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Abstract

This study aimed to explore the association between sleep and suicidality in the presence and absence of depressive sympt@
in the rural Chinese population. The research involved a cross-sectional survey conducted in Liuyang, China, between November
2010 and August 2011. A total of 2052 participants were surveyed (987 males and 1065 females). To investigate the mediating
effect of depressive symptoms in the correlation between sleep quality and suicidality. The association between sleep quality and
suicidality in the absence of depressive symptoms was also explored. Suicide risk was measured using the Mini-International
Neuropsychiatric Interview subscale. The visual analog scale was used to assess sleep quality. Patient Health Questionnaire-9
and Patient Health Questionnaire-2, avoiding the overlap in sleep and suicidality assessments, were used for detecting depressive
symptoms in participants. Depressive symptoms partially mediated the association between sleep quality and suicidality among
rural adults. Furthermore, some participants did not exhibit depressive symptoms in this study yet still exhibited a risk for
suicidality, with poor sleep quality contributing significantly to their suicidality even after adjusting for cofounders. Poor sleep
quality significantly increases the likelihood of suicidality in the presence and absence of depressive symptoms in the rural Chinese
population. Poor sleep quality could correlate with increased suicide risk independently of depressive symptoms.
Abbreviations: PHQ-2 = Patient Health Questionnaire-2, PHQ-9 = Patient Health Questionnaire-9, VAS = visual analog scale.

Keywords: depressive symptoms, Sleep quality, suicidality.

1. Introduction

Suicide is the act of intentionally causing one’s death, which
is an essential public health and mental health concern world-
wide. The World Health Organization reported in 2021 that
703,000 people commit suicide internationally annually,!™
and it was estimated that 77% of global suicides occur in
low-income and middle-income countries.!! It was reported
that the average suicide rate was 6.75 per 100,000 people
annually in China during 2012-2015.”) According to the
World Health Organization report, the suicide rate in China
was 8.2 per 100,000 in 2016 and was 8.1 per 100,000 from
2017 to 2019.51 The identification of modifiable predictive
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factors for suicidality in the general population could result in
the development of management and prevention strategies for
suicide risk. The association between poor sleep and suicid-
ality had been reported; however, whether depressive symp-
toms mediate the correlation between sleep and suicidality is
controversial.

Since Fawcett et al¥ initially reported the link between
sleep, depression, and suicide in 1990, the associations between
sleep, depressive symptoms, and suicidality have been widely
reported.’~'71 The mediating role of depression was proposed in
this association, including 2 hypotheses of either total mediation
or partial mediation. Some studies have proposed that the impact
of sleep quality on suicidality appears to be entirely mediated by
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depressive symptoms.!'>'* and sleep could not directly impact
suicidality. However, a second mediation perspective proposes
that depressive symptoms play a partial mediation role in the
correlation. In other words, the associations between poor sleep
quality and suicidality are connected both directly and indirectly
via depressive symptoms.”"'! Notably, other studies assert that
the link between sleep and suicidality exists in the absence of, or
independently from, depressive symptoms. /168!

Most studies investigating the correlation between sleep,
depression, and suicidality include participants from western
countries or developed areas.>%1%11:191 Seldom investigated are
adults from low-income and resource-poor regions such as
rural China. It has been estimated that 79% of all suicides in
China occur in rural residents from low-income and resource-
poor areas.?” The current study data are from a cross-sectional
survey conducted in rural areas of Liuyang, China. The study
explored: the association between sleep quality and suicidality
in the presence of depressive symptoms: the mediation effects
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of depressive symptoms were assessed; if there are participants
who were suicidal in the absence of depressive symptoms, the
correlation between sleep quality and suicidality was explored.

2. Methods

2.1. Design overview

Before this study commenced, the bidding documents and oral
informed consents were submitted to the ethics committee of the
Institutional Review Board for review. All of these were approved
by the School’s Institutional Review Board per the Declaration
of Helsinki. Multistage sampling was employed, and a total of
8 sample sites (sample sites referred to a geographical neighbor-
hood) were selected from rural areas of Liuyang by generating
a list based on random numbers, from which participants were
enrolled (Fig. 1). Interviewing teams were organized to conduct
face-to-face surveys between November 2010 and August 2011.

Liuyang city

Gaoping town

Yong’an town

Shiwan village Ma’an village Lutang village Shuishan village
’Block4 H BlockS5 H Block6 H Block7 ‘ Block8

’Blockl ‘ ’ Block2 H Block3

2377residents aged above 18

219 individuals were excluded
— 44 due to their mental or physical illness

— 175 not residents during research

2158 residents from 8 blocks sampled by random

multistage cluster sampling

78 refused to participate in the study

2080 participated for the study

28 quit the survey before it was finished

2052 participants available for evaluation and analysis

Figure 1. Flowchart of the participant’s enrollment.
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2.2. Participants

Rural Chinese individuals source incomes from agricultural
activities and related products. Participants in the study were
selected from the rural Chinese population living in Liuyang,
a representative rural city of the Hunan province,?" southern
China. Liuyang County, located in the center of Hunan prov-
ince, has a population of 1.4235 million, including people of
Han nationality and 34 ethnic minorities. Liuyang is the center
of fireworks production in China, with a proud history spanning
1400 years. Other primary industries such as grain production,
raising pigs, and black goats are also prominent in the region.

The eligibility criteria for this study included residents who
were >18 years old and had lived in the rural areas of Liuyang
for >6 months. The exclusion criteria included: participants who
were physically injured or impaired cognitively, which could
influence the experience of sleep quality or depressive symp-
toms; residents who could not be contacted after 3 attempts
by the study team. A total of 2158 adults were invited to par-
ticipate in the study. However, according to the exclusion crite-
ria, 78 people (2.80%) were excluded, and 28 people (1.30%)
discontinued their participation before study completion. The
included responses from 2052 participants corresponded to a
response rate of 95.09%.

2.3. Procedure

The survey team was composed of 1 principal investigator (a
PhD student), post-graduate students, undergraduates and 3
local guides who were bilingual in Chinese Mandarin and the
local dialect. All the team members were trained before data
collection. The training included the interviews’ objectives and
contents, vital communication skills, and dialect translation
standards. The team was divided into 3 interviewing groups,
and each interviewing team was composed of 5 investigators
and 1 guide. The interviewing team visited each potential family
at their house. The team introduced the project to the whole
family in Mandarin, which was translated into the local dialect
when necessary by the guide. Participants agreed that the results
of this study would be published in the form of essays or articles,
and no personal information would be disclosed in any reports.
Interviews took place individually, and the interviewer recorded
the verbal responses of each participant. The local guide would
explain the interviewer’s statements in the native dialect when
necessary. Each participant was reimbursed with a kitchen uten-
sil. After completing the interview, the researchers collected the
data and entered it into a centralized database.

2.4. Quality control

Centralized and standard training was given to the research
team before the surveys were undertaken so that all investigators
and guides understood the questionnaire contents. After respon-
dents completed the survey, a quality-control person checked
the questionnaire to ensure there were no missing items.

2.5. Dependent variables

2.5.1. Suicidality. In this study, suicidality was measured using
the subscale from the Mini-International Neuropsychiatric
Interview: the Suicide Risk Screening Scale. The interview tool
included 10 questions about suicidal ideation, suicidal planning,
and suicide attempts during the past month. Suicidal ideation
refers to an individual’s thoughts about ending their own life.
Suicidal plans refer to an individual planning to die by suicide.
Suicide attempts refer to attempting to end one’s life by any
method that could result in death, such as drug overdose,
hanging, or wrist cutting. Each question had 3 options “yes,”
“no,” or “I do not know.” The answers to these questions were
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used to classify the participants into 4 subgroups: no risk, low
risk (suicidal ideation), moderate risk (suicidal plans), and high
risk (suicide attempts) of suicide. Having no suicide risk to the
low, middle, and high risk was defined as y = 1-4.

2.6. Independent variables

2.6.1. Sleep quality. The VAS could be interpreted into the
local dialect quickly when necessary and easily understood by
rural Chinese participants, who are less educated than urban
residents, and so it was chosen to assess sleep quality. The VAS
used in this study consisted of a 0 to 100mm line calibrated
with numbers from 0 to 10 to assist the rural participants in
determining the distance between the worst sleep quality at
one end and the best sleep quality at the other. The reliability
and validity of VAS in measuring subjective experience have
been reported in the literature.?*241 VAS is often used in many
research studies as a convenient and straightforward method to
assess subjective sleep quality.?5-27]

2.7. Covariates

2.7.1. Sociodemographic variables. Data about gender,
age, education, marital status, and income were collected from
participants. Education level was categorized into 3 groups:
primary school or below, middle school, and high school or
above. Marital status has 2 possible responses: stable or unstable
relationship (the former included marriage or cohabitation).
Incomes were expressed as annual figures.

2.7.2. Depressive symptoms. The PHQ-9 is a 9-item scale,
with each item based on the criteria for depressive disorders listed
in the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition. Each item is rated using a scale from 0 (not at all)
to 3 (nearly every day),?® and the final score ranges from 0 to
27. The Chinese version of the PHQ-9 has a 2-week test-retest
reliability of 0.86 as well as Cronbach alpha of 0.86.1"!

Additionally, PHQ-2 was used for assessing depressive symp-
toms in this study. PHQ-2 is composed of 2 primary items of
PHQ-9 (first item: little interest or pleasure in doing things;
second item: feeling down, depressed, or hopeless) and avoids
the overlap in sleep quality and suicidality assessments. Its
reliability and validity had previously been broadly demon-
strated.B%3!l Many studies had demonstrated that a score of 3
(the total PHQ-2 score ranges from 0 to 6) was the cutoff point
for screening for possible depression and is considered highly
sensitive and valid.130-32!

2.7.3. Physical health conditions. Physical health correlates
with an individual’s physical function and was measured using
the self-reporting physical health subscale of the Self-Rated
Health Measurement Scale, developed and revised by Xu et
al,®3 with a Cronbach o coefficient of 0.93.34 The highest
possible scores for physical health are 170. The higher values
indicated better physical health.

2.8. Statistical analysis

Sample characteristics were detailed using basic descriptive
statistics, such as numbers and sample percentages. Sleep qual-
ity and related suicide risks were assessed. Structure equation
models were conducted for the mediation tests. Sleep quality
was recorded from 0.00 to 10.00 (from the worst to the best).
Depressive symptoms were assessed using the PHQ-9 and
PHQ-2 scoring systems. No, low, middle, or high suicidality was
defined as y = 1-4.

Ordinal regression models explore the influence of sleep qual-
ity on suicidality. Suppose participants displayed no depressive
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symptoms but were still at risk of suicidality. First, an ordinal
regression analysis investigated sleep quality as a single variable
to predict suicide risk among the participants. Second, covari-
ates that may be associated with suicide risk in real-life situa-
tions were adjusted for further ordinal regression analysis. The
statistical significance was defined at a P value of <.05 (2-tailed).
The SPSS 20.0 and Mplus 7.2 software packages were used for
statistical analyses.

3. Results

3.1. Fundamental characteristics of the study population

The study had 2052 participants (Table 1), including 1065
females and 987 males. Most participants were in the mid-
dle-aged group (47.61%), while 38.79% and 13.60% were in
the young and older groups. Only 15.3% of the participants
had a high school education or above. In 2009, the national
rural poverty line was defined as earning <1992 yuan/year. In
the Hunan Province in 2010, the average income per farmer
was 5523 yuan/ year. Participants’ income was divided into 3
groups in this study: low (<1992 yuan/year), medium (1993-
5523 yuan/year), and high (25524 yuan/year). Approximately
one-tenth of the participants were below the poverty line, and
almost two-thirds were above the average farmer income in the
Hunan Province.

3.2. The association between sleep quality and suicidality
in the presence of depressive symptoms

Structure equation models was conducted to test whether
depressive symptoms could influence suicidality via sleep qual-
ity, as shown in Figure 2. The PHQ-9 and PHQ-2, respectively,
assessed depression symptoms. The first mediation model used
the data where depressive symptoms were assessed using the
PHQ-9 system, as shown in Tables 2 to 4. The data did not fit

Sociodemographics characteristics of the sample (n = 2052).

Characteristics N %
Gender

Male 987 48.10

Female 1065 51.90
Age ()

18-44 796 38.79

45-59 977 47.61

>60 279 13.60
Education

Primary school or below 814 39.70

Middle school 925 4510

High school or above 313 15.30
Marital status

Without partner 195 9.02

Married/cohabited 1867 90.98
Income (person/year) (RMB)

<1992 241 11.74

1993-5523 513 25.00

>5524 1298 63.26

RMB = Ren Ming Bi.

Depressive symptoms

Figure 2. Mediation diagram.

Sleep quality Suicidality
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Table 2
Model fit information of using PHQ-9.
Model description x2 df CFl TLI RMSEA  SRMR
5699.319 55 0.837 0.792 0.102 0.057

PHQ-9 = Patient Health Questionnaire-9.

Standardized model results of the mediation of using PHQ-9.

95% CI
Suicidality on b SE Pvalue  Lower2.5%  Upper2.5%
PHQ-9 0.381 0.017 .000 0.301 0.459
Sleep -0.011 0.001 .000 -0.074 0.050
PHQ-9 onsleep  -0.476  0.009 .000 -0.526 —-0.431
Cl = confidence interval, PHQ-9 = Patient Health Questionnaire-9, SE = standard error.

Table 4

Effect of sleep on suicidality of using PHQ-9.
Path way B Effect ratio
Sleep-suicidality —-0.011 5.7%
Sleep-(PHQ-9)-suicidality —0.476 x (0.381) =—0.181 94.27%
Total effect of sleep on suicidality -0.192

PHQ-9 = Patient Health Questionnaire-9.

well with the mediation model, for CFI = 0.837, TLI = 0.792,
RMSEA = 0.102, and SRMR = 0.057. The partial mediation
effect of depression symptoms in the association between sleep
quality and suicidality was significant.

The second mediation model used the depressive symptoms
scoring by PHQ-2, which avoided the overlapping assessment
of sleep and suicidality. As shown in Table 5, the data had a
good fit with the mediation model, CFI = 0.999, TLI = 0.992,
RMSEA = 0.025, and SRMR = 0.006. The Estimated standard-
ized coefficient for the full path model is presented in Table 6.
Depressive symptoms partially mediated the influence of sleep
on suicidality. There was an independent effect of sleep qual-
ity on suicidality beyond depressive symptoms, as shown in
Table 7.

3.3. Association between sleep quality and suicidality in
participants in the absence of depressive symptoms

Whether there were individuals without depressive symptoms
yet still experiencing suicidality was explored. First, those
participants with a total score of <5 for the PHQ-9 cohort of
responses were categorized as not having any apparent symp-
toms of depression. The data in Table 8 shows that 1396 partic-
ipants exhibited no depressive symptoms. However, the survey
responses suggested that 112 of them were at either low risk
(suicidal ideation), moderate risk (suicide plans), or high risk
(suicide attempts) of suicidality. Second, a total score of <3 for
the PHQ-2 was defined as not exhibiting any depressive symp-
toms. As shown in Table 8, 1845 participants showed no signs of
depressive symptoms. However, the survey responses suggested
that 206 of them were at either low risk (suicidal ideation),
moderate risk (suicide plans), or high risk (suicide attempts) of
suicidality.

The impact of sleep quality on suicidality among partici-
pants with no depressive symptoms was further investigated,
as detailed in Table 9. First, a total score of <5 in the PHQ-9
and a total scoreof <3 in the PHQ-2 were defined as no appar-
ent symptoms of depression, respectively, and converging
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Model fit information of using PHQ-2.

RMSEA
0.025

SRMR
0.006

Model description X2 df CFl TLI
2.309 1 0.999 0992

PHQ-2 = Patient Health Questionnaire-2.

Standardized model results of the mediation of using PHQ-2.
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Association between sleep quality, covariates and suicidality
among participants absent of depressive symptoms (PHQ-9 <5).

Variables B S, Beta t Pvalue
Gender -0.041 0.015 -0.072 -2.701 .007
Age 0.001 0.001 0.029 1.073 284
Physical health -0.002 0.001 -0.098 -3.316 .001
Sleep quality -0.003 0.004 -0.022 -0.736 462

PHQ-9 = Patient Health Questionnaire-9.

95% Cl
Suicide on b SE Pvalue Lower2.5%  Upper2.5% Table 11
PHO2 0515 0.044 000 0207 039 Association between sleep quality, covariates, and suicidality
; : ' : : : among participants absent of depressive symptoms (PHQ-2 <3).
Sleep 0070 0025 007 0117 0023 9 particip pressive symptoms (PHQ-2 <3)
PHO-20nsleep  -0.349 0027 .00 -0.403 -0.295 Variables B s, Beta t Pvalue
Cl = confidence interval, PHQ-2 = Patient Health Questionnaire-2, SE = standard error. Gender ~0.060 0.016 ~0.087 —-3.775 000
Age 0.001 0.001 0.036 1.541 124
Physical health —-0.002 0.001 -0.116 —4.291 .000
Table 7 Sleep quality -0.008 0.004 —-0.053 —-1.995 .046
Effect of sleep on suicidality of using PHQ-2. PHQ-2 = Patient Health Questionnaire-2.
Path way B Effect ratio
Sleep-suicidality ~0.070 38.84% influence suicide risks, such as mental disorders,>*-% substance
Sleep-(PHQ-2)-suicidality ~0.349 % 0.345 = -0.120 63.16% abuse disorders,*! socioeconomic status,***!l and marital sta-
Total effect of sleep on suicidality -0.190 tus*41 were difficult and costly to mitigate in poorly resourced

PHQ-2 = Patient Health Questionnaire-2.

Participants without depressive symptoms yet were at risk of
suicidality.

Distribution of suicidality

N No risk Low risk Middle risk High risk
PHQ-9 <5 1396 1284 110 1 1
PHQ-2 <3 1845 1639 200 2 4

PHQ-2 = Patient Health Questionnaire-2, PHQ-9 = Patient Health Questionnaire-9.

Association between sleep quality and suicidality in participants
absent of depressive symptoms.

Variable b S, Beta t Pvalue
PHQ-9<5  Sleepquality ~ -0.009  0.004 -0.068  —2.549 011
PHQ-2<3  Sleepqualty ~ -0.017  0.003 -0.118  -5.095 .000

PHQ-2 = Patient Health Questionnaire-2, PHQ-9 = Patient Health Questionnaire-9.

results showed that poor sleep quality correlated significantly
with suicidality. Second, gender, age, and physical health were
included as covariates in the regression (Tables 10 and 11).
Table 11 showed that the association between poor sleep qual-
ity and suicide risk persisted significant after adjusting related
covariates.

4. Discussion

In China, the limited mental health facilities and healthcare
workforce are focused in large urban centers. Rural areas in
China are less developed than urban areas, have worse medical
conditions, and have minimal access to mental health informa-
tion and services. The scarcity and inefficiency of mental health
resources in rural areas present a challenge to managing and
reducing suicidality in resource-poor communities. Factors that

rural areas.

The results showed that depressive symptoms partially
mediated the correlation between sleep quality and suicidality
among rural adults. The current study used data derived from
the PHQ-9 and PHQ-2 scoring systems, with the data modeling
much better for the PHQ-2 dataset. Superior modeling may be
because the PHQ-9 responses contain data overlap for sleep
and suicidality. Results indicated that rural adults at risk of
suicidality in combination with obvious depressive symptoms
need to treat sleep quality and depressive symptoms to prevent
suicidality. In addition, the results indicated that sleep qual-
ity could influence suicidality even in the absence of depres-
sive symptoms in rural adults, which was convergent with the
report of Geoffroy et al*®l that sleep complaints associated with
increased suicide risk independently of psychiatric disorders in
the US adult population. This finding led to the designation of
poor sleep quality as an independent risk factor for suicidal-
ity. When considering previous reports,!'>*=! improving sleep
quality might be a preventative method for decreasing suicid-
ality among people with and without depressive symptoms in
rural China.

The treatment for sleep quality in poorly resourced rural
communities for suicidality prevention has favorable advan-
tages over other treatments deserving the attention of pub-
lic policy makers, public health professionals, and clinicians.
First, family members or neighbors could quickly undertake
to screen and assess sleep quality in rural communities using
a straightforward VAS scoring system, particularly since resi-
dents in rural China were less educated than urban residents.
Even illiterate people could use VAS extended training simply
because it is such a visual score that: consider sleep quality
and ranks it from 0 to 100 mm. Second and controversially,
using medications such as alprazolam to induce sleep is rela-
tively inexpensive in rural China. Third, reducing suicide risk
by seeking treatment for poor sleeping quality may be more
acceptable to rural adults, who are reluctant to seek mental
health assistance due to associated social stigmas in rural
culture.l5%

The mechanism by which poor sleep quality influences sui-
cidality remains unclear. Apart from common neurobiological
factors for sleep quality and depressive symptoms, such as the
5-hydroxytryptamine neurotransmitter pathways, the influence
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of sleep quality on suicide risk probably involves a more com-
plex neurobiological process and specific areas of the brain,
such as hypothalamus—pituitary—adrenal dysfunction, cortisol
release, and the circadian rhythm.’! This could explain why
some of the participants in this study showed no signs of depres-
sion in their survey responses yet revealed a suicide risk profile.
Poor sleep quality may lead to cognitive decline,’’?! worsening
suicidal thoughts, and suicide attempts. The underlying physio-
logical and psychological mechanism between sleep and suicid-
ality needs further exploration.

4.1. Limitation

One apparent limitation of this study was that only a few par-
ticipants reported high suicide risk in the survey (mainly suicide
ideation). More in-depth investigations are required to replicate
the associations between poor sleep quality and suicide behav-
ior in the general population. The clinical significance of the
association between poor sleep quality and suicidality needs to
be further characterized with more detailed, longitudinal stud-
ies. A series of psychological and biological mechanisms war-
rant investigation to understand the association between sleep
problems and suicidality more fully. Finally, sleep and clini-
cal depression may mediate each other. Future research could
include better strategies to account for an absence of depression
by including clinical diagnoses.

5. Conclusion

Poor sleep quality would significantly increase the likelihood of
suicidality in the presence and absence of depressive symptoms in
the rural Chinese population. Poor sleep quality could correlate
with increased suicide risk independently of depressive symptoms.
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