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Objective Suicide remains a serious, preventable public health problem. This study aims to de-
scribe the epidemiological characteristics associated with various suicide methods and to inves-
tigate outcomes after suicide-associated sudden cardiac arrest (S-SCA), stratified by different 
suicide attempt methods.

Methods An S-SCA database was constructed from ambulance run sheets and augmented by a 
review of hospital medical records from 2008 to 2010 in Korea. The cases with non-cardiac eti-
ologies and suicide attempts were initially extracted. Suicide attempts were classified as hang-
ing, poisoning, fall, and other. The primary end point was survival to discharge. Age- and sex-ad-
justed incidence rates were calculated for each suicide method. Adjusted odds ratios for outcome 
were calculated with adjustments for potential confounding variables.

Results A total 5,743 patients were analyzed as S-SCAs. The most common method of suicide 
attempt was hanging (58.7%), followed by falls (17.6%), poisoning (17.5%), and others (5.8%). 
The survival to discharge rates were 2.1% (n=119) overall, 2.4% in hanging, 2.4% in poisoning 
and 0.5% in fall, respectively. The age- and sex-adjusted incidence rates (male/female) per mil-
lion persons was 32.7 (35.8/29.7) in 2008, 41.8 (46.0/37.7) in 2009, and 43.0 (50.1/36.0) in 2010. 
Compared with hanging, adjusted odds ratios (95% confidence intervals) for survival to discharge 
was 1.05 (0.60 to 1.83) for poisoning and 0.08 (0.03 to 0.21) for falls. 

Conclusion In this nationwide S-SCA cohort study from 2008 to 2010, the standardized inci-
dence rate increased annually. However, the rate of survival to discharge remains very low.
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INTRODUCTION

Suicide has long been recognized as a major public health and 
economic problem in various cultures.1,2 In 2002, an estimated 
877,000 lives were lost worldwide through suicide, representing 
1.5% of the total global burden of disease and more than 20 mil-
lion disability-adjusted life-years (years of healthy life lost through 
premature death or disability).3 In contrast to the overall decrease 
in suicides among most industrialized countries over the last de-
cade, Korea have experienced an increase in suicides. Between 
1995 and 2006, Korea recorded the highest degree of suicide in-
crease among the Organization for Economic Cooperation and 
Development countries, from 11.2 deaths per 100,000 to 21.5.4 
Korea currently ranks first in the world, with a suicide rate of 33.4 
for men and 18.7 for women in 2008.4

  Sudden cardiac arrest (SCA) is normally the final process of 
successful suicides. Suicide-associated SCA (S-SCA) is most likely 
to be treated at the scene by emergency medical service (EMS) 
providers, transported by EMS, and subsequently managed by 
emergency department (ED) physicians as SCAs with a cardiac 
etiology. S-SCAs can provide valuable information on many dif-
ferent factors surrounding suicide attempts, such as the attempt 
method, time-course of the attempt, geospatial characteristics, 
presence or absence of witnesses, bystanders and bystander ac-
tivity, EMS response time and services, and treatments initiated 
at the hospital. Previous studies described this information in S-
SCAs caused by drowning, poisoning, and hanging.5-7

  This study aimed to describe the epidemiologic characteristics 
of SCA associated with suicide attempts and to investigate out-
comes after S-SCA stratified by the different suicide attempt me
thods.

METHODS

The study was approved by the Institutional Board of Review at 
the study institution and financially supported by the Korea Cen-
ters for Disease Control and Prevention (2008 to 2011).

Data source
The Cardiovascular Disease Surveillance (CAVAS) database is a 
large-scale, nationwide, observational database of patients who 
have confirmed SCA in an out-of-hospital setting in Korea.8 The 
database is population-based and contains EMS-assessed out-of-
hospital cardiac arrests (OHCAs) derived from the entire popula-
tion of the country. The cases were extracted from the National 
Emergency Management Agency’s ambulance run sheets in which 
an OHCA was coded and additionally populated by hospital medi-
cal records review by the Korea Centers for Disease Control and 
Prevention. Cases from January 2008 to December 2010 were in-
cluded. Trained medical record reviewers visited study hospitals 
and reviewed medical records to ensure the information related 
to risks and outcomes was complete, as per the Utstein guidelines 
for reporting cardiac arrest and resuscitation data.8

Setting
Korea has a population of approximately 48 million people, with 
a per capita gross domestic product of 20,591 US dollars and a 
life expectancy of 79.1 years (as of 2010).9 National statistics 
showed a 3.2% unemployment rate and a 2.3% crude divorce 
rate. Among all causes of mortality in Korea, suicide was the fifth 
leading cause. The total number of deaths per 100,000 people 
was 512 in 2010, and suicide accounted for 31.2 of these deaths. 
Mortality rates from suicide was also found to be more prevalent 
in younger and older populations.10

  The Korean EMS system is single-tiered and provided by the 
government. A basic-to-intermediate level of ambulance services 
is operated by 16 provincial headquarters of the national fire de-
partment. The ambulance crews can perform cardiopulmonary 
resuscitation (CPR) at the scene and during transport, as well as 
provide care comparable to the intermediate emergency medical 
technician (EMT) level in the US. This includes starting intrave-
nous fluids, endotracheal intubation, or laryngeal mask airway 
insertion under direct medical oversight. 
  All EDs are formally designated as level 1 to 3 by the govern-
ment (20 regional EDs are designated level 1, 113 local EDs are 

What is already known
Suicide is the most important public problem in Korea. Suicide rate has increased rapidly and many of victims are found 
at the scene with out-of-hospital cardiac arrest (OHCA)

What is new in the current study
Outcomes are quite different according to suicide mechanism in OHCA. Hanging and poisoning to attempt suicide 
showed better outcomes by resuscitation effort than fall-down OHCA.
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designated level 2, and approximately 330 small EDs are desig-
nated level 3). The designation is based on several characteristics 
of the ED: human resources, essential instruments and equipment, 
and level of service available. Wilderness areas and isolated is-
lands usually have no designated ED; therefore, most patients 
with an OHCA at these locations are transported to community 
health care centers or non-emergency hospitals (level 4, non-ED 
facilities). These facilities can perform CPR, followed by minimal 
primary care for patients with an OHCA. We collected informa-
tion on OHCAs from these non-ED facilities.8

  Currently, there is no specific EMS protocol for S-SCA, and EMTs 
cannot declare death or stop CPR in the field or during transport. 
However, they are able to seek medical directions from a physi-
cian via telephone when there is a suspicion of death, such as 
when decapitation, rigor mortis, decomposition, and dependent 
lividity are observed. 

Study population and data collection
Eligible patients were S-SCA patients with a final outcome on re-
cord during the three years of the study period. The etiological 
classifications of an SCA were made by the physicians in the ED 
when the patients arrived and were presumed cardiac or non-car-
diac according to the Utstein criteria.11 SCAs with non-cardiac 
etiology were further categorized using two criteria: the mecha-
nism of attempted suicide and the intention, according to the in-
ternational classification of external causes of injuries proposed 
by the World Health Organization.12 All non-cardiac etiologies 
were categorized as accidental, suicidal, homicidal, legal inter-
vention, war/protest-associated, and other. In addition, all non-
cardiac etiologies were categorized by specific mechanism of in-
jury: motor vehicle injury, fall, collision, piercing/stabbing/ampu-
tation, gunshot, burn, asphyxia, drowning, hanging, poisoning, 
and others.12 In this study, these categories are re-grouped under 
four major mechanisms: hanging, fall, poisoning, and other.
  We collected demographic information regarding age (≤15, 
16–64, and ≥65 years), sex, and primary rhythm as identified 
with electrocardiography. Rhythms were further categorized as 
shockable (ventricular fibrillation and pulseless ventricular tachy-
cardia) or non-shockable (pulseless electrical activity, asystole, 
and unknown). Additional data included the presence of witness-
es, location of the event (public, private, and unknown), indoor 
and outdoor buildings with stories where the event occurred, by-
stander CPR performed (based on a review of the medical records), 
response interval (time from call to ambulance arrival to the scene), 
EMS interval (time from call to arrival at hospital), certification 
level of the EMS provider (intermediate or basic), pre-hospital de-
fibrillation, and the level of the ED (1 to 4). The onset time vari-

ables were extracted from date and time of the emergency call, 
and the hour, week, and season were derived.

Outcome measures
The outcomes were classified by the rates of survival to admis-
sion, survival to discharge, and whether a good neurological out-
come was achieved. The survival to hospital discharge rate was 
the primary end-point in this study. The survival to admission rate 
was defined as the cases with a return of spontaneous circulation 
that were admitted to the inpatient ward or the intensive care 
unit. A good neurological outcome was met when the surviving 
patient achieved a cerebral performance category of 1 or 2. All 
outcomes were measured based on a review of medical records.

Statistical analysis
The distributions of categorical variables are reported as percent-
ages. The continuous variables that were not distributed normally 
are presented as medians with interquartile ranges. 
  The age- and sex-adjusted incidence rates for all of the EMS-
assessed S-SCAs were calculated using the 2010 census data as 
the standard population (direct standardization method). The ad-
justed incidence rates were calculated according to the year, month, 
and by specific mechanism used.
  The adjusted odds ratios (ORs) with 95% confidence intervals 
(CIs) were calculated after adjusting using multivariable logistic 
regression analysis, including the variables as age, sex, primary 
electrocardiography type, etiology of arrest, year, witness, place 
of event, bystander CPR, response interval (from time of call to 
time of EMS arrival at the scene), EMS interval (from time of call 
to time of arrival at hospital), pre-hospital defibrillation, and ED 
level. To obtain the final model, we tested for interactions be-
tween exposure variables and potential covariates, assessed con-
founding factors, and performed precision level tests. The good-
ness of fit of the multivariable logistic regression model was test-
ed using the Hosmer-Lemeshow (HL) test with chi-square analy-
sis for calibration performance, and c statistics were measured to 
assess the discrimination performance of the final models. The 
analysis was conducted using SAS ver. 9.3 (SAS Institute, Cary, 
NC, USA). 

RESULTS

Demographics
The total number of EMS-assessed SCAs was 64,155. Of these, 
the number analyzed as suicide-associated SCA in this study was 
5,743. SCAs from cardiac etiologies (46,885) and non-suicidal 
and non-cardiac etiologies (11,572) were excluded. Survival to 



98 www.ceemjournal.org 

Suicide-associated sudden cardiac arrest

admission and survival to discharge number (percentage) of the 
5,743 patients analyzed was 631 (11.0%) and 119 (2.1%), respec-
tively (Fig. 1). Of the 5,743 patients studied, the number analyzed 
increased every year. The most popular suicide mechanisms were 
hanging (58.7%), followed by falling (17.6%) and then poisoning 
(17.5%). Other methods were used in 5.8% of cases. Drownings 
account 3.3% for S-SCA patients, accounting for most of the cas-
es in the “other” category, and were found to be more common in 
males and adults in non-metropolitan areas (Table 1).

Age- and sex-adjusted incidence rates by mechanism
Age- and sex-adjusted incidence rate (male/female) per million 
persons was 32.7 (35.8/29.7) in 2008, 41.8 (46.0/37.7) in 2009, 
and 43.0 (50.1/36.0) in 2010. Hanging was the top method of at-
tempting suicide (23.0 for total population, 24.9 for male subjects, 
and 21.1 for female subjects). Fall showed similar incidence rates 
between both sexes (Table 2). 

Distribution of potential risk factors
The distribution of potential risk factors by mechanism was de-
scribed. Poisoning was more common in male subjects, elderly 
people, and subjects in non-metropolitan areas. Hanging was 
more common in male subjects and adults in metropolitan areas. 
Similarly, falls was found to be almost equal between sexes, and 
more common in adults in metropolitan areas. Response times 
and transport times were longer in the poisoning group than in 
other groups. Bystander CPR and defibrillation by EMS providers 
were extremely low in all mechanisms of attempted suicide. Com-
parable survival rates were found in hanging (2.4%) and poison-
ing (2.4%), whereas the fall group had a very low survival rate 
(0.5%) (Table 3).
  The study population was also described by month, weekday, 
and time of the attempted suicide. Mondays experienced the high-
est number of suicides regardless of mechanisms. Suicide rates 
reflecting the distribution of EMS call time for S-SCA patients 
were found to be lowest at the early morning (mid-night to mid-
day) and peaked in the afternoon and evening hours (Fig. 2).
  When we examined the data by year and month, the data show
ed a peak in hanging as the mechanism of suicide from October 

Table 1. Distribution of mechanisms of suicide-associated sudden car-
diac arrest by year

Mechanism
Year

Total
2008 2009 2010

Total 1,547 (100) 2,054 (100) 2,142 (100) 5,743 (100)

Hanging 884 (57.1) 1,204 (58.6) 1,280 (59.8) 3,368 (58.7)

Poisoning 313 (20.2) 344 (16.7) 347 (16.2) 1,004 (17.5)

Fall 259 (16.7) 372 (18.1) 380 (17.7) 1,011 (17.6)

Other
Motor vehicle injury
Collision
Gunshot wound
Burn
Asphyxia
Drowning
Other
Unknown

81 (5.3)
5 (0.3)
1 (0.1)
0 (0)
2 (0.1)
7 (0.5)

57 (3.7)
4 (0.3)
5 (0.3)

122 (5.9)
21 (1)
1 (0)
0 (0)
0 (0)

18 (0.9)
61 (3)
1 (0)

20 (1)

123 (5.6)
13 (0.6)
1 (0)
1 (0)
1 (0)
7 (0.3)

73 (3.4)
0 (0)

27 (1.3)

326 (5.8)
39 (0.7)
3 (0.1)
1 (0)
3 (0.1)

32 (0.6)
191 (3.3)

5 (0.1)
52 (0.9)

Values are presented as n (%).

Table 2. Age- and sex-adjusted incidence of suicide-associated sudden cardiac arrest per million persons

Mechanism
Both sexes Male Female

Total 2008 2009 2010 Total 2008 2009 2010 Total 2008 2009 2010 

Total 39.4 32.7 41.8 43.0 44.1 35.8 46.0 50.1 34.5 29.7 37.7 36.0 

Hanging 23.0 18.5 24.4 25.7 24.9 19.2 26.0 29.1 21.1 17.9 22.9 22.3 

Poisoning 7.0 6.9 7.1 7.0 9.0 8.5 9.2 9.4 5.0 5.3 5.0 4.6 

Fall 6.9 5.4 7.6 7.6 6.8 5.5 7.1 7.8 6.9 5.3 8.0 7.5 

Other 2.5 1.9 2.7 2.7 3.4 2.6 3.7 3.8 1.5 1.2 1.8 1.6 

Age- and sex-adjusted incidence per million persons, using 2010 Korean census statistics. 

64,155 EMS-assessed OHCA 

11,572 Non-suicidal, total
  ·  9,814 Accidental
  ·  171 Homicidal
  ·  3 Others
  ·  1,539 Unknown

631 Survival to admission (11.0%)

119 Survival to discharge (2.1%)

28 Good neurological outcome (0.5%)

17,270 Non-cardiac etiology

5,743 Suicide-associated sudden 
cardiac arrest (100%)

46,885 Presumed cardiac etiology

Fig. 1. Study population and outcomes. EMS, emergency medical ser-
vice; OHCA, out-of-hospital cardiac arrest.
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2008 to December 2010. Before October 2008, the number of 
hangings was on average <50 per month, but this number in-
creased to 213 in October 2008 and continued to be more than 
100 per month after this point (Fig. 2).

Main analysis
Adjusted ORs (95% CIs) for survival to admission rates compared 
with hanging was found to be 0.94 (0.72 to 1.24) for poisoning, 
and 0.04 (0.02 to 0.08) for falls (HL chi-square=6.62, P=0.58, c-
statistics=0.83). With hanging as the index condition, adjusted 

Table 3. Demographic findings of risk factors and outcomes

Variables Total Hanging Poisoning Fall Other

Total 5,743 (100.0) 3,368 (100.0) 1,004 (100.0) 1,011 (100.0) 360 (100.0) 

Year 2008
2009
2010

1,547
2,054
2,142

(26.9) 
(35.8) 
(37.3) 

884
1,204
1,280

(26.2) 
(35.7) 
(38.0) 

313
344
347

(31.2) 
(34.3) 
(34.6) 

259
372
380

(25.6) 
(36.8) 
(37.6) 

91
134
135

(25.3) 
(37.2) 
(37.5) 

Sex Male
Female

3,194
2,549

(55.6) 
(44.4) 

1,806
1,562

(53.6) 
(46.4) 

646
358

(64.3) 
(35.7) 

496
515

(49.1) 
(50.9) 

246
114

(68.3) 
(31.7) 

Age (yr) Median (IQR)
Pediatric (≤15)
Adult (16–64)
Elderly (≥65)

49 
72

4,240
1,431

(36–65)
(1.3) 
(73.8) 
(24.9) 

47 
26

2,656
686

(35–61)
(0.8) 
(78.9) 
(20.4) 

64 
2

511
491

(48–74)
(0.2) 
(50.9) 
(48.9) 

41 
41

789
181

(27–58)
(4.1) 
(78.0) 
(17.9) 

47 
3

284
73

(35–61.5)
(0.8) 
(78.9) 
(20.3) 

Primary ECG VF/pulseless VT
PEA
Asystole

43
148

4,689

(0.7) 
(2.6) 
(81.6) 

25
58

2,783

(0.7) 
(1.7) 
(82.6) 

10
23

798

(1.0) 
(2.3) 
(79.5) 

2
54

821

(0.2) 
(5.3) 
(81.2) 

6
13

287

(1.7) 
(3.6) 
(79.7) 

Community urbanization Metropolitan
Non-metropolitan

2,344
3,399

(40.8) 
(59.2) 

1,423
1,945

(42.3) 
(57.7) 

266
738

(26.5) 
(73.5) 

453
558

(44.8) 
(55.2) 

202
158

(56.1) 
(43.9) 

Place Public
Private
Unknown

394
4,704

645

(6.9) 
(81.9) 
(11.2) 

176
2942
250

(5.2) 
(87.4) 
(7.4) 

70
777
157

(7.0)
(77.4) 
(15.6) 

69
884
58

(6.8) 
(87.4) 
(5.7) 

79
101
180

(21.9) 
(28.1) 
(50.0) 

Arrest witnessed Witnessed
Unwitnessed
Unknown

575
4,593

575

(10.0) 
(80.0) 
(10.0) 

43
3,179

146

(1.3) 
(94.4) 
(4.3) 

127
775
102

(12.6) 
(77.2) 
(10.2) 

283
481
247

(28.0) 
(47.6) 
(24.4) 

122
158
80

(33.9) 
(43.9) 
(22.2) 

Bystander CPR CPR
No CPR

150
5,593

(2.6) 
(97.4) 

129
3,239

(3.8) 
(96.2) 

8
996

(0.8) 
(99.2) 

8
1,003

(0.8) 
(99.2) 

5
355

(1.4) 
(98.6) 

Interval from call to EMS arrival (min) 5,657 3,322 994 985 356

Median (IQR)
0–4 
5–8 
9–12 
13–16 
>16 

6 
1,166
1,102

765
678

1,946

(5–9)
(20.6) 
(19.5) 
(13.5) 
(12.0) 
(34.4) 

6
671

1,772
552
186
187

(5–9)
(20.2) 
(53.3) 
(16.6) 
(5.6)
(5.6) 

8 
140
409
210
104
131

(5–12)
(14.1) 
(41.1) 
(21.1) 
(10.5) 
(13.2) 

6 
286
536
125
18
20

(4–7)
(29.0) 
(54.4) 
(12.7) 
(1.8) 
(2.0) 

7 
69

155
63
32
37

(5–11)
(19.4) 
(43.5) 
(17.7) 
(9.0) 
(10.4) 

Interval from call to hospital arrival (min) 5,654 3,320 994 983 357

Median (IQR)
0–8 
9–16 
17–24 
25–32 
>32 

21 
85

1,404
2,098
1,035
1,032

(16–29)
(1.5) 
(24.8) 
(37.1) 
(18.3) 
(18.3) 

21 
51

787
1,323

640
519

(16–28)
(1.5) 
(23.7) 
(39.8) 
(19.3) 
(15.6) 

25 
6

177
297
197
317

(19–37)
(0.6) 
(17.8) 
(29.9) 
(19.8) 
(31.9) 

18 
24

378
370
127
84

(14–23)
(2.4) 
(38.5) 
(37.6) 
(12.9) 
(8.5) 

25 
4

62
109
71

111

(19–39)
(1.1) 
(17.4) 
(30.5) 
(19.9) 
(31.1) 

Defibrillation by EMS EMS defibrillation
No defibrillation

60
5,683

(1.0) 
(99.0) 

33
3,335

(1.0) 
(99.0) 

4
1,000

(0.4) 
(99.6) 

13
998

(1.3) 
(98.7) 

10
350

(2.8) 
(97.2) 

Level of destination hospital Level 1 ED
Level 2 ED
Level 3 ED
Non-ED facilities

591
2,498
2,214

440

(10.3) 
(43.5) 
(38.6) 
(7.7) 

300
1,455
1,354

259

(8.9) 
(43.2) 
(40.2) 
(7.7) 

87
353
456
108

(8.7) 
(35.2) 
(45.4) 
(10.8) 

147
514
298
52

(14.5) 
(50.8) 
(29.5) 
(5.1) 

57
176
106
21

(15.8) 
(48.9) 
(29.4) 
(5.8) 

Outcome Survival to admission
Survival to discharge
Good CPC 1 and 2

631
119
28

(11.0) 
(2.1) 
(0.5) 

472
79
14

(14.0) 
(2.3) 
(0.4) 

104
24
10

(10.4) 
(2.4) 
(1.0) 

12
5
0

(1.2) 
(0.5) 
(0.0) 

43
11
4

(11.9) 
(3.1) 
(1.1) 

Values are presented as n (%) unless otherwise indicated.
IQR, interquartile range; ECG, electrocardiography; VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulseless electrical activity; CPR, cardiopulmonary resuscita-
tion; EMS, emergency medical service; ED, emergency department; CPC, Cerebral Performance Category scale.
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ORs (95% CIs) for survival to discharge was 1.05 (0.60 to 1.83) 
for poisoning, and 0.08 (0.03 to 0.21) for falls (HL chi-square=3.68, 
P=0.88, c-statistics=0.87). Adjusted ORs (95% CIs) for good neu-
rological outcomes compared with hanging was 3.31 (1.22 to 8.96) 
in poisoning. Of note, no case achieved a good neurological out-
come in the fall category (HL chi-square=10.98, P=0.09, c-sta-
tistics=0.93) (Table 4).

DISCUSSION

Mechanisms for suicidal attempt are various, differ according to 
cultural background, and may change over time.2 People who have 
suicidal ideations generally seek isolated areas to avoid bystand-
ers, use fast-acting suicide methods to reduce fear and pain, and 
ensure success via methods with a high rate of lethality.13-15

  Suicide attempt patients are typically found in three different 
types of clinical situations: aborted suicide attempt, SCA, or death 
due to prolonged cardiac arrest (PCA). Aborted suicide is an in-
complete suicide, while SCA and PCA are complete. Due to social, 
cultural, or religious backgrounds that regard suicide as a crime, 
conflicts within families, psychiatric disorders, and confidentiality, 

data on aborted suicides are extremely difficult to collect and an-
alyze.16 Patients who experience PCA secondary to suicide are di-
rectly transported to the mortuary. The death certificates in these 
cases have limited information, making it difficult to adequately 
interpret the environment and characteristics of the suicide.17

  This study is important for several reasons. An S-SCA database 
may be a good resource to understand various characteristics of 
suicide and to develop suicide prevention programs. Patients with 
S-SCA possess a host of information from the scene, which is a 
source of insight into primary prevention, EMS services, and hos-
pital care and support for secondary prevention of suicide. Na-
tionwide or community-based SCA registries, in particular OHCA 
registries, have been developed in both Asian and Western com-
munities.18 Most SCA research focuses on SCA with presumed car-
diac etiology or trauma-associated SCA rather than S-SCA. In Ko-
rea, which has a higher incidence of suicide, an S-SCA registry 
could prove to be a key resource in understanding the suicidal en-
vironment and method of choice; these data in turn may help to 
prevent suicide and improve resuscitation efforts and outcomes.
  Suicide-associated SCA was observed to occur most commonly 
from hanging (58%) and was responsible for 13.4% of the total 

Fig. 2. Distribution and trend line of suicide-associated sudden cardiac arrests. (A) Distribution by month, weekday, and time of the event. (B) Monthly 
trend of suicide-associated sudden cardiac arrest by year and month. HH, hour.
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mortality rate from suicide of 32.1 per 100,000 persons, or 4.3 
deaths per 100,000 persons. The survival to discharge rate was 
extremely low in all mechanisms of suicide and found to be even 
lower in falls compared with other methods of suicide in our na-
tionwide S-SCA patients.
  Our findings also demonstrated epidemiologic and geographic 
variability stratified by potential risk factors according to the dif-
ferent mechanisms of suicide. For example, non-metropolitan ar-
eas showed a relatively higher use of poisoning as a method of 
suicide rather than falls or hangings. This is in contrast to a sepa-
rate study that demonstrated higher proportions of hanging in 
urban (18.0%) compared to rural environments (14.9%).19 In an-
other population-based study from metropolitan Melbourne, Aus-
tralia, hanging for suicide was common in the younger (median 
age 39 years) and male group (88%).20 In another study from Tai-
wan, poisoning was found in higher rates in rural areas (32.1%) 
than in urban environments (30.5%).21 Our study showed hanging 
and poisoning was 57.7% and 73.5% in non-metropolitan areas, 
respectively. Poisoning has been a common method to attempt 
suicide in rural areas; however, our SCA registry showed much 
higher proportions of poisoning in rural areas than previously re-
ported.
  Our study suggests that different age groups tend to select dif-
ferent methods of attempting suicide. The young adult population 
(15 to 65 years) preferred hanging (62.6%) over poisoning (12.1%) 
or falls (18.6%), whereas elderly people selected hanging (34.3%). 

Table 4. Multivariable logistic regression analysis for outcomes after suicide-associated sudden cardiac arrest by suicide mechanism

Outcome Total
Outcome

n (%)

Unadjusted Adjusteda)
HL chi-
square

P-value c-statistic
OR 95% CI OR 95% CI

Survival to admission
Total
Hanging (reference)
Poisoning
Fall 
Other

5,743
3,368
1,004
1,011
360

631
472
104
12
43

(10.99) 
(8.2) 
(1.8) 
(0.2) 
(0.8) 

-
1.00 
0.71 
0.07 
0.83 

-
-

0.57 
0.04 
0.60 

-
-

0.89 
0.13 
1.16 

-
1.00 
0.94 
0.04 
0.66 

-
-

0.72 
0.02 
0.42 

-
-

1.24 
0.08 
1.02 

6.62 0.58 0.83 

Survival to discharge
Total
Hanging (reference)
Poisoning
Fall 
Other

5,743
3,368
1,004
1,011
360

119
79
24
5

11

(2.1) 
(1.4) 
(0.4) 
(0.1) 
(0.2) 

-
1.00 
1.02 
0.21 
1.31 

-
-

0.64 
0.08 
0.69 

-
-

1.62 
0.51 
2.49 

-
1.00 
1.05 
0.08 
0.68 

-
-

0.60 
0.03 
0.29 

-
-

1.83 
0.21 
1.57 

3.68 0.88 0.87 

Good neurological recovery
Total
Hanging (reference)
Poisoning
Fall 
Other

5,743
3,368
1,004
1,011
360

28
14
10
0
4

(0.5) 
(0.2) 
(0.2) 
(0.0) 
(0.1) 

-
1.00 
2.41 
0.00 
2.69 

-
-

1.07 
0.00 
0.88 

-
-

5.44 
0.00 
8.22 

-
1.00 
3.31 
0.00 
1.51 

-
-

1.22 
0.00 
0.35 

-
-

8.96 
0.00 
6.52 

10.98 0.09 0.93 

OR, odds ratio; CI, confidence interval; HL, Hosmer-Lemeshow.
a)Adjusted for age, gender, primary electrocardiography type, etiology of arrest, year, witness, place of event, bystander cardiopulmonary resuscitation, response interval 
(from call to arrival at the scene), emergency medical service interval (from call to arrival at hospital), pre-hospital defibrillation, and emergency department level.

More than half of the pediatric patients (<15 years) selected falls 
(56.9%) as the preferred method of suicide. One study showed 
much higher proportion of hanging (53.1%) in young adult com-
pared with poisoning (34.1%) or falls (12.8%).22 In another study 
from Hong Kong, carbon oxide from charcoal burning was an emer
ging method to commit suicide.23 Charcoal burning constituted 
18.3% of all suicides in the study. Additionally, 88% of those that 
used charcoal burning were from the middle years (25 to 59) of 
life. The mechanism used to attempt or commit suicide has very 
strong sociocultural background and may change over time.
  We found very interesting findings when analyzing monthly 
trends in this study. October 2008 showed a peak of hangings, 
which continued to the end of the observational period. We search
ed social events in this period and found two consecutive celebri-
ty suicides on September 8 and October 2, 2008. In particular, the 
latter celebrity was a popular actress starring on a television dra-
ma in Korea. Major television news, newspaper reports, and inter-
net media reports continued to report the event and method daily 
for a month. The first had attempted suicide via gas poisoning 
from charcoal burning, and the second used the hanging method. 
We believe the peak in October was due to copycat suicides and 
Werther’s effect,24 as has been reported in many communities.25,26

  We found very low rates of survival to discharge and neuro-
logical recovery in this study. Most previous studies reported out-
comes on SCA with cardiac etiologies or trauma. From our previ-
ous reports, survival to discharge rates of SCA with presumed car-
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diac etiology transported by EMS was 3.7% in 2008.27 Other re-
ports on survival to discharge rates of SCA with an etiology of 
trauma was 1.0%.28 Hanging-associated SCA showed a very low 
survival to discharge rate (0.5%) in another study with a small 
sample size.20 Our study demonstrated that lower survival to dis-
charge rates in S-SCA is associated with lower witness rates (10.0%), 
a private place (81.9%), lower bystander CPR rate (2.6%), asys-
tolic rhythm (81.6%), and more serious methods of suicide such 
as falls (17.6%). Being in an isolated, private place for a suicide 
attempt is the main cause of extremely low witness rates and by-
stander CPR rates. This in turn leads to a high proportion of pa-
tients found by EMS to be in asystole and unable to be resusci-
tated. Our strategy for improving outcomes is to increase bystand-
er CPR, even if the patient’s suicide attempt is not witnessed and 
the patient is found at the scene after S-SCA. To improve bystand-
er activity, we can encourage more specific population programs, 
such as dispatcher-assisted bystander CPR.29 However, more spe-
cific strategies for preventing suicide as well as improving bystan
der activity should be considered to remove the environmental 
conditions that favor suicide and to enable earlier detection in 
people at high risk of attempting suicide. 
  EMS-assessed and S-SCA registries can be extracted daily, as 
many communities have automated and electronic database sys-
tems in place. These registries will be very helpful for preventive 
strategies, because they allow for surveys and for the formation 
of daily and monthly suicide event trends. They may therefore as-
sist in finding persons and locations at high risk of a suicide. 
  This study used a retrospective medical record review for mea-
suring outcomes and risk factors. Additionally, there were many 
missing cases in some important variable categories. There were 
1,539 cases without information on intentionality of the patient’s 
suicide attempt. Although many observational studies on suicide 
have huge proportion of unknown intentionality, this unknown 
group can cause bias and underestimate the incidence rate by 
specific method. This study was performed in an EMS system 
with intermediate service level, which is a relatively lower level 
compared with those of North America and Europe.9 Therefore, 
our results may not be generalized to those communities. This 
study included cases in SCA status at the time when bystander 
witnessed or found the patients. If we added more cases of abort-
ed suicide attempts or PCAs not requiring an ambulance trans-
port, our results may be significantly changed. 
  In conclusion, from an EMS-assessed suicide-associated SCA 
registry, we found a suicide rate of 39.4 per million persons and a 
2.1% rate of survival to discharge. Suicide by falls was associated 
with a significantly lower chance of survival to discharge as com-
pared with suicide by hanging.
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