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Background-—This nationwide population-based cohort study evaluated the risk of and risk factors for suicide attempt in
poststroke patients in Taiwan.

Methods and Results-—The poststroke and nonstroke cohorts consisted of 713 690 patients and 1 426 009 controls,
respectively. Adults (aged >18 years) who received new stroke diagnoses according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM; codes 430–438) between 2000 and 2011 were included in the poststroke cohort.
We calculated the adjusted hazard ratio for suicide attempt (ICD-9-CM codes E950–E959) after adjustment for age, sex, monthly
income, urbanization level, occupation category, and various comorbidities. Kaplan–Meier analysis was used to measure the
cumulative incidence of suicide attempt, and the Fine and Gray method was used as a competing event when estimating death
subhazard ratios and 95% confidence intervals between groups. The cumulative incidence of suicide attempt was higher in the
poststroke cohort, and the adjusted hazard ratio of suicide attempt was 2.20 (95% confidence interval, 2.04–2.37) compared with
that of the controls. The leading risk factors for poststroke suicide attempt were earning low monthly income (<660 US dollars),
living in less urbanized regions, doing manual labor, and having a stroke before age 50 years. The attempted suicide risk did not
differ significantly between male and female patients in this study.

Conclusions-—These results convey crucial information to clinicians and governments for preventing suicide attempt in poststroke
patients in Taiwan and other Asian countries. ( J Am Heart Assoc. 2018;7:e007830. DOI: 10.1161/JAHA.117.007830.)
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S troke is one of the most common neurological diseases.
Regardless of pathogenesis or type, whether ischemic or

hemorrhagic, the priority when treating patients with stroke is
the reduction of poststroke mortality. Stroke usually causes
disability or restricts daily activities, thereby resulting in long-
term reduction in quality of life for those who have had one.
Stroke is listed as the most common cause of disability in

adults worldwide.1–3 In Western developed countries, post-
stroke patients might exhibit high intolerance of their
disability, and several studies have revealed notably higher
rates of suicide ideation, suicide attempts, and completed
suicides in poststroke patients than in the general popula-
tion.4–6 In different countries, cultural heritage and socioeco-
nomic status would usually influence a patient with disability
thinking about a suicide attempt. Ethnic and cultural differ-
ences from Western countries may make Asian people more
tolerant of their impairment, dependence, or disability in daily
life than their European or American counterparts.7–9

Taiwan is a country located in East Asia with the ethnic and
cultural heritage of the Han people, similar to that of the
Chinese and Southeast Asian population.10,11 Although the
country has established a healthcare system that has covered
�99% of the population for the previous 20 years, we do not
have actual data regarding attempted suicide risk in post-
stroke patients.12,13 Furthermore, we would like to identify
possible risk factors that can serve as suicide markers to
facilitate suicide prevention in Taiwan and other Asian
countries. We used a nationwide population-based database
to study whether risk factors for suicide attempt similar to
those in Western countries were noted in poststroke patients
in Taiwan.
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Methods
The data set used in this study is held by the Taiwan Ministry
of Health and Welfare (MOHW). The MOHW must approve our
application to access these data. Any researcher interested in
accessing this data set can submit an application form to the
MOHW requesting access. Please contact the staff of the
MOHW for further assistance (Taiwan Ministry of Health and
Welfare, No. 488, Sec. 6, Zhongxiao E. Rd., Nangang Dist.,
Taipei City 115, Taiwan [R.O.C.]; phone: +886-2-8590-6848;
e-mail: stcarolwu@mohw.gov.tw). All relevant data are within
the article.

Data Source
This retrospective cohort study was conducted using inpatient
files from the Taiwan National Health Insurance Research
Database (NHIRD) provided by the National Health Research
Institute (NHRI).12 The NHRI organizes the NHIRD, which
contains all claims data from the National Health Insurance
(NHI) program in Taiwan. The NHI program, which started in
Taiwan on March 1, 1995, covers �99% of Taiwan’s national
population. More details regarding the NHIRD have been
described elsewhere.13,14 Diagnostic codes based on the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) were retrieved from the NHIRD.

Ethics Statement
The NHIRD encrypts patient personal information to protect
privacy and provides researchers with anonymous identifica-
tion numbers associated with relevant claims information,
including sex, date of birth, medical services received, and
prescriptions. Consequently, patient consent is not required
to access the NHIRD. This study was approved to fulfill the
condition for exemption by the institutional review board of
China Medical University (CMUH104-REC2-115-CR2). The

institutional review board also specifically waived the consent
requirement.

Sampled Participants
This study focused on comparing the risk of suicide attempt
between individuals with and without stroke. We recruited a
poststroke and nonstroke cohort consisting of patients and
controls, respectively. The poststroke cohort recruited adults
(aged >18 years) who received a first-ever diagnosis (ICD-9-CM
codes 430–438) of either hemorrhagic stroke (ICD-9-CM codes
430–432) or ischemic stroke (ICD-9-CM codes 433–438) in
NHIRD between January 1, 2000, and December 31, 2010. The
admission date after the initial stroke diagnosis was set as the
index date. To recruit a comparable nonstroke cohort, we
randomly selected controls at�2 times the number of patients
without a stroke diagnosis history and frequency-matched
them by sex and age (for every 5-year span) with the poststroke
patients. We set a random month and day and the same index
year as that of the matched patient’s index date. We excluded
patients with a history of suicide attempt (ICD-9-CM codes
E950–E959) before the index date. The baseline comorbidity
history included schizophrenia (ICD-9-CM code 295), depres-
sion before stroke (ICD-9-CM codes 296.2, 296.3, 296.82,
300.4, and 311), poststroke depression (ICD-9-CM codes
296.2, 296.3, 296.82, 300.4, and 311), alcohol-related illness
(ICD-9-CM codes 291, 303, 305.00, 305.01, 305.02, 305.03,
571.0, 571.1, 571.3, 790.3, and V11.3), anxiety (ICD-9-CM
code 300.00), mental disorders (ICD-9-CM codes 290–319),
insomnia (ICD-9-CM codes 307.4 and 780.5), cognitive
dysfunction (ICD-9-CM codes 331 and 331.83), dementia after
stroke (ICD-9-CM codes 290, 294.1, and 331.0), diabetes
mellitus (ICD-9-CM code 250), chronic obstructive pulmonary
disease (ICD-9-CM codes 491, 492, and 496), asthma (ICD-9-
CM code 493), coronary artery disease (ICD-9-CM code 410–
414), and hypertension (ICD-9-CM code 401–405). These
comorbidities were identified in the study cohorts and adjusted
in the analysis (Figure 1).

Outcome Measurement
All participants enrolled in this study were followed up until a
diagnosis of suicide attempt (ICD-9-CM codes E950–E959),
death from other causes, withdrawal from the insurance
system, or the end of 2011, whichever occurred earlier.

Statistical Analyses
The proportionate distributions of sociodemographic status
(including sex, age, monthly income, urbanization level, and
occupation category) and comorbidity of the poststroke and
nonstroke cohorts were compared and examined using the v2

Clinical Perspective

What Is New?

• This study provides evidence supporting significant predis-
posing factors for poststroke suicide attempt.

• The leading risk factors were low monthly income, less
urbanized region, manual labor, and a stroke before age
50 years.

What Are the Clinical Implications?

• These results convey crucial information to clinicians and
caregivers for preventing suicide in poststroke patients in
Taiwan and other Asian countries.
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test and the Student t test for categorical and continuous
variables, respectively. We plotted the cumulative incidence of
suicide attempt by applying the Kaplan–Meier method, and
the level of statistical significance was based on the log-rank
test. The incidence density rates of attempted suicide among
different risk factors stratified by age, sex, monthly income,
urbanization level, occupation category, and comorbidity were
calculated as the number of suicide attempt events divided by
the sum of the follow-up time (per 10 000 person-years).
Univariable and multivariable Cox proportional hazards
regression models were used to calculate the hazard ratio
(HR) and the 95% confidence interval (CI) of the risk of suicide
attempt associated with stroke. The multivariable models
were simultaneously adjusted for sociodemographic status
and comorbidities. Because mortality is a vital factor affecting
the estimation of suicide attempt, we also considered the
event of death as a competing event to estimate sub-HRs and
95% CIs by using the Fine and Gray method.15 These data

were further analyzed to compare the risk of mortality among
attempted suicide patients with and without stroke. We used
SAS (v. 9.2 for Windows; SAS Institute) for all statistical
analyses. P<0.05 was considered statistically significant.

Results
We recruited a poststroke cohort consisting of 713 690
patients and a nonstroke cohort comprising 1 426 009
controls (Table 1). The distributions of sex and age did not
differ significantly between the poststroke and nonstroke
cohorts because the patients and controls were matched. The
mean age (�SD) of the poststroke cohort and nonstroke cohort
was 67.9�13.9 and 67.0�14.0 years, respectively. Both the
poststroke and nonstroke cohorts had average income levels
between 15 000 and 19 999 New Taiwan dollars (NTD) per
month (approximately equal to 495–660 US dollars [USD] per
month; 49.1% versus 44.7%) and lived in higher urbanized areas

Figure 1. The flowchart of participant selection in this study.
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(50.1% versus 54.4% in urbanization levels 1 and 2). Compared
with the nonstroke controls, the poststroke patients had a
higher tendency to work as manual laborers (46.6% versus

41.6%) and to have hypertension (61.9% versus 13.6%),
coronary artery disease (20.3% versus 7.23%), diabetesmellitus
(20.1% versus 7.21%), chronic obstructive pulmonary disease

Table 1. Demographic Characteristics and Comorbidities of Poststroke Patients and Nonstroke Controls

Nonstroke (n=1 426 009) Poststroke (n=713 690) *P Value

Sex 0.76

Female 606 940 (42.6) 303 918 (42.6)

Male 819 069 (57.4) 409 772 (57.4)

Age, y 0.88

≤49 165 898 (11.6) 82 949 (11.6)

50–64 360 962 (25.3) 180 481 (25.3)

≥65 899 149 (63.1) 450 260 (63.1)

Age, y, mean�SD† 67.0 (14.0) 67.9 (13.9) 0.001

Monthly income‡ <0.001

<15 000 472 116 (33.1) 243 271 (34.1)

15 000–19 999 637 351 (44.7) 350 453 (49.1)

≥20 000 316 542 (22.2) 119 966 (16.8)

Urbanization level§ <0.001

1 (highest) 381 567 (26.8) 162 506 (22.8)

2 394 097 (27.6) 194 932 (27.3)

3 229 360 (16.1) 120 100 (16.8)

4 (lowest) 420 985 (29.5) 236 152 (33.1)

Occupation category¶ <0.001

Office worker 627 244 (44.0) 274 796 (38.5)

Manual laborer 593 210 (41.6) 332 694 (46.6)

Other 205 555 (14.4) 106 200 (14.9)

Comorbidity

Schizophrenia 4653 (0.33) 3745 (0.52) <0.001

Depression before stroke 7434 (0.52) 16 467 (2.31) <0.001

Poststroke depression 9280 (0.65) 15 134 (2.12) <0.001

Alcohol-related illness 6432 (0.45) 15 875 (2.22) <0.001

Anxiety 5322 (0.37) 10 344 (1.45) <0.001

Mental disorders 18 657 (1.31) 55 519 (7.78) <0.001

Insomnia 12 439 (0.87) 22 163 (3.11) <0.001

Cognitive dysfunction 3918 (0.27) 10 321 (1.45) <0.001

Dementia after stroke 20 422 (1.43) 40 997 (5.74) <0.001

Diabetes mellitus 102 749 (7.21) 143 101 (20.1) <0.001

Chronic obstructive pulmonary disease 60 523 (4.24) 74 144 (10.4) <0.001

Asthma 32 099 (2.25) 37 400 (5.24) <0.001

Coronary artery disease 103 055 (7.23) 144 841 (20.3) <0.001

Hypertension 194 295 (13.6) 441 836 (61.9) <0.001

*Chi-square test.
†Student t test.
‡In New Taiwan dollars; 1 New Taiwan dollar is equal to 0.033 US dollars.
§The urbanization level was determined by dividing the population density of residential areas into 4 levels, with level 1 the most urbanized and level 4 the least urbanized.
¶Other occupation categories included those who were primarily retired, unemployed, and on low income.
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(10.4% versus 4.24%), alcohol-related illness (2.22% versus
0.45%), insomnia (3.11% versus 0.87%), mental disorders
(7.78% versus 1.31%), dementia after stroke (5.74% versus
1.43%), depression before stroke (2.31% versus 0.52%),
poststroke depression (2.12% versus 0.65%), anxiety (1.45%
versus 0.37%), cognitive dysfunction (1.45% versus 0.27%), and
schizophrenia (0.52% versus 0.33%; Table 1).

Kaplan–Meier analysis indicated that the cumulative inci-
dence of suicide attempt was significantly higher in the
poststroke cohort than in the nonstroke cohort (log-rank
P<0.001; Figure 2) throughout the 12-year study period. The
overall incidence density rates of attempted suicide were
2.38, 5.52, 7.28, and 7.02 per 10 000 person-years in the
nonstroke controls and in the poststroke patients with
hemorrhagic stroke, ischemic stroke, and total stroke,
respectively (Table 2). Compared with the nonstroke controls,
the corresponding adjusted HRs (aHRs) for suicide attempt
were 1.87 (95% CI, 1.62–2.15), 2.25 (95% CI, 2.08–2.43), and
2.20 (95% CI, 2.04–2.37) for the hemorrhagic, ischemic, and
total stroke patients, respectively, after adjusting for age,
monthly income, urbanization level, and comorbidities of
schizophrenia, depression before stroke, poststroke depres-
sion, alcohol-related illness, anxiety, mental disorders, insom-
nia, cognitive dysfunction, dementia after stroke, diabetes
mellitus, chronic obstructive pulmonary disease, asthma,
coronary artery disease, and hypertension. Compared with
patients aged 50–64 years, the risk of attempted suicide was
1.35-fold higher in those aged ≤49 years (95% CI, 1.22–1.50).
The low monthly income group (<15 000 NTD, �495 USD)
had an aHR of 1.64 (95% CI, 1.46–1.85), and the middle

monthly income group (15 000–19 999 NTD, �495–660
USD) had an aHR of 1.46 (95% CI, 1.31–1.63) for suicide
attempt compared, respectively, with the high monthly
income group (≥20 000 NTD, �660 USD). The aHRs of
suicide attempt were 1.58 (95% CI, 1.43–1.74), 1.49 (95% CI,
1.34–1.66), and 1.37 (95% CI, 1.24–1.51) for those patients
living in regions with urbanization level 4 (the lowest
urbanized region), level 3, and level 2, respectively, compared
with those living in regions with the urbanization level 1 (the
highest urbanized region). The risk of attempted suicide was
higher among manual laborers than office workers (aHR: 1.31;
95% CI, 1.20–1.43). Moreover, the risk of attempted suicide
was higher in specific patients with schizophrenia (aHR: 1.98;
95% CI, 1.46–2.70), depression before stroke (aHR: 3.37; 95%
CI, 2.91–3.89), poststroke depression (aHR: 2.81; 95% CI,
2.44–3.24), alcohol-related illness (aHR: 2.09; 95% CI, 1.72–
2.52), anxiety (aHR: 1.72; 95% CI, 1.42–2.08), insomnia (aHR:
1.79; 95% CI, 1.54–2.08), diabetes mellitus (aHR: 1.28; 95%
CI, 1.18–1.39), chronic obstructive pulmonary disease (aHR:
1.35; 95% CI, 1.20–1.52), asthma (aHR: 1.33; 95% CI, 1.15–
1.53), coronary artery disease (aHR: 1.23; 95% CI, 1.13–1.35),
and hypertension (aHR: 1.11; 95% CI, 1.03–1.20) compared
with others without these comorbidities (Table 2).

Table 3 presents a sensitivity analysis for the estimation of
the risk of suicide in the study cohorts by considering the
competing risk of death. After adjustment for confounding
factors and the competing risk of death, the poststroke cohort
remained more associated with significantly higher risk of
new-onset stroke, and specifically of hemorrhagic stroke, than
the nonstroke cohort (adjusted sub-HR: 2.15 [95% CI, 1.99–
2.32] and 2.01 [95% CI, 1.87–2.16]; Table 3). We further
analyzed the mortality rate in �3 years after suicide attempts
were recorded. The mortality rate is, unexpectedly, slightly
lower in the poststroke patients than in the nonstroke
controls (24.9% versus 26.2%); however, there was no
significant difference in mortality rates between the post-
stroke patients and controls.

In addition, we analyzed the different ways of attempting
suicide in our cohorts. The poststroke patients were 4.22-fold
more likely to jump from high places (95% CI, 2.08–8.56),
2.28-fold more likely to develop liquid or solid poisoning (95%
CI, 2.09–2.49), 1.93-fold more likely to cut or pierce
themselves (95% CI, 1.53–2.44), 1.73-fold more likely to
hang themselves (95% CI, 1.16–2.57), and 2.25-fold more
likely to attempt suicide in other ways (95% CI, 1.72–2.94)
than the nonstroke controls who attempted suicide (Table 4).

Discussion
In this study, our results indicated, surprisingly, that patients
who had hemorrhagic stroke (rather than ischemic stroke)
had a higher risk of a next stroke compared with those who

Figure 2. Comparison of cumulative incidence of attempted
suicide in the poststroke and nonstroke cohorts.
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Table 2. Incidence of and Risk Factors for Suicide Attempt

Variable Event Person-Years Rate* Crude HR (95% CI) Adjusted HR† (95% CI)

Stroke

No 1925 8 096 035 2.38 1.00 1.00

Hemorrhagic stroke 246 445 868 5.52 2.27 (1.99, 2.59)‡ 1.87 (1.62, 2.15)‡

Ischemic stroke 1894 2 602 413 7.28 2.99 (2.81, 3.19)‡ 2.25 (2.08, 2.43)‡

Total 2140 3 048 280 7.02 2.89 (2.71, 3.07)‡ 2.20 (2.04, 2.37)‡

Age group, y

≤49 605 1 471 834 4.11 1.31 (1.19, 1.45)‡ 1.35 (1.22, 1.50)‡

50–64 992 3 153 473 3.15 1.00 1.00

≥65 2468 6 519 009 3.79 1.17 (1.09, 1.26)‡ 1.06 (0.98, 1.15)

Sex

Female 1727 4 830 122 3.58 1.00 1.00

Male 2338 6 314 193 3.70 1.03 (0.97, 1.10) –

Monthly income§

<15 000 1311 3 577 081 3.66 1.71 (1.54, 1.89)‡ 1.64 (1.46, 1.85)‡

15 000–19 999 2241 5 155 646 4.35 2.04 (1.85, 2.24)‡ 1.46 (1.31, 1.63)‡

≥20 000 513 2 411 588 2.13 1.00 1.00

Urbanization levelk

1 (highest) 678 2 861 571 2.37 1.00 1.00

2 1097 3 081 302 3.56 1.50 (1.37, 1.65)‡ 1.37 (1.24, 1.51)‡

3 721 1 813 307 3.98 1.68 (1.51, 1.86)‡ 1.49 (1.34, 1.66)‡

4 (lowest) 1569 3 388 134 4.63 1.95 (1.79, 2.14)‡ 1.58 (1.43, 1.74)‡

Occupation category¶

Office worker 1325 4 788 374 2.77 1.00 1.00

Manual laborer 2154 4 816 219 4.47 1.62 (1.51, 1.73)‡ 1.31 (1.20, 1.43)‡

Other 586 1 539 723 3.81 1.37 (1.24, 1.51)‡ 1.01 (0.91, 1.13)

Comorbidity

Schizophrenia

No 4023 11 105 894 3.62 1.00 1.00

Yes 42 38 421 10.9 2.96 (2.18, 4.01)‡ 1.98 (1.46, 2.70)‡

Depression before stroke

No 3844 11 043 613 3.48 1.00 1.00

Yes 221 100 703 22.0 6.11 (5.33, 6.99)‡ 3.37 (2.91, 3.89)‡

Poststroke depression

No 3852 10 990 993 3.50 1.00 1.00

Yes 213 153 323 13.9 4.05 (3.53, 4.65)‡ 2.81 (2.44, 3.24)‡

Alcohol-related illness

No 3936 11 051 763 3.56 1.00 1.00

Yes 129 92 552 13.9 3.81 (3.19, 4.54)‡ 2.09 (1.72, 2.52)‡

Anxiety

No 3944 11 070 435 3.56 1.00 1.00

Yes 121 73 880 16.4 4.52 (3.77, 5.42)‡ 1.72 (1.42, 2.08)‡

Continued
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had not had a stroke. As in the studies in Western countries,5

our poststroke patients had a significantly higher risk of
suicide attempt than did the nonstroke controls. In addition,
the leading risk factors for poststroke suicide attempt were
having a stroke at before age 50 years, earning low or middle
monthly income (<20 000 NTD, �660 USD), living in regions
with less urbanization, and doing manual labor. The attempted
suicide risk did not differ significantly between male and
female poststroke patients in this study. The ethnic and

cultural heritage of the Han people in Taiwan seems not to
cause differences in study results regarding suicide attempts
by Taiwanese poststroke patients and those in Western
countries.

The socioeconomic status and social support of patients
with disability should be thought as the major factors
affecting long-term outcome and life span.1,16 Patients who
survive a stroke may be frustrated to manage the new
experience of disability or impairment by themselves.

Table 2. Continued

Variable Event Person-Years Rate* Crude HR (95% CI) Adjusted HR† (95% CI)

Mental disorders

No 3939 10 890 990 3.62 1.00 1.00

Yes 126 253 325 4.97 1.29 (1.08, 1.55)# 0.81 (0.67, 1.00)

Insomnia

No 3858 11 000 255 3.51 1.00 1.00

Yes 207 144 061 14.4 3.95 (3.44, 4.55)‡ 1.79 (1.54, 2.08)‡

Cognitive dysfunction

No 4042 11 099 183 3.64 1.00 1.00

Yes 23 45 133 5.10 1.30 (0.86, 1.96) 0.76 (0.50, 1.15)

Dementia after stroke

No 3983 10 830 139 3.68 1.00 1.00

Yes 82 314 176 2.61 0.71 (0.57, 0.88)# 0.42 (0.33, 0.52)‡

Diabetes mellitus

No 3292 9 730 782 3.38 1.00 1.00

Yes 773 1 413 534 5.47 1.64 (1.52, 1.78)‡ 1.28 (1.18, 1.39)‡

Chronic obstructive pulmonary disease

No 3682 10 668 608 3.45 1.00 1.00

Yes 383 475 707 8.05 2.21 (1.99, 2.46)‡ 1.35 (1.20, 1.52)‡

Asthma

No 3825 10 873 179 3.52 1.00 1.00

Yes 240 271 137 8.85 2.42 (2.12, 2.76)‡ 1.33 (1.15, 1.53)‡

Coronary artery disease

No 3370 10 125 179 3.33 1.00 1.00

Yes 695 1 019 136 6.82 1.98 (1.83, 2.15)‡ 1.23 (1.13, 1.35)‡

Hypertension

No 2411 8 422 637 2.86 1.00 1.00

Yes 1654 2721 678 6.08 2.06 (1.93, 2.19)‡ 1.11 (1.03, 1.20)#

CI indicates confidence interval; HR, hazard ratio; NTD, New Taiwan dollars.
*Incidence rate per 10 000 person-years.
†Multivariable analysis included age, monthly income, urbanization level, and comorbidity of schizophrenia, depression before stroke, poststroke depression, alcohol-related illness,
anxiety, mental disorders, insomnia, cognitive dysfunction, dementia after stroke, diabetes mellitus, chronic obstructive pulmonary disease, asthma, coronary artery disease, and
hypertension.
‡P<0.001.
§In NTD, where 1 NTD is equal to 0.03 US dollars.
kThe urbanization level of residential areas was determined by dividing the population density into 4 levels, with level 1 the most urbanized and level 4 the least urbanized.
¶Other occupation categories included those who were primarily retired, unemployed, and on low income.
#P<0.01.
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Poststroke patients need health-related rehabilitation to
achieve optimal interaction with their environments and
participation in various activities, and financial support to
health-care system may be needed to provide or improve
those services. Health-related rehabilitation services are often
insufficiently funded and provided in many respects, partic-
ularly in Asian and developing societies. While considering the
cost effectiveness of a high-volume rehabilitation service,
governments may try to avoid investing large funds for
primary care, especially in communities of developing

countries.17 With a similar cultural heritage, Yamauchi et al
reported that poststroke suicide risk was higher in young and
male patients in Japan, a neighboring and more developed
country in East Asia.18 Those findings were similar to the
studies from Western countries and to ours, even with
different ethnic backgrounds. Compared with our study, we
conclude that having stroke at a young age and having low
socioeconomic status, such as earning less monthly income,
living in a less urbanized region, and doing manual labor, are
the leading predisposing factors for poststroke patients to
attempt suicide in Taiwan.

A stroke might cause physical damage that affects the
cognitive and interpretive abilities of a patient, and such
damage is strongly associated with depression, anxiety,
mental or sleep disorders, cognitive dysfunction, or even
dementia after a stroke. Poststroke patients may feel like they
have no hope, are a burden on others, or are losing their
personal dignity and thus may have a desire for death.19–21

Our study provides information for suicide prevention by
suggesting that those who received a depression diagnosis
before a stroke are likely at higher risk of attempting suicide
than those diagnosed with depression after a stroke. Among
the various comorbidities, depression before and after stroke
and alcohol-related illness are the most likely to increase
poststroke suicide attempts, whereas the risk of suicide
attempt would not be increased by mental disorders, cognitive
dysfunction, or poststroke dementia.

The four common ways of poststroke patients attempting
suicide identified in this study were jumping from high places,
liquid or solid poisoning, cutting or piercing, and hanging.
Among them, jumping from high places was the most
common way in Taiwan. This finding is different from those
in Western countries, where firearms and self-poisoning are

Table 4. Incidence and HRs of Different Ways of Attempting Suicide in the Poststroke and Nonstroke Cohorts

Outcome

Nonstroke Poststroke

Crude HR (95% CI) Adjusted HR† (95% CI)Event Rate* Event Rate*

Liquid or solid poisoning (ICD-9-CM code E950) 1377 1.70 1607 5.27 3.02 (2.81–3.25)‡ 2.28 (2.09–2.49)‡

Self-poison using motor vehicle exhaust gas
(ICD-9-CM code E952)

86 0.11 62 0.20 1.88 (1.36–2.61)‡ 1.42 (0.94–2.14)

Hanging (ICD-9-CM code E953) 78 0.10 69 0.23 2.29 (1.66–3.17)‡ 1.73 (1.16–2.57)§

Cutting/piercing (ICD-9-CM code E956) 213 0.26 208 0.68 2.53 (2.09–3.06)‡ 1.93 (1.53–2.44)‡

Jumping from high places (ICD-9-CM code E957) 16 0.02 33 0.11 5.29 (2.91–9.62)‡ 4.22 (2.08–8.56)‡

Other (ICD-9-CM codes E951, E954, E955,
E958, and E959)

155 0.19 161 0.53 2.76 (2.21–3.44)‡ 2.25 (1.72–2.94)‡

CI indicates confidence interval; HR, hazard ratio; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
*Incidence rate per 10 000 person-years.
†Multivariable analysis considered age, monthly income, urbanization level, and comorbidity of schizophrenia, depression before stroke, poststroke depression, alcohol-related illness,
anxiety, mental disorders, insomnia, cognitive dysfunction, dementia after stroke, diabetes mellitus, chronic obstructive pulmonary disease, asthma, coronary artery disease, and
hypertension.
‡P<0.001.
§P<0.01.

Table 3. SHR for Suicide in the Poststroke and Nonstroke
Cohorts, Estimated Using Competing-Risks Regression
Models

Competing-Risks Regression Models

Nonstroke Poststroke

Stroke

Crude SHR (95% CI) 1 (Reference) 2.88 (2.71–3.06)*

Adjusted SHR† (95% CI) 1 (Reference) 2.15 (1.99–2.32)*

Hemorrhagic stroke

Crude SHR (95% CI) 1 (Reference) 3.02 (2.83–3.21)*

Adjusted SHR† (95% CI) 1 (Reference) 2.01 (1.87–2.16)*

Ischemic stroke

Crude SHR (95% CI) 1 (Reference) 2.32 (2.04–2.65)*

Adjusted SHR† (95% CI) 1 (Reference) 1.09 (0.96–1.25)

CI indicates confidence interval; SHR, subhazard ratio.
*P<0.001.
†Adjusted SHR: multivariable analysis considered age, monthly income, urbanization
level, and comorbidity of schizophrenia, depression before stroke, poststroke
depression, alcohol-related illness, anxiety, mental disorders, insomnia, cognitive
dysfunction, dementia after stroke, diabetes mellitus, chronic obstructive pulmonary
disease, asthma, coronary artery disease, and hypertension.
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the 2 most common ways of poststroke patients attempting
suicide.22,23 High-rise buildings are more common than
firearms in populated Asian countries, thus it may be that
jumping from a high place is an easily accessible way for
poststroke patients to attempt suicide attempt.

Because we adjusted for comorbid psychiatric disorders to
reduce their major confounding effects on suicide in this study,
and because this study was a nationwide, representative,
population-based study with a low possibility of recall and
selection bias, the results indicated that the risk factors were
related to poststroke suicide attempt in Taiwan. However, some
limitations of this study should be noted. First, although the NHI
performs quarterly expert reviews to ensure the accuracy of
claim files, and any false diagnostic reports are liable to a severe
penalty, occasional miscoding (eg, underdiagnosis of stroke
and suicide attempt in the NHIRD) and the omission of some
suicide events in our study groups may still have occurred.
Second, only suicidal actions were recorded in the NHIRD. We
could not directly contact the study participants; their actual
coping skills and the degree of social support available were
vague and might be confounding factors for their suicidal
ideation. We had no way of determining this. The prevalence of
suicidal ideation should be even higher than the frequency of
attempted suicide and could be underdiagnosed in clinical
practice. Third, we could not ascertain if the suicidal actions
were performed in a conscious state or in a delirious or unclear
state due to the adverse effects of poststroke medications.
Finally, although our study design included adequate controls
for numerous confounding factors, unmeasured or unknown
confounders may have generated bias. However, our statistical
results indicated that the sample size was sufficient for
achieving a significant interpretation of the phenomena and
getting valuable information from this study.

Conclusion
Suicide prevention is a crucial aspect of public health, but no
large representative data set from healthcare systems
regarding suicide is yet available in Asian countries. This
study provides evidence supporting significant predisposing
factors for poststroke suicide attempt. Moreover, we should
specifically prevent poststroke suicide attempts by prevent-
ing jumping from high places. These results convey crucial
information to clinicians and caregivers for preventing
suicide in poststroke patients in Taiwan and other Asian
countries.
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