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Abstract

Background: Suicide is a serious public health concern worldwide, and the fourth leading cause of death in Korea.
Few studies have focused on risk factors for suicide attempt among people with suicidal ideation. The aim of the
present study was to investigate the risk factors and develop prediction models for suicide attempt among people
with suicidal ideation in the Korean population.

Method: This study included 1567 men and 3726 women aged 20 years and older who had suicidal ideation from
the Korea National Health and Nutrition Examination Survey from 2007 to 2012. Among them, 106 men and
188 women attempted suicide. Multivariate logistic regression analysis with backward stepwise elimination
was performed to find risk factors for suicide attempt. Sub-group analysis, dividing participants into under 50
and at least 50 years old was also performed.

Results: Among people with suicidal ideation, age, education, cancer, and depressive disorder were selected
as risk factors for suicide attempt in men. Age, education, national basic livelihood security, daily activity limitation,
depressive disorder, stress, smoking, and regular exercise were selected in women. Area under curves of our prediction
models in men and women were 0.728 and 0.716, respectively.

Conclusions: It is important to pay attention to populations with suicidal ideation and the risk factors mentioned
above. Prediction models using the determined risk factors could be useful to detect high-risk groups early for suicide
attempt among people with suicidal ideation. It is necessary to develop specific action plans for these high-risk groups
to prevent suicide.
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Background

According to a World Health Organization (WHO) re-
port, almost one million people died by suicide around
the world in 2010 [1]. Suicide is a serious public health
concern worldwide. Especially, in the Republic of Korea,
suicidal deaths have increased since 1985, and the rate
was over 30 per 100,000 persons in 2010 [2]. As a result,
suicide was the fourth leading cause of death in Korea
[3]. Furthermore, the age-standardized rate of suicide in
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Korea was 31.2 per 100,000 people, which is the highest
among Organization for Economic Cooperation and
Development (OECD) countries (11.3 per 100,000) [4].

Suicide is directly linked to suicide attempt resulting
from a complex process including interacting biological,
psychological, familial, socioeconomic status, and cul-
tural circumstances [5]. Suicidal ideation, including both
verbal and non-verbal manifestations, represents a clini-
cal emergency in psychiatry [6]. Moreover, a previous
study reported that individuals with suicidal ideation
had a higher risk for suicide attempt than ones with
non-suicidal ideation [7].

Therefore, finding the linkage between suicide attempt
and suicidal ideation could be a key aspect of efficient
suicide prevention. However, few studies have focused
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on risk factors for suicide attempt among people with
suicidal ideation. Previous studies on suicide reported
that suicidal ideation and suicide attempt were consi-
dered as a combined outcome [8, 9]. In addition, suicidal
ideation was related with suicide processes [10].

Therefore, it could be helpful to understand associated
suicide factors from ideation to attempt. The objective
of the present study was to investigate the risk factors
for suicide attempt among people with suicidal ideation,
and develop prediction models for suicide attempt using
logistic regression with the risk factors determined for
the Korean population.

Methods

Study population

This study was conducted using data from the Korea
National Health and Nutrition Examination Survey
(KNHANES) conducted during 2007-2012. KNHANES
is a nationwide representative survey of the health and
nutritional status of the Korean population. The Health
and Nutrition Survey division of the Korea Center for
Disease Control and Prevention conducts this annual
survey using a stratified and multistage probability sam-
pling design to select household units, including non-
institutionalized Korean civilians. As the data collection
was performed by highly skilled surveyors and was con-
trolled for quality, the data are considered highly accurate
and reliable [11]. Al KNHANES participants provided
written consent to participate in the survey and for their
personal data to be used.

Among the 50,405 subjects, 6358 subjects who were
20 years of age or older had suicidal ideation. After the
exclusion of 1065 subjects with missing data or who did
not answer questions on suicide attempt, 1567 men and
3726 women were finally included in the present study.
The institutional review board of the Yonsei University
Health System approved the protocol of this study
(No. 4-2016-0872).

Variables for suicide attempt

A structured interview about socioeconomic status, phy-
sical health, mental health, and health behaviors was per-
formed by trained interviewers. Suicidal ideation and
attempt were measured by responses to the following
question: “During the past year, have you ever felt that you
were willing to die?” Possible answer was never, rarely,
yes, or always, and participants answering yes and always
were categorized as having symptoms of suicidal ideation.
Further, if the respondent indicated having symptoms of
suicidal ideation, supplementary questions were asked:
“Have you ever attempted suicide(s) in the past year?”
These questions are simple but effective for detecting indi-
viduals vulnerable to suicide. Thus, previous research on
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suicidal risk used these questions to demonstrate risk for
suicidal ideation and attempt [12, 13].

In this study, the variables of socioeconomic status for
suicide included marital status, household income, living
in rural area, employment status, education, and na-
tional basic livelihood security. Marital status was cate-
gorized as married, single, or divorced/separated/
widowed. Household income was categorized according
to quartiles of total income in the household. Living in
rural area was based on whether the participant lives in
a rural or urban area. Employment status was catego-
rized as unemployed or employed. Education was cate-
gorized as above college, high, middle, and below
elementary school. National basic livelihood security was
defined as participation in a program, in which people
who do not have enough income to meet their needs
and those of their families in medical aid, housing, edu-
cation benefits, etc., receive payment from the govern-
ment. National basic livelihood security was categorized
as never, ex-former, and current.

The variables for physical health included obesity,
hypertension, diabetes mellitus, dyslipidemia, metabolic
syndrome, cancer, daily activity limitation, and meno-
pause. Subjects with one or more cancers of the sto-
mach, liver, lung, colon, cervix, or breast were defined as
“major cancer” patients based on their answering “yes”
to the question “Were you diagnosed with cancer(s) by a
physician? [12]” Daily activity limitation was defined as
occurring when participants have limitations in activities
of daily living due to health problems (fracture or articular
injury, other injury, arthritis or rheumatism, cardiac disor-
ders, pulmonary disorders or asthma, stroke, diabetes,
hypertension, neck or back disorders, cancers, oral or den-
tal disorders, ophthalmic disorders, auditory disorders,
dementia, depressive, anxiety, or mental disorders, mental
retardation, obesity, ageing, etc.).

The variables for mental health included depressive
disorder and stress. Depressive disorder was defined by
the question "Have you been diagnosed with depressive
disorder by a physician?" or whether the participants ex-
perienced depressive mood for two or more continuous
weeks. Stress was categorized as minimally, moderately,
and extremely stressful.

The risk factors of health behaviors relevant for suicide
included drinking, smoking, and regular exercise. Drin-
king was categorized as never, normal, and risky drin-
king. Risky drinking was defined as drinking more than
seven glasses of alcohol twice per week in men and more
than five glasses of alcohol twice per week in women.
Smoking was categorized as never, ex-former, and
current. Regular exercise was categorized as hardly
ever, regular moderate, and strenuous (at least three
times per week for at least 20 min of aerobic activity
at a time) [12].
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Statistical analyses

The characteristics of the participants were reported as
means (standard deviation [SD]) for continuous va-
riables, and as numbers (%) for categorical variables. In
order to evaluate the association between each of these
variables and suicide attempt, an independent samples t-
test was performed for each continuous variable and a
chi-square test was performed for each categorical va-
riable (Tables 1 and 2). Multivariate logistic regression
analysis with backward stepwise elimination was also
performed to find risk factors for suicide attempt with a
threshold of p = 0.05 after gender stratification. Addi-
tionally, sub-group analysis, depending on whether par-
ticipants were under 50 or at least 50 years old (Tables 3
and 4), was performed because the mean age in this
study population was in the early fifties. Spearman’s rank
correlation analysis was conducted for correlations bet-
ween the selected variables by logistic regression analysis
(Additional file 1: Tables S1 and S2).

The data set was divided randomly into two indepen-
dent training and validation groups to test for internal
validation. The training group, comprising 70% (1097
men with 79 suicide attempts and 2608 women with 135
suicide attempts) of the entire dataset, was used to con-
struct a logistic regression model. The validation group,
comprising 30% (470 men with 27 suicide attempts and
1118 women with 53 suicide attempts) of the entire
dataset, was used to assess the performance of the model
for suicide attempt. Receiver operating characteristic
(ROC) curve and area under the curve (AUC) analysis
were executed to verify the performance of logistic re-
gression models for men and women. All statistical ana-
lyses were two-sided and executed using SPSS 23.0 (IBM
Corp., Armonk, NY). A p-value <0.05 was considered
statistically significant.

Results

Baseline characteristics

Table 1 lists the demographic and clinical characteris-
tics of the study population in men. In the results of
independent samples t-tests and the chi-square tests,
suicide attempt was significantly correlated with the
nine variables marked with an * which were height,
weight, household income, employment status, educa-
tion, national basic livelihood security, cancer, daily
activity limitation, and depressive disorder. Table 2
lists the demographic and clinical characteristics of
the study population in women. Suicide attempt was
significantly correlated with the nine variables marked
with an * which were age, household income, na-
tional basic livelihood security, daily activity limita-
tion, depressive disorder, stress, drinking, smoking,
and regular exercise.
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Risk factors and prediction models for suicide attempt
among participants with suicidal ideation

In Table 3, age, education, cancer, and depressive dis-
order were selected by multivariate logistic regression
analysis for men. Age was negatively associated with
suicide attempt among all the participants, and youn-
ger men were more vulnerable to suicide attempt
than older men. When the above college group was
used as the reference group, the middle school and
below elementary school groups had odds ratios
(ORs) of 6.301 (the largest) and 5.803, respectively,
but the high school group was not significant. Cancer
and depressive disorder had ORs of 2.401 and 3.274,
respectively. Age-group differences were observed in
men. Educational level and depressive disorder were
predictors of suicide attempt in both age-groups.
However, daily activity limitation and drinking alcohol
were predictors only in the under 50 years old group.
Cancer and smoking were predictors only in the over
50 years old group.

In Table 4, age, education, national basic livelihood
security, daily activity limitation, depressive disorder,
stress, smoking, and regular exercise were selected for
women. Age was negatively associated with suicide at-
tempt, and younger women were more vulnerable to
suicide attempt than older women. When the above
college group was used as the reference group, the
middle school and below elementary school groups
had ORs of 2.422 and 3.797 (which was the largest),
respectively, but the high school group was not sig-
nificant, the same as for men. Subjects who received
national basic livelihood security at that time had an
OR of 1.820. Daily activity limitation and depressive
disorder had ORs of 1.641 and 3.099, respectively. Ex-
tremely stressful participants had an OR of 3.555.
Current smokers had an OR of 2.264. Participants
who did strenuous exercise had an OR of 3.430,
which was not expected. There were differences in
the predictors between age-groups. National basic
livelihood security was significantly associated with
suicidal attempt among younger-aged women. Daily
activity limitation was not a predictor in either age
group. Regular exercise level was a predictor only in
the over 50 years old group in women.

For both men and women, age, low education level,
and depressive disorder were common risk factors for
suicide attempt. However, cancer was not significant in
women, and national basic livelihood security, daily ac-
tivity limitation, stress, smoking, and regular exercise
were not significant in men. Fig. 1 (a) and (b) demon-
strate the performance of our logistic regression models
for prediction of suicide attempt in men and women.
The AUCs of logistic regression were 0.728 and 0.716,
respectively for men and women.
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Table 1 Demographic and clinical characteristics of male participants, and the association between these characteristics and suicide

attempt (n = 1567)

Suicide attempt pe
No (n = 1461) Yes (n = 106)

Age (years) 548 + 166 569 + 158 0216
Height (cm) 1680 + 7.1 1666 + 6.2 0.049*%
Weight (kg) 669 + 115 64.5 + 102 0.036*
Marital status (n, %) 0112

Married 1115 (76.3) 75 (70.8)

Single 215 (14.7) 15 (14.2)

Divorced/separated/widowed 131 (9.0) 16 (15.1)
Household income (n, %) 0.017*

Low 458 (31.3) 49 (46.2)

Moderate—low 422 (28.9) 22 (20.8)

Moderate-high 306 (20.9) 19 (179

High 275 (18.8) 16 (15.1)
Rural area (n, %) 426 (29.2) 32 (30.2) 0.822
Employment status (n, %) 930 (63.7) 56 (52.8) 0.026*
Education (n, %) <0.001*

Above college 327 (22.4) 8 (7.5

High school 448 (30.7) 24 (22.6)

Middle school 196 (13.4) 25 (23.6)

Below elementary school 490 (33.5) 49 (46.2)
National basic livelihood security (n, %) 0.008*

Never 1300 (89.0) 84 (79.2)

Ex-former 63 (4.3) 10 (94)

Current 98 (6.7) 12(113)
Obesity (n, %) 0210

Normal 925 (63.3) 73 (68.9)

Underweight 67 (4.6) 7 (6.6)

Overweight 469 (32.1) 26 (24.5)
Hypertension (n, %) 0.460

Normal 478 (32.7) 30 (283)

Prehypertension 395 (27.0) 27 (25.5)

Hypertension 588 (40.2) 49 (46.2)
Diabetes (n, %) 0.798

Normal 897 (614) 63 (59.4)

Prediabetes 331 (22.7) 27 (25.5)

Diabetes 233 (15.9) 16 (15.1)
Dyslipidemia (n, %) 520 (35.6) 33 (31.1) 0.354
Metabolic syndrome (n, %) 399 (27.3) 29 (27.4) 0.991
Cancer ® (n, %) 54 (3.7) 10 (94) 0.004*
Daily activity limitation 455 (31.1) 49 (46.2) 0.001*
Depressive disorder (n, %) 747 (51.1) 83 (78.3) <0.001*
Stress (n, %) 0212
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Table 1 Demographic and clinical characteristics of male participants, and the association between these characteristics and suicide

attempt (n = 1567) (Continued)

Minimally stressful 124 (8.5) 10 (94)
Moderately 593 (40.6) 32 (30.2)
Stressful 550 (37.6) 47 (44.3)
Extremely stressful 194 (13.3) 17 (16.0)
Drinking (n, %) 0.195
Never 308 (21.1) 28 (26.4)
Normal drinking 833 (57.0) 51 (48.1)
Risky drinking 320 (21.9) 27 (25.5)
Smoking (n, %) 0.192
Never 186 (12.7) 20 (18.9)
Ex-former 279 (19.1) 18 (17.0)
Current 996 (68.2) 68 (64.2)
Regular exercise (n, %) 0.696
Hardly ever 981 (67.1) 72 (67.9)
Regular moderate 413 (28.3) 31 (29.2)
Strenuous 67 (4.6) 3(28)
*p < 0.05

#P-values of continuous and binary variables were calculated using the independent samples t-test and chi-square test, respectively
PSubjects with one or more cancers of the stomach, liver, lung, colon, cervix, or breast

Discussion

In this study, the constructed multiple logistic regression
models determined the risk factors for suicide attempt
among people with suicidal ideation. Age, education,
cancer, and depressive disorder were selected for men.
Age, education, national basic livelihood security, daily
activity limitation, depressive disorder, stress, smoking,
and regular exercise were selected for women. The logis-
tic regression models effectively predicted suicide at-
tempt from the analysis.

These findings could help us understand the nature of
suicide for men and women. For both men and women,
depressive disorder has a key role in suicide attempt
(OR: 3.274 for men and 3.099 for women). These results
are in line with those of previous studies. In 2015, the
American Foundation for Suicide Prevention indicated
depression as a risk factor and a warning sign for suicide
[14]. A current report from WHO states that mental dis-
orders, especially depression, are closely related with sui-
cide [15]. The association of depression with suicide
may be explained by the bio-mechanisms of the nervous
system. Depression patients have disrupted central 5-
hydroxytryptamine (5-HT) metabolism, which could re-
sult in 5-HT deficiency and serotonergic hypoactivity
[16]. This interrupted 5-HT metabolism is also closely
related with increased risk of suicide [17]. According to
a previous review study, depression is strongly associated
with suicide including suicidal behavior [18]. Thus, this
study also suggests that depression could increase risk
for suicide attempt from suicidal ideation.

This study also demonstrated low education level as
the highest risk factor for suicide attempt among those
with suicidal ideation for both men (OR: 6.301 for mid-
dle school) and women (OR: 3.797 for below elementary
school) in Tables 3 and 4. In a previous multi-nation
study, low education level was linked to increased risk
for suicide [19]. In addition, short educational duration
was significantly linked to suicide in a well-established
cohort study [20]. Therefore, more attention should be
paid to males and females with suicidal ideation who
have low levels of education.

The current investigation suggested gender differences
between men and women for risk factors of suicide at-
tempt from ideation. Male participants over 50 years old
with a diagnosed cancer showed significant increased
risk for suicide attempt. The previous study also re-
ported an approximately two-times higher incidence of
suicide in individuals who had a cancer diagnosis than
the general population, especially male cancer survivors
[20]. It was also reported that increased severity of the
cancer was linked to increased suicide risk [21]. Further-
more, there was an increased risk for death by suicide
among men with even low-risk cancer [22].

Female participants with low socio-economic status
have a significantly higher number of suicide attempts,
especially those who are receiving national basic liveli-
hood security. Low financial status, such that it is diffi-
cult to live without a supplementary living allowance,
may exacerbate any ongoing deterioration in psycho-
logical well-being, and eventually leads to suicidal
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Table 2 Demographic and clinical characteristics of female participants, and the association between these characteristics and
suicide attempt (n = 3726)

Suicide attempt pe
No (n = 3538) Yes (n = 188)
Age (years) 544 + 176 512+177 0.016*
Height (cm) 155070 155572 0377
Weight (kg) 570 £99 581+ 114 0.178
Marital status (n, %) 0.130
Married 2222 (62.8) 106 (56.4)
Single 357 (10.1) 26 (13.8)
Divorced/separated/widowed 959 (27.1) 56 (29.8)
Household income (n, %) 0.007*
Low 1167 (33.0) 75 (39.9)
Moderate—low 949 (26.8) 50 (26.6)
Moderate-high 792 (224) 47 (25.0)
High 630 (17.8) 16 (8.5)
Rural area (n, %) 998 (28.2) 49 (26.1) 0.524
Employment status (n, %) 1514 (42.8) 68 (36.2) 0.073
Education (n, %) 0.129
Above college 580 (16.4) 19 (10.1)
High school 889 (25.1) 52 (27.7)
Middle school 344 (9.7) 22 (11.7)
Below elementary school 1725 (48.8) 95 (50.5)
National basic livelihood security (n, %) <0.001*
Never 3127 (884) 144 (76.6)
Ex-former 144 (4.1) 13 (6.9)
Current 267 (7.5) 31 (16.5)
Obesity (n, %) 0.777
Normal 2157 (61.0) 116 (61.7)
Underweight 214 (6.0) 9 (4.8)
Overweight 1167 (33.0) 63 (33.5)
Hypertension (n, %) 0232
Normal 1549 (43.8) 90 (47.9)
Prehypertension 660 (18.7) 39 (20.7)
Hypertension 1329 (37.6) 59 (314)
Diabetes (n, %) 0.935
Normal 2563 (724) 134 (71.3)
Prediabetes 531 (15.0) 29 (154)
Diabetes 444 (12.5) 25(133)
Dyslipidemia (n, %) 1524 (43.1) 80 (42.6) 0.888
Metabolic syndrome (n, %) 1073 (30.3) 52 (27.7) 0437
Cancer ® (n, %) 164 (4.6) 7 (3.7) 0.720
Daily activity limitation (n, %) 1085 (30.7) 84 (44.7) <0.001*

Menopause (n, %) 0.067
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Table 2 Demographic and clinical characteristics of female participants, and the association between these characteristics and

suicide attempt (n = 3726) (Continued)

Ongoing 1412 (39.9) 87 (46.3)
Post 1890 (534) 95 (50.5)
Artificial 236 (6.7) 632
Depressive disorder (n, %) 2276 (64.3) 167 (88.8) <0.001*
Stress (n, %) <0.001*
Minimally stressful 274 (7.8) 527
Moderately 1258 (35.6) 34 (18.1)
Stressful 1508 (42.7) 90 (47.9)
Extremely stressful 494 (14.0) 59 (31.4)
Drinking (n, %) <0.001*
Never 1536 (434) 71 (37.8)
Normal drinking 1836 (51.9) 93 (49.5)
Risky drinking 166 (4.7) 24 (12.8)
Smoking (n, %) <0.001*
Never 2964 (83.8) 127 (67.6)
Ex-former 126 (3.6) 8 (4.3)
Current 448 (12.7) 53 (282)
Regular exercise (n, %) <0.001*
Hardly ever 2715 (76.7) 130 (69.1)
Regular moderate 693 (19.6) 38 (20.2)
Strenuous 130 (3.7) 20 (106)
*p < 0.05

@P-values of continuous and binary variables were calculated using the independent samples t-test and chi-square test, respectively
bSubjects with one or more cancers of the stomach, liver, lung, colon, cervix, or breast

ideation among older adults in Australia and Korea
[23, 24]. Moreover, other research has shown that low
socio-economic status characteristics are directly asso-
ciated with risks of suicide attempt [25]. It is possible
that low socio-economic status increased the risk of
suicidal ideation for both men and women, but
women who suffer from the hardships of life were
more vulnerable to suicide attempt than men as
shown in our study (OR: 1.820). National basic liveli-
hood security has been considered as a minimum so-
cial safety net. Our study could indicate that suicide
prevention professionals should pay attention to
women under 50 years old who are receiving national
basic livelihood security. Therefore, the function and
limitations of national basic livelihood security should
be improved.

Activity limitation in female participants was signifi-
cantly associated with suicide attempt among those with
suicidal ideation. Male participants only under 50 years
old with daily activity limitation were vulnerable to sui-
cide attempt. It was reported that limitation in activities
of daily living is independently associated with the pres-
ence of suicidal ideation, particularly in older people
[26]. Moreover, women with severe stress (OR: 3.555)

and suicidal ideation were more vulnerable to suicide at-
tempt than men in our study. It is well-known that
stress is related to suicide. The previous study also re-
ported that women students showed higher levels of
stress and depressive symptoms than men [27].

Smoking and risky drinking have been identified as
risk factors for suicide [28]. A previous study demon-
strated that frequent drinking was associated with sui-
cide attempt in females, but not in males [29].
However, not frequent drinking but smoking was a
risk factor for women with suicidal ideation in our
study. Smoking and risky drinking have been corre-
lated with psychiatric disorders [30]. Women with
suicidal ideation and smoking (OR: 2.264) could be
more vulnerable to suicide attempt than men. There-
fore, more attention needs to be paid to women with
suicidal ideation who smoke to prevent suicide. The
present study showed among female participants,
strenuous exercise was significantly associated with
suicide attempt (OR: 3430). This result is different
from a previous study and guideline for depressive
disorder [31]. Further study and analysis of the rela-
tionship between strenuous exercise and suicide at-
tempt are warranted.
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Table 3 Results of multivariate logistic regression analysis with backward stepwise elimination for prediction of suicide attempts in

men for different age groups

Odds ratio (95% Confidence Interval)

All (n = 1567)

Age < 50 (n = 593)

Age > =50 (n = 974)

Suicide attempt (n, %)
Age
Education
Above college
High school
Middle school
Below elementary school
Cancer ®
Daily activity limitation

Depressive disorder

106 (6.8%)
0.981 (0.964-0.997)

Reference
2.130 (0.940-4.826)
6.301 (2.673-14.856)
5.803 (2461-13.680)
2401 (1.136-5.074)

3.274 (2.031-5.279)

34 (5.7%)

Reference

3.858 (1.269-11.728)
8.082 (2.098-31.138)
17.760 (4.123-76.506)

2446 (1.058-5.652)
3.007 (1.316-6.870)

72 (7.4%)

Reference
0.920 (0.248-3.414)
3270 (1.052-10.166)
2513 (0.859-7.347)
2470 (1.162-5.248)

3468 (1.895-6.350)

Drinking
Never
Normal drinking
Risky drinking
Smoking
Never
Ex-former

Current

Reference
4.111 (0.507-33.347)
8517 (1.018-71.242)

Reference
0475 (0.223-1.009)
0429 (0.227-0.811)

#Subjects with one or more cancers of the stomach, liver, lung, colon, cervix, or breast

A previous study about the lifetime prevalence of sui-
cide attempts among people with suicidal ideation either
with or without a plan demonstrated that being female,
previously married, aged less than 25 years, having low
education, and mental disorder significantly increased
risks for suicide attempt among people with suicidal
ideation [32]. These results, except previously married
status, supported our selected risk factors for both males
and females in this study. Although the previous study
was a cohort study and systematically analyzed, our
study demonstrated additional risk factors such as can-
cer, low socio-economic status, activity limitation, stress,
and smoking, which were not included in their previous
study. The additional risk factors could be a result of
characteristics specific to Korean people. Moreover, our
study suggested prediction models for suicide attempt.

This study is limited by the lack of information on
death certification. Thus, we investigated the association
between suicidal ideation and failed suicide attempt. Sec-
ond, this was a cross-sectional study, which limits attri-
butions about the direction of causality between some
variables, such as smoking, exercise, and stress. Third,
there could be uncertainty about the reliability and va-
lidity of answers from the questionnaires for suicidal
ideation and attempt, because the questionnaires in-
volved sensitive issues. However, questionnaires about

suicidal ideation and attempt were considered important
tools to screen for the population that is vulnerable to
suicide, worldwide. Lastly, we performed the aged sub-
group analysis only with cutoff point of 50 age, because
of the relatively small number of people with suicide
attempts in this study. However, risk factors for suicide
attempts could be different for people with cutoff points
of 20’s and 40’s etc.

Conclusions

Suicide is largely preventable with suitable action and
plans. According to a WHO report, identifying groups
vulnerable to suicide could be helpful to prevent loss of
life by suicide [1]. It is important to pay attention to
populations with suicidal ideation and several risk fac-
tors: age, low education, and depressive disorder, which
are applicable to both male and female populations;
males with cancer diagnosis; females with low economic
status; limitations in activities of daily living; heavy
stress; and smoking. Prediction models using the deter-
mined risk factors could be useful for early detection of
high-risk groups for suicide attempt among people with
suicidal ideation. Moreover, it is necessary to develop
specific action plans for these high-risk groups to pre-
vent suicide.
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Table 4 Results of multivariate logistic regression analysis with backward stepwise elimination for prediction of suicide attempts in

women for different age groups

Odds ratio (95% Confidence Interval)

All (n = 3726)

Age < 50 (n = 1402)

Age > =50 (n = 2136)

Suicide attempt (n, %)
Age
Education

Above college

High school

Middle school

Below elementary school
National basic livelihood security

Never

Ex-former

Current
Daily activity limitation
Depressive disorder
Stress

Minimally stressful

Moderately

Stressful

Extremely stressful
Smoking

Never

Ex-former

Current
Regular exercise

Hardly ever

Regular moderate

Strenuous

188 (5.1%)
0.969 (0.955-0.983)

Reference

1.715 (0.987-2.979)
2422 (1.223-4.795)
3.797 (1.929-7.473)

Reference

1.822 (0.985-3.368)
1.820 (1.169-2.833)
1.641 (1.166-2.308)
3.099 (1.930-4.976)

Reference

1.210 (0.461-3.175)
1.957 (0.768-4.986)
3,555 (1.370-9.222)

Reference
1.215 (0.560-2.634)
2.264 (1.580-3.245)

Reference
1.093 (0.743-1.608)
3430 (1.991-5911)

92 (6.6%)

Reference

1.624 (0.923-2.858)
2338 (1.087-5.032)
3383 (1.519-7.536)

Reference
2.802 (1.082-7.256)
2426 (1.233-4.776)

3.504 (1.712-7.170)

Reference

0.749 (0.091-6.174)
1.760 (0.227-13.635)
3.700 (0.470-29.156)

Reference
1.192 (0450-3.152)
2.108 (1.300-3.418)

96 (4.5%)

Reference °

1.669 (0.558-4.993)
2799 (1.177-6.658)

3.026 (1.609-5.690)

Reference

1.683 (0.567-4.997)
2466 (0.858-7.082)
4.103 (1.373-12.262)

Reference
1.463 (0.420-5.094)
2712 (1.591-4.625)

Reference
1.124 (0.637-1.985)
6.857 (3.276-14.356)

*There was no subject with education above college and suicide attempts

.

1-Specificity

Men Women
10 10
. |
a o b —
/ i
0.8 — ' 0.8 -
- | T
T o
2 067 J 0.6 ,FHJ
= T ;
Z “_' s
5 04 ﬁ 0.4+ f
1%5) r A
024 | 02+
f [
J AUC=0.728 r AUC=10.716
0.0 : T T T T 0.0 T T T T
00 02 04 06 08 10 00 02 04 06 08

1-Specificity

Fig. 1 Receiver operating characteristic curves and area under the curve (AUC) for suicide attempt in men (a) and women (b)

10




Choi et al. BMC Public Health (2017) 17:579

Additional file

Additional file 1: Table S1. Correlation coefficients between suicide
attempts and the selected variables by logistic regression analysis using
Spearman’s rank correlation analysis in men. Table S2. Correlation
coefficients between suicide attempts and the selected variables by
logistic regression analysis using Spearman’s rank correlation analysis
in women. (DOC 39 kb)

Abbreviations

5-HT: 5-hydroxytryptamine; AUCs: Area under curves; KNHANES: Korea
National Health and Nutrition Examination Survey; ROC: Receiver operating
characteristic; SD: Standard deviation; WHO: World Health Organization

Acknowledgments
We thank the Korean Centers for Disease Control and Prevention,
Department of Health and Human Services, which provided the data.

Funding
Not applicable.

Availability of data and materials
Detailed information on the survey design and characteristics are provided
at https://knhanes.cdc.go.kr.

Authors’ contributions

SBC, WL, and DWK contributed to the concept and design of the study. SBC
and WL contributed to data acquisition, analysis, and interpretation. SBC, WL,
JY, and JW contributed to drafting the work. DWK takes full responsibility for
the integrity of the data analysis. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study used publicly available data, and the institutional review board of
the Yonsei University Health System approved the protocol of this study (No.
4-2016-0872).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Department of Medical Engineering, Yonsei University College of Medicine,
CPO Box, Seoul 8044, South Korea. “Graduate Program in Biomedical
Engineering, Yonsei University, Seoul, South Korea. 3The Institute for
Occupational Health, Yonsei University College of Medicine, Seoul, South
Korea. “Graduate School of Public Health, Yonsei University College of
Medicine, Seoul, South Korea. *Incheon Worker's Health Center, Incheon,
South Korea.

Received: 19 January 2017 Accepted: 7 June 2017
Published online: 15 June 2017

References

1. World Health Organization. Public health action for the prevention of
suicide: a framework. 2012. http://apps.who.int/iris/bitstream/10665/75166/
1/9789241503570_eng.pdf?ua=1. Accessed 13 June 2017.

2. Jeon SY, Reither EN, Masters RK. A population-based analysis of increasing
rates of suicide mortality in Japan and South Korea, 1985-2010. BMC Public
Health. 2016;16(1):1.

3. KimY, Kim H, Kim DS. Association between daily environmental
temperature and suicide mortality in Korea (2001-2005). Psychiatry Res.
2011;186:390-6.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Page 10 of 11

Park S, Choi JW, Kyoung Yi K, Hong JP. Suicide mortality and risk factors in
the 12 months after discharge from psychiatric inpatient care in Korea:
1989-2006. Psychiatry Res. 2013;208(2):145-50.

Wasserman D. Suicide: an unnecessary death. Oxford: Oxford University
Press; 2016.

Yoon JH, Won JU, Lee W, Jung PK, Roh J. Occupational noise annoyance
linked to depressive symptoms and suicidal ideation: a result from
nationwide survey of Korea. PLoS One. 2014,9(8):.e105321.

Nock MK, Borges G, Bromet EJ, Alonso J, Angermeyer M, Beautrais A, et al.
Cross-national prevalence and risk factors for suicidal ideation, plans and
attempts. Br J Psychiatry. 2008;192(2):98-105.

King RA, Schwab-Stone M, Flisher AJ, Greenwald S, Kramer RA, Goodman
SH, et al. Psychosocial and risk behavior correlates of youth suicide
attempts and suicidal ideation. J Am Acad Child Adolesc Psychiatry.
2001,40(7):837-46.

Phillips KA, Coles ME, Menard W, Yen S, Fay C, Weisberg RB. Suicidal
ideation and suicide attempts in body dysmorphic disorder. J Clin
Psychiatry. 2005;66(6):717-25.

Chin YR, Lee HY, So ES. Suicidal ideation and associated factors by sex in
Korean adults: a population-based cross-sectional survey. Int J Public Health.
2011,56(4):429-39.

Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile:
the Korea National Health and Nutrition Examination survey (KNHANES). Int
J Epidemiol. 2014;43(1):69-77.

Chung JH, Moon K, Kim DH, Min JW, Kim TH, Hwang HJ. Suicidal ideation
and suicide attempts among diabetes mellitus: the Korea National Health
and Nutrition Examination survey (KNHANES 1V, V) from 2007 to 2012. )
Psychosom Res. 2014;77(6):457-61.

Jeon HJ, Lee JY, Lee YM, Hong JP, Won SH, Cho SJ, et al. Lifetime
prevalence and correlates of suicidal ideation, plan, and single and
multiple attempts in a Korean nationwide study. J Nerv Ment Dis.
2010;198(9):643-6.

American Foundation for Suicide Prevention. Suicide risk factors and
warning signs. 2017. https://www.afsp.org/understanding-suicide/suicide-
risk-factors. Accessed 1 Jan 2017.

World Health Organization. Suicide. 2016. http://www.who.int/mediacentre/
factsheets/fs398/en/. Accessed 1 Jan 2017.

Van Praag HM. Depression, suicide and the metabolism of serotonin in the
brain. J Affect Disord. 1982;4(4):275-90.

Golden RN, Gilmore JH, Corrigan M, Ekstrom R, Knight B, Garbutt JC. Serotonin,
suicide, and aggression: clinical studies. J Clin Psychiatry. 1991,52:61-9.
Hawton K, i Comabella CC, Haw C, Saunders K. Risk factors for suicide
in individuals with depression: a systematic review. J Affect Disord.
2013;147(1):17-28.

Lorant V, Kunst AE, Huisman M, Costa G, Mackenbach J. Socio-economic
inequalities in suicide: a European comparative study. Br J Psychiatry.
2005;187(1):49-54.

Agerbo E, Nordentoft M, Mortensen PB. Familial, psychiatric, and socioeconomic
risk factors for suicide in young people: nested case-control study. BMJ.
2002;325(7355):74.

Bjorkenstam C, Edberg A, Ayoubi S, Rosén M. Are cancer patients at higher
suicide risk than the general population? A nationwide register study in
Sweden from 1965 to 1999. Scand J Public Health. 2005;33(3):208-14.
Carlsson S, Sandin F, Fall K, Lambe M, Adolfsson J, Stattin P, et al. Risk of suicide
in men with low-risk prostate cancer. Eur J Cancer. 2013;49(7):1588-99.
Almeida OP, Draper B, Snowdon J, Lautenschlager NT, Pirkis J, Byrne G, et al.
Factors associated with suicidal thoughts in a large community study of
older adults. Br J Psychiatry. 2012;,201(6):466-72.

Park SM, Moon SS. Elderly Koreans who consider suicide: role of healthcare
use and financial status. Psychiatry Res. 2016;244:345-50.

Aschan L, Goodwin L, Cross S, Moran P, Hotopf M, Hatch SL. Suicidal
behaviours in South East London: prevalence, risk factors and the role of
socio-economic status. J Affect Disord. 2013;150:441-9.

Dennis M, Baillon S, Brugha T, Lindesay J, Stewart R, Meltzer H. The
influence of limitation in activity of daily living and physical health on
suicidal ideation: results from a population survey of great Britain. Soc
Psychiatry Psychiatr Epidemiol. 2009;44(8):608-13.

Dahlin M, Joneborg N, Runeson B. Stress and depression among medical
students: a cross-sectional study. Med Educ. 2005;39(6):594-604.

Schneider B, Baumert J, Schneider A, Marten-Mittag B, Meisinger C, Erazo N,
et al. The effect of risky alcohol use and smoking on suicide risk: findings


dx.doi.org/10.1186/s12889-017-4491-5
https://knhanes.cdc.go.kr
http://apps.who.int/iris/bitstream/10665/75166/1/9789241503570_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/75166/1/9789241503570_eng.pdf?ua=1
https://www.afsp.org/understanding-suicide/suicide-risk-factors
https://www.afsp.org/understanding-suicide/suicide-risk-factors
http://www.who.int/mediacentre/factsheets/fs398/en
http://www.who.int/mediacentre/factsheets/fs398/en

Choi et al. BMC Public Health (2017) 17:579 Page 11 of 11

from the German MONICA/KORA-Augsburg cohort study. Soc Psychiatry
Psychiatr Epidemiol. 2011;46(11):1127-32.

29. Kim M, Oh GJ, Lee YH. Gender-specific factors associated with suicide
attempts among the community-dwelling general population with suicidal
ideation: the 2013 Korean community health survey. J Korean Med Sci.
2016;31(12):2010-9.

30.  Wolitzky-Taylor K, Bobova L, Zinbarg RE, Mineka S, Craske MG. Longitudinal
investigation of the impact of anxiety and mood disorders in adolescence
on subsequent substance use disorder onset and vice versa. Addict Behav.
2012,37(8):982-5.

31, Michel K, Frey C, Wyss K, Valach L. An exercise in improving suicide
reporting in print media. Crisis. 2000;21(2):71-9.

32. Kessler RC, Borges G, Walters EE. Prevalence of and risk factors for lifetime
suicide attempts in the National Comorbidity Survey. Arch Gen Psychiatry.
1999,56(7):617-26.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Method
	Results
	Conclusions

	Background
	Methods
	Study population
	Variables for suicide attempt
	Statistical analyses

	Results
	Baseline characteristics
	Risk factors and prediction models for suicide attempt among participants with suicidal ideation

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

