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Abstract
Purpose  Suicide is a leading cause of death in patients with schizophrenia. This nationwide cohort study investigated the 
incidence of each suicide method in patients with schizophrenia compared with the general population.
Methods  In total, records of 174,039 patients with schizophrenia were obtained from the National Health Insurance Research 
Database in Taiwan from 2001 to 2016. This schizophrenia cohort was linked with the national mortality database, and 
26,926 patients died during this follow-up period. Of the deceased, 3033 had died by suicide. Univariate Cox regression was 
used to estimate the demographic variables associated with suicide. We estimated the difference in the proportion of each 
suicide method used in patients with schizophrenia compared with the general population. The incidence and standardized 
mortality ratio (SMR) of each suicide method were calculated and stratified based on sex.
Results  Patients aged 25–34 years exhibited the highest suicide risk. Compared with the general population, patients with 
schizophrenia were more likely to commit suicide by jumping and drowning and less likely to use charcoal-burning and 
hanging. Women showed a higher incidence of suicide by drowning and jumping than did men. Comorbidity with substance 
use disorders (SUDs) was associated with a high suicide SMR (26.9, 95% confidence interval [CI] = 23.4–28.9), particularly 
for suicide by jumping (61.2, 95% CI = 48.3–76.3).
Conclusions  Patients with schizophrenia had higher suicide rates for all methods than did the general population. Suicide 
method differed based on sex. Patients with SUDs exhibit a high SMR for each suicide method and warrant intensive clini-
cal attention.
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Introduction

Schizophrenia is a debilitating mental illness [1], and stud-
ies have indicated that compared with healthy people, 
patients with mental illness have their lifespans decreased 
by 11–20 years and mortality rate increased by two to four 
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times [2–4]. Although most patients with schizophrenia died 
of natural causes, a substantial portion of patients also died 
by suicide [2–5]. Studies have estimated the lifetime risk 
of suicide mortality for schizophrenia to be 4.90–6.55% 
[5, 6]. Subsequently, the estimated lifetime risk of suicide 
in schizophrenia decreased, but the standardized mortality 
ratio (SMR) of suicide for schizophrenia remained higher 
than that for the general population [2, 7]. A recent popu-
lation-based cohort study in Denmark [8] reported that the 
age-specific mortality rate ratio for suicide in patients with 
schizophrenia was 10.76. Furthermore, the ratios for men 
and women stratified by sex were 9.12 and 14.85, respec-
tively. The risk of suicide was reported to be high in patients 
with schizophrenia during inpatient stay and during the first 
month after discharge; moreover, the risk was lower when 
the follow-up time was longer [9]. Death by suicide is a criti-
cal topic related to schizophrenia, and studies have revealed 
that risk factors for suicide in patients with schizophrenia 
are the period after the first episode of psychosis [7, 10], the 
male sex [5, 7], history of suicide attempts [11], and pres-
ence of psychiatric comorbidities [12].

Currently, international studies that have explored sui-
cide methods adopted by people with schizophrenia are 
few with inconsistent findings. For instance, one US study 
investigated 115 suicide cases collected from the Maryland 
Chief Medical Examiner’s Office from September 1989 
to August 1998; of these, 15 cases involved people with 
schizophrenia. The study found that people with schizo-
phrenia were most likely to jump from heights to commit 
suicide and adopted suicide methods with high fatality rates 
[13]. Another study [14] involving 16 rural county offices in 
China compared suicide in schizophrenia (n = 38) with that 
in other psychiatric disorders (n = 150) and in the absence 
of psychiatric disorders (n = 204). The findings revealed 
that people with schizophrenia were more likely to ingest 
pesticides, followed by hanging and drowning themselves. 
A Taiwan study collected information of the patients with 
schizophrenia who were ever admitted to a psychiatric hos-
pital in Taipei between January 1, 1985, and December 31, 
2000 (n = 4327), and subsequently, 78 patients committed 
suicide. The study reported that the methods of suicide were 
mostly jumping, drug overdose, and hanging, in that order 
[15]. However, the aforementioned studies had a limitation 
of a small sample size (< 100), and studies with larger sam-
ple sizes are needed to estimate the distribution of suicide 
methods adopted by patients with schizophrenia.

Furthermore, few studies in the early 2000s on schizo-
phrenia suicide involved large sample sizes. For instance, 
a UK study obtained statistics on 960 cases of suicide by 
people with schizophrenia from April 1, 1996, to March 
31, 2000, from the UK Office for National Statistics and 
found that these suicides involved violent death, with 27% 
jumping from a height or in front of a moving vehicle, 

compared with 10% of the remaining sample [16]. A 
Swedish study [17] investigated suicide attempters and 
found that psychotic disorders were independent risk fac-
tors for successful suicide. Further stratification of the 
methods of suicide attempt by co-occurring psychiatric 
disorder, hanging and comorbid psychotic disorder sug-
gested high rates of suicide during the entire follow-up. 
Moreover, a Taiwan study involving people with various 
psychiatric illnesses from 2000 to 2004 found that people 
with schizophrenia (n = 703) were more likely to commit 
suicide by jumping than were people diagnosed as having 
other psychiatric illnesses [18]. In the past 2 decades, char-
coal-burning has been a novel suicide method common in 
Asian countries [19]. Studies have argued that the dem-
onstration of the charcoal-burning suicide methodology in 
media reports and painlessness of this methodology have 
contributed to a rapid increase in charcoal-burning suicide 
in many countries; furthermore, easy access to charcoal 
has been a contributing factor [19–24]. However, whether 
patients with schizophrenia are more or less likely to use 
this method than is the general population is unknown.

This study recruited 174,039 patients with schizophre-
nia in Taiwan from 2001 to 2016, of whom 3033 died by 
suicide during a 16-year follow-up period. Several essen-
tial factors were investigated. We compared suicide meth-
ods used by people with schizophrenia with those used 
by the general population. Furthermore, we investigated 
differences in suicide methods used by people with schizo-
phrenia based on sex. Finally, this study explored the SMR 
of each suicide method used by patients with schizophre-
nia stratified on the basis of the comorbidity of substance 
use disorders (SUDs) or other psychiatric disorders.

Materials and methods

This study used Taiwan National Health Insurance (NHI) 
Research Database (NHIRD; N = 23,000,000), maintained 
by the Health and Welfare Data Science Center and con-
tains the registration files and medical claims data of ben-
eficiaries covered by the NHI program. The program was 
implemented in 1995 and provides easy access to medi-
cal services for the 23,000,000 citizens of Taiwan. NHI-
insured residents can visit any NHI-affiliated hospitals or 
clinics in Taiwan to use their medical services. The NHI 
Administration randomly audits medical records, and the 
Joint Commission of Taiwan is responsible for monitoring 
the accreditation of NHI hospitals to ensure system and 
information accuracy. Currently, the NHIRD is frequently 
used for research and is a data source for many epidemio-
logical studies published in review journals [25–27].
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Definition of Schizophrenia Cohort

From the NHIRD, we selected both inpatients and outpa-
tients diagnosed as having psychiatric disorders (Interna-
tional Classification of Diseases, Ninth Revision, Clinical 
Modification [ICD-9-CM] codes 290.x–319.x; Interna-
tional Classification of Diseases, Tenth Revision, Clini-
cal Modification [ICD-10-CM] codes F01–F99) between 
2001 and 2016 (n = 10,422,350). Next, we eliminated 
patients diagnosed as having affective psychosis (ICD-
9-CM codes: 296.0–296.16, 296.4–296.81, 296.89, and 
296.9; ICD-10-CM codes F30.x and F31.x; n = 188,902) 
between January 1, 2000, and December 31, 2016. Then, 
we selected patients diagnosed as having psychiatric illness 
codes ICD-9-CM 295.xx and ICD-10-CM F20.X and F25.x 
(n = 174,039). Patients with missing information regarding 
sex were then eliminated, leaving 170,322 patients diag-
nosed as having schizophrenia with available data records. 
The date first diagnosed as schizophrenia during the study 
period was defined as the baseline. This sample was defined 
as the schizophrenia cohort (Fig. 1).

Identification of suicide mortality events

We linked the aforementioned schizophrenia cohort with the 
national mortality database (January 1, 2001 to December 
31, 2016) to obtain the mortality status for each study par-
ticipant. In total, 26,926 participants died during the study 
period. The national cause-of-death statistics were classi-
fied according to the ICD-9-CM codes before December 31, 
2014, and ICD-10-CM codes after January 1, 2015. There-
fore, we defined suicide codes as E950–E959 according 
to the ICD-9-CM classification and X60–X84 and Y87.0 
according to the ICD-10-CM classification. Of the deceased, 
3033 patients died by suicide.

Statistical analysis

Differences in the incidence of suicide mortality between the 
sexes were investigated using Gehan’s generalized Wilcoxon 
test [28] and life-table survival analysis. We conducted a 
univariate Cox proportional hazards regression to estimate 
social demographic variables and their correlations with 
future suicide mortalities (Table 1). Furthermore, this study 
obtained the suicide methods of all suicides in the general 
population of Taiwan from January 1, 2001 to December 31, 
2016 (n = 59,103). We then compared differences in suicide 
mortality between people diagnosed as having schizophre-
nia and the general population, analyzing and estimating 
the differences for each suicide method between these two 
groups (Table 2). This analysis was conducted using logistic 
regression through adjustment of sex and age.

We calculated the survival (contribution) time of each 
schizophrenia cohort member from their first schizophre-
nia diagnosis until their suicide or the end of this study 
(December 31, 2016) using which we calculated the suicide 
incidence rate. The incidence rate is the number of suicides 
divided by contributor years. We used Wilcox (Gehan) to 
analyze and compare differences in incidence rates (Table 3). 
The SMR was used as an index to calculate risk factors for 
suicide methods according to various comorbidity combi-
nations within 1 year before the baseline. The results are 
presented as three groups: without psychiatric comorbidity, 
comorbid with SUDs, and comorbid with non-SUD psy-
chiatric comorbidity (Table 4). All statistical analyses were 
conducted using the SAS System for Windows, (version 9.4; 
SAS Institute, Cary, NC, USA). A p value of < 0.05 was 
considered statistically significant.

Results

Demographics and cumulative incidence of suicide

Table 1 presents the demographic information of patients 
with schizophrenia (n = 170,322), including those who 
died by suicide (n = 3033). Univariate Cox proportional 
hazards regression analysis demonstrated that women 
exhibited lower risks of schizophrenia (hazard ratio 
[HR] = 0.74, 95% confidence interval [CI] = 0.69–0.80, 
p < 0.001) than did men. Relative to the youngest age 
group (< 20 years), the 30–39-year age group exhibited 
the highest suicide risk (HR = 2.20, 95% CI = 1.89–2.56, 
p < 0.001), followed by the 20–29-year (HR = 1.95, 95% 
CI = 1.67–2.27, p < 0.001) and 40–49-year (HR = 1.91, 
95% CI = 1.63–2.23, p < 0.001) age groups; patients 
aged ≥ 60 years had the lowest suicide risk. Urbaniza-
tion level and unemployment did not evidently affect 
suicide risk. Comorbidities of SUD (HR = 3.26, 95% 
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Fig. 1     Cumulative incidence of suicide mortality among the cohort 
with schizophrenia stratified by sex (N = 170,322)
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CI = 2.89–3.68, p < 0.001) and a non-SUD psychiatric 
comorbidity (HR = 1.54, 95% CI = 1.42–1.67, p < 0.001) 
were associated with high suicide risks (Table 1).

Figure 1 presents the cumulative incidence of suicide 
mortality stratified by sex. According to our life-table analy-
sis, the cumulative incidence was significantly higher in men 
than in women (p < 0.001). The results revealed the suicide 
rate to be relatively high in the early phase of illness. The 
1-year cumulative incidence rates for men and women were 
0.00565 and 0.00429, respectively; the 2-year cumulative 
incidence rates were 0.00862 and 0.00644, respectively; 
and the 3-year cumulative incidence rates were 0.0114 and 
0.00873, respectively.

Suicide methods before schizophrenia development 
and in general population

Table 2 compares differences in suicide mortality between 
patients diagnosed as having schizophrenia (n = 3033) and 
the general population of Taiwan (n = 59013). Logistic 
regression analysis revealed that compared with the general 
population, patients diagnosed as having schizophrenia were 
more likely to commit suicide through drowning (odds ratio 
[OR] = 1.48, 95% CI = 1.27–1.73, p < 0.001) and jumping 

Table 1   Cox proportional-hazards model of demographical variables for suicide risk among patients with schizophrenia at the baseline

We applied urbanization stratification specifically used in Taiwan, and the level of urbanization was categorized as level 1 (highly urbanized 
area), level 2 (moderately urbanized area), level 3 (township area), level 4 (sub-rural area), and level 5 (rural area)
a Missing values: 787 in the cohort; 13 in the suicide cases
* p < 0.05, **p < 0.001

Characteristics Schizophrenia cohort
N = 170,322

Suicide mortality
n = 3,033

n (%) n (%) Hazard ratio 95% confi-
dence interval

p value

Gender
 Male 87,839 (51.6) 1788 (59.0) Reference
 Female 82,483 (48.4) 1245 (41.1) 0.74** 0.69–0.80 < 0.001

Age, y/o
 < 20 17,866(10.5) 206 (6.8) Reference
 20–29 38,778 (22.8) 873 (28.8) 1.95** 1.67–2.27 < 0.001
 30–39 38,256 (22.5) 918 (30.3) 2.20** 1.89–2.56 < 0.001
 40–49 30,807 (18.1) 627 (20.7) 1.91** 1.63–2.23 < 0.001
 50–59 21,029 (12.4) 283 (9.3) 1.39** 1.16–1.66 < 0.001
 60–69 10,707 (6.3) 85 (2.8) 0.90 1.70–1.16 0.409
 70–79 7583 (4.5) 26 (0.9) 0.46** 1.30–0.69 < 0.001
 ≥80 5296 (3.1) 15 (0.5) 0.53* 1.31–0.89 0.017

Urbanizationa

 Highly urbanized area 71,268 (41.8) 1304 (43.0) Reference
 Moderately urbanized area 45,721 (26.8) 802 (26.4) 1.02 0.93–1.11 0.726
 Township area 18,530 (10.9) 318 (10.5) 0.94 0.83–1.06 0.280
 Sub-rural area 17,050 (10.0) 318 (10.5) 1.03 0.91–1.16 0.638
 Rural area 16,966 (10.0) 278 (9.2) 0.91 0.80–1.03 0.131

Employment (within 1 year, closest to the baseline)
 No 116,765 (68.6) 2079 (68.6) Reference
 Yes 53,557 (31.4) 954 (31.5) 1.00 0.93–1.08 0.924

Comorbidity (within 1 year before the baseline)
 Without psychiatric comorbidity 68,338 (40.1) 953 (31.4) Reference
 With substance use disorder (SUD) 9436 (5.5) 356 (11.7) 3.26** 2.89–3.68 < 0.001
 With non-SUD psychiatric comorbidity 92,548 (54.3) 1724 (56.8) 1.54** 1.42–1.67 < 0.001

Mean (SD) Mean (SD)

Total contributed person-years 1,371,954 12,084
Average contributed person-years, SD 8.1 (4.9) 4.0 (3.6)
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(OR = 1.71, 95% CI = 1.52–1.93, p < 0.001) and less likely through charcoal-burning (OR = 0.45, 95% CI = 0.40–0.51, 
p < 0.001) and hanging (OR = 0.71, 95% CI = 0.63–0.80, 
p < 0.001). No statistical difference was observed in the sui-
cide methods used by men and women.

Table 2   Distribution of suicide method resulting in suicide mortality in patients with schizophrenia (n = 3,033) compared with that in the general 
population in Taiwan (January 1, 2001, to December 31, 2016) (N = 59,013 suicide cases)

a Using logistic regression analysis with adjustment for sex and age
b ICD-9-CM for suicide (codes): drug overdose (E950); gases in domestic use (E951) categorized as others due to the very few cases in this 
study; charcoal-burning and other gas poisoning (E952); hanging (E953); drowning (E954); firearms and explosives (E955); cutting (E956); 
jumping from a high place (E957); and others (E958)
c Definition of suicide: combining ICD-9-CM and ICD-10-CM codes based on the ICD-9-CM code category (ICD-10-CM codes were converted 
into ICD-9-CM codes)

Schizophrenia cohort 
with suicides

General population 
with suicides

Suicide methodsb,c (n = 3033) (N = 59,013)

N (%) N (%) Adjusted odds ratioa 95% CI p value

Drug overdose 507 (16.7) 10,857 (18.4) Reference – –
Charcoal burning and other gas 

poisoning
533 (17.6) 15,425 (26.1) 0.45 0.40–0.51 < 0.001

Hanging 749 (24.7) 19,983 (33.9) 0.71 0.63–0.80 < 0.001
Drowning 274 (9.0) 3364 (5.7) 1.48 1.27–1.73 < 0.001
Firearms and explosives 39 (1.3) 598 (1.0) 1.07 0.76–1.50 0.502
Cutting 60 (2.0) 1118 (1.9) 1.05 0.80–1.39 0.487
Jumping from a high place 790 (26.1) 6351 (10.8) 1.71 1.52–1.93 < 0.001
Others 81 (2.7) 1317 (2.3) 0.96 0.96–0.96 0.987

Table 3   Crude incidence of suicide method among patients with schizophrenia based on sex (cohort, N = 170,322; mortality, n = 26,926; suicide 
mortality, n = 3,033)

a PYs: person-years
b Incidence: number per 100,000 person-years. The differences in incidence for specific causes of death between men and women were calculated 
using the Wilcox (Gehan) statistic through survival life table analysis

Characteristic Men (N = 87,839) 
(PY = 708,427.3)a

Women (N = 82,483) 
(PY = 663,526.4)a

Total (N = 170,322) 
(PY = 1,371,953.7)a

p

Cause of death No. of deaths Incidenceb No. of deaths Incidenceb No. of deaths Incidenceb

Total mortality 15,702 2216.5 11,224 1691.6 26,926 1962.6 < 0.001
 Unnatural death 3292 464.7 1965 296.1 5257 383.2 < 0.001
  Suicide 1788 252.4 1245 187.6 3033 221.1 < 0.001
  Drug overdose 312 44.0 195 29.4 507 37.0 < 0.001
  Charcoal burning and other 

gas poisoning
364 51.4 169 25.5 533 38.9 < 0.001

  Hanging 491 69.3 258 38.9 749 54.6 < 0.001
  Drowning 116 16.4 158 23.8 274 20.0 0.001
  Firearms and explosives 31 4.4 8 1.2 39 2.8 0.001
  Cutting 41 5.8 19 2.9 60 4.4 0.014
  Jumping from a high place 384 54.2 406 61.2 790 57.6 0.045
  Others 49 6.9 32 4.8 81 5.9 0.135
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Suicide method incidence based on sex in patients 
with schizophrenia

Among the 170,332 patients diagnosed as having schizo-
phrenia, men had higher incidence rates of suicide mortality 
than women did. Among men, the suicide mortality rate was 
252.4 cases in every 100,000 people (p < 0.001), which was 
higher than that for women. Compared with men, women 
were more likely to commit suicide through drowning (23.8 
cases in every 100,000 people; p < 0.001) and jumping (61.2 
cases in every 100,000 people; p = 0.045).

The suicide mortality incidence rates for drug overdose, 
charcoal-burning or gas asphyxiation, hanging, firearms, and 
cutting were higher among men than among women, with 
69.3, 51.4, and 44.0 cases of hanging, charcoal-burning or 
gas asphyxiation, and drug overdose per 100,000 people, 
respectively (p < 0.001; Table 3).

Standardized mortality ratio (SMR)

Of the three groups of the cohort based on comorbidity—
namely, without psychiatric comorbidities, comorbidities 
with SUDs, and comorbidities with non-SUD psychiatric 
comorbidity—patients with the comorbidities with SUDs 
group had the highest mortality rate (SMR = 13.1). The dis-
tribution of the causes of death is presented in Table 4.

The comorbidities with SUDs group also had the high-
est SMR among cases with suicide mortality (26.9, 95% 
CI = 23.4–28.9) and the highest SMR for each method of 
suicide, particularly jumping from heights (61.2, 95% 
CI = 48.3–76.3; Table 4).

We investigated differences between men and women for 
various indicators, including the crude incidence of cause 
of death (Table 1), SMRs of cause of death (Table 2), and 
SMR of each suicide method (Table 3). Regarding mor-
tality through specific causes, the mortality rate through 
unnatural causes were significantly higher in men than in 
women (p < 0.001); furthermore, men exhibited a higher 
incidence of suicide mortality than women did (p < 0.001). 
SMRs of deaths among women through unnatural causes 
(15.72, 95% CI = 15.03–16.43) and suicide (17.34, 95% 
CI = 16.39–18.34) were higher than those among men.

Discussion

Strengths of this study

The strengths of this study included a large sample size of 
patients diagnosed as having schizophrenia representing the 
entire Taiwan population. This study revealed that patients 
with schizophrenia were more likely to commit suicide by 

Table 4   Observed and expected deaths and standardized mortality 
ratios (SMRs) of patients with schizophrenia stratified based on each 
suicide method obtained through linkage with the national mortality 

database in Taiwan ( January 1, 2000, to December 31, 2016) (cohort, 
N = 170,322; mortality, n = 26,926; suicide mortality, n = 3,033)

a Definition of suicide: combining ICD-9-CM and ICD-10-CM codes based on the ICD-9-CM code category (ICD-10-CM codes were converted 
into ICD-9-CM codes)
Each cause of death listed in Table 4 with SMR significantly different from 1.0 (p < 0.05) in any of the three groups

Without Psychiatric Comorbidity 
(within 1 year before the baseline)

Comorbid with substance use disorder 
(SUD) (291, 292, 303, 304)

Comorbid with non-SUD Psychiatric 
Comorbidity (290–319, except 291, 
292, 303, 304)

Observed Expected SMR (95% CI) Observed Expected SMR (95% CI) Observed Expected SMR (95% CI)

Total mortality 9824 2075.4 4.7 (4.6–4.8) 2399 182.91 13.1 (12.6–13.7) 14,703 2957.5 5.0 (4.9–5.1)
 Unnatural death 1721 204.5 8.4 (8.0–8.8) 719 26.68 26.9 (25.0–29.0) 2817 224.5 12.6 (12.1–13.0)
  Suicidea 953 101.6 9.4 (8.8–10.0) 356 13.68 26.0 (23.4–28.9) 1724 106.8 16.1 (15.4–16.9)
  Drug overdose 140 15.6 9.0 (7.6–10.6) 71 1.87 37.9 (29.6–47.8) 296 17.5 17.0 (15.1–19.0)
  Charcoal burning 

and other gas 
poisoning

153 33.2 4.6 (3.9–5.4) 74 5.11 14.5 (11.4–18.2) 306 32.1 9.5 (8.5–10.7)

  Hanging 256 31.1 8.25 (7.3–9.3) 87 4.11 21.2 (17.0–26.1) 406 33.5 12.1 (11.0–13.4)
  Drowning 94 5.2 18.0 (14.6–22.1) 18 0.54 33.1 (19.6–52.3) 162 5.9 27.5 (23.5–32.1)
  Firearms and 

explosives
14 1.1 12.2 (6.7–20.5) 6 0.18 33.7 (12.3–73.4) 19 1.1 17.0 (10.3–26.6)

  Cutting 21 1.8 12.0 (7.4–18.4) 12 0.24 49.1 (25.3–85.7) 27 1.8 14.8 (9.8–21.6)
  Jumping from a 

high place
249 11.4 21.9 (19.3–24.8) 78 1.27 61.2 (48.3–76.3) 463 12.6 36.6 (33.4–40.1)

  Others 26 2.4 11.0 (7.2–16.1) 10 0.34 29.3 (14.0–53.9) 45 2.4 18.8 (13.7–25.2)
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jumping from heights or drowning than were the general 
population. Male and female patients with schizophrenia 
were likely to commit suicide by hanging and jumping, 
respectively. Thus, sex differences existed in their sui-
cide methods. Furthermore, this study found that patients 
with schizophrenia comorbid with SUD were most likely 
to commit suicide (SMR = 26.0), particularly by jumping 
(SMR = 61.2).

Risk factors for suicide in patients 
with schizophrenia

This study substantiated that patients with schizophrenia 
were at the highest suicide risk at ages 22–44 years, whereas 
the risk significantly decreased after 55 years. This finding 
was consistent with previous studies, which verified that 
patients with schizophrenia exhibited a high suicide rate 
immediately after the first schizophrenia diagnosis [7, 10]. 
This phenomenon suggests that young and newly diagnosed 
patients with schizophrenia may be unable to adapt to their 
illness and therefore commit suicide. This information is 
helpful for clinical staff members to provide early interven-
tion to prevent suicide among patients newly diagnosed as 
having schizophrenia. This study found the high suicide 
rate among patients with schizophrenia to be unacceptable, 
especially in the early phases of illness. A recent study [29] 
reported that early intervention was associated with reduc-
tions in long-term suicide rates. Therefore, patients in the 
early phase of schizophrenia warrant early intervention due 
to the high suicide rates.

This study found that although female patients with schiz-
ophrenia had fewer incidences of suicide than male patients 
did, they exhibited a higher suicide SMR than did men (17.3 
vs. 11.9). This finding appears to be paradoxical and could 
be explained by women in the general population having a 
much lower suicide rate than did men and by the difference 
in suicide rates between men and women with schizophre-
nia being relatively small. Therefore, men with schizophre-
nia had a higher suicide rate than did women, and women 
with schizophrenia had higher SMRs. The findings of this 
study are similar to those of a study in Stockholm County, 
Sweden, from 1973 to 1995, which indicated that among all 
patients with schizophrenia, the suicide SMR was 15.7 and 
19.7 for male and female patients, respectively [30]. Another 
study in Taiwan demonstrated that the SMRs for suicides in 
patients with schizophrenia were 23.9 and 46.1 for male and 
female patients, respectively [31]. The aforementioned study 
yielded higher SMRs than did this study, possibly because 
the participants were selected from hospitals and therefore 
involved cases with more severe illnesses, leading to higher 
suicide SMRs. Thus, suicide mortality in both male and 
female patients with schizophrenia requires attention and 
increased prevention measure.

Suicide methods used by patients 
with schizophrenia

This study verified that for committing suicide, compared 
with the general population, patients with schizophrenia 
were more likely to adopt jumping from heights or drown-
ing and less likely to adopt charcoal-burning or hanging.

This study found that people with schizophrenia were 
likely to commit suicide by jumping, which is consistent 
with other studies [13, 16]. A study [32] provided a possible 
explanation by analyzing those who attempted suicide by 
jumping based on hospital records of a general hospital and 
reported that the psychotic symptoms of patients—such as 
disorganization or cognitive impairment—may interfere with 
the preparations for suicide; therefore, such patients tend to 
commit suicide by jumping. As patients with schizophrenia 
are indeed likely to develop psychotic symptoms, they may 
be less likely to choose suicide methods that require plan-
ning, such as jumping.

Our study also found that people with schizophrenia were 
more likely than the general population to commit suicide 
by drowning. A study [33] argued that most cases of suicide 
by drowning involved adult men with depression; because of 
their mental incapacity, they chose places with easy access 
to water. Studies comparing suicide methods among peo-
ple with schizophrenia mostly focused on suicide methods 
more prevalent among people with schizophrenia, such as 
jumping from heights; few studies have investigated suicide 
by drowning, and further study is required for the possible 
mechanisms.

Charcoal-burning is a novel suicide method that has 
become common in Asian countries over the past 20 years 
[19]. However, the present study revealed that patients with 
schizophrenia were less likely to commit suicide using 
charcoal-burning than was the general population, which 
is consistent with previous studies. A Taiwan study showed 
that 73 cases of suicide attempts through charcoal-burning 
from 2000 to 2010, patients with moderate to severe depres-
sion represented the majority (49.3%), and patients with 
schizophrenia were rare [34]. Another study indicated that 
from 2000 to 2004 in Taiwan, the highest and lowest rates 
of suicide by charcoal-burning were among nonpsychotic 
people and patients with schizophrenia, respectively [18]. 
Thus, charcoal-burning is less common in patients with 
schizophrenia than in other functional groups because schiz-
ophrenia symptoms affect their functional ability. Suicide by 
charcoal-burning requires multiple steps, which may present 
a barrier to people with schizophrenia who prefer simpler 
suicide methods [4, 13, 14].

In terms of sex differences, our study revealed that male 
patients with schizophrenia are more likely to commit 
suicide by hanging, charcoal-burning, and drug overdose, 
whereas female patients with schizophrenia mostly commit 
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suicide by jumping from heights and drowning. Although 
the possible explanations remain speculative, these find-
ings could provide clinical caregivers as a reference for 
suicide prevention.

Increased risk while comorbid with SUDs

Studies [35, 36] have shown that patients with schizophre-
nia were prone to using violent suicide methods with high 
fatality rates. However, the SMR of each suicide method 
in this study, either violent or nonviolent, was significantly 
higher than that of the general population, particularly 
jumping from a high place (SMR: 31.3) and drowning 
(SMR: 23.5). This information is a crucial reference for 
prevention and intervention.

This study substantiated that patients with schizophre-
nia comorbid with SUDs within 1 year before the baseline 
had high suicide SMRs. However, this finding should be 
interpreted with caution, because it is unclear whether the 
individuals had active SUDs at the time of death according 
to the register data. This study preliminarily indicated a 
potential association between comorbidity with SUDs and 
a relatively high risk of suicide. Studies have reported that 
SUDs are a risk factor for suicide [16, 37, 38]. A study 
[39] showed that using illegal drugs triples mortality by 
unnatural causes.

In this study, of 3033 mortality cases, 356 involved SUD 
within 1 year before the baseline. Regarding the major 
diagnosis of psychiatric comorbidity related to SUD, 165 
cases involved alcohol use disorder and 191 involved drug 
use disorder. A total of 45 cases were comorbid with both 
alcohol and drug use disorders. Patients with schizophre-
nia who drink alcohol might exhibit poor general execu-
tive functioning and decision-making skills, increasing 
their likelihood of attempting suicide [38]. Thus, patients 
with schizophrenia comorbid with drug or alcohol addic-
tion would be prone to suicidal behaviors as a result of 
decreased general executive functioning and decision-
making capacity after drug or alcohol use. Comorbidity 
with drug and alcohol addiction could have a synergistic 
effect on suicide risk.

Furthermore, this study verified that among the three 
comorbidity groups, the group comorbid with SUDs exhib-
ited the highest SMRs in suicide methods. In this group, 
the SMR for suicide by jumping from heights was as high 
as 61.2; this exceedingly large number indicates that the 
impulse control of patients with schizophrenia is impaired 
because of psychoactive substance use. Furthermore, sub-
ject to psychoactive substance use, SMRs for other suicide 
methods were exceedingly high. Thus, future medical care 
should particularly focus on suicide prevention for patients 
with schizophrenia using psychoactive substances.

Study limitations

This study has several limitations. First, the analysis was 
conducted using database records. We could not track the 
mortality status for individuals with schizophrenia who 
migrated out of the country during the study period. How-
ever, such individuals constituted a small fraction of all 
patients, and the findings should not have been affected. 
Second, those who died by suicide could be misclassified 
as other causes, e.g., accidental death, typically owing to 
insurance benefits or social stigma reasons [40]. Third, our 
data did not include information on lifestyle, and there-
fore, the correlation between lifestyle and suicide method 
chosen cannot be investigated. Fourth, this study excluded 
patients with contact to services during 2000 to exclude 
potential prevalent patients with schizophrenia. To enroll 
a larger sample size with a long-term follow-up period, 
we used a shorter wash-out period (i.e., 1 year) instead of 
a longer wash-out period. However, selection bias could 
exist, because this study may include prevalent patients 
who lived and received continuous treatment after 2001. 
Future studies should include incident subjects with schiz-
ophrenia only.

Implications

This study found that compared with the general popula-
tion, people with schizophrenia are prone to attempting 
suicide through methods that do not require tools, such as 
jumping from heights or drowning. Suicide methods that 
require tools—such as charcoal-burning and hanging—are 
less common, indicating a difference in functional ability 
among individuals with schizophrenia compared with the 
general population. In future, prevention efforts should focus 
on these suicide methods to reduce the suicide risk among 
patients with schizophrenia. In addition, patients with SUDs 
exhibit high SMRs for all suicide methods. Thus, patients 
with schizophrenia comorbid with SUDs possess poor 
decision-making skills and are prone to impulsive suicidal 
behaviors, which increased their suicide risk. This is the 
high-risk group for suicide that must be focused on to con-
trol their suicidal behaviors in the early stages.
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