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ARTICLE INFO ABSTRACT
Keywords: Background: Although current studies have identified sleep disorders as an independent risk factor
COVID-19 for suicide, the relationship between sleep disorders and suicide risk has not been well estab-
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lished. This study explored whether anxiety and depressive symptoms are used as mediators to
participate in the impact of sleep quality on suicide risk.

Methods: This is a cross-sectional study. We administered a psychological questionnaire to the
participants, using a combination of self-assessment and psychiatrist assessment.Sleep quality,
suicide risk, level of anxiety and depressive symptoms were assessed by PSQI, NGASR, SAS and
SDS.The study subjects were 391 hospitalized COVID-19 patients from Wuhan hospitals. We used
model 6 in the PROCESS (version 3.5) plug-in of SPSS software to conduct mediation test with
sleep quality as the independent variable, suicide risk as the dependent variable, level of anxiety
and depressive symptoms as intermediate variables.

Results: The severity of anxiety and depressive symptoms and the risk of suicide in the sleep
disorder group (63.15 + 13.71, 59.85 + 13.38, 6.52 + 3.67) were higher than those in the non-
sleep disorder group (49.83 + 13.14, 44.87 + 10.19, 2.87 + 3.26) (P < 0.001). The mediation
model works well, The total indirect effect was 0.22 (95%CI = [0.17, 0.28]), and the direct effect
was 0.16 (95%CI = [0.08, 0.24]).

Limitations: This study used a self-assessment scale.

Conclusions: Anxiety and depressive symptoms played a chain mediating role between sleep
quality and suicide risk.

1. Introduction

The COVID-19 pandemic has triggered all kinds of mental health issues, including sleep disorders, anxiety, depression, suicide, and
more [1-4]. During the pandemic, COVID-19 patients may be a group with a higher psychological burden, with a higher prevalence of
sleep disorders, depression, anxiety, and a higher risk of suicide compared to the rest of the population [4,5]. A meta-analysis in China
found that 34% of COVID-19 patients had sleep disorders, 45% had depression, and 47% had anxiety disorders [6]. Suicide is one of the
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leading causes of death worldwide and a major public health problem [7]. According to the WHO, 800,000 people die by suicide each
year, with a suicide rate of 10.7 per 100,000 people [8]. Despite efforts to develop new interventions, suicide rates have been rising
over the past two decades [9]. There are indications that isolation, loneliness, and stigma may increase the risk of suicide for COVID-19
patients [10,11]. Sleep disorders, including insomnia, daytime sleepiness, and sleep-related movement [12], can have a serious impact
on people’s mental health [13]. Several previous studies have suggested that sleep disorders are an independent risk factor for suicidal
behavior [2,14,15]. Insomnia and nightmares are associated with an increased risk of suicide, according to a systematic review [16]. A
study of military veterans showed that taking sleep medication significantly reduced the risk of suicide attempts in patients with sleep
disorders [17].

But further research is needed to understand the relationship between sleep quality and suicide [15]. At the same time, current
studies on psychological problems during the COVID-19 pandemic mainly focus on non-COVID-19 populations, and there are few
studies on COVID-19 patients [6]. In addition, previous research focused on exploring the link between sleep quality and suicide risk,
but factors that could moderate the relationship were neglected. Therefore, the identification of preventable intermediate factors may
provide new directions for early intervention in suicide.

1.1. Review literature

The emotional problem may be one potential factor linking suicide risk to sleep [18]. Current research has shown that sleep is
closely related to mental disorders such as anxiety and depression [2,19]. It is worth noting that sleep disorders can often predict the
occurrence of anxiety and depression. Sleep disorders, such as insomnia, can cause the dysfunction of the biological sleep-wake system,
which leads to the interruption of the emotional regulation process and then causes emotional problems [15]. Longitudinal studies
indicate that sleep disturbance is not only a prodromal symptom of depression but also an independent risk factor for subsequent
depression relapse [20]. It is well known that anxiety and depression can be risk factors for suicide [21]. Emotional problems have been
shown to be associated with an increased risk of suicide in studies of different populations [22]. Therefore, emotional problems, such as
anxiety and depression, may play an intermediary role between sleep disorders and suicide risk [15]. A study of Canadian military
personnel identified depressive symptoms as an intermediary in sleep disorders, trauma-related nightmares, and suicidal ideation [23].
Another study of 972 adults on a crowdsourcing website showed that emotional regulation mediated nightmares and suicide risk [24].

It should not be ignored that anxiety and depression are often comorbidities, and there is a positive correlation between them. More
severe depressive symptoms are often accompanied by more severe anxiety symptoms [6].

1.2. Research questions

Therefore, we found that anxiety and depressive symptoms may play a chain mediating role between sleep quality and suicide risk.
However, there are few types of researches on this. In this study, participants’ sleep quality, suicide risk, anxiety, and depressive
symptoms were investigated by a psychological questionnaire, and SPSS software was used as mediating test. The main research
questions are: (1) whether sleep quality is associated with suicide risk in COVID-19 patients. (2) Whether anxiety and depressive
symptoms play a chain mediating role between sleep quality and suicide risk in COVID-19 patients. To investigate psychological
problems in COVID-19 patients and the impact of sleep disorders on suicide risk.

1.3. Model hypothesis
Therefore, we hypothesized that anxiety and depressive symptoms play a chaining mediating role between sleep quality and suicide
risk in COVID-19 patients, as detailed in the conceptual model shown in Fig. 1.

H1. Suicide risk, depressive symptoms, anxiety symptoms, and sleep quality were significantly associated with the other three,
respectively.

H2. Sleep quality positively predicts suicide risk in COVID-19 patients.
H3. Sleep quality affects suicide risk in COVID-19 patients through anxiety symptoms.
H4. Sleep quality influences suicide risk in COVID-19 patients through depressive symptoms.

H5. Sleep quality influences the risk of suicide in COVID-19 patients through the chain-mediating effect of anxiety and depressive
symptoms.
Finally, this study confirmed the above hypothesis, demonstrating that anxiety and depressive symptoms play a chain mediating
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Fig. 1. Hypothesized conceptual model of the chain mediation.
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role between sleep quality and suicide risk.

2. Methods

2.1. Study object and data collection

Participants were COVID-19 inpatients from the Department of Infectious Diseases of Wuhan First Hospital and Fever Ward 12, 14,
and 15 of Houhu Hospital of Wuhan Central Hospital, Hubei Province, China. We conducted a psychological questionnaire survey on
these patients from January 2, 2020, to March 10, 2020, using a combination of self-assessment and psychiatrist assessment. Before the
investigation, all researchers were trained on measurement tools and survey processes, and a consistency test was conducted after the
investigation. Patients with a prior history of mental or psychological illness were excluded. Finally, 371 valid data were obtained, of
which 46 patients were determined to have sleep disorders. Informed consent from the patient was obtained prior to the investigation.
This study was approved by the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University.

2.2. Measures

2.2.1. Sleep quality

Pittsburgh Sleep Quality Index (PSQI) was used to measure sleep quality. It consists of 18 scoring questions, including 7 main
components of sleep quality, the time required to fall asleep, total sleep time, sleep efficiency, sleep disorders, hypnotic drugs, and
daytime dysfunction. Each component is scored according to grades 0-3, and the total score of each component is the PSQI total score,
which ranged from O to 21. Higher scores indicate poorer sleep quality. BUYSSE proposed that “Good” sleep quality is 0-5 points, “ok”
sleep quality is 6-10 points, “average” sleep quality is 11-15 points, and “poor” sleep quality is 16-21 points [25]. The scale has good
reliability and validity (Cronbach’s a = 0.85) [26]. In our research, scores between 16 and 21 were considered to have sleep disorders.

2.2.2. Suicide risk

To evaluate suicide risk, we used the Nurses’ Global Assessment of Suicide Risk Scale (NGASR), which is a reliable tool for assessing
suicide risk, especially for patients with acute psychosis [27-29]. It includes 15 items, such as feelings of hopelessness, plans to take
suicide action a history of attempted suicide, and so on, and each item has two answers: “yes” and “no”, and “no” counts as O points,
and “yes” counts as 1 or 3 points according to the bonus rule. Finally, the total score is obtained under the extra points rules. A higher
score means a higher risk of suicide. Low risk <5 points, medium risk 6-8 points, high risk 9-11 points, extremely high risk >12 points
[30].

2.2.3. .Depressive symptoms

Depressive symptoms were accessed by using SDS (Self-rating Depression Scale), which is a valuable tool for screening clinically
significant depression [31]. It contains 20 items, each item is divided into four grades according to the frequency of symptoms. The
sum of the scores of each item is the total rough score, the total rough score x 1.25, and the integer part is the standard score. As the
score increases, the degree of depressive symptoms becomes more severe. The standard score of <49 means no depressive symptoms,
50-59 means mild depressive symptoms, 60-69 means moderate depressive symptoms, and >70 means severe depressive symptoms
[32].

2.2.4. Anxiety symptoms

We used SAS (Self-rating Anxiety Scale) to determine anxiety symptoms, and SAS has proved to be an effective tool for the
assessment of anxiety symptoms [33]. It has 20 items and is scored on a scale of 1-4. The standard score is calculated by adding the
scores for each of the 20 items and multiplying them by 1.25 to get the integer part. The higher the standard score, the more severe the
anxiety symptoms. A score below 50 is considered no anxiety symptoms, 50-59 is considered mild anxiety symptoms, 60-69 is
considered moderate anxiety symptoms, and above 69 is considered severe anxiety symptoms [34].

2.3. Statistical analyses

All our statistical analyses were carried out using SPSS software (version 26). First, Harman’s single-factor test was adopted to test
common method biases in the raw data. Second, to explore and summarize the variables, participants were divided into a sleep
disorder group and a non-sleep disorder group for descriptive statistics. An independent sample T-test was used for measurement data
satisfying normal distribution, and the results were expressed as M & SD. The enumeration data were compared between groups using
the y 2 test, and the results were expressed as n (%). Third, we employed Pearson correlation analysis to analyze the participants’
NGASR total score, SDS total score, SAS total score, PSQI total score, and age to determine the correlation between suicide risk, anxiety
symptoms, depressive symptoms, and sleep quality. As the correlation coefficient gets closer to 1, the correlation between variables
becomes stronger [35]. Finally, based on the hypothesis, we selected the Bootstrap method of the SPSS plug-in PROCESS (version 3.5)
developed by Andrew F Hayes for mediation analysis of relevant variables, which is specially developed for testing complex models
[36]. We chose model 6, with sleep quality as the independent variable, suicide risk as the dependent variable, depressive symptoms,
and anxiety symptoms as the intermediary variables, and age as the covariate. In case CI (95%) does not contain 0, the mediating effect
is significant. In this study, statistical significance was defined as P < 0.05.
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3. Results
3.1. Common method deviation test

The outcomes showed that there were 22 components with characteristic roots greater than 1, and the variance explanation rate of
the first component was 25.26%, which was less than the critical standard of 40%, indicating that the common method bias of this
study was not obvious.

3.2. Descriptive analysis

The distribution characteristics of the participants were summarized in Table 1. Of the 371 COVID-19 patients, 46 (12.4%) suffered
from sleep disorders. Compared with the non-sleep disorder group, the proportion of history of the physical disease (P < 0.001) and
age (p = 0.003) were larger and older in the sleep disorder group, and there was no significant difference in gender (p = 0.092), an
education level (p = 0.562) and city of work (p = 0.594) between the two groups. The severity of depressive symptoms and anxiety
symptoms and the risk of suicide in the sleep disorder group were higher than those in the other group. (all p < 0.001).

3.3. Correlation between variables

Correlation analysis demonstrated that suicide risk was positively and significantly correlated with depressive symptoms (P <
0.001), anxiety symptoms (P < 0.001), sleep quality (P < 0.001), and age (P < 0.01). Depressive symptoms were obviously and
positively correlated with anxiety symptoms (P < 0.001) and sleep quality (P < 0.001), but not remarkably correlated with age (P >
0.05). Anxiety symptoms were notably and positively correlated with sleep quality (P < 0.001), but not appreciably correlated with
age (P > 0.05). Sleep quality and age (P < 0.01) were positively and outstandingly correlated (see Table 2). H1 was confirmed.

3.4. The mediation analysis

The analysis results of PROCESS (version 3.5) were presented in Table 3 and Fig. 2. After controlling for age, sleep quality could
positively predict depressive symptoms (f = 1.49, SE = 0.14, T =10.51, P < 0.001), anxiety symptoms ( = 0.71, SE = 0.09, T = 8.36,
P < 0.001), and suicide risk (§ = 0.16, SE = 0.04, T = 4.17, P < 0.001). Depressive symptoms could cause severe anxiety symptoms (f§
=0.56, SE =0.03, T = 20.54, P < 0.001) and an increased risk of suicide (p = 0.08, SE = 0.02, T = 4.71, P < 0.001). Anxiety symptoms
actively promoted the risk of suicide (p = 0.07, SE = 0.02, T = 7.10, P < 0.05). The upshots displayed that the model fits well.
Specifically, the effect of sleep quality on suicide risk is mainly through the following four pathways: (1) Sleep disordesr — Suicide risk.
This confirmed H2. (2) Sleep quality — Anxiety symptoms — Suicide risk. This affirmed H3. (3) Sleep disordesr — Depressive
symptoms —Suicide risk. This proved H4. (4) Sleep quality — Depressive symptoms — Anxiety symptoms — Suicide risk. This verified
HS5.

The consequents of mediation analysis demonstrated that the indirect effect of the path with depression as the mediating variable
was 0.12 (95% CI = [0.07, 0.17]), and the effect ratio was 31.58%. When anxiety was the mediating variable, the indirect effect was
0.05 (95% CI = [0.02, 0.08]), and the effect ratio was 13.16%. When depression and anxiety were used as mediator variables, the
indirect effect was 0.05 (95%CI = [0.02, 0.10]), and the effect ratio was 13.16%. The total indirect effect was 0.22 (95%CI = [0.17,
0.28]), and the effect amount was 57.9%. The direct effect ratio was 0.16 (95% CI = [0.08, 0.24), and the effect ratio was 42.1% (see
Table 4).

Table 1
Descriptive analysis
Sleep disorders (N=46) Non-sleep disorders (N=325) P

Age 40.63+8.48 36.23+9.56 0.003
Sex
male 7 (15.2%) 87 (26.8%) 0.092
Female 39 (84.8%) 238 (73.2%)
History of physical illness
With 15(32.6%) 37 (11.4%) <0.001
Without 31(67.4%) 288 (88.6%)
Education level
Bachelor degree and below 29(63%) 113(34.8%) 0.562
Master degree and above 63(37%) 212(65.2%)
Work city
Wuhan 46 (100%) 323 (99.4%) 0.594
Non-Wuhan 0 2 (0.6%)
Depressive symptoms 63.15+13.71 49.83+13.14 <0.001
Anxiety symptoms 59.85+13.38 44.87+10.19 <0.001
Suicide risk 6.52+3.67 2.87+3.26 <0.001
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Table 2
Analysis of related variables
M=+ SD Suicide risk Depressive symptoms Anxiety symptoms Sleep quality Age
Suicide risk 3.32+3.52
Depressive symptoms 51.48+13.90 1
Anxiety symptoms 46.73+11.71 0.80%** 1
Sleep quality 9.46+4.53 0.48%** 0.607** 1
Age 36.78+9.53 0.04 0.07 0.16%* 1
** illustrate significant correlation (P<0.01)
* illustrate significant correlation (P<0.001)
Table 3
Predictive relationship between variables
Outcome variable Predictor variable B SE T CI(95%) R2 F
LLCI ULCI
Depressive symptoms Sleep quality 0.14 10.51 1.21 1.77 0.23 55.55
Age 0.07 -0.90 -0.19 0.07
Anxiety symptoms Sleep quality 0.09 8.36 0.55 0.88 0.70 286.68
Depressive symptoms 0.03 20.54 0.51 0.62
Age 0.04 0.02 0.07 0.07
Suicide risk Sleep quality 0.04 4.17 0.08 0.24 0.44 70.67
Depressive symptoms 0.02 4.71 0.05 0.11
Anxiety symptoms 0.02 7.10 0.02 0.11
Age 0.01 2.44 0.01 0.06
* illustrate significant correlation (P<0.05)
“* {llustrate significant correlation (P<0.001)
0.56™
Depression |— 4 Anxiety
1.49" symptoms symptoms 0.07
0.71" 0.08™
Sleep . .
i Suicide risk
quality 016"
Fig. 2. Chain intermediary model. * illustrate significant correlation (P < 0.05; *** illustrate significant correlation (P < 0.001).

4. Discussion

In this study, we used a chained mediation model to investigate the impact of sleep quality on suicide risk in COVID-19 patients. We
found that anxiety and depressive symptoms play a partial chain mediating role between sleep quality and the risk of suicide. The more
severe the sleep quality, the more it triggered depressive symptoms, which in turn triggered anxiety symptoms, which increased the
risk of suicide.

The study found that 12.4% of COVID-19 patients suffered from sleep disorders. A survey of 5153 COVID-19 patients by Jiawen
Deng et al. found that the prevalence of sleep disorders was 34% [37]. The results of the two studies were not comparable because of
differences in the definition and measurement of sleep disorders. Our finding that sleep disorders were a risk factor for suicide risk is
consistent with previous studies [38,39]. This study aimed to explore the internal mechanism between sleep quality and suicide risk.
We drew the following conclusions: First of all, sleep quality can directly affect patients’ risk of suicide. Second, sleep quality could
affect suicide risk by affecting depressive symptoms. On the one hand, the results are consistent with a prospective cohort study of 38,

Table 4
The effect of each path
Model Effect Effect ratio Boot SE CI(95%)
LLCI ULCI
Sleep disordesr— 1.49%0.08=0.12 31.58% 0.03 0.07 0.17
Depressive symptoms —Suicide risk
Sleep quality 0.71*0.07=0.05 13.16% 0.02 0.02 0.08
—Anxiety symptoms —Suicide risk
Sleep quality— 1.49%0.56*0.07=0.05 13.16% 0.02 0.02 0.10
Depressive symptoms —Anxiety symptoms —Suicide risk
Indirect effect 0.22 57.90% 0.03 0.17 0.28
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786 participants in Sweden, which found that depression played a partial mediator role between insomnia and suicide risk in short
sleep Settings [37]. On the other hand, the results differ from those of Anna Karin Hedstrom et al. who suggested that nightmares
predicted depression but had no effect on suicide rates [40]. The inconsistencies may be due to differences in study subjects, mea-
surement tools, social context (our study was conducted during a particular period of the COVID-19 pandemic), and the fact that we
studied the effect of sleep disorders (including nightmares and other factors) on suicide risk, while they focused on nightmares.
Thirdly, anxiety symptoms also played an incomplete mediating role between sleep quality and suicide risk, confirming previous
studies [18]. Finally, this study also found that there was a chain mechanism between sleep quality and suicide risk. The worse the
sleep quality, the more it triggered depressive symptoms, which in turn triggered anxiety symptoms, which increased the risk of
suicide. Poor sleep quality can lead to dysfunction of the biological sleep-wake system, weaken the emotional regulation ability of
individuals, and make individuals experience more negative emotions (such as depression and anxiety) [41], thus increasing the risk of
suicide.

This study was the first to explore the internal mechanism of sleep quality and suicide risk in patients with COVID-19. Although it
had obvious advantages, it also had certain limitations. First, in addition to considering the relationship between mood symptoms in
sleep quality and suicide risk, we should also consider the role of serotonin dysfunction, sleep hopelessness, and cognitive deficits [15].
The various factors may be interrelated and their combined effects should be considered in future studies. Second, due to the difficulty
in data collection of COVID-19 patients, the samples we collected were concentrated in Wuhan, China. Follow-up studies should be
conducted on patients in other parts of China and abroad. Third, the self-assessment scale is used in this study. Since people have
different willingness and understanding abilities to fill in the scale, plus the strong subjectivity of the self-assessment scale, some errors
will be caused. Although our data were professionally evaluated by psychiatrists and tested for common methodological bias, it still
reduced the accuracy of the results. Fourth, COVID-19 patients are a special group of people, and it remains to be seen whether our
findings can be generally applied to other groups of people.

5. Conclusion

This study aims to explore the relationship between sleep quality and suicide risk in COVID-19 patients, as well as its influencing
factors and mechanisms, so as to provide a reference for the literature. Our main conclusions are as follows: (1) Sleep quality in COVID-
19 patients is closely associated with suicide risk. (2) Depression and anxiety symptoms in COVID-19 patients are chain mediators
between sleep quality and suicide risk.

This study highlights the importance of not only paying attention to the physical health of COVID-19 patients, but also their mental
health. This study also offers a new possibility for suicide prevention among COVID-19 patients——preventing and treating depression
and anxiety with the goal of actively preventing and treating sleep disorders, thereby reducing patients’ risk of suicide. Our findings
enrich our understanding of how COVID-19 patients can reduce their risk of suicide during the COVID-19 pandemic and fill a gap in the
research on the underlying mechanism of suicide risk in COVID-19 patients. However, more similar studies in different populations are
needed to confirm this idea in the future. In addition, further research is needed to investigate the effects of serotonergic dysfunction,
cognitive impairment, and other factors between sleep quality and suicide risk.
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