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Abstract
Introduction: As the elderly comprise 14.3% of the South Korean population, suicide
among the elderly has become a significant public concern. Methods: This study
retrospectively analyzed data from the Emergency Department-Based Injury In-depth
Surveillance nationwide of South Korea. Patients aged≥ 65years old who intentionally
caused self-injury were included. These elderly patients were subdivided into age
groups, and their associated characteristics and correlation between suicide attempt
methods and the clinical outcomes were analyzed. Results: A total of 5,333 cases were
analyzed. The mean age of the subjects was 75.1 years old, comprising 3,039 males
(57.0%) and 2,294 females (43.0%). Substance exposure was the most frequent method
across all age groups. In terms of risk factors of admission, drowning, hanging, and
asphyxia showed the following results: OR 2.372 for the first group; OR 2.224 for the
second group; andOR 5.606 for the third group. Fall/slip was identified as a risk factor of
admission in the first and second groups (OR 5.016 for the first group; OR 5.101 for the
second group). In terms of risk factors of mortality, drowning, hanging, and asphyxia
showed the following results: OR 9.066 for the first group; OR 7.320 for the second
group; and OR 7.135 for the third group. With regard to fall/slip, the results were OR
14.596 for the first group; OR 10.096 for the second group; and OR 24.167 for the third
group. Conclusions: This study showed that clinical outcomes were different according
to the suicide-related characteristics and chosen suicide method. Based on these results,
it is necessary to prepare measures to prevent suicide of the elderly in the future.
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1. Introduction

Suicide is a major public health concern in many countries.
Around 800,000 people die by suicide annually; in other
words, one person commits suicide around the world every 40
seconds (World Health Organization). With the growth of the
elderly population, suicide among the elderly has emerged as
a serious public health issue. Research has shown that suicide
rates generally increase with age [1, 2]. Upon analyzing a
population aged 60 years or older in units of 5 years, a study
by Shah et al. (2016) showed a tendency of the elderly suicide
rate to increase during the following ages: from 60-64 to
90-94 years old in men, and from 60-64 to 85-89 years old
in women [3]. Among age groups, suicide was especially
prevalent in those aged over 70 of both sexes. [4]
Suicide in the elderly population is also an important public

health concern in South Korea as the country has a rapidly
aging population. In 2018, 14.4% of South Korea’s population
was determined to be≥ 65 years old. Due to the rapidly aging
population in Korea, seniors aged 65 or older in 2019 as it

is expected to be 14.9%, 20.3% in 2025, and 46.5% in 2067
[5]. Furthermore, elderly age groups are more likely to attempt
suicide than other age groups because of reasons such as
bereavement after death of spouse or relatives, suffering from
a chronic physical illness, and economic difficulties due to
retirement and reduced income sources. It was found that about
30% of Koreans aged 65 or older have thought of wanting to
die in the last year. [6] South Korea had the highest suicide
rate among all Organization for Economic Co-operation and
Development (OECD) countries in 2017, with 24.6 suicides
for every 100,000 people [7]. Based on age group, the suicide
rates in 2017 were 36.9 for every 100,000 people in their 60s,
62.5 for every 100,000 people in their 70s, and 83.7 for every
100,000 people in their 80s or older [8]. Compared to other
OECD countries, the suicide rate in South Korea is two times
higher in the age groups between 20 and 60, and three times
higher among those in their 70s and 80s [9]. The suicide rate
among the elderly is so high that it cannot be compared with
other age groups. In Japan, which is known to have a relatively
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TABLE 1. General characteristics of age groups of elderly suicide attempters at the ED during 2011–2016.
Total 65-74 yrs 75-84 yrs ≥85yrs p-value

(n = 5,333) (n = 2,720) (n = 2,078) (n = 535)
Age (years, mean ± SD) 75.1 ± 6.7 69.7 ± 2.9 78.6 ± 2.3 88.3 ± 3.5 < 0.001

Sex < 0.001
Male 3,039 -57 1,623 -59.7 1,183 -56.9 233 -43.6
Female 2,294 -43 1,097 -40.3 895 -43.1 302 -56.4
Mode of arrival
119 2,956 -55.4 1,527 -56.1 1,128 -54.3 301 -56.3 0.404
Walk-in (include car, foot, etc.) 657 -12.3 365 -13.4 230 -11.1 62 -11.6 0.042
Private ambulance 1,683 -31.6 808 -29.7 708 -34.1 167 -31.2 0.005
Police 8 -0.2 6 -0.2 1 0 1 -0.2 0.221
Air 23 -0.4 10 -0.4 10 -0.5 3 -0.6 0.789
Others 5 -0.1 4 -0.1 0 0 1 -0.2 0.136
Unknown 1 0 0 0 1 0 0 0 0.49
Time interval from injury to ED visit (hrs) 2 (0.00-4.00) 2 (0.0-5.0) 2 (0.0-4.0) 1 (0.0-4.0) 0.043
Day of presentation 0.437
Weekday (Mon-Thu) 3,035 -56.9 1,525 -56.1 1,203 -57.9 307 -57.4
Weekend (Fri-Sun) 2,298 -43.1 1,195 -43.9 875 -42.1 228 -42.6
Time of presentation
Day (7-14h) 2,066 -38.7 996 -36.6 839 -40.4 231 -43.2 0.003
Evening (15-22h) 2,323 -43.6 1,208 -44.4 901 -43.4 214 -40 0.166
Night (23-6h) 944 -17.7 516 -19 338 -16.3 90 -16.8 0.044
Insurance
National health insurance 4,147 -77.8 2,084 -76.6 1,643 -79.1 420 -78.5 0.119
Self-pay (uninsured) 841 -15.8 447 -16.4 316 -15.2 78 -14.6 0.375
Medicaid beneficiary 328 -6.2 177 -6.5 116 -5.6 35 -6.5 0.382
Vehicle 2 0 1 0 1 0 0 0 1
Private insurance 3 -0.1 1 0 1 0 1 -0.2 0.331
Others 12 -0.2 10 -0.4 1 0 1 -0.2 0.067
Alcohol ingestion
No evidence of drinking 3,392 -63.6 1,572 -57.8 1,413 -68 407 -76.1 < 0.001
Patient drinking 1,215 -22.8 786 -28.9 380 -18.3 49 -9.2 < 0.001
Drinking all 2 0 1 0 1 0 0 0 1
Unknown 724 -13.6 361 -13.3 284 -13.7 79 -14.8 0.643

high suicide rate, the suicide rate per 100,000 people of those
aged 65–74 and above 75 was 17.9. The suicide rate among the
elderly was 14.6, which is much lower than that of 61.8 (65-74
years old) and 80.4 (75 years or older) in Korea [6].

With a view to prevent suicide in the elderly, several studies
have been conducted to investigate epidemiological data or
examine risk factors of suicide in said age group [10–16].
According to a study by Vadysinghe et al., 32.1% of the
unnatural deaths of the elderly were because of suicide, and
poisoning (59.6%) was the most common method of suicide.
[17] However, with the increase in the average life expectancy
and improvement of the health status of the elderly population,

the elderly population may have to be subdivided into age
groups for analysis. While there has been research on suicide in
the elderly via age group subdivision, this research focused on
identifying the risk factors of suicide attempts. Studies have
shown that identification of the availability of lethal means
of suicide and the management of such means is as effective
in the prevention of suicide as the prevention of the suicide
attempt itself [18, 19]. This study sought to further explore the
suicide-related characteristics and clinical outcomes according
to the methods of suicide attempt among elderly individuals
who were admitted to the emergency department (ED) due to
injuries from a suicide attempt. Furthermore, we analyze the
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TABLE 2. Injury characteristics and clinical outcomes of age groups of elderly suicidal attempters at the ED.
Total 65-74 yr 75-84 yr ≥85yr p-value

(n = 5,333) (n = 2,720) (n = 2,078) (n = 535)
Means of suicide attempt
Substance exposure 4,223 -79.2 2,148 -79 1,648 -79.3 427 -79.8 0.897
Drowning, hanging, asphyxia 506 -9.5 253 -9.3 204 -9.8 49 -9.2 0.802
Penetration 315 -5.9 172 -6.3 121 -5.8 22 -4.1 0.14
Fall, slip 194 -3.6 93 -3.4 82 -3.9 19 -3.6 0.622
Collision 52 -1 33 -1.2 6 -0.3 13 -2.4 < 0.001
Thermal injury 8 -0.2 5 -0.2 2 -0.1 1 -0.2 0.664
Traffic accident 5 -0.1 4 -0.1 1 0 0 0 0.645
Machine 1 0 1 0 0 0 0 0 1
Others 23 -0.4 10 -0.4 11 -0.5 2 -0.4 0.757
Unknown 6 -0.1 1 0 3 -0.1 2 -0.4 0.074
Place
House 4,761 -89.3 2,397 -88.1 1,874 -90.2 490 -91.6 0.014
Outdoor, river, sea 167 -3.1 98 -3.6 61 -2.9 8 -1.5 0.031
Medical facilities 79 -1.5 25 -0.9 37 -1.8 17 -3.2 < 0.001
Road 66 -1.2 40 -1.5 22 -1.1 4 -0.7 0.245
Residential facilities 64 -1.2 24 -0.9 28 -1.3 12 -2.2 0.023
Commercial facilities 59 -1.1 47 -1.7 11 -0.5 1 -0.2 < 0.001
Farm 52 -1 28 -1 22 -1.1 2 -0.4 0.351
Amusement, cultural facilities 36 -0.7 19 -0.7 16 -0.8 1 -0.2 0.346
Transportation area except road 14 -0.3 11 -0.4 3 -0.1 0 0 0.095
Factory, industrial facilities 7 -0.1 6 -0.2 1 0 0 0 0.255
Sport facilities 2 0 2 -0.1 0 0 0 0 0.602
School, education facilities 1 0 0 0 1 0 0 0 0.49
Others 3 -0.1 3 -0.1 0 0 0 0 0.464
Unknown 22 -0.4 20 -0.7 2 -0.1 0 0 0.001
Reasons for suicide attempt
Medical illness 1,195 -22.4 550 -20.2 506 -24.4 139 -26 < 0.001
Psychiatric disease 1,116 -20.9 612 -22.5 408 -19.6 96 -17.9 0.011
Conflict with family or others 889 -16.7 522 -19.2 310 -14.9 57 -10.7 < 0.001
Death of someone 156 -2.9 61 -2.2 74 -3.6 21 -3.9 0.01
Financial problem 123 -2.3 90 -3.3 25 -1.2 8 -1.5 < 0.001
Tasks at workplace or school 30 -0.6 25 -0.9 4 -0.2 1 -0.2 0.002
Abuse 1 0 1 0 0 0 0 0 0.61
Others 258 -4.8 147 -5.4 87 -4.2 24 -4.5 0.138
Unknown 1,565 -29.3 712 -26.2 664 -32 189 -35.3 0
Previous suicide attempt history 0.039
Yes 557 -10.4 314 -11.5 189 -9.1 54 -10.1
No 3,298 -61.8 1,677 -61.7 1,281 -61.6 340 -63.6
Unknown 1,478 -27.7 729 -26.8 608 -29.3 141 -26.4
ED stay (hrs) 5 (2.0-15.0) 5 (2.0-14.0) 5 (2.0-16.0) 5 (2.0-15.0) 0.994
ED treatment result
Discharge 1,240 -23.3 686 -25.2 445 -21.4 109 -20.4 0.002
GW admission 1,599 -30 809 -29.7 631 -30.4 159 -29.7 0.889
ICU admission 1,706 -32 857 -31.5 677 -32.6 172 -32.1 0.732
Death 778 -14.6 360 -13.2 323 -15.5 95 -17.8 0.007
Others 8 -0.2 7 -0.3 1 0 0 0 0.182
Unknown 2 0 1 0 1 0 0 0 1
Hospital mortality 1,124 -21.1 525 -19.4 464 -22.4 135 -25.2 0.002
”ED death” includes deaths at the ED and deaths after admission within 24 hours.
”Hospital mortality” includes ED death and death after admission.
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results by subdividing the elderly into age-specific subgroups.

2. Methods

2.1 Setting and Data Collection

This study was a retrospective analysis of data from the Emer-
gency Department-Based Injury In-depth Surveillance of the
Korea Centers for Disease Control and Prevention (KCDC)
from 2011 to 2016. The Emergency Department-Based Injury
In-depth Surveillance is a data collection system that collects
data on basic epidemiology, treatment, and outcomes of in-
jured patients admitted to the ED. Implemented in 2006, the
collection system involved 20 agencies from 2011 to 2014,
and 23 agencies since 2015. Each hospital employs personnel
that are responsible for data entry and quality control, and
are regularly trained and supervised by the Korea Centers for
Disease Control and Prevention.
In this study, a ”suicide attempter” is defined as a pa-

tient who falls within the scope of the ”suicide, self-harm”
item in the ”intentionality of injury” items of the Emergency
Department-Based Injury In-depth Surveillance. The exclu-
sion criteria were those under 65 years of age, and those who
fell under the ”unintentional/assault/others/unknown” item in
the ”intentionality of injury” items.

2.2 Outcome Measure

The study population was divided into three groups according
to age distribution: 65-74 years, 75-84 years, and 85 years-
. The general characteristics used in the analysis were sex,
age, mode of ED arrival, date/time of ED visit, date/time of
injury occurrence, insurance types, and alcohol ingestion. The
followingwere the injury characteristics: mechanism of injury,
place where the injury occurred, reason for suicide attempt,
previous suicide attempt history, date/time of ED departure,
ED treatment results, and date of death. Based on these vari-
ables, the time interval from the injury to the ED visit and the
duration of the ED stay were calculated. The primary outcome
of the study was admission to the hospital. Patients with the
admission status “admission” or “inter-hospital transfer” under
the “ED treatment results” item were classified as admitted.
Meanwhile, the secondary outcome was hospital mortality.
Hospital mortality included cases of death in the ED, and
dates of death recorded for admitted patients in the “emergency
treatment results” item.

2.3 Statistical Analysis

The data are expressed as mean with standard deviation of
median, with interquartile ranges for continuous variables and
numbers with percentages for categorical variables. General
characteristics, injury characteristics, and clinical outcomes
were analyzed according to age groups. For items requir-
ing statistical verification, the one-way analysis of variance
(ANOVA) test or Kruskal-Wallis test was used for continuous
variables, and a chi-square test was used for categorical vari-
ables. To examine the risk of admission and mortality for each
suicide attempt method under each age group, the data were
reclassified into admission/discharge and survival/mortality

groups, and their respective rates were compared. Once the
suicide attempt methods that showed significant differences
between the admission/discharge and the survival/mortality
groups were identified, a multivariate regression analysis was
performed for each attempt method based on sex, mode of
arrival, time interval from injury to ED visit, day and time
of presentation, alcohol ingestion, place of sustaining injury,
reasons for suicide attempt, and previous suicide attempt his-
tory. Multiple logistic regression using backward stepwise
selection (likelihood ratio) was performed, and the remaining
variables with p-values less than 0.05 were listed in the tables.
A two-tailed p-value of < 0.05 was considered statistically
significant. The statistical analyses were carried out using
SPSS version 21.0 forWindows software (SPSS Inc., Chicago,
IL, USA).

2.4 Ethical Considerations
This study was conducted with approval from the Institutional
Review Board (IRB) of Ewha Woman’s University Mokdong
Hospital (No. 2020-06-018). The KCDC is the authority
for accessing the data. Informed consent was waived by the
IRB because patient information was anonymized before the
analysis.

3. Results

1,537,617 cases were collected through the Emergency
Department-Based Injury In-depth Surveillance, from which
a total of 5,333 cases were enrolled in this research (Fig. ??).
The subjects had a mean age of 75.1 years old, and consisted
of 3,039 males (57.0%) and 2,294 females (43.0%). Among
the subjects, 2,720 (51.0%) were in the age band of 65-74;
2,078 (39.0%) were in the age band of 75-84; and 535 (10.0%)
were aged 85 and older.

3.1 General characteristics of elderly suicide
attempters at the ED (Table 1)
The general characteristics of the subjects, which are contained
in Table 1, were compared among the three study groups (65-
74 years as the 1st group, 75-84 years as the 2nd group, and
≥ 85 years as the 3rd group). The group with the highest ratio
of male patients was the 1st group (59.7% vs 56.9% vs 43.6%).
On the other hand, the group with the highest female ratio was
the 3rd group (40.3% vs 43.1% vs 56.4%). With regard to the
mode of arrival, the ratio of walk-in and private ambulance
cases showed significant differences among the three groups.
The group with the highest walk-in ratio was the 1st group
(13.4% vs 11.1% vs 11.6%), and private ambulance cases had
the highest ratio in the 3rd group (29.7% vs 34.1% vs 31.2%).
The time interval from injury to ED visit was found to be
significantly shorter in the 3rd group (2 vs 2 vs 1). In terms of
the time of presentation, the ratio of day time was the highest
in the 3rd group (36.6% vs 40.4% vs 43.2%), and the ratio of
night time was the highest in the 1st group (19.0% vs 16.3% vs
16.8%). The ratio of “no evidence of drinking” was highest in
the 3rd group (57.8% vs 68.0% vs 76.1%), and that of patient
drinking was highest in the 1st group (28.9% vs 18.3% vs
9.2%).
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of elderly suicidal attempters at the ED.

Total (n = 5,323) p-value 65-74 yr, (n = 2,712) p-value 75-84 yr, (n = 2,076) p-value ≥85yr, (n = 535) p-value
(-) (+) (-) (+) (-) (+) (-) (+)

Admission
Sex < 0.001 < 0.001 0.081 0.013
Male 619 -49.9 2,411 -59 346 -50.4 1,270 -62.7 237 -53.3 944 -57.9 36 -33 197 -46.2
Female 621 -50.1 1,672 -41 340 -49.6 756 -37.3 208 -46.7 687 -9.8 73 -67 229 -53.8
Means of suicide attempt
Substance exposure 1,032 -83.2 3,185 -78 < 0.001 567 -82.7 1,576 -77.8 0.007 379 -85.2 1,268 -77.7 0.001 86 -78.9 341 -80 0.894
Drowning, hanging, asphyxia 53 -4.3 452 -11.1 < 0.001 29 -4.2 223 -11 < 0.001 22 -4.9 182 -11.2 < 0.001 2 -1.8 47 -11 0.005
Penetration 100 -8.1 214 -5.2 < 0.001 58 -8.5 113 -5.6 0.007 33 -7.4 88 -5.4 0.107 9 -8.3 13 -3.1 0.02
Fall, slip 9 -0.7 185 -4.5 < 0.001 5 -0.7 88 -4.3 < 0.001 4 -0.9 78 -4.8 < 0.001 0 0 19 -4.5 0.019
Collision 33 -2.7 18 -0.4 < 0.001 19 -2.8 13 -0.6 < 0.001 4 -0.9 2 -0.1 0.022 10 -9.2 3 -0.7 < 0.001
Thermal injury 2 -0.2 6 -0.1 1 2 -0.3 3 -0.1 0.606 0 0 2 -0.1 1 0 0 1 -0.2 1
Traffic accident 1 -0.1 4 -0.1 1 1 -0.1 3 -0.1 1 0 0 1 -0.1 1 0 0 0 0
Machine 1 -0.1 0 0 0.233 1 -0.1 0 0 0.253 0 0 0 0 - 0 0 0 0 -
Others 7 -0.6 15 -0.4 0.447 4 -0.6 6 -0.3 0.284 2 -0.4 8 -0.5 1 1 -0.9 1 -0.2 0.366
Unknown 2 -0.2 4 -0.1 0.629 0 0 1 0 1 1 -0.2 2 -0.1 0.515 1 -0.9 1 -0.2 0.366
Mortality
Sex < 0.001 < 0.001 < 0.001 0.001
Male 2,275 -54.2 755 -67.2 1,244 -56.9 372 -70.9 873 -54.2 308 -66.4 158 -39.5 75 -55.6
Female 1,924 -45.8 369 -32.8 943 -43.1 153 -29.1 739 -45.8 156 -33.6 242 -60.5 60 -44.4
Means of suicide attempt
Substance exposure 3,605 -85.9 612 -54.4 < 0.001 1,868 -85.4 275 -52.4 < 0.001 1,386 -86 261 -56.3 < 0.001 351 -87.8 76 -56.3 < 0.001
Drowning, hanging, asphyxia 165 -3.9 340 -30.2 < 0.001 86 -3.9 166 -31.6 < 0.001 66 -4.1 138 -29.7 < 0.001 13 -3.3 36 -26.7 < 0.001
Penetration 299 -7.1 15 -1.3 < 0.001 163 -7.5 8 -1.5 < 0.001 118 -7.3 3 -0.6 < 0.001 18 -4.5 4 -3 0.473
Fall, slip 43 -1 151 -13.4 < 0.001 19 -0.9 74 -14.1 < 0.001 22 -1.4 60 -12.9 < 0.001 2 -0.5 17 -12.6 < 0.001
Collision 50 -1.2 1 -0.1 0.001 32 -1.5 0 0 0.005 6 -0.4 0 0 0.348 12 -3 1 -0.7 0.201
Thermal injury 6 -0.1 2 -0.2 1 5 -0.2 0 0 0.59 1 -0.1 1 -0.2 0.397 0 0 1 -0.7 0.252
Traffic accident 4 -0.1 1 -0.1 1 3 -0.1 1 -0.2 0.577 1 -0.1 0 0 1 0 0 0 0 -
Machine 1 0 0 0 1 1 0 0 0 1 0 0 0 0 - 0 0 0 0 -
Others 20 -0.5 2 -0.2 0.2 9 -0.4 1 -0.2 0.698 9 -0.6 1 -0.2 0.702 2 -0.5 0 0 1
Unknown 6 -0.1 0 0 0.354 1 0 0 0 1 3 -0.2 0 0 1 2 -0.5 0 0 1
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3.2 Injury characteristics and clinical
outcomes of elderly suicide attempters at
the ED (Table 2)
The injury characteristics and clinical outcomes, which are dis-
played in Table 2, were analyzed among the three study groups.
Except for “collision,” there was no significant difference in
the proportion of means of suicide attempt. The proportion
of collision was highest in the 3rd group (1.2% vs 0.3% vs
2.4%). With regard to the reasons for suicide attempts, the
ratio of medical illness and the death of someone were highest
in the 3rd group, while the ratios of psychiatric disease, conflict
with family or others, financial problems, and tasks at the
workplace or school were the highest in the 1st group. The
ratio of previous suicide history was highest in the 1st group
(11.5%). In relation to clinical outcome, the ratio of discharge
was highest in the 1st group (25.2% vs 21.4% vs 20.4%), while
that of death in the ED was highest in the 3rd group (13.2% vs
15.5% vs 17.8%). Hospital mortality was also highest in the
3rd group (19.4% vs 22.4% vs 25.2%).

3.3 Comparison of suicide attempt methods
that affect admission and mortality among
age groups in elderly suicidal attempters at
the ED (Table 3)
A subgroup analysis was performed to analyze differences
in suicide attempt methods according to admission and mor-
tality status (Table 3). As a result of the analysis based on
admission status, substance exposure was the most frequent
attempt method, and was found to affect admission. In all
three groups, drowning/hanging/asphyxia and fall/slip had a
significant impact on admission.
After dividing the subjects into two groups based on

mortality status and performing a subgroup analysis, the
attempt methods of drowning/hanging/asphyxia and fall/slip
were found to have a significant effect on mortality in all
age groups. In the case of substance exposure, the ratio was
significantly higher in the survival group across all three age
groups. The ratio of penetration was higher in the survival
group for the 1st and 2nd age groups.

3.4 Multivariable logistic regression analysis
for admission and mortality
Multivariate logistic regression analysis was performed on
the five suicide attempt methods, with significant differences
between admission/discharge and survival/mortality groups,
in order to assess the risk of admission and mortality based
on suicide attempt methods among elderly suicide attempters
(Table 4). In terms of risk factors of admission, drowning,
hanging, and asphyxia showed the following results: OR 2.372
[CI] 1.563-3.599 for the first group; OR 2.224 [CI] 1.388-3.564
for the second group; and OR 5.606 [CI] 1.390-24.010 for the
third group. Fall/slip was identified to be a risk factor in the
first and second groups (OR 5.016 [CI] 2.013-12.500 for the
first group; OR 5.101 [CI] 1.846-14.098 for the second group).
In terms of risk factors of mortality, drown-

ing/hanging/asphyxia showed the following results: OR
9.066 [CI] 6.691-12.284 for the first group; OR 7.320 [CI]

5.181-10.342 for the second group; and OR 7.135 [CI]
3.499-14.550 for the third group. In the case of fall/slip, the
results were: OR 14.596 [CI] 8.520-25.005 for the first group;
OR 10.096 [CI] 5.831-17.480 for the second group; and OR
24.167 [CI] 5.214-112.025 for the third group.

4. Discussion

Through analyzing the general characteristics of elderly pa-
tients who were admitted to the ED due to suicide attempts,
we have confirmed the general demographic characteristics of
each age subgroup. The results showed that the proportion of
women increased, and that of men decreased, from the 1st age
group to the 3rd age group. Among the elderly patients who
attempted suicide aged 85 or older, the proportion of women
was 56.4%, while that of men was 43.6% (Table 1). However,
the proportion of elderly men and women who died did not
reverse as age increased, with 55.6% of men and 44.4% of
women comprising those aged 85 or older who died (Table
3). This indicates that the incidence of suicide attempters—
including cases of mortality and survival—was high in women,
but more men died from their suicide attempts. According
to the National Emergency Department Information System
(NEDIS), 14,803 male (44.3%) and 18,648 female (55.7%)
suicide attempters visited the ED of an emergency medical
service institution in South Korea in 2018, indicating a higher
number of female suicide attempters [20]. On the other hand,
according to Statistics Korea, the number of deaths by suicide
was 2,591 for men and 1,002 for women among those aged 65
or older; and 730 for men and 417 for women among those
aged 80 or older. Considering that the ratio of men in the
Korean population—among those aged 80 or older—is 30.6%,
this indicates that both the ratio of suicide attempts and that
of suicide attempt successes are higher in men [5]. In 2018,
the incidence of suicide for every 100,000 people in South
Korea was: 82.2 for men and 23.7 for women at age 65; and
138.5 for men and 37.3 for women aged 80 or older [21]. This
indicates a difference of more than three times between men
and women. Such a difference in the suicide and attempt rates
of men and women are similar worldwide. According to a
systemic review of 53 studies published in Europe andAmerica
between 2005 and 2015, men (36% of the studies) and the
elderly (28% of the studies) commit suicide more frequently,
while women (30% of the studies) and young people (17%
of the studies) demonstrate a higher number of attempts and
suicidal behavior. [22]. According to the analysis results of
data from the WHO Mortality Database between 2004 and
2009, the suicide mortality rate of men aged 65–74 was 28.6,
and that of women was 7.5; the suicide mortality rate for men
aged 75 or older was 40.2, and that of women was 10.4 [1].
In a study of the general population of Andalusia, Spain, the
prevalence of attempted suicide did not vary between the sexes,
whereas the prevalence of deaths by suicide was three-fold
higher among males than among females, and increased with
higher age. [4]
As shown by the results of this study, for those aged between

65 and 74, the rate of injury was higher when the elderly visited
the ED at evening time; when there was alcohol ingestion; and
in outdoor places or commercial facilities. For those aged 85
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TABLE 4. Adjusted odds ratio and 95% confidence interval of methods of suicide for admission and mortality.

Variables
65-74 yrs 75-84 yrs ≥ 85 yrs

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value
Admission
Substance exposure - - - 0.617 (0.459-0.829) 0.001 - - -
Drowning, hanging, asphyxia 2.372 (1.563-3.599) 0 2.224 (1.388-3.564) 0.001 5.606 (1.309-24.010) 0.02
Penetration 0.535 (0.381-0.750) 0 - - - 0.317 (0.122-0.825) 0.019
Fall, slip 5.016 (2.013-12.500) 0.001 5.101 (1.846-14.098) 0.002 - - -
Collision 0.187 (0.091-0.385) 0 0.157 (0.028-0.876) 0.035 0.058 (0.014-0.239) 0
Mortality
Substance exposure 0.253 (0.020-0.316) 0 0.271 (0.210-0.349) 0 0.22 (0.135-0.360) 0
Drowning, hanging, asphyxia 9.066 (6.691-12.284) 0 7.32 (5.181-10.342) 0 7.135 (3.499-14.550) 0
Penetration 0.145 (0.067-0.315) 0 0.072 (0.022-0.229) 0 - - -
Fall, slip 14.596 (8.520-25.005) 0 10.096 (5.831-17.480) 0 24.167 (5.214-112.025) 0
Collision - - - - - - - - -

or older, the rate of injury was higher when they visited ED
during daytime; and in medical facilities, residential facilities,
and houses. For those aged between 65 and 74, the following
reasons for suicide attempt accounted for a high proportion
of cases: psychiatric disease, conflict with family or others,
and reasons related to tasks at the workplace. For those aged
85 or older, the following reasons for their attempt accounted
for a high proportion of cases: the death of someone, and
medical illness. The most common reason for suicide attempt
by age group was psychiatric disease in individuals aged 65–
74 years old, and medical illness in those aged 75–85. This
may be because among those aged 65 or older, the 1st group is
younger in comparison; thus, they are more physically active,
have better health conditions, and more external and social
activities. These are reflected in the findings of this study.
For suicide attempts due to psychiatric disease, positive mental
health was shown to moderate the impact of depression on
suicidal ideation. Future studies on the suicide risk of elderly
patients should consider the impact of positive mental health as
well as psychiatric disorders [23]. An important characteristic
of suicide among the elderly is that suicide attempts because
of medical illness account for the largest proportion as the
age increases. Even in the absence of psychiatric problems
or terminal illnesses, most elderly individuals experience ir-
reversible decline in physical function due to aging. For this
reason, there is a high tendency of attempting suicide among
the elderly. All humans undergo irreversible aging, which
raises numerous ethical concerns regarding the acceptance of
choosing to commit suicide. Whether to admit the rationale
of suicide of the elderly should be further investigated in
future studies, and clinicians should take the findings into
consideration when dealing with elderly patients [24, 25].

In order to prevent suicide, a multifaceted approach is
needed at the individual, relationship, community, and
societal levels. Among these approaches, the societal level
includes the identification of lethal methods of suicide and
reducing access to such methods for persons at risk of suicide

[19]. The effect of controlling the availability of suicide
methods has been introduced in many previous studies—
one of which reported that suicide via pesticide was reduced
with the regulation of paraquat, a lethal poisoning agent [18].
On the other hand, it has been reported that pharmaceutical
drug poisoning increased upon the approval of over-the-
counter drug sales [26]. As can be seen from these examples,
understanding the characteristics of the methods of suicide
provides important basic data for establishing preventive
measures. In this study, an analysis of the methods used
by suicide attempters who visited the ED showed that there
was no significant difference among the age groups aside
from the method of collision. The suicide attempt method
with the highest incidence in the entire patient group was
substance exposure, which accounted for 79.2% of cases. In
both the admitted group and the mortality group, substance
exposure also accounted for the highest proportion (78.0%
and 54.4%, respectively). In a number of studies, intentional
poisoning has been reported to account for the majority of
suicide attempts, and various analyses on this method have
been conducted [27–35]. To prevent suicide in the elderly,
efforts should be made to reduce the availability of substances
that are fatal when ingested. To this end, the existing research
should be referenced, and research on the patterns of substance
exposure in each elderly age group should be conducted, based
on which measures to reduce access to poisonous substances
can be suggested.

Although substance exposure was identified to be the sui-
cide attempt method with the highest incidence, it is also
important to consider its association with poor clinical out-
comes. A subgroup analysis based on admission status and
mortality showed that in the case of substance exposure, the
ratio was higher in the discharge group than the admission
group, and in the survival group than the mortality group.
The adjusted OR for admission with regard to substance ex-
posure was 0.617 (95% CI 0.459-0.829) for the age group
of 75-84; and the adjusted OR for mortality was 0.253 (95%
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CI 0.459-0.829) for the age group of 65-74; 0.271 (95% CI
0.210-0.349) for the age group of 75-84, and 0.220 (95%
CI 0.135-0.360) for the age group of 85 or older. On the
other hand, in the case of drowning/hanging/asphyxia and
fall/slip, their proportion in the admission group and the mor-
tality group was high. Through multivariate analysis, drown-
ing/hanging/asphyxia was identified as a significant risk factor
of admission in all groups, while slip/fall was identified as
a significant risk factor in the 65-74 and 75-84 age groups.
The risk factors of mortality also showed similar results. In
all groups, drowning/hanging/asphyxia and slip/fall were an-
alyzed as risk factors. Among all suicide attempt methods,
these two are deemed to be the most fatal methods which
tend to cause admission and mortality. This is confirmed
by suicide status data. In 2018, the means of suicide with
the highest resulting suicide rate was hanging—with a rate
of 13.9 for every 100,000 persons—while the means with the
second highest rate was falling, with a rate of 4.4 for every
100,000 persons [36]. Caregivers of elderly individuals who
are at risk of attempting suicide should be educated about fatal
suicide methods, such as drowning, hanging, asphyxia, and
fall/slip. Preventing suicide among the elderly also requires
social awareness of installing physical devices or controlling
the surrounding environment.

According to reports, firearms are widely used as a means
for suicide among the elderly [37, 38]. In particular, the use of
firearms is the most lethal suicide method among American
males [39]. Since private gun possession is not allowed in
South Korea, however, the penetration rate of firearms is low
in the country. Thus, the use of firearms or a gunshot was not
included as a means of suicide in this study. Such differences
can be attributed to characteristics unique to each country.

Furthermore, the psychosocial stressors for each age group
in this study were different. This shows that stressors are
different depending on the age band, although all subjects were
aged 65 or older. It has been reported that stressors have a
risky effect on fatal suicidal behaviors [40]. Ultimately, the
elderly should not simply be regarded as a single group, but
approached differently for each age band.

There are several limitations in this study. First, as the data
was collected from all EDs nationwide, it is highly probable
that self-injury or suicide patients were classified as “others
or unknown” in the “intentional injury” category despite the
review of data upon being sent. In particular, there are cases
where the patient is unable to respond, such as in cases of death,
or where he or she may have become incapable of expressing
his or her intentions. In such cases, it is possible that mortality
due to suicide was classified as “intentionality unknown.”
Second, a single case of injury was collected per patient. In
cases where the patient has attempted suicide multiple times
and through multiple methods, data were collected only for
the method which was judged to have had the most significant
impact on the prognosis of the patient—which may lead to
biases in the data. It was not possible to analyze the risks
that could appear when multiple attempt methods were used.
In addition, since the data consists of injury data from the
ED, the sociological factors relating to suicide have not been
investigated in the study, which may be another limitation.

5. Conclusions

Through the analysis of the general characteristics of elderly
patients who were admitted to the ED due to suicide attempts,
we confirmed the general demographic characteristics of each
age subgroup. With regard to suicide attempt methods, sub-
stance exposure was the most frequent method across all age
groups. However, it was not a significant factor of admis-
sion and mortality. Drowning, hanging, and asphyxia were
identified to be significant factors of admission and mortality
in all groups aged 65 or older. Further, the fall/slip method
was identified as a high risk factor of admission for patients
under 85, and is a significant mortality factor for all subgroups.
In particular, the fall/slip method showed significantly high
lethality in patients aged 85 or older. Therefore, to prevent
suicide among the elderly, it is necessary to reduce their access
to drugs and to monitor and physical obstruction devices for
fatal methods.
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