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Background: Coronavirus disease 2019 (COVID-19), formerly known as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and 2019 novel coronavirus (2019-nCoV), was first identified in December 2019 in Wuhan City,
China. Structural equation modeling (SEM) is a multivariate analysis method to determine the structural rela-
tionship between measured variables. This observational study aimed to use SEM to determine the effects of
social support on sleep quality and function of medical staff who treated patients with COVID-19 in January
and February 2020 in Wuhan, China.

Material/Methods: A one-month cross-sectional observational study included 180 medical staff who treated patients with COVID-19
infection. Levels of anxiety, self-efficacy, stress, sleep quality, and social support were measured using the and
the Self-Rating Anxiety Scale (SAS), the General Self-Efficacy Scale (GSES), the Stanford Acute Stress Reaction
(SASR) questionnaire, the Pittsburgh Sleep Quality Index (PSQI), and the Social Support Rate Scale (SSRS),
respectively. Pearson’s correlation analysis and SEM identified the interactions between these factors.

Results: Levels of social support for medical staff were significantly associated with self-efficacy and sleep quality and
negatively associated with the degree of anxiety and stress. Levels of anxiety were significantly associated with
the levels of stress, which negatively impacted self-efficacy and sleep quality. Anxiety, stress, and self-efficacy
were mediating variables associated with social support and sleep quality.

Conclusions: SEM showed that medical staff in China who were treating patients with COVID-19 infection during January
and February 2020 had levels of anxiety, stress, and self-efficacy that were dependent on sleep quality and so-
cial support.
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Background

Coronavirus disease 2019 (COVID-19), formerly known as se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and 2019 novel coronavirus (2019-nCoV), was first identified
in December 2019 in Wuhan City in central China [1,2]. From
the end of December 2019, COVID-19 began to spread rapid-
ly throughout Hubei Province and other areas in China [2,3].
As of February 18, 2020, more than 72,500 people had been
diagnosed with COVID-19 in China, and more than 1,800 pa-
tients had died from this new viral infection, mainly from pneu-
monia and other respiratory complications [3].

From December 2019, medical staff in Wuhan, China, were
working with an increased workload and at risk of infection
to treat patients with COVID-19 infection. Up to February 18,
more than 30,000 doctors and nurses from other provinces in
China arrived in Hubei Province to assist in the treatment of
patients. Local and national medical staff worked in isolation
wards, fever clinics, the Intensive Care Unit (ICU), and oth-
er related departments. Some medical staff became infect-
ed with COVID-19 when they were treating infected patients.
Chinese medical staff have shown professionalism and care,
but the physical and psychological health of medical staff is
at risk when working under such conditions, and anxiety and
stress can also adversely affect sleep.

Previous studies have shown that survivors of acute infectious
diseases, such as SARS, can lead to anxiety, depression, stress,
and posttraumatic stress disorder [4—6]. However, there have
been few studies on the physical and psychological effects of
outbreaks of serious infectious diseases on the medical staff,
particularly when associated with increased workload and the
stress associated with the risk of infection.

Sleep quality is a key indicator of health. For clinical staff, good
sleep quality not only helps them to work better to treat pa-
tients but also maintains optimal immune function to prevent
infection [7]. Therefore, sleep quality is an important indicator
of health. Also, psychological wellbeing and sleep are affected
by many socio-cultural factors [8]. Social support is a signif-
icant social factor. Social support refers to the care and sup-
port that people feel they get from other people [9]. Adequate
social support has previously been reported to have a posi-
tive effect on psychological health and sleep function [10,11].
Also, anxiety is a common negative emotion experienced by
medical staff during epidemics of infectious diseases [12].
The COVID-19 epidemic has become a stressor, particularly as
this is a new viral infection does not have a vaccine and can
only be treated symptomatically at present. Self-efficacy refers
to individual judgment on the ability to complete a certain be-
havior or task [13]. Self-efficacy helps medical staff cope with
high-risk and high-intensity work and help them maintain a
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stable mental state. The effect of emotion such as anxiety,
stress, and self-efficacy on sleep quality has been shown by
previous studies [14,15].

These variables of anxiety, self-efficacy, stress, sleep quality, and
social support and their interactions can be analyzed by structural
equation modeling (SEM), which is a multivariate analysis meth-
od to determine the structural relationship between measured
variables. Therefore, this observational study, conducted at the
Wuhan University School of Medicine, China, aimed to use SEM
to determine the effects of social support on sleep quality and
function of medical staff who treated patients with COVID-19
in January and February 2020. The two assumptions made in
this observational study were that the social support given to
the medical staff directly affected their sleep quality, and that
social support affected sleep quality by reducing anxiety and
stress and by increasing self-efficacy as intermediate variables.

Material and Methods

Ethical approval

This study was conducted in accordance with the Declaration
of Helsinki. All participants signed the consent form. The study
was approved by the Wuhan University School of Medicine
Ethics Committee (Approval number: 20180928).

Study participants

This study included 180 medical staff from several provinces
who treated patients with COVID-19 infection in January and
February 2020. All the study participants were either doctors
or nurses who worked in departments of respiratory medicine,
fever clinics, or the intensive care unit (ICU). All study partici-
pants volunteered to participate in the study.

Study design

An observational and cross-sectional clinical study was con-
ducted that included the use of self-reported questionnaires.
Demographic and social data from the medical staff were ob-
tained. Levels of anxiety, self-efficacy, stress, sleep quality, and
social support were measured using validated clinical ques-
tionnaires and scoring systems. All questionnaires were com-
pleted anonymously by the 180 participating medical staff.

Demographic and social data

Demographic and social data from the study participants in-
cluded age, gender, education, and marital status. Professional
and work information included their title, income, role, depart-
ment, and work experience, or seniority.
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The Social Support Rate Scale (SSRS) [16]

The SSRS was used to measure the type and levels of social
support received by the medical staff [16]. The SSRS contained
ten items consisting of three grades, with an aggregate score
that ranged from 7-56. A higher score indicated higher levels
of social support [16]. The Cronbach’s alpha for internal con-
sistency for the use of the SSRS was 0.808.

The Self-Rating Anxiety Scale (SAS) [17]

The SAS was used to measure the levels of anxiety the mood
of the medical staff [17]. The SAS questionnaire contained
20 items consisting of four grades, with questions based on
feelings of anxiety and mood in the previous seven days.
An aggregate score of 20 was then multiplied by 1.25, with
higher scores indicating more severe levels of anxiety [17].
The Cronbach’s alpha for internal consistency for the use of
the SAS was 0.821.

The General Self-Efficacy Scale (GSES) [18]

The Chinese version of the GSES was used to measure the
feelings of self-efficacy by the medical staff [18]. The scale
consisted of ten items, with a score for each item of between
1-4, and the total score of 10-40, with the final points were
divided by 10. Higher scores indicated higher self-efficacy [18].
The Chinese version of the GSES has previously been shown
to have high sensitivity and validity [18]. The Cronbach’s al-
pha for internal consistency for the use of the GSES was 0.805.

The Stanford Acute Stress Reaction (SASR) [19]

The SASR questionnaire was used to measure self-reported
stress by the medical staff [19]. The SASR is a six-point Likert
scale consisting of 30 items. Each item has a score of between
0-5, with a combined score ranging from 0-150, and a high-
er score indicating higher levels of self-reported stress [19].
The Cronbach’s alpha for internal consistency for the use of
the SASR was 0.837.

The Pittsburgh Sleep Quality Index (PSQI) [20]

The PSQI questionnaire was used to measure sleep quality us-
ing an 18-item scale containing seven items that included sleep
quality, sleep duration, sleep latency, habitual sleep efficiency,
sleep disturbance, use of sleeping medications, and daytime
dysfunction [20]. Each dimension scored between 0-3, with
a total score ranging from 0-21, and a higher score indicat-
ing lower sleep quality [20]. The Cronbach’s alpha for internal
consistency for the use of the PSQI was 0.811.
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Statistical analysis

Data were presented as the mean + standard deviation (SD).
The chi-squared (y?) test, Pearson’s correlation analysis, and
multivariate analysis using the structural equation model (SEM)
with path analysis were used to determine the structural re-
lationship between the measured variables. Data were ana-
lyzed using EpiData version 3.1 software (EpiData, Buenos
Aires, Argentina) and SAS version 9.4, software (SAS Institute,
Cary, NC, USA), which were used for data entry and analysis.
The intermediary effects of the variables were analyzed using
IBM SPSS AMOS version 21.0 (IBM Corp., Armonk, NY, USA).
The bootstrap number was set as 5,000. The significance of
the specific intermediary was determined using the nonpara-
metric percentile bootstrap method with deviation correc-
tion. Path analysis by the structural equation model (SEM)
was performed to measure the associations and their impor-
tance. Path analysis included the use of the goodness-of-fit
index (GFI), the adjusted goodness-of fit-index (AGFI) the in-
cremental fit index (IFl), the comparative fit index (CFl), the
Tucker-Lewis index (TLI), the normed fit index (NFI), and the
root mean square error of approximation (RMSEA). The struc-
tural equation showed and ideal fit (GFI=0.995, CFI=0.995,
TLI=0.953, IFI=0.996, NFI=0.991, AGFI=0.931, RMSEA=0.077,
x?/df=2.073). A P-value <0.05 was considered to be statisti-
cally significant.

Results

Demographic and working data of the medical staff who
treated patients with COVID-19 in January and February
2020 in Wuhan, China

There were 220 medical staff who were initially asked to par-
ticipate in the study, and 180 members of staff completed the
study questionnaires, indicating a study participation rate of
81.82% at our medical center. The mean age of the medical
staff was 32.31+4.88) years. The demographic and working
data of the study participants are shown in Table 1.

Correlation between the findings from the self-reported
questionnaires on anxiety, self-efficacy, stress, sleep
quality, and social support

The levels of anxiety, self-efficacy, stress, sleep quality, and
social support were measured using the Self-Rating Anxiety
Scale (SAS), the General Self-Efficacy Scale (GSES), the Stanford
Acute Stress Reaction (SASR) questionnaire, the Pittsburgh
Sleep Quality Index (PSQI), and the Social Support Rate Scale
(SSRS), respectively. Pearson’s correlation analysis was used
to identify the correlations between the results from the re-
sponses of the medical staff.
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Table 1. Demographic and working data of the medical staff treating patients with COVID-19 in January and February 2020 in Wuhan,

China.
Variable Number % Variable Number %
Gender Monthly income
”””” Mae 51 283 <6000 yuan 33 18.2
777777 Female129717 6000-10000 yuan 110 70.6
Education >10000 yuan 37 11.2
College degree or below 34 18.9 Profe55|on ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""""""""""""""""""""""""""""""""""""""""""""""" Doctor 82 45.6
Bachelor’s degree 82 ASE R R e
"""""""""""""""""""""""""""""""""""""""""""""""" Nurse 98 54.4
Master’s degree or above 64 35 .
———————————————————————————————————————————————————————————————————————————————————————————— Department
Marital status e T
———————————————————————————————————————————————————————————————————————————————————————————— Fever clinic or respiratory clinic 86 47.8
,,,,,,, Unmarrled41228 COVID-19 pneumonia isolation 52 78.9
Married 122 67.8 Hospital ward ’
Divorced or widowed 17 9.4 Intensive Care Unit (ICU) 42 23.3
Seniority Working experience
Primary 36 20.0 <2 years 26 14.4
Intermediate 108 60.0 2-5 years 33 18.3
Senior 36 20.0 >5 years 121 67.2

Table 2. The relationships between the Social Support Rate Scale (SSRS), the General Self-Efficacy Scale (GSES), the Stanford Acute
Stress Reaction (SASR) questionnaire, the Self-Rating Anxiety Scale (SAS), and the Pittsburgh Sleep Quality Index (PSQI) of the

medical staff treating patients with COVID-19.

Standard

Mean deviation SSRS GSES SAS SASR PSQI
SSRS 34.172 10.263 1
"""" GES 2267 o767 a0t 1
"""" sas  ssase 14183 -sesw  -3stet 1
"""" Sask 7S 2955 3% a7t et 1
"""" PSQI  8s83  aser  -a13v  -agye  ago%  as;v 1

** P<0.01. The data shown represent the scores of the questionnaires.

There was a significant positive correlation between the SSRS
scores and the GSES scores (r=0.405, P<0.01), and a nega-
tive correlation between the SSRS scores and the SAS scores
(r=—0.565, P<0.01), the SASR scores (r=—0.391, P <0.01), and
the PSQI scores (r=—-0.413, P<0.01). There was a negative asso-
ciation between the GSES scores and the SAS scores (r=—0.351,
P<0.01), and the SASR scores (r=—0.277, P<0.01), and the PSQI
scores (r=—0.483, P <0.01). There was a significant positive cor-
relation between the SAS scores and the SASR scores (r=0.397,
P<0.01), and the PSQI scores (r=0.489, P<0.01). There was a sig-
nificant positive association between the SASR scores and the
PSQI scores (r=0.457, P<0.01). Table 2 summarizes these results.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Path analysis of the effects of social support (from the
SSRS) on sleep quality (from the PSQI)

Path analysis by the structural equation model (SEM) was per-
formed to measure the associations and importance of so-
cial support on sleep quality in the medical staff. The struc-
tural equation showed and ideal fit (GFI=0.995, CFI=0.995,
TLI=0.953, IFI=0.996, NFI=0.991, AGFI=0.931, RMSEA=0.077,
x?/df=2.073). The path analysis obtained from the SEM of the
relationships from the results of the SSRS, the GSES, the SAS,
the SASR, and the PSQI of medical staff (with standardized
beta weighting) is shown in Figure 1.
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Figure 1. The path analysis obtained from the structural
equation model (SEM) of the relationships from
the results of the Social Support Rate Scale (SSRS),
the General Self-Efficacy Scale (GSES), the Self-Rating
Anxiety Scale (SAS), the Stanford Acute Stress Reaction
(SASR), and the Pittsburgh Sleep Quality Index (PSQI)
of medical staff (with standardized beta weighting).

Table 3 shows the normalized path coefficient. The SSRS
scores of the medical staff negatively affected the SAS scores
(B=—0.565, P<0.0001) and the SASR scores (3=—0.245, P=0.003)
significantly and positively affected the GSES scores ($=0.304,
P<0.001). The SAS scores positively affected the SASR scores
(B=0.259, P=0.001) and the PSQI scores ($=0.257, P<0.001),
and negatively affected the GSES scores ($=-0.179, P=0.029).
The SASR scores significantly affected the PSQI scores (3=0.255,
P<0.001). The GSES score negatively affected the PSQI scores

CLINICAL RESEARCH

(B=-0.308, P<0.001). However, the effect of the SSRS scores
on the PSQI scores was not significant (3=—0.046, P=0.538).

Hypothesis-testing using SEM

The two hypotheses tested in this study were hypothesis 1,
that the social support given to the medical staff directly af-
fected their sleep quality, and hypothesis 2, that social sup-
port affected sleep quality by reducing anxiety and stress and
by increasing self-efficacy as intermediate variables. Based on
the scores from the self-reported SSRS, SAS, GSES, SASR, and
PSQI questionnaires, the results showed that the social support
given to the medical staff negatively affected (reduced) their
anxiety and stress levels, and positively affected their self-ef-
ficacy, but did not directly affect their sleep quality. The lev-
els of staff anxiety significantly affected their levels of stress
and significantly reduced their self-efficacy and sleep quality.
Therefore, the hypothesis 1 was not supported and hypothe-
sis 2 was confirmed.

Bootstrap indirect effects analysis of the intermediary
effects of the variables

The intermediary effects of the variables were analyzed with
the bootstrap number set as 5,000. The significance of the
specific intermediary was determined using the nonpara-
metric percentile bootstrap method with deviation correc-
tion. The path of SSRS—SAS—PSQI, when the confidence in-
terval was not 0, showed that the SAS score had a significant
effect between the SSRS score and the PSQI score (8=0.157,
P=0.002). The path of SSRS—SASR—PSQI, when the confi-
dence interval was not 0, showed that the SAS score had a

Table 3. The normalized path coefficients for the Social Support Rate Scale (SSRS), the General Self-Efficacy Scale (GSES), the Stanford
Acute Stress Reaction (SASR) questionnaire, the Self-Rating Anxiety Scale (SAS), and the Pittsburgh Sleep Quality Index (PSQI)

of the medical staff treating patients with COVID-19.

Standardization
coefficient

Unstandardized
coefficient error ratio

Standard Critical

P-value

*** P<0.001 The data shown represent the scores of the questionnaires.
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Table 4. Result of the bootstrap indirect effects analysis of the Social Support Rate Scale (SSRS), the General Self-Efficacy Scale (GSES),
the Stanford Acute Stress Reaction (SASR) questionnaire, the Self-Rating Anxiety Scale (SAS), and the Pittsburgh Sleep Quality
Index (PSQI) of the medical staff treating patients with COVID-19.

Standardization Unstandardized

Mediation effect path

coefficient coefficients
SSRS—SAS—PSQI -0.145 -0.064
SSRSLGSESPSQI 0094 0041
SSRSLSASRPSQI 0062 008
| SSRSOSASGSESPSQ 0031 o014
| SSRSSASSASROPSQI 0037 0016

Standard 95% Cl
error
0.019 -0.107 -0.031 0.000
""" 0014 -0075  -0018 0000
""" 0012 -005%  -0009 0002
""" 0007 -00%  -0002 0025
""" 0008 -0037  -0005 0002

significant effect between the SSRS score and the PSQI score
(B=0.159, P<0.0001). Table 4 summarizes the findings of the
bootstrap indirect effect analysis of the scores for the self-re-
porting questionnaires.

Discussion

This study used the structural equation model (SEM) to deter-
mine the effects of social support on sleep quality and func-
tion of medical staff who treated patients with coronavirus
disease 2019 (COVID-19) [1-3] in January and February 2020
in Wuhan, China. The levels of anxiety, self-efficacy, stress,
sleep quality, and social support were measured using the
Self-Rating Anxiety Scale (SAS), the General Self-Efficacy Scale
(GSES), the Stanford Acute Stress Reaction (SASR) question-
naire, the Pittsburgh Sleep Quality Index (PSQI), and the Social
Support Rate Scale (SSRS), respectively. The findings from this
study showed that the sleep quality of the medical staff was
low with a mean PSQI score of 8.583. Compared with the nor-
mal Chinese PSQI score of 7 points, the sleep quality of medi-
cal staff who treated COVID-19 was relatively low. There were
several factors that may have resulted in reduced sleep quality
in the medical staff. Doctors and nurses had to wear protec-
tive clothing every day, including hazardous materials (HazMat)
suits. The staff worked continuously in the isolation wards with
high work intensity and under pressure. Also, some of the pa-
tients could not be cured, and infection with COVID-19 is as-
sociated with patient mortality [1-3].

The findings from this study showed that social support of the
medical staff did not directly affect their sleep quality, but had
an indirect through several paths or steps. Firstly, social support
reduces anxiety and stress, and improves self-efficacy. Social
support can help medical staff reduce anxiety levels, as friends
or family members provide social and emotional support and
share empathy [21]. Social interactions reduce negative emo-
tions such as anxiety and can improve mood [22]. Currently,

with the increase in the number of cases of COVID-19 infec-
tion in China, front-line medical staff are required to wear pro-
tective masks and protective clothing, which may cause added
stress. When medical staff have a wide social network, social
support can help to reduce stress by reducing the perception
of the threat of stressful events and the physiological response
and inappropriate behavior that can result from stress [23].
Social support contributes to improving self-efficacy, leading to
more understanding, respect, encouragement, courage, and a
sense of professional achievement [24]. Self-efficacy results in
increased confidence to do the job well, and when combined
with social support, members of the medical profession suffer
less from loneliness and might be more optimistic, which im-
proves coping mechanisms when under stress [25,26].

Secondly, the combination of anxiety, stress, and self-effica-
cy of medical staff act on their sleep quality. Anxiety affects
sleep quality because anxious people often find it difficult to
fall asleep and may wake up frequently during sleep [27]. Also,
the combination of anxiety with sleep disorders may make it
difficult to fall asleep [28]. The fact that stress is closely related
to sleep quality has been confirmed by a previous study [29].
Increased stress can increase the levels of vigilance regarding
the environment, which will reduce sleep quality [30]. However,
self-efficacy is a positive mental state that may enhance sleep
quality [31]. People with high self-efficacy can maintain rela-
tively stable emotions even under pressure, and they may ex-
perience fewer episodes of night waking, sleep anxiety, and
sleep onset delay [32]. Self-efficacy also increases concentra-
tion and self-control [33]. Even though all medical staff expe-
rience pressure at work, people who have high self-efficacy
are able to control their emotions and try to sleep regular-
ly after work. Therefore, with high self-efficacy, medical staff
may have good sleep quality. Anxiety has been shown to in-
crease sensitivity to work pressure and the working environ-
ment and has a negative effect on self-efficacy because it re-
duces positive behaviors and initiative [34,35].
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The findings from this study may provide support for the imple-
mentation of measures to improve the social support of med-
ical staff during increased demands associated with COVID-19
infection at this time. For example, professional psychother-
apy teams should take the initiative to support the mental
health of medical staff and provide individually targeted in-
terventions. Hospital managers should provide logistic sup-
port for medical staff, and support groups for medical staff
should be established. However, this study had several limi-
tations. Firstly, this was a cross-sectional study with a small
sample size, and definitive causal relationships remain to be
established. For example, anxiety may increase stress, and
stress may increase anxiety [36]. However, anxiety has been
shown to result in impaired sleep, and poor sleep quality in-
creases anxiety [37]. Therefore, cohort studies with larger sam-
ples are needed to investigate the effects of social support on
sleep quality and function of medical staff who are working
with increased levels of stress and increased workloads, as
with the COVID-19 infection epidemic in Wuhan, China. Also,
this study used subjective self-reported questionnaires to ob-
tain the data. Future studies should include objective indica-
tors of stress, such as measurements of serum cortisol level
with the questionnaire [38].
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Conclusions

This observational cross-sectional clinical study aimed to use
SEM to determine the effects of social support on sleep qual-
ity and function of medical staff who treated patients with
coronavirus disease 2019 (COVID-19) in January and February
2020 in Wuhan, China. Structural equation modeling (SEM)
showed that medical staff had increased levels of anxiety,
stress, and self-efficacy that were dependent on sleep quali-
ty and social support.
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