi¢evi¢ et al., 2018; Morita et al., 2015).
Delayed sleep-wake patterns can negatively predict positive emo-
tions and social experiences (Asaoka et al., 2004; Segura-Jiménez
et al., 2015; Totterdell et al., 1994). During the pandemic, time of
falling asleep and wake-up time were later than before the pan-
demic, which may also cause people to feel stronger negative
emotions and suffer from unsatisfactory lifestyles, such as low
working/learning efficiency.

Besides the adverse effects of delayed sleep phases, the con-
sequences of poor sleep quality also require attention. In the pres-
ent study, up to 26.67% of participants reported that their sleep
worsened (slightly or substantially) between before and after the
pandemic. Our results revealed that poor sleep quality could also
positively predict the participants' negative emotions and electronic
device use, but negatively predict their exercise levels during the
stay-at-home orders. Studies have demonstrated that compared
to sleep quantity, sleep quality is closely related to health, mood,
life satisfaction, tension and exhaustion (Pilcher et al., 1997). The
current research proved that even though sleep duration increased
during the pandemic, late sleep-wake schedules and poor sleep
quality negatively influenced working/learning efficiency, physical

activity, emotions, etc. Therefore, during the stress of a pandemic,

interventions and healthcare that highlight both biological rhythms
and sleep quality may facilitate individual lifestyles and psycholog-

ical well-being.

4.2 | The stabilizing effect of regular daytime
napping on nocturnal sleep patterns, lifestyle and
emotions during stay-at-home orders

In addition to the benefits of nocturnal sleep, appropriate daytime
napping can improve individuals' mood, alertness and performance
(Brooks & Lack, 2006; Jones, 2009; Tietzel & Lack, 2001). These
improvements are found to be significant in habitual daytime nap-
pers but not non-nappers (Evans et al., 1977; Milner et al., 2006).
Our results testified that taking regular daytime naps during the
stay-at-home order also had the same advantages, and appropri-
ate daytime napping can reduce negative emotions caused by
pandemic-induced acute stress. Furthermore, maintaining regular
daytime naps as they were before the pandemic effectively re-
duces negative emotions, enhances learning (working) efficiency
and decreases electronic device use Research also indicated that
the ability to fall asleep during daytime, sleep quality and benefits
accrued from napping may be responsible for the frequency of an
individual choosing to take a nap (Milner & Cote, 2009). Our study
found that individuals who seldom take naps or experience lower
nap frequency could attribute to the aforementioned reason and
the intense pandemic atmosphere. Eventually, in the absence of

effective countermeasures to cope with stress, these two groups
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of people became more emotionally distressed and had unsatis-
factory lifestyles.

Moreover, naps of long duration might lead to severe sleep iner-
tia that negatively affects daily performance (AKerstedt et al., 1989).
Converging evidence indicated that daytime napping and nocturnal
sleep seem to affect each other mutually. Studies have suggested
that long naps can interfere with sleep architecture, resulting in re-
duced duration of nocturnal sleep and poor sleep quality due to the
increased proportion of slow-wave sleep (AKerstedt et al., 1989;
Dinges, 1989). Furthermore, increased daytime napping causes re-
duced sleep pressure at night. Therefore, more time is required to
accumulate a sufficient sleep drive to initiate sleep, causing a delayed
sleep rhythm and increased sleep latency (Lovato & Lack, 2010).
Poor nocturnal sleep and impaired daytime function, which in turn
could lead to a greater need for daytime napping, create a long-term
vicious cycle.

The current study focused on changes in daytime napping caused
by emergencies and explores the effects of changes in daytime nap-
ping on sleep patterns, lifestyle and negative emotions. The results
indicated that stabilizing habitual daytime naps after the pandemic
could maintain normal sleep patterns, improve learning efficiency
and reduce negative emotions during the pandemic. These findings
could provide a theoretical basis for future research. The impact of
the COVID-19 pandemic is still present. Therefore, addressing the
pandemic's negative impacts is a main concern for school healthcare
professionals, social workers and clinical practitioners. Maintaining
regular daytime naps may be an effective way to alleviate the effect
of acute psychological stress and to prevent and control mental dis-

orders during the pandemic.

4.3 | Limitations and future research directions

This study has the following limitations. First, because the COVID-
19 pandemic is an emergency, the researchers could not precisely
collect information before the pandemic. Therefore, this study uti-
lized personal recollection to collect information regarding behav-
jours and emotions before the pandemic, which to some extent
achieves the purpose of exploring differences between before and
after the pandemic. However, the bias in memory still exists and the
cross-sectional nature of this study cannot accurately reflect the
causal relationship between the variables. Second, in the selection
of participants, this study only focused on young adults with stable
physical and mental health and did not explore the psychological and
behavioural impacts of the COVID-19 pandemic on people of other
ages (such as adolescents, middle-aged adults and older adults) dur-
ing the stay-at-home order, which could be a research area for future
studies. Finally, this study preliminarily explored changes in sleep pat-
terns, lifestyle and psychological well-being during the stay-at-home
order and revealed the stabilizing effect of regular daytime napping
on sleep patterns, lifestyle and psychological well-being, and pro-
vided information regarding maintaining psychological health and

sleep health during the pandemic. However, it should be noted that

unhealthy lifestyles and negative emotions could also affect sleep
adversely. The European Academy for Cognitive Behavioral Therapy
for Insomnia (CBT-1 Academy) explored individuals' changes in sleep
during COVID-19 stay-at-home orders and proposed that reductions
in duration of exposure to sunshine and exercise levels, and nega-
tive psychological status are the main factors that affect sleep health
(Altena et al., 2020). Another study also suggested that changes in
social zeitgebers (such as regular work schedules, social activities
and living environments) greatly disrupted individuals' sleep patterns
during the pandemic (Cellini et al., 2020). Future clinical studies and
interventions may consider the bidirectional relationship of sleep

problems, individual lifestyle and emotions.

5 | CONCLUSION

Our study found that the stay-at-home orders delayed the sleep-
wake phase, prolonged sleep duration and sleep latency, changed life-
styles and aggravated negative emotions among young adults during
the COVID-19 pandemic. Delayed sleep after the pandemic outbreak
affected lifestyles and negative emotions. The current study has some
noteworthy findings regarding regular daytime napping being an ef-
fective way to stabilize sleep patterns and biological rhythms, main-
tain good habits, alleviate the effect of acute psychological stress and
prevent and control mental disorders during the pandemic.
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