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Abstract

Background: The 2019 coronavirus disease (COVID-19) has spmearldwide, and its
associated stressors have resulted in decreased glelity among front-line workers.
However, in China, the general public displayed enpsychological problems than the
front-line workers during the pandemic. Therefave,investigated the influence of perceived
stress on the sleep quality of the non-diseaseérgkepublic and developed a moderated
mediation model to explain said relationship.

Methods. Questionnaire-based surveys were conducted ofrome February 18-25, 2020
with 1,630 Chinese participants (aged 18—68 years).

Results Around one-third (36.38%) of participants wer@psleepers during the COVID-19
pandemic. Moreover, higher perceived stress wasfwigntly associated with higher anxiety
levels, which, in turn, was associated with lowksrep quality. Self-esteem moderated the
indirect effect of perceived stress on sleep qudhtough its moderation of the effect of
perceived stress on anxiety. This indicated thantlediation effect of anxiety was stronger in
those with low levels of self-esteem than in the#té high levels of self-esteem.

Conclusions These findings suggest that both the sleep gquatitl perceived stress levels of
the non-diseased general public required attentionng the COVID-19 pandemic. Our
findings also identify personality characteristietated to better sleep quality, demonstrating
the important role of self-esteem in environmeatiptation.

Keywords: COVID-19, perceived stress, sleep quality, anxistyf-esteem
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1 Introduction

Since December 2019, the outbreak of the novel nesticus disease (COVID-19) has
infected more than 80,000 individuals in China, ainthas since been declared a global
pandemic [1]. According to the World Health Orgaian’s report, by April 30, 2020,
3,090,445 confirmed cases and 217,769 deaths headrbported worldwide. As COVID-19
is highly contagious and no vaccine is currentlgikable, it has become an uncontrollable
stressor for many individuals [2].

Exposure to uncontrollable or unpredictable stness@g, hurricanes, earthquakes,
tsunamis, etc.) can alter individuals’ sleep; (egding to lower sleep quality, longer sleep
latency, increased awareness during the night,ramck sleep complaints) [3-5]. Previous
studies showed that perceived stress is a majdadbsto sleep and eroded sleep quality
[6,7]. Specifically, the higher the perceived sétate worse the sleep quality [8-13], and the
reduction in perceived stress predicted an imprargnin sleep quality [7]. Notably,
researchers revealed that front-line workers (egflical staff) had poor sleep quality during
COVID-19 in China [2]; however, a recent study istigated the vicarious traumatization in
the general public and front-line medical staff dadnd the general public displayed more
vicarious traumatization than did front-line medlistff during the pandemic [14]. Therefore,
we investigated the influence of perceived stresghe sleep quality of the non-diseased
general public during the COVID-19 pandemic in Ghin

Anxiety is defined as an emotional state that idefiworry, nervousness, apprehension,

and physical arousal [15]. According to the cogmittheory of emotion, cognitive appraisal
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is a key factor in determining one’s emotional esfdt6-18]. Anxiety may occur when one’s
life is appraised as threatening or stressful. Sewimgence shows that anxiety levels increase
after exposure to stressful events (eg, war, eaatkep, violence, etc. [19-21]) and higher
perceived stress is significantly associated wiitreased anxiety [22-25]. In contrast, it is
increasingly clear that anxiety is negatively retato sleep quality. For example, higher
anxiety is an important predictor of poor sleepligganore insomnia symptoms, and longer
sleep onset time [26,27]. Importantly, higher atykipredicted lower sleep quality among
individuals during the COVID-19 [2]. Thus, we po#iat anxiety mediates the influence of
perceived stress on sleep quality.

Self-esteem is conceptualized as an individuarssef self-worth [28-30]. Individuals
with high (vs. low) self-esteem can better resptmdhreats and frustrations and display
stronger subjective well-being, meaning in life,spiwe emotions, and life satisfaction
[31,32,29,33,34]. Importantly, researchers whoiagd Terror Management Theory (TMT)
believe that high self-esteem is the result ofralividual’s adaptation to the environment and
serves to buffer against potential anxiety [35,3GJonsistent with TMT theory, a
meta-analysis of longitudinal studies showed thghdr self-esteem significantly predicted
lower anxiety levels [37]. Further, when manipuigti self-esteem through personality
feedback, researchers found that participants enhilgh self-esteem condition had lower
anxiety levels when facing the stressful stimudj, (@ video about death) than did participants
in the low self-esteem condition [38]. Taken togethself-esteem may moderate the

relationship between perceived stress and anxigtiyier, it may moderate the indirect effect
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Moreover, self-esteem may be a protective factor dleep. For example, higher
self-esteem was related to fewer insomnia symptonaslarge community-based sample of
adults aged 30 to 84 years [39]. Lemola et al.,[8BJo found that short (< 6 h) and long (> 9
h) sleep duration that were harmful to health (egreasing mortality hazard [40]) were
correlated with low self-esteem. Even when deahity stressful events (ie, hospitalization),
self-esteem was positively correlated with chilckesieep efficiency [41]. Therefore, it is
logical to speculate that people with low self-estewill have lower sleep quality than
people with high self-esteem, especially when fasitnessful events. That is, the direct effect
of perceived stress on sleep may be moderatedifbgsteem.

Considering the above, we investigated the infleenicperceived stress on sleep quality
among the non-diseased general public during COMDn China. We hypothesized that
perceived would be an important predictor of sleplity. Moreover, we posited that
perceived stress would predict increased anxiatglde which, in turn, would be associated
with decreased sleep quality. Finally, we hypothesithat individuals’ self-esteem would
moderate both the relationship between perceivegkstand anxiety and the relationship
between perceived stress and sleep quality. Ir @tbeds, higher perceived stress and lower
self-esteem would be correlated with higher anxiktyels which, in turn, would be

associated with lower sleep quality. The moderatediation model is shown in Figure 1.
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Figure 1. The proposed moderated mediation model
2 Materials and Methods
2.1 Participants
A total of 1,722 people from 32 provinces or pobli areas in China were recruited to
complete a questionnaire survey. Participants \asked to report both their current health
status (non-diseased individuals/individuals withangemic-related symptoms (eq,
fever/suspected patients/confirmed patients/cureses of COVID-19) and their identity
(front-line workers (eg, medical staff)/general ficko Among them, 92 participants (13
participants with pandemic-related symptoms, oneeducase of COVID-19, and 78
front-line workers) were excluded, resulting inraaf sample of 1,630 non-diseased members
of the general public (mean age = 29.17 + 10.58syemge range = 18-68 years). Most
participants (83.43%, n = 1,360) had at least éegeldegree. Only 13.19% (n = 215) of
participants had left the house to work. In additi@1.84% (n = 1,171) of the participants
paid great attention to COVID-19.
2.2 Materials
2.2.1 Perceived Stress Scale (PSS)

Perceived stress levels over the past month wesesssd with the Chinese version of the

6
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10-item PSS, which was based on Cohen et al., [A8E version of the PSS was reliable
(Cronbach’sa = 0.75) and had satisfactory construct validitres study of 9,507 Chinese
individuals (aged 18 years; education junior high school; [43]). PSS assesses the extent
that individuals believe their lives are overloadadpredictable, and uncontrollable (eg, in
the last month, how often have you found that yould not cope with all the things that you
had to do?). Participants rated the items on aibtikert scale (O =never, 4 =very often),
with higher scores indicating higher perceivedssr€ronbach’s was 0.82 in this study.

2.2.2 Pittsburgh Sleep Quality Index (PSQI)

Global sleep quality over the past month was aedgegsth the Chinese version of the
19-item PSQI, which was based on Buysse et al], [## Chinese version of the PSQI has
good validity and internal consistency (Cronbaakss= 0.75-0.85 [45-47] and test-retest
reliability (0.85 over 14- and 21-day intervals Jd6The seven subscale scores (subjective
sleep quality, sleep latency, sleep duration, kbabisleep efficiency, sleep disturbances, use
of sleep medication, and daytime dysfunction) wewenmed to calculate a global score.
Scores on the PSQI ranged from 0 to 21, with higiteres indicating poorer sleep quality.
People with a PSQI score greater than five werameefas “poor sleepers” [44]. Cronbach’s
a was 0.81 in this study.

2.2.3 Self-Rating Anxiety Scale (SAS)

Anxiety levels during the previous seven days weeasured with the Chinese version of the
20-item SAS, which was based on Zung [48]. Thisier of the SAS is valid and reliable

(Cronbach’sy = 0.93 [49]. All responses were made using a #tdakert scale (1 =ever, 4
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= very often). Higher scores indicated higher anxiety levelsorbach’so was 0.79 in this
study.

2.2.4 Rosenberg Self-Esteem Scale (RSE)

The Chinese revision of the RSE scale, based orerbesg [30], was used to measure
overall self-esteem. Previous studies showed térsion of the RSE to have good internal
consistency (Cronbachiés= 0.82; [50]) and test-retest reliability (0.78e0\a 14-day interval;
[51]). The Chinese version of the RSE consistaxopssitive items (items 1, 2, 4, 6, 7, and 8)
and four negative items (items 3, 5, 9, and 10jtiéaants were asked to answer the items
using a 4-point Likert scale (1 strongly agree, 4 = strongly disagree). Higher scores
indicated higher levels of self-esteem. Cronbaahvigs 0.87 in this study.

2.3 Procedures

This study was approved by the review board of Raeulty of Psychology of Southwest
University (no. IRB20200218). Anonymous questionesiwere conducted via an online
survey platform—"SurveyStar'—from February 18-2920. It took about 15 minutes for
participants to complete all questionnaires. Upomgletion, participants were paid five
yuan as gratitude (approximately $0.70 US).

2.4 Statistical analyses

All data were analyzed using IBM SPSS Statistic®2@/e used Model 4 of the Hayes [52]
PROCESS macro to examine the mediation effect afen Moreover, Model 8 of the
PROCESS macro was used to test whether self-estesierated the mediation process.

Bootstrapping (5,000 bootstrap samples) with 95#fidence intervals (Cls) was conducted



1 to test the significance of indirect effects [5Phe 95% Cls did not include zero, indicating a
2 significant effect.
3 3 Results

4 3.1 Preliminary analyses

5 3.1.1 National epidemic trend of COVID-19 in China

(o]

Figure 2 shows the national epidemic trend of COX{EDin China from February 4 to March
7 10, 2020, with a peak (n = 58,016) in the numbexxasdting confirmed cases on February 17,
8 2020. According to Figure 2, the epidemic (the namdif existing confirmed cases ranged

9 from 45,604 to 57,805) remained severe during thestionnaire collection period.
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10
11  Figure 2. The national pandemic trend of the 2Gd®mavirus disease (COVID-19) in China
12  from February 4 to March 10, 2020; existing con&drcases = cumulative confirmed cases -

13 cured cases - death cases.
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3.1.2 Descriptive statistics for sleep quality

The distribution of PSQI scores is presented inufedd3. We also calculated the mean scores
of the seven subscales: subjective sleep qualigafm= 0.94, SD = 0.76), sleep latency
(mean = 1.24, SD = 0.96), sleep duration (mearnl3,ED = 0.44), habitual sleep efficiency
(mean = 0.53, SD = 0.83), sleep disturbances (nme#&nh99, SD = 0.53), use of sleep
medication (mean = 0.04, SD = 0.31), and daytim&fuhction (mean = 1.02, SD = 0.96).
Among the 1,630 participants, there were 1,0376@%) good sleepers and 593 (36.38%)

poor sleepers.

250+ —
200+ —/ x Cut point

150 M =4.88, SD =2.96

Frequency

100+ |

50+

| I
-5 0 5 10 15 20
PsaQl

Figure 3. Distribution of Pittsburgh Sleep Qualitgex (PSQI) scores. People with scores
greater than five were defined as “poor sleepers.”
3.1.3 Correlations for all variables
The results of Pearson’s correlations are preseantédble 1. As expected, higher perceived
stress was correlated with lower sleep quality.hdrganxiety was related to higher perceived

stress and lower sleep quality. Moreover, highdf-esteem was associated with lower

10
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anxiety and better sleep quality.

Table 1. Correlations between all variables

Mean SD PSS PSQI SAS RSE

PSS 15.82 5.56 1.00
PSQI 4.88 2.96 0.35 1.00
SAS 39.96 8.34 052 053" 1.00

RSE 29.35 4.27 043 -027"7 -0.36" 1.00

Note. N = 1,630. SD = standard deviation; PSQIttsBurgh Sleep Quality Index; PSS =
Perceived Stress Scale; SAS = Self-Rating Anxiealé&S RSE = Rosenberg Self-Esteem
Scale;” P<.001.
3.2 Mediation Analysis
Controlling for age, education, working or not (ihether they left the house to work), and
attention to COVID-19, the mediation effect of astyiwas examined. Results showed that a
higher level of perceived stress significantly pceetl lower sleep quality (see Model 1 of
Table 2). Higher perceived stress was also a piadi€ higher anxiety (see Model 2 of Table
2). When controlling for perceived stress, highexiety significantly predicted lower sleep
quality (see Model 3 of Table 2). Moreover, boa@gping indicated that the mediation effect
of anxiety was significant (ab = 0.13, Boot SE 810.Boot 95% CI = [0.11, 0.15]), and it
accounted for 66.29% of the total effect. Takeretbgr, anxiety mediated the relationship
between perceived stress and sleep quality.

Table 2. Testing the mediation effect of perceistdss on sleep quality

11



Model 1 (PSQI) Model 2 (SAS) Model 3 (PSQI)

Predictor B t B t B t
Age 0.03 3.65° -0.05 -2.88 0.04  5.46&
Education 0.04 0.57 099 -601 021 355
Work or not 0.02 0.09 -0.56 -1.08 0.12 0.64

Attention to
0.07 0.74 0.26 1.11 0.02 0.28

COVID-19
PSS 020 1552 075 2338 007 504
SAS 0.17  19.76
R 0.13 0.29 0.30
F 49.01" 131.08" 115.69"

1 Note. N =1,630. PSQI = Pittsburgh Sleep Qualigelk PSS = Perceived Stress Scale; SAS
2 = Self-Rating Anxiety Scale; P<.001; P < .01.

3 3.3 Moderated mediation analysis

4  Controlling for age, education, working or not, attention to COVID-19, we conducted the
5 moderated mediation analysis. As Table 3 shows, itieraction (Model 1) between
6 perceived stress and self-esteem significantly ipted anxiety, suggesting that self-esteem
7 moderated the effect of perceived stress on anx&typle slope tests suggested that, for
8 individuals with high (Mean + SCBgnpe = 0.59,t = 13.06,p < .001) and low (Mean - SD;

9  Bsmple = 0.73,t = 16.80,p < .001) self-esteem, higher perceived stress ghextlihigher

10 anxiety (Figure 4a). Nevertheless, the slope fdividuals with low self-esteem was larger

12



1 than that for individuals with high self-esteem.rtRaer, self-esteem significantly moderated

2 the effect of perceived stress on sleep througleanx here was a significant indirect effect

3 at each level of self-esteem (Table 4); however,nlirect effect of perceived stress on sleep

4  quality through anxiety was stronger at low levaiself-esteem.

5 Table 3 also shows the interaction (Model 2) betwperceived stress and self-esteem,

6 which significantly predicted sleep quality. Thiaggests that self-esteem moderated the

7 direct effect of perceived stress on sleep qudlitmple slope tests (Figure 4b) showed that,

8 for individuals with low self-esteem, higher peras stress predicted lower sleep quality

9  (Bsmpe = 0.76,t = 4.53,p < .001); however, for individuals with high sedteem, perceived

10 stress was not related to sleep qualyfie = 0.03,t = 1.56,p = .12).

11 Table 3. Testing the moderated mediation effegten€eived stress on sleep quality

Model 1 (SAS)

Model 2 (PSQI)

Predictors B t B t
Age -0.05 -2.58 0.04 5.65
Education -0.85 -5.18 0.22 3.78"
Work or not -0.52 -1.01 0.12 0.65
Attention to COVID-19 0.39 1.67 0.06 0.68
PSS 1.14 6.10 0.22 3.28
RSE -0.03 -0.28 0.03 0.83
SAS 0.17 18.87
PSS x RSE -0.02 -2.61 -0.01 -2.57

13



R 0.31 0.31

F 103.43" 90.25"

Note. N = 1,630. PSQI = Pittsburgh Sleep Qualitely PSS = Perceived Stress Scale; SAS
= Self-Rating Anxiety Scale; RSE = Rosenberg SeteEm Scale: P < .001;” P < .01.

Table 4. Bootstrap results for the moderated miediagffect

Boot 95% ClI

RSE Effect Boot SE Low High
Low RSE 0.12 0.01 0.10 0.14
Medium RSE 0.11 0.01 0.09 0.13
Conditional indirect effects High RSE 0.10 0.01 0.08 0.12

Note. N = 1,630. RSE = Rosenberg Self-Esteem Skdjum RSE = Mean of RSE; Low
RSE = Mean -1 SD; High RSE = Mean +1 SD; SD = saathdeviation; Cl = confidence

interval.

RSE

A Low

45.00 5.50 D tigh

42,50 5.259

SAS

40.00 5.00

PsQl

37.507 4.757

35.00 4.50

U U T T T T T U T I T U T 1
10.00 1200 1400 16.00 18.00 20.00 22.00 10.00 12.00 1400 16.00 18.00 20.00 2200
PSS PSS

Figure 4. The moderation effect of self-esteemsédfyesteem moderated the relationship

between perceived stress and anxiety. (b) seleestaoderated the relationship between

14
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perceived stress and sleep quality. PSQI = Pittgb8teep Quality Index; PSS = Perceived
Stress Scale; SAS = Self-Rating Anxiety Scale; RFtosenberg Self-Esteem Scale; Low

RSE = Mean -1 SD; High RSE = Mean +1 SD; SD = saashdeviation.

4 Discussion

The current study investigated the influence ofcpmed stress on sleep quality in the
non-diseased general public during the COVID-19deamic in China and the mediating
effect of anxiety and moderating mechanisms of-asiéem. Results showed that about
one-third of participants were poor sleepers dutirggpandemic. Moreover, people’s anxiety
significantly mediated the relationship betweencpared stress and sleep quality. Further,
people’s self-esteem moderated the indirect effeperceived stress on sleep quality through
its moderation of the effect of perceived stressaoxiety, indicating the mediation effect of
anxiety was stronger at low levels of self-estekamtat high levels of self-esteem. The direct
effect of perceived stress on sleep quality waseraidd by self-esteem.

The number of poor sleepers in the current study mach higher than the proportion
reported in previous Chinese studies, which wereralated to COVID-19. For example,
Zhang et al. [53], surveyed the sleep quality gB22 Chinese rural individuals aged 18-79
years and found that 21.80% of participants weténgepoor sleep [53]. Ning et al. [54],
found that 24.10% of 1,469 HIV-infected Chineseltd(aged 18—-80 years) and 19.90% of
2,938 HIV-uninfected participants had poor sleepligu[54]. Jiang et al. [55], calculated the

global PSQI score only based on six subscale s¢sutgective sleep quality, sleep latency,

15
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habitual sleep efficiency, sleep disturbances, o$esleep medication, and daytime
dysfunction), and found that 27.44% of 28,202 Cééeural participants aged 18-79 years
were poor sleepers [55]. The current results thuggest that the sleep quality of the
non-diseased general public during COVID-19 was seothan usual. This study was
conducted when the pandemic was severe, which mphaie the decline in participants’
sleep quality. In line with this notion, previousidies showed that exposure to stressors (eg,
hurricanes) leads to lower sleep quality, longeegllatency, increased awareness during the
night, and more sleep complaints [3-5].However, agsults suggested that, during
COVID-19, the sleep quality of the non-diseasedegainpublic (mean PSQI = 4.88) was
better than that of the front-line medical staffegn PSQI = 8.58; [2]). We cautiously
speculate that the countermeasures for COVID-19 medyce the impact of the pandemic on
the sleep quality of the general public. On onedhan cut-off the transmission of the virus,
the general public was encouraged to practice heoiation and wear masks, which
effectively reduced the risk of infection. On theher hand, during the period of
home-isolation, the state has implemented many unesiso ensure that the daily lives of the
general public are as normal as possible; for e¥@napllege students can take classes online
at home.

We found that higher levels of perceived stresdlipted lower sleep quality, which is
consistent with previous studies [8-13]. Moreovyagrceived stress affected sleep quality
through anxiety, indicating that perceived stremsaased feelings of anxiety, which, in turn,

decreased sleep quality. These results were censisith Stress and Coping Theory, which

16
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proposes that stress occurs when individuals percihiat the demands of environmental
stimuli exceed or tax their resources, which resuita changed emotional state (eg, anxiety)
that, in turn, affects one’s health [56-59,18]. c®irperceived stress was measured by the
degree of unpredictability, uncontrollability, anaverload [42]. in the current study,
participants with higher stress perceived lower ticdnover their lives. Accumulating
evidence has demonstrated that lower perceivedratoist associated with higher anxiety
levels and more anxiety symptoms [60-64]; therefore results were consistent with these
models of anxiety, which suggests that control diferplays an important role in anxiety
development [65]. In addition, we found that higlaerxiety levels predicted worse sleep
quality. In line with this study, previous studieave consistently found that higher anxiety
levels were associated with worse self-reportedtinedecreased well-being, higher levels of
depression, increased disability, and cognitiveaimpent [66-72].

Our results showed that self-esteem moderatedethBanship between perceived stress
and anxiety, which, in turn, moderated the indireftéct of perceived stress on sleep quality
through anxiety. Specifically, the effect of pexas stress on anxiety was stronger in those
with low self-esteem vs. high self-esteem. Therdifigs are consistent with TMT theory,
which suggests that high self-esteem helps buffamat anxiety [35,36]. Accordingly, faced
with the stressors induced by COVID-19, particiganith low self-esteem were more likely
to experience anxiety than were participants with hself-esteem. Individuals with high
self-esteem typically hold more positive beliefg, (|mtelligent, popular, attractive, etc.) about

themselves relative to those with low self-esteer3-15]. Similarly, compared with

17
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individuals with low self-esteem, those with higblfeesteem are more confident in their
ability and more optimistic about their performarmsefuture tasks, even following a failure
[76]. Further, participants with high self-esteempthy more self-protection and attribute
failure more to external factors than participamigh low self-esteem [74,77]. These
characteristics of high self-esteem may help reduvcaeties related to threats. In addition,
we also found that self-esteem moderated the oelstip between perceived stress and sleep
quality, indicating that higher perceived stressdicted lower sleep quality in those with low
self-esteem, but not in those with high self-estedimese findings are consistent with
previous studies, suggesting that self-esteenpistactive factor for sleep [39,41].

Several limitations deserve mentioning. Previougliss showed that, compared with
women, men have shorter sleep quantity and loveepstiuality [78,79]. Results also suggest
that sleep problems are more common among womeeciedly those with depression
[78,79]. However, owing to data collection problem85 participants did not report their sex,
which prevents analyzing any possible sex diffeesndo control for the potential influence
of sex on the current results, we only analyzeddiua with sex information (n = 835, 254
men and 581 women). The results indicated thabhtédiation effect of anxiety (ab = 0.137,
Boot SE = 0.02, Boot 95% CI = [0.11, 0.17]) and thederated mediation analysis of
self-esteem (the effect of the interaction betwgerteived stress and self-esteem on anxiety:
B =-0.02,t = -2.00,p < 0.05) were both stable. Second, we did not lokata from front-line
workers, which prevents directly analyzing the eliéince in sleep quality between front-line

workers and the non-diseased general public. Thivd, measure of sleep was based on
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individuals’ subjective sleep reports. Previousdsts showed that subjective sleep reports
could underestimate or overestimate sleep quatitpypared to objective sleep assessments
owing to psychological factors, such as mood [8D-8hus, future studies should try to
objectively measure sleep (eg, polysomnographyctography). Finally, this study employed
a cross-sectional design; thus, we cannot infersalay. Further research should adopt
experimental or longitudinal designs to explored¢hasal implications of this study.
5 Conclusion

In sum, this study suggests that, owing to theeiase in perceived stress during the 2019
COVID-19 pandemic, the sleep quality in the noredsed general public deteriorated.
Moreover, high levels of anxiety may be an explammatfor the higher levels of stress
associated with worse sleep quality. Further, lsiglfiresteem helped reduce people’s anxiety
induced by perceived stress and lead to bettep gjaality. These findings suggest that both
the sleep quality and the perceived stress levieleeonon-diseased general public required
attention during the COVID-19 pandemic. We alsontdeed personality characteristics
related to better sleep quality, demonstrating theportant role of self-esteem in
environmental adaptation.
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Highlights
One-third of the 1,630 healthy participants were poor sleepers during the COVID-19
pandemic.
Higher perceived stress was related to lower sleep quality.
Anxiety significantly mediated the relationship between perceived stress and sleep
quality.

Anxiety as a mediator was stronger in those with low (vs. high) self-esteem.
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