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ABSTRACT

Objectives To explore the effects of occupational stress
and resilience on insomnia among Chinese nurses during
the COVID-19 pandemic.

Design, settings and participants A quantitative
description study. The data were collected via a cross-
sectional survey. A total of 725 front-line nurses at three
tertiary hospitals in western China were included from
December 2022 to January 2023. The Connor-Davidson
Resilience Scale, Job Content Questionnaire, and Athens
Insomnia Scale were used to collect data from a self-
reported online questionnaire.

Outcome measures The outcome variable was insomnia,
and structural equation modelling was used to assess the
associations among resilience, occupational stress and
insomnia.

Results The prevalence of insomnia among the
participants was 58.76%. The structural equation model
showed that resilience had a negative direct effect on
insomnia and occupational stress, and occupational stress
had a positive direct effect on insomnia. Involvement in
COVID-19-related work has a positive effect on insomnia
through occupational stress. In contrast, higher education
levels improved insomnia through increased resilience.
Conclusion A significantly higher prevalence of insomnia
has been observed among Chinese nurses during the
COVID-19 pandemic. Our study suggests that better
resilience may improve insomnia by relieving occupational
stress, and implementing measures to promote resilience
is essential to reduce occupational stress in nurses and
improve their sleep quality.

INTRODUCTION

Insomnia is a prevalent sleep disturbance that
refers to sleep symptoms such as difficulty
initiating or staying asleep, irregular wake-
sleep patterns and early morning awakening
with no resumption of sleep." The outbreak
of COVID-19 has been confirmed to signifi-
cantly exacerbate the physical and psycho-
logical burden on hospital staff, especially
among nurses, due to the highly demanding
and stressful working conditions and the
extremely uncertain and infectious nature of
this virus.” Because of increased workload and
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study used structural equation modelling to re-
veal the complex relationships among occupational
stress, resilience and insomnia.

= The main study variables were measured using val-
idated scales.

= The study was conducted only in western China,
which may limit the extrapolation of the findings.

= This study was based on a cross-sectional design
and could not reveal a causal relationship.

shiftwork, nurses are exposed to restricted
sleep opportunities, fewer sleep hours and
poorer sleep quality.” Studies have reported
that prevalence the of insomnia is 40% (95%
CI 36.9% to 42.0%) around the world and
36.36% (95% CI 33.36% to 39.36%) among
Chinese healthcare workers.”® In December
2022, China declared a nationwide loosening
of COVID-19 restrictions and then officially
ended its zero-COVID-19 policy in January
2023.° The management of COVID-19 was
downgraded from class A to class B, leading
to the outspread of the Omicron variant and
triggering another cascade of infections.”
Facing another abrupt outbreak of COVID-19
was an unprecedented challenge in this new
phase, hospitals were overwhelmed due to
the increased numbers of people with fever
attending clinics and antifever drugs were out
of stock for weeks.® Large numbers of medical
staff were infected while still going to work
sick, staying on the front line and coping
with the surge in patients with fever.” Given
that Chinese healthcare workers are experi-
encing another round of COVID-19 attacks,
itis necessary to understand the current situa-
tion of insomnia and propose relevant coping
strategies. The risk factors for insomnia
among nurses have been widely discussed,
including female sex, genetics, familial history
of insomnia, psychiatric history, educational
background, length of service, position,
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hospital level, night shifts, family income, high-risk units
and contact with affected patients.'”'" Among these risk
factors, stressful experience is the most common precipi-
tating factor of insomnia, and research has revealed that
environmental stress influences the sleep system.'*

Occupational stress is an alarming phenomenon world-
wide and has been acknowledged as a major public health
problem due to its negative impact on the physical, mental,
emotional and psychological well-being of employees in
various occupations.13 Nurses are at high risk of exposure
to workplace stress, which may result in compromising
capacity to practice, inducing burn-out, compassion
fatigue and higher turnover intention.'* Occupational
stress among nurses is usually brought by heavy work-
loads, frequent night shifts and long working hours, and
these stressors come from patients, their relatives and
their colleagues.'” Unfortunately, the occurrence of the
COVID-19 pandemic imposed an unprecedented burden
on nurses globally, resulting in a higher level of occupa-
tional stress than that of other healthcare providers due to
the shortage of nursing staff.'®'” Many studies have inves-
tigated the correlation between insomnia and stressors
in the workplace."™™ The correlation between insomnia
symptoms and occupational stress was identified based on
a comprehensive appraisal of 17 pertinent studies with an
OR of 1.73 (95% CI 1.46 to 2.05).%! However, whether the
relationship is direct remains unclear.

Resilience is a dynamic process of positive adaptation
and recovery from adversity.” Resilience is the ability to
bounce back or cope successfully despite adverse circum-
stances, plays a key role in the development of stress to
emotional response and is an important attribute for
surviving and adapting to stressful working environments,
optimising personal abilities and establishing supportive
systems.11 " The process of stress response involves affec-
tive, cognitive and behavioural self-regulatory processes,
in which resilience can be a vital indicator or mediating
factor.”” Previous studies have found that resilience is
consistently a protective factor for nurses during disasters
and help them transform adversities into positive growth
experiences, which contributes to nurses’ professional
development and better mental and physical health.** %
Recently, the concept of resilience has been proven to
play a vital role in mediating stressors and correspon-
dence.??’ However, the effect of resilience on insomnia
among nurses during the spread of the Omicron variant
in China has remained obscure.

The study

There is a lack of studies on the effects of occupational
stress and resilience on insomnia in nurses, especially
during the COVID-19 pandemic. This study aimed to
investigate occupational stress and insomnia among
nurses in western China during the COVID-19 pandemic
and explore the effects of occupational stress and resil-
ience on insomnia among Chinese nurses during the

COVID-19 pandemic.

METHODS

Study design and participants

This cross-sectional study was conducted from December
2022 to January 2023 at tertiary hospitals in Sichuan Prov-
ince, China. The convenience sampling method was used
to obtain samples from three tertiary hospitals in the
cities of Chengdu, Luzhou and Yibin in Sichuan Prov-
ince. The survey was web based and was communicated to
the department through each hospital. The nurses volun-
tarily completed the survey after being informed of the
purpose and content of the study. The sample size was
estimated based on two strategies prior to the survey. One
is that the minimum sample size should be 10-20 times
the number of estimated parameters® and taking into
account 10%-15% invalid questionnaires, the sample
size for this survey ranged from 200 to 424. The other
is calculated by the formula for a cross-sectional study.*
We assumed a 95% CI, a 5% precision and a 55% preva-
lence of insomnia among nurses during the COVID-19
pandemic®*'; thus, the minimum sample size needed for
the survey was 380.

Information on general demographics, work-related
characteristics, resilience, occupational stress and
insomnia was obtained from a self-reported online ques-
tionnaire provided by www.wjx.cn (an online crowd-
sourcing platform in mainland China). A total of 945
questionnaires were collected, and after excluding 220
invalid questionnaires, 725 participants were ultimately
enrolled in the study. The flow chart of the partici-
pant selection process is presented in online supple-
mental figure 1. The inclusion criteria were as follows:
(1) licensed registered nurses; (2) currently working in
the hospital we surveyed (including regular staff and
refresher nurses) and (3) informed consent and volun-
tary participation. The participants were excluded if they
(1) were not clinical nurses; (2) were intern nurses or
had received standardised training; (3) were not working
in the hospitals during our survey period or (4) did not
complete the questionnaire (the questionnaire must have
been completed before it could be submitted by default).

Measures

General demographic characteristics and work-related information
The demographic characteristics included in the study
were age, sex, education level and marital status. The
work-related information associated with resilience, occu-
pational stress and insomnia, including the names of
hospitals, departments, frequency of night shifts and years
of working as clinical nurses, was collected. Moreover, the
experience of COVID-19-related work was assessed by a
single question ‘Have you ever been involved in any work
for COVID-19 control? Such as collecting or detecting
nucleic acids, treating patients with COVID-19 or tempo-
rarily working in a fever clinic?’ Participants were consid-
ered to have attended work related to COVID-19 if they
had any of the above experiences during the COVID-19
pandemic.
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Resilience

The psychological resilience of the participants was
assessed using the Chinese version of the 10-item Connor-
Davidson Resilience Scale (CD-RISC-10), a widely used
tool for measuring the ability to cope with adversity and
to thrive in the face of stress.”” The scale uses a 5-point
Likert scale with each item ranging from 0 (never) to 4
(always). The total score ranges from 0 to 40, with higher
scores indicating better resilience. The CD-RISC-10 has
been well validated in previous studies in the Chinese
population, including medical staff.*?

Occupational stress

Occupational stress was assessed using the 22-item
Chinese version of the Job Content Questionnaire
(CJCQ-22). The scale consists of three dimensions: job
demand (five items), job control (nine items) and social
support (eight items), in which each item is recorded
using a 4-point Likert scale ranging from 1 (strongly
disagree) to 4 (strongly agree).34 * The total scores for
each dimension range from 5 to 20, 9 to 36 and 8 to 32,
respectively. Based on the job demand-control model,
occupational stress was defined as working in an environ-
ment with high job demand and low job control; thus, the
ratio of occupational stress was calculated by dividing the
job demand score by the job control score (weighted by
the number of items).*® A higher ratio indicates a higher
level of occupational stress. As one of the most commonly
used tools to measure job strain among Chinese people,
especially hospital workers, the validity and reliability of
the CJCQ-22 have been proven in prior studies.* % ¥

Insomnia

Sleep disorders and subjective insomnia were screened
using the Athens Insomnia Scale (AIS), a widely used
self-administered psychometric tool for the diagnosis and
treatment of insomnia.” The AIS consists of eight items,
and each item is rated using a 4-point Likert scale ranging
from 0 (no problem) to 3 (severe problem). The total
score ranges from 0 to 24, with higher scores indicating
more severe sleep disorders and insomnia symptoms.
Consistent with prior public21tions,39_41 participants were
divided into three groups based on their AIS score: non-
insomnia (<4), suspected insomnia (4-5) and insomnia
(=6). This study used the Chinese-language-validated AIS
and the diagnostic accuracy of the Chinese version has
been validated previously.**

Statistical analyses

The characteristics of the participants were described as
mean and SD for continuous variables and count and
percentages for categorical variables. The Kruskal-Wallis
test or analysis of variance was used for continuous vari-
ables, and the % test or Fisher’s exact test was used for
categorical variables to examine differences across non-
insomnia, suspected insomnia and insomnia subgroups.
We then analysed the factors associated with insomnia
using an ordinal logistic regression model with insomnia

as the dependent variable and we tested the assumption
of proportional odds of the model (a premise for ordinal
logistic regression) before the regression analysis. To
compare the effect of diverse levels, the resilience scores
and occupational stress ratio were divided into three
parts according to the tertiles, that is, the upper tertile
was defined as ‘high’, the middle tertile was defined as
‘moderate’, and the lower tertile was defined as ‘low’. The
OR and 95% CI were reported.

To assess the associations among resilience, occu-
pational stress, and insomnia, the structural equation
modelling (SEM) was fitted using the lavaan R package.*
The diagonally weighted least squares estimator was
preferred, as the ordinal variables were included in our
model, and all continuous variables were z-standardised.*
We controlled for age, gender and marital status when
estimating the hypothesis model. The direct and indirect
effects of predictors for insomnia were estimated with
bootstrapping (1000 simulations), with non-standardised
and standardised estimates and 95% CI presented to
confirm the significance and magnitude of the effects.
The following model fit indices were used to verify the
hypothesis model: %* (df and p value), root-mean-square
error of approximation (RMSEA), comparative fit index
(CFI), goodness of fitindex (GFI), normed fitindex (NFI)
and standardized root mean square residual (SRMR).

All statistical analyses were conducted by using RV.4.1.1,
and p<0.05 indicated statistical significance.

Patient and public involvement
No patients were involved in designing, conducting or
reporting the research.

RESULTS

Participant characteristics

Among the 725 participants included in our final anal-
yses, 182 (25.10%) were considered to have non-insomnia
symptoms, 117 (16.14%) were suspected insomniacs and
426 (58.76%) were insomniacs. The majority (93.52%)
of the clinical nurses were female. The mean age of the
sample was 32.89 (SD=7.72) years. A total of 345 (47.59%)
individuals reported that they had engaged in COVID-19
control during the pandemic. Among all participants, the
mean score of the CD-RISC scale was 29.47 (SD=7.12),
and the mean ratio score of occupational stress was 0.94
(SD=0.14). The detailed characteristics of the full sample
and the three subgroups are presented in table 1.

Factors associated with insomnia

The results of the ordinal regression model for insomnia
predictors are shown in table 2. The model satisfied the
proportional odds assumption with a p value of 0.709.
The model coefficients also indicated that nurses with
higher educational levels were at a lower risk of insomnia
(OR 0.593, 95% CI 0.404 to 0.863), and more than two-
night shifts a week were associated with a higher risk of
insomnia than those who did not work night shifts (OR
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Table 1 Characteristics of the participants

Non-insomnia Suspected

Characteristics All (N=725) (N=182) insomnia (N=117) Insomnia (N=426) P value

Age (years) 32.89 (7.72) 33.24 (8.38) 32.24 (7.84) 32.91 (7.40) 0.550

Gender 0.352
Male 47 (6.48%) 14 (7.69%) 10 (8.55%) 23 (5.40%)

Female 678 (93.52%) 168 (92.31%) 107 (91.45%) 403 (94.60%)

Marital status 0.242
Married 452 (62.34%) 109 (59.89%) 67 (57.26%) 276 (64.79%)

Others 273 (37.66%) 73 (40.11%) 50 (42.74%) 150 (35.21%)

Education level 0.024
Below undergraduate 189 (26.07%) 36 (19.78%) 24 (20.51%) 129 (30.28%)
Undergraduate 511 (70.48%) 138 (75.82%) 87 (74.36%) 286 (67.14%)

Postgraduate 25 (3.45%) 8 (4.40%) 6 (5.13%) 11 (2.58%)

Night shift <0.001
No 179 (24.69%) 56 (30.77%) 38 (32.48%) 85 (19.95%)

Once a week or less 234 (32.28%) 72 (39.56%) 33 (28.21%) 129 (30.28%)
Twice a week or more 312 (43.03%) 54 (29.67 %) 46 (39.32%) 212 (49.77%)

Attendance in COVID-19-related work 0.204
No 380 (52.41%) 105 (57.69%) 56 (47.86%) 219 (51.41%)

Yes 345 (47.59%) 77 (42.31%) 61 (52.14%) 207 (48.59%)

AIS scores 6.82 (4.65) 1.46 (1.14) 4.51 (0.50) 9.75 (3.72) <0.001

CD-RISC scores 29.47 (7.12) 32.23 (6.38) 30.74 (6.58) 27.95 (7.16) <0.001

Occupational stress 0.94 (0.14) 0.91 (0.13) 0.93 (0.14) 0.97 (0.14) <0.001

AlS, Athens Insomnia Scale; CD-RISC, 10-item Connor-Davidson Resilience Scale.

2.411,95% CI 1.634 to 3.562). After adjusting for age, sex,
marital status, education level, night shift and COVID-19,
nurses with high occupational stress were associated with
a high risk of insomnia. Compared with nurses with low
occupational stress, the risk of insomnia in nurses with
moderate and high occupational stress was 1.529 (95% CI
1.057 to 2.223) and 2.038 times (95% CI 1.400 to 2.983),
respectively. In addition, higher levels of resilience were
associated with a lower risk of insomnia. The risk of
insomnia in nurses with moderate and high resilience was
0.551 (95% CI 0.374 to 0.809) and 0.342 times (95% CI
0.231 to 0.502), respectively, greater than that in nurses
with low resilience.

Effects of occupational stress and resilience on insomnia

The SEM was performed to evaluate the associations
between resilience, occupational stress, and insomnia, and
the standardised regression estimates of the hypothesised
model are presented in figure 1. The model fit indices
were acceptable: x2:13.056, df=3, p=0.005, RMSEA=0.068,
CFI=0.938, GFI=0.990, NFI=0.921 and SRMR=0.000.
According to the model, resilience had a negative direct
effect on occupational stress and insomnia, and the S
values (standardised regression estimates) were —0.32 and
-0.24 (both p<0.001), respectively. Instead of insomnia,
COVID-19 was positively associated with occupational

stress (f=0.10, p<0.01). Moreover, night shift and educa-
tional level were also significant predictors of insomnia,
indicating that a greater frequency of night shift ($=0.22,
p<0.001) and lower educational levels (f=-0.11, p<0.01)
were associated with a higher risk of insomnia symptoms.

The results of the mediation analysis and the coef-
ficients of the path model for insomnia are shown in
table 3. In path 1 from resilience to insomnia, in addition
to the significant direct effect, an indirect effect mediated
by occupational stress was observed ($=0.053, p=0.002).
In contrast, no significant direct effect of COVID-19 on
insomnia was found, but it can affect insomnia through
occupational stress ($=0.016, p=0.03), as shown in path 2.
For other possible factors, the night shift was directly asso-
ciated with insomnia while the pathway through occupa-
tional stress was non-significant (path 3). In path 4 from
education level to insomnia, the effects of three indi-
rect paths were estimated; however, only the significant
mediating effect of resilience on the association between
education level and insomnia was observed.

DISCUSSION
This study offered evidence of the interrelationship
between insomnia, resilience and occupational stress
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Table 2 Ordinal logistic regression analysis of the predictors of insomnia

Model 1 Mode 2

Variables OR 95% ClI P value OR 95% CI P value
Age (years)

<30 1.000 - - 1.000 - -

31-40 1.315 0.883 to 1.960 0.177 1.471 0.969 to 2.237 0.070

41-50 1.750 1.006 to 3.087 0.050 1.929 1.090 to 3.467 0.026

>51 1.030 0.454 to 2.369 0.944 1.052 0.458 to 2.457 0.905
Marital status

Married 1.000 - - 1.000 - -

Others 0.783 0.533 to 1.147 0.374 0.747 0.502 to 1.111 0.151
Education level

Below undergraduate 1.000 - - 1.000 - -

Undergraduate 0.545 0.376 to0 0.783 0.001 0.593 0.404 to 0.863 0.007

Postgraduate 0.438 0.193 to 1.000 0.047 0.452 0.196 to 1.056 0.063
Night shift

No 1.000 - - 1.000 - -

Once a week or less 1.324 0.901 to 1.949 0.153 1.433 0.963 t0 2.136 0.077

Twice a week or more 2.411 1.634 to 3.562 <0.001 2.239 1.498 to 3.355 <0.001
COVID-19*

No 1.000 - - 1.000 - -

Yes 1.147 0.854 to 1.543 0.363 1.114 0.820to 1.513 0.490
Resilience

Low — = = 1.000 — —

Moderate - - - 0.551 0.374 to 0.809 0.002

High - - - 0.342 0.231 to 0.502 <0.001
Occupational stress

Low - - - 1.000 - -

Moderate - - - 1.529 1.057 to 2.223 0.025

High - - - 2.038 1.400 to 2.983 <0.001

Model 1 was adjusted for age, sex, marital status, education level, night shift and COVID-19. Model 2 was additionally adjusted for resilience

and occupational stress.
*Whether the participants took part in work related to COVID-19.

among Chinese nurses during the outbreak of COVID-
19. The study also provided an understanding of the rele-
vant predictors that may potentially have a relationship
with insomnia. Overall, the SEM illustrated the effect of
resilience, the experience of COVID-19-related work, the
frequency of night shift and education level, highlighting
the importance of institutional policies and guidelines
in improving nurses’ mental health and working envi-
ronment. The results also highlighted the importance
of a well-balanced night shift and education level among
nurses, thus paving the way for better sleep quality among
nurses.

Interestingly, more than 58.76% of respondents had
insomnia during the second outbreak of COVID-19 in
China, and the results were hi%her than those in previous
studies (33.36%-39.36%).°* We found an increased
rate of insomnia compared with the first outbreak period

in 2019, possibly because the number of people involved
in the second outbreak of COVID-19 was much higher
despite the decreased severity of the coronavirus.*
Another possible explanation was that a significant
proportion of nurses who returned to work had long-term
COVID-19 symptoms, and these uncomfortable feelings
might affect their sleep quality.*’ Experiences with various
symptoms across multiple organ systems contribute to
invisible labour shortages, which might indirectly cause
sleep disorders.

The current results showed that the ratio of occupa-
tional stress among nurses with insomnia was statisti-
cally greater than that among nurses with suspected or
no insomnia. In comparison, the CD-RISC score was
statistically lower than those with suspected insomnia
or no insomnia, which was consistent with previous
reports.”® ¥ %2 These results could be explained by the
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Figure 1 Hypothesised model and model estimation results.

Standardised estimates are shown. The solid line indicates
statistical significance, and the dashed line indicates non-
significance. **p<0.01, **p<0.001.

fact that individuals who are exposed to high stressors
exacerbated by the COVID-19 pandemic and limited
recovery resulted in increased fatigue and decreased
psychological well-being. Therefore, hospital nurses who
experienced stressful working conditions had higher risks

of insomnia. The results also proved that individuals with
a lower level of resilience perform poorly in responding
adaptively and recovering in a timely manner from stress
and thus cannot protect against adverse outcomes via
reduced intensity and duration of symptoms, resulting in
insomnia.

The ordinal logistic regression showed that age (41-50
years), undergraduate education, night shift (>2 times
per week), resilience (moderate to high) and occu-
pational stress (moderate to high) were statistically
significant predictors of insomnia after controlling for
covariates. Our study was similar to that of Taylor et al,”
revealing that stress significantly predicted insomnia.
However, unlike army personnel targeted in their study,
we found that educational level, night shift and personal
resilience played essential roles in developing insomnia
among nurses. These results were consistent with previous
results.”® Nurses aged 41-50 years likely lack enough
energy to cope with complex clinical scenarios, especially
during the COVID-19 outbreak. The association between
night shift and insomnia may be explained by the fact that
nurses comprise the most significant proportion of shift
workers (15%—20%), and they often experience reduced
sleep quality, duration and/or excessive sleepiness due
to the imposed conflict between work and the circadian

Table 3 The coefficients of the path model for insomnia

Model B SE p P value 95% ClI
Path 1
Direct effect

Resilience—insomnia -0.247 0.050 -0.235 <0.001 —-0.327 to -0.143
Indirect effect

Resilience—occupational stress—insomnia —-0.053 0.017 —-0.050 0.002 —-0.082 to -0.018
Path 2
Direct effect

COVID-19—insomnia 0.057 0.093 0.027  0.540 -0.06 t0 0.115
Indirect effect

COVID-19—o0ccupational stress—insomnia 0.034 0.016 0.016  0.030 0.002 to 0.031
Path 3
Direct effect

Night shift—insomnia 0.284 0.058 0.220  <0.001 0.136 to 0.304
Indirect effect

Night shift—occupational stress—insomnia —-0.006 0.010 -0.004 0.545 -0.018 t0 0.010
Path 4
Direct effect

Education level—»insomnia -0.234 0.093 -0.111  0.011 —-0.197 to -0.026
Indirect effect

Education level—occupational stress—insomnia 0.002 0.013 0.001 0.845 -0.01t0 0.012

Education level—resilience—insomnia —-0.056 0.022 -0.027 0.010 —0.047 to -0.007

Education level—resilience—occupational stress—insomnia 0.001 0.003 0.000 0.845 —-0.001 to 0.001

B, unstandardised estimate; , standardised estimate.
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system. What worsened the situation is that factors such as
an increase in population and an outbreak of pandemics
will further increase the demand for healthcare. The
first wave of the COVID-19 pandemic in 2019 revealed
that nurses who were female, married and had children
experienced higher anxiety and stress mainly due to the
city/hospital’s lockdown, shortage of personal protec-
tion equipment, unavoidably increased workloads, insuf-
ficient experience with the new virus, the uncertainty
of curative treatment and risk of infection/ death.*
In contrast, nurses were not required to quarantine in
designated hotels in the second wave of the COVID-19
pandemic in 2022. Instead, their main stressors came
from increased facility burden and self-uncomfortable
feelings.”® %" Highly stressful work environments and trau-
matic situations exacerbate unignorable sleep-related
impairments. Therefore, we recommend that more atten-
tion should be given to middle-aged nurses since they
might be more fragile and anergia when they come across
rush outbreaks, although they are facilitated in dealing
with clinical scenarios.

The findings generally supported our hypothesis despite
some model paths being non-significant. The results of
the SEM showed that resilience affected insomnia both
directly and indirectly and that occupational stress medi-
ated the association between resilience and insomnia.
The findings indicated that when patients have high resil-
ience and low occupational stress, the severity of insomnia
can be relieved. Our results indicated that resilience can
adjust the response to occupational stress and improving
the occupational stress of nurses was a potential strategy
to improve insomnia. Resilience plays an important role
in managing stress since highly resilient nurses usually
use positive coping skills, and their psychological charac-
teristics allow them to continue working in stressful envi-
ronments. Active coping mechanisms were thought to
protect individuals from psychological overload and allow
for positive adjustments among adults who have experi-
enced trauma or depression and have been an important
factor linked to a reduction in stress-related symptoms.”®

For other possible factors associated with insomnia, the
results showed that nurses who took part in work related to
COVID-19 were not directly related to insomnia, whereas
the mediating effect of occupational stress led to a positive
relationship between COVID-19 and insomnia. In contrast,
the night shift had a positive direct effect on insomnia, and
the mediating effect of occupational stress was not significant
between the night shift and insomnia. Intriguingly, educa-
tional level has been theoretically linked to resilience, occu-
pational stress and insomnia, but we found a direct effect of
educational level on psychological resilience and insomnia,
and the indirect effect on occupational stress was statisti-
cally significant. Our findings suggested that the significant
association between education level and occupational stress
was most likely mediated by other potential factors. More
studies are needed to verify the findings and explore whether
there are any other mediators or moderators between night
shift and insomnia or education level and insomnia. More

importantly, COVID-19 has not been thoroughly eliminated,
and the scattered outbreaks are continuing and inducing
future crises. Essential strategies and policies are needed to
support frontline nurses. In more general clinical practice,
there is an urgent need for nurses to have access to formal
psychological support and interventions, to establish comfort-
able communication and effective collaboration environ-
ment to reduce occupational stress, to ensure support from
family, colleagues and the community to improve professional
identity and to rationalise shift scheduling. It is necessary to
reinforce the importance of hospital nursing organisations
and suggest that hospital managers work to improve the work
environment, especially by managing night shifts, decreasing
occupational stress and improving the educational structure
of the nursing workforce by continuing education, which
might enhance psychological capital.

Our study has several limitations. Although we purpose-
fully selected nurses who experienced the second outbreak
of COVID-19, these participants were mainly from hospitals
in western China, which might bias the findings. We call for
national and multicentre investigations in the future. Addi-
tionally, the purpose of this research was to identify differ-
ences between nurses with and without insomnia, and there
was a relatively small number of indicators that were included
in the model. While we adjusted for several covariates in our
models, there may still be some potential confounders, such
as the role of fear in COVID-19 and anxiety or depression in
insomnia. Notably, even though we found occupational stress
and resilience as mediators and tested a unidirectional rela-
tionship in SEM, caution is still needed when interpreting
the findings because a cross-sectional design does not permit
causal inferences. Future studies will be needed to clarify
these issues.

CONCLUSION

The prevalence of insomnia among Chinese nurses
during the COVID-19 pandemic is high. Our study
confirmed that resilience had a negative direct effect
on insomnia and occupational stress, and occupational
stress had a positive direct effect on insomnia. Involve-
ment in COVID-19-related work has a positive effect on
insomnia through occupational stress. In contrast, higher
education levels improved insomnia through increased
resilience. Under the epidemic situation of COVID-19,
better resilience may improve insomnia by relieving occu-
pational stress, and implementing measures to promote
resilience is essential to reduce occupational stress in
nurses and improve their sleep quality.

Author affiliations

Mental Health Center, West China Hospital, Sichuan University, Chengdu, China
%Department of Epidemiology and Biostatistics, West China School of Public Health
and West China Fourth Hospital, Sichuan University, Chengdu, China

*Institute of Hospital Management, West China Hospital, Sichuan University,
Chengdu, China

“Department of Postgraduate Students, West China Hospital, Sichuan University,
Chengdu, China

Cao Q, et al. BMJ Open 2024;14:¢080058. doi:10.1136/bmjopen-2023-080058

'saiIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
*1senb Aq Gz0oz ‘2T Jequaldas uo jwod fwg uadolwqy:dniy woll papeojumoq ‘202 AINC § uo 850080-£202-uadolwa/oeTT 0T st paysiignd 1saiy :uado CING


http://bmjopen.bmj.com/

SDepartment of Periodical Press and National Clinical Research Center for
Geriatrics, West China Hospital, Sichuan University, Chengdu, China

SChinese Evidence-Based Medicine Center, West China Hospital, Sichuan University,
Chengdu, China

Acknowledgements Thank you to all the participants.

Contributors QC and HW are joint first authors. YZ obtained funding. YZ and
QZ designed the study and collected the data. QC, HW and YZ were involved in
data cleaning and analyzed the data. QC and HW drafted the manuscript. XT,
YZ and QZ contributed to the interpretation of the results and critical revision
of the manuscript. All authors have read and approved the final manuscript. YZ
responsible for the overall content as the guarantor.

Funding This study was supported by the Sichuan Science and Technology
Programme (No. 2022YFS0422).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval All participants provided informed consent to participate
voluntarily in the survey, and the study was approved by the Ethics Committee of
West China Hospital (NO. 2023822). All work was conducted in accordance with the
Declaration of Helsinki (1964).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Data are
not available for the privacy of the participants and the corresponding author can be
contacted on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Huiyi Wu http://orcid.org/0009-0008-9480-8057
Xiumei Tang http://orcid.org/0000-0002-6086-4164
Yang Zhang http://orcid.org/0000-0001-5659-9049

REFERENCES

1 Nazari N, Sadeghi M, Samusenkov V, et al. Factors associated with
insomnia among frontline nurses during COVID-19: a cross-sectional
survey study. BMC Psychiatry 2022;22:40.

2 Sagherian K, Steege LM, Cobb SJ, et al. Insomnia, fatigue and
psychosocial well-being during COVID-19 pandemic: a cross-
sectional survey of hospital nursing staff in the United States. J Clin
Nurs 2023;32:5382-95.

3 LaiJ,Ma$S, Wang, et al. Factors associated with mental health
outcomes among health care workers exposed to coronavirus
disease 2019. JAMA Netw Open 2020;3:€203976.

4 Sahebi A, Abdi K, Moayedi S, et al. The prevalence of insomnia
among health care workers amid the COVID-19 pandemic: an
umbrella review of meta-analyses. J Psychosom Res 2021;149.

5 Dragioti E, Tsartsalis D, Mentis M, et al. Impact of the COVID-19
pandemic on the mental health of hospital staff: an umbrella review
of 44 meta-analyses. Int J Nurs Stud 2022;131.

6 Mallapaty S. China is relaxing its zero-COVID policy - here’s what
scientists think. Nature 2022;612:383-4.

7 Mallapaty S. China is opening up after 3 years - what does it mean
for research Nature 2023;613:622.

8

©

20

21

22

23

24

25

26

27

28

29

30

31

Chen JM, Chen YQ. China can prepare to end its zero-COVID policy.
Nat Med 2022;28:1104-5.

The Lancet Regional Health — Western Pacific. The end of zero-
CQOVID-19 policy is not the end of COVID-19 for China. Lancet Reg
Health West Pac 2023;30:100702.

Preti E, Di Mattei V, Perego G, et al. The psychological impact of
epidemic and pandemic outbreaks on healthcare workers: rapid
review of the evidence. Curr Psychiatry Rep 2020;22:43.

Peng P, Liang M, Wang Q, et al. Night shifts, insomnia, anxiety,

and depression among Chinese nurses during the COVID-19
pandemic remission period: a network approach. Front Public Health
2022;10:1040298.

Kalmbach DA, Anderson JR, Drake CL. The impact of stress on
sleep: pathogenic sleep reactivity as a vulnerability to insomnia and
circadian disorders. J Sleep Res 2018;27:e12710.

Saravanan P, Nisar T, Zhang Q, et al. Occupational stress and
burnout among intensive care unit nurses during the pandemic: a
prospective longitudinal study of nurses in COVID and non-COVID
units. Front Psychiatry 2023;14:1129268.

Pollock A, Campbell P, Cheyne J, et al. Interventions to support

the resilience and mental health of frontline health and social care
professionals during and after a disease outbreak, epidemic or
pandemic: a mixed methods systematic review. Cochrane Database
Syst Rev 2020;11:CD013779.

Liu Y, Aungsuroch Y, Gunawan J, et al. Job stress, psychological
capital, perceived social support, and occupational burnout among
hospital nurses. J Nurs Scholarsh 2021;53:511-8.

Mao X, Lin X, Liu P, et al. Impact of insomnia on burnout among
Chinese nurses under the regular COVID-19 epidemic prevention
and control: parallel mediating effects of anxiety and depression. Int
J Public Health 2023;68:1605688.

Tang L, Yu X-T, Wu Y-W, et al. Burnout, depression, anxiety and
insomnia among medical staff during the COVID-19 epidemic in
Shanghai. Front Public Health 2022;10:1019635.

Knudsen HK, Ducharme LJ, Roman PM. Job stress and poor sleep
quality: data from an American sample of full-time workers. Soc Sci
Med 2007;64:1997-2007.

Ota A, Masue T, Yasuda N, et al. Psychosocial job characteristics
and insomnia: a prospective cohort study using the demand-control-
support (DCS) and effort-reward imbalance (ERI) job stress models.
Sleep Med 2009;10:1112-7.

Gustavsson K, Jernajczyk W, Wichniak A. Insomnia partially
mediates the relationship of occupational stress with mental health
among shift working nurses and midwives in Polish hospitals. Nat Sci
Sleep 2022;14:1989-99.

Yang B, Wang Y, Cui F, et al. Association between insomnia and job
stress: a meta-analysis. Sleep Breath 2018;22:1221-31.

Bui MV, Mcinnes E, Ennis G, et al. Resilience and mental health
nursing: an integrative review of updated evidence. Int J Ment Health
Nurs 2023;32:1055-71.

McTiernan K, McDonald N. Occupational stressors, burnout and
coping strategies between hospital and community psychiatric
nurses in a Dublin region. J Psychiatr Ment Health Nurs
2015;22:208-18.

Guo Y-F, Plummer V, Lam L, et al. The effects of resilience and
turnover intention on nurses' burnout: findings from a comparative
cross-sectional study. J Clin Nurs 2019;28:499-508.

Ziarko M, Mojs E, Sikorska D, et al. Coping and life satisfaction:
mediating role of ego-resiliency in patients with rheumatoid arthritis.
Med Princ Pract 2020;29:160-5.

Foster K, Roche M, Delgado C, et al. Resilience and mental health
nursing: an integrative review of international literature. Int J Ment
Health Nurs 2019;28:71-85.

Lorente L, Vera M, Peiré T. Nurses' stressors and psychological
distress during the COVID-19 pandemic: the mediating role of coping
and resilience. J Adv Nurs 2021;77:1335-44.

Chen S-Y, Yan S-R, Zhao W-W, et al. The mediating and moderating
role of psychological resilience between occupational stress and
mental health of psychiatric nurses: a multicenter cross-sectional
study. BMC Psychiatry 2022;22:823.

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size
calculation in medical studies. Gastroenterol Hepatol Bed Bench
2013;6:14-7.

Zhan Y, Liu Y, Liu H, et al. Factors associated with insomnia among
Chinese front-line nurses fighting against COVID-19 in Wuhan: a
cross-sectional survey. J Nurs Manag 2020;28:1525-35.

Zou X, Liu S, Li J, et al. Factors associated with Healthcare
workers' insomnia symptoms and fatigue in the fight against
COVID-19, and the role of organizational support. Front Psychiatry
2021;12:652717.

Cao Q, et al. BMJ Open 2024;14:080058. doi:10.1136/bmjopen-2023-080058

'saiIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
*1senb Aq Gz0oz ‘2T Jequaldas uo jwod fwg uadolwqy:dniy woll papeojumoq ‘202 AINC § uo 850080-£202-uadolwa/oeTT 0T st paysiignd 1saiy :uado CING


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0008-9480-8057
http://orcid.org/0000-0002-6086-4164
http://orcid.org/0000-0001-5659-9049
http://dx.doi.org/10.1186/s12888-022-03690-z
http://dx.doi.org/10.1111/jocn.15566
http://dx.doi.org/10.1111/jocn.15566
http://dx.doi.org/10.1001/jamanetworkopen.2020.3976
http://dx.doi.org/10.1016/j.jpsychores.2021.110597
http://dx.doi.org/10.1016/j.ijnurstu.2022.104272
http://dx.doi.org/10.1038/d41586-022-04382-0
http://dx.doi.org/10.1038/d41586-023-00091-4
http://dx.doi.org/10.1038/s41591-022-01794-3
http://dx.doi.org/10.1016/j.lanwpc.2023.100702
http://dx.doi.org/10.1016/j.lanwpc.2023.100702
http://dx.doi.org/10.1007/s11920-020-01166-z
http://dx.doi.org/10.3389/fpubh.2022.1040298
http://dx.doi.org/10.1111/jsr.12710
http://dx.doi.org/10.3389/fpsyt.2023.1129268
http://dx.doi.org/10.1002/14651858.CD013779
http://dx.doi.org/10.1002/14651858.CD013779
http://dx.doi.org/10.1111/jnu.12642
http://dx.doi.org/10.3389/ijph.2023.1605688
http://dx.doi.org/10.3389/ijph.2023.1605688
http://dx.doi.org/10.3389/fpubh.2022.1019635
http://dx.doi.org/10.1016/j.socscimed.2007.02.020
http://dx.doi.org/10.1016/j.socscimed.2007.02.020
http://dx.doi.org/10.1016/j.sleep.2009.03.005
http://dx.doi.org/10.2147/NSS.S375375
http://dx.doi.org/10.2147/NSS.S375375
http://dx.doi.org/10.1007/s11325-018-1682-y
http://dx.doi.org/10.1111/inm.13132
http://dx.doi.org/10.1111/inm.13132
http://dx.doi.org/10.1111/jpm.12170
http://dx.doi.org/10.1111/jocn.14637
http://dx.doi.org/10.1159/000503708
http://dx.doi.org/10.1111/inm.12548
http://dx.doi.org/10.1111/inm.12548
http://dx.doi.org/10.1111/jan.14695
http://dx.doi.org/10.1186/s12888-022-04485-y
https://pubmed.ncbi.nlm.nih.gov/24834239
http://dx.doi.org/10.1111/jonm.13094
http://dx.doi.org/10.3389/fpsyt.2021.652717
http://bmjopen.bmj.com/

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Connor KM, Davidson JRT. Development of a new resilience scale:
the Connor-Davidson resilience scale (CD-RISC). Depress Anxiety
2003;18:76-82.

Liu D, Liu S, Zhu L, et al. Prevalence and related factors of insomnia
among Chinese medical staff in the middle and late stage of
COVID-19. Front Psychiatry 2020;11:602315.

Chien T-W, Lai W-P, Wang H-Y, et al. Applying the revised Chinese
job content questionnaire to assess psychosocial work conditions
among Taiwan’s hospital workers. BMC Public Health 2011;11:478.
Dong H, Zhang Q, Sun Z, et al. Sleep disturbances among Chinese
clinical nurses in general hospitals and its influencing factors. BMC
Psychiatry 2017;17:241.

Zhou S, Chen H, Liu M, et al. The relationship between occupational
stress and job burnout among female manufacturing workers in
Guangdong, China: a cross-sectional study. Sci Rep 2022;12:20208.
Zhang Q, Dong H, Zhu C, et al. Low back pain in emergency
ambulance workers in tertiary hospitals in China and its risk factors
among ambulance nurses: a cross-sectional study. BMJ Open
2019;9:€029264.

Fan J, Liu Y, Wang Q, et al. Association of insomnia and
multidimensional frailty in community-dwelling older adults: a cross-
sectional survey. J Clin Nurs 2022;31:167-73.

Shimizu N, Nagai Y, Yamamoto Y, et al. Survey on lower urinary
tract symptoms and sleep disorders in patients treated at Urology
departments. Nat Sci Sleep 2013;5:7-13.

Ma'Y, Hu Z, Qin X, et al. Prevalence and socio-economic correlates
of insomnia among older people in Anhui, China. Australas J Ageing
2018;37:E91-6.

Zhang X, Yang Z, Du L, et al. Associations of accelerometer-
measured physical activity, sedentary behavior with self-reported
insomnia in older women: does pattern matter. Sleep Med
2023;104:58-63.

Xiong S, Liu Z, Yao N, et al. The independent association between
vitamin B12 and insomnia in Chinese patients with type 2 diabetes
mellitus: a cross-sectional study. Nutr Diabetes 2022;12:3.

Oberski D. Lavaan.survey: an R package for complex survey analysis
of structural equation models. J Stat Softw 2014;57:1-27.

Li CH. The performance of ML, DWLS, and ULS estimation with
robust corrections in structural equation models with Ordinal
variables. Psychol Methods 2016;21:369-87.

Pappa S, Ntella V, Giannakas T, et al. Prevalence of depression,
anxiety, and insomnia among healthcare workers during the
COVID-19 pandemic: a systematic review and meta-analysis. Brain
Behav Immun 2020;88:901-7.

46

47

48

49

50

51

52

53

54

55

56

57

58

Wu T, Jia X, Shi H, et al. Prevalence of mental health problems during
the COVID-19 pandemic: a systematic review and meta-analysis. J
Affect Disord 2021;281:91-8.

Du J, Liu Z, Zhang X, et al. Occupational stress and insomnia
symptoms among nurses during the outbreak of COVID-19 in
China: the chain mediating effect of perceived organizational
support and psychological capital. Front Psychiatry
2022;13:882385.

Dhama K, Nainu F, Frediansyah A, et al. Global emerging Omicron
variant of SARS-Cov-2: impacts, challenges and strategies. J Infect
Public Health 2023;16:4-14.

Davis HE, McCorkell L, Vogel JM, et al. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Microbiol
2023;21:133-46.

Palagini L, Moretto U, Novi M, et al. Lack of resilience is

related to stress-related sleep reactivity, hyperarousal, and

emotion dysregulation in insomnia disorder. J Clin Sleep Med
2018;14:759-66.

Cheng P, Kalmbach DA, Hsieh H-F, et al. Improved resilience
following digital cognitive behavioral therapy for insomnia protects
against insomnia and depression one year later. Psychol Med
2023;53:3826-36.

Garefelt J, Platts LG, Hyde M, et al. Reciprocal relations between
work stress and insomnia symptoms: a prospective study. J Sleep
Res 2020;29:e12949.

Taylor DJ, Pruiksma KE, Hale WJ, et al. Prevalence, correlates, and
predictors of insomnia in the US army prior to deployment. Sleep
2016;39:1795-806.

Booker LA, Magee M, Rajaratnam SMW, et al. Individual vulnerability
to insomnia, excessive sleepiness and shift work disorder amongst
healthcare shift workers. a systematic review. Sleep Med Rev
2018;41:220-33.

Hugelius K, Harada N, Marutani M. Consequences of visiting
restrictions during the COVID-19 pandemic: an integrative review. Int
J Nurs Stud 2021;121.

Rochmawati E, Iskandar AC, Kamilah F. Persistent symptoms among
post-COVID-19 survivors: a systematic review and meta-analysis. J
Clin Nurs 2024;33:29-39.

Zheng X, Qian M, Ye X, et al. Implications for long COVID: a
systematic review and meta-aggregation of experience of patients
diagnosed with COVID-19. J Clin Nurs 2024;33:40-57.

Mealer M, Jones J, Moss M. A qualitative study of resilience and
posttraumatic stress disorder in United States ICU nurses. Intensive
Care Med 2012;38:1445-51.

Cao Q, et al. BMJ Open 2024;14:¢080058. doi:10.1136/bmjopen-2023-080058

'saiIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
*1senb Aq Gz0oz ‘2T Jequaldas uo jwod fwg uadolwqy:dniy woll papeojumoq ‘202 AINC § uo 850080-£202-uadolwa/oeTT 0T st paysiignd 1saiy :uado CING


http://dx.doi.org/10.1002/da.10113
http://dx.doi.org/10.3389/fpsyt.2020.602315
http://dx.doi.org/10.1186/1471-2458-11-478
http://dx.doi.org/10.1186/s12888-017-1402-3
http://dx.doi.org/10.1186/s12888-017-1402-3
http://dx.doi.org/10.1038/s41598-022-24491-0
http://dx.doi.org/10.1136/bmjopen-2019-029264
http://dx.doi.org/10.1111/jocn.15893
http://dx.doi.org/10.2147/NSS.S40618
http://dx.doi.org/10.1111/ajag.12531
http://dx.doi.org/10.1016/j.sleep.2023.02.015
http://dx.doi.org/10.1038/s41387-022-00181-8
http://dx.doi.org/10.18637/jss.v057.i01
http://dx.doi.org/10.1037/met0000093
http://dx.doi.org/10.1016/j.bbi.2020.05.026
http://dx.doi.org/10.1016/j.bbi.2020.05.026
http://dx.doi.org/10.1016/j.jad.2020.11.117
http://dx.doi.org/10.1016/j.jad.2020.11.117
http://dx.doi.org/10.3389/fpsyt.2022.882385
http://dx.doi.org/10.1016/j.jiph.2022.11.024
http://dx.doi.org/10.1016/j.jiph.2022.11.024
http://dx.doi.org/10.1038/s41579-022-00846-2
http://dx.doi.org/10.5664/jcsm.7100
http://dx.doi.org/10.1017/S0033291722000472
http://dx.doi.org/10.1111/jsr.12949
http://dx.doi.org/10.1111/jsr.12949
http://dx.doi.org/10.5665/sleep.6156
http://dx.doi.org/10.1016/j.smrv.2018.03.005
http://dx.doi.org/10.1016/j.ijnurstu.2021.104000
http://dx.doi.org/10.1016/j.ijnurstu.2021.104000
http://dx.doi.org/10.1111/jocn.16471
http://dx.doi.org/10.1111/jocn.16471
http://dx.doi.org/10.1111/jocn.16537
http://dx.doi.org/10.1007/s00134-012-2600-6
http://dx.doi.org/10.1007/s00134-012-2600-6
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
Total participants
(n=945)
Exclude non-nurse
(n=48)
Nurse
(n=897)
Exclude participants as follows
| (n=172)
® intern nurses (7=64)
] ® received training (n=88)
Valid participants ® work elsewhere (#=20)
(n=725)

® Chengdu (n=457)
® Luzhou (n=150)
® Yibin (n=118)

Supplementary Figure 1. The flowchart of the participant selection in the study

Cao Q, et al. BMJ Open 2024; 14:e080058. doi: 10.1136/bmjopen-2023-080058



	Effect of occupational stress and resilience on insomnia among nurses during COVID-­19 in China: a structural equation modelling analysis
	Abstract
	Introduction﻿﻿
	The study

	Methods
	Study design and participants
	Measures
	General demographic characteristics and work-related information
	Resilience
	Occupational stress
	Insomnia

	Statistical analyses
	Patient and public involvement

	Results
	Participant characteristics
	Factors associated with insomnia
	Effects of occupational stress and resilience on insomnia

	Discussion
	Conclusion
	References


