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Purpose: The purpose of this study was to investigate the incidence and risk of suicidal drug 

overdose (SDO) after stroke in older patients.

Methods: We enrolled patients aged 60–99 years who were diagnosed with new-onset stroke 

between 2002 and 2013 and age-, sex-, and index-year-matched controls who did not have 

stroke. Patients with a history of SDO before enrollment were excluded. Both groups were 

observed until December 31, 2013. The primary end point was the occurrence of newly diagnosed 

SDO. The cumulative incidence rates of the study and control groups were estimated using the 

Kaplan–Meier method. Furthermore, we used the Cox proportional hazards model to identify 

risk factors for SDO.

Results: We selected 22,770 individuals. Among them, 11,385 were older patients (aged 

60–99 years) who had newly diagnosed stroke and 11,385 were controls. Of the 22,770 indi-

viduals, 275 (1.21%) had SDO during a mean follow-up period of 5.33±3.30 years, comprising 

191 (1.68%) from the stroke group and 84 (0.74%) from the control group. Older patients with 

stroke had a significantly higher risk of SDO than the controls (adjusted hazard ratio: 2.288, 

95% confidence interval [CI]: 1.746–2.999, p,0.001). Moreover, in older patients with stroke, 

the risk significantly increased with the number of stroke events. Patients with depressive 

disorder or coronary disease had an increased risk of SDO. Additionally, benzodiazepines and 

anticoagulants were the two most commonly prescribed medications for SDO.

Conclusion: Clinicians should be aware of the risk of SDO and risk factors in older patients 

with stroke. Psychological assessment and medication monitoring should be incorporated into 

current clinical diagnoses in neurology and treatments following stroke.

Keywords: stroke, older people, suicidal drug overdose

Introduction
Stroke is an acute episode of focal dysfunction of neural organs, including the brain, 

retina, or spinal cord, lasting longer than 24 hours; stroke is also diagnosed if brain 

imaging or autopsy reveals focal infarction or hemorrhage.1 Stroke is the second leading 

cause of death and the third leading cause of disability worldwide.2,3 Studies have 

reported that patients with stroke exhibit an increased risk of suicide.4–6 A literature 

review indicated that 12 observational studies investigated the relationship between 

stroke and suicide ideation or planning7–17 and 11 observational studies evaluated 

suicide as a cause of death after stroke.18–28

However, a few studies have reported the long-term risk of suicide attempts 

following stroke. A study of 220,336 patients with stroke documented 1,217 suicide 

attempts from 2001 to 2012, and an increased risk of attempted suicide was associated 
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with lower education or income, living alone, the male 

sex, young age, severe stroke, and poststroke depression.29 

However, this trial investigated only the stroke population; 

the difference in the risk of suicide attempts between older 

patients with stroke and those without stroke remains unclear. 

Moreover, previous studies have shown that patients with 

stroke usually use nonviolent suicide methods (eg, self-

poisoning) rather than violent suicide methods (eg, hanging 

or shooting).4,30 Drug overdose is the most common non-

violent suicide method used.30,31 However, a few studies 

have examined the incidence and characteristics of suicidal 

drug overdose (SDO) after stroke in older patients;4 in addi-

tion, whether the risk of SDO is higher in these patients 

remains uncertain.

In the present study, we investigated the incidence of 

SDO after stroke in older patients. The results may guide 

future care strategies for stroke and suicide prevention pro-

grams for older patients.

Methods
Data source
The Taiwanese government launched the National Health 

Insurance (NHI) program in March 1, 1995. This program 

currently covers .98.29% of the residents of Taiwan.32 

Comprehensive information, including prescription details, 

clinic visits, and diagnostic codes, is recorded in the National 

Health Insurance Research Database (NHIRD). The diag-

nostic codes in the NHIRD are based on the International 

Classification of Diseases, Ninth Revision, Clinical Modi-

fication (ICD-9-CM).

ethics statement
This study was approved by the institutional review board 

(IRB) of China Medical University Hospital (CMUH105-

REC2-087). Because information in the database that could 

identify any individual patient was encrypted by the Ministry 

of Health and Welfare of Taiwan, this study was exempted 

from the requirement to obtain written consent from the study 

patients by the IRB of China Medical University Hospital.

study sample and control
In this study, older patients aged 60–99 years with newly 

diagnosed stroke (ICD-9-CM codes 430–5.x) from 2002 

to 2013 were included in the study group (stroke group). 

Those with a history of stroke before January 1, 2002, were 

excluded to ensure that only patients with a first diagnosis 

of stroke were included. We excluded stroke patients with a 

history of SDO. To improve diagnostic validity, only patients 

who were admitted with stroke as the primary diagnosis were 

included in this study.

Matching
The control group of patients without stroke was selected at 

a ratio of one control patient to one patient with stroke. The 

control group was matched for each individual’s age, sex, and 

enrollment year. Matching for age and year of enrollment was 

limited to the same age and year. The start date of follow-up 

was defined as the date of the first clinical visit to a medical 

facility in the enrollment year. All patients were observed 

until the occurrence of SDO, death, withdrawal from the NHI 

program, or December 31, 2013 (Figure 1).

Main outcome measure
The outcome measure of this study was the occurrence of 

SDO. SDO or self-poisoning was defined as an emergency 

department visit, a clinic visit, or hospitalization with the 

ICD-9 CM codes 960–979 but without E codes such as 

E850–E858 (accidental poisoning by drugs, medicinal 

substances, and biologicals).33–35 We excluded all E codes 

to increase diagnosis accuracy. Both groups were observed 

until the first occurrence of SDO, death, withdrawal from the 

NHI program, or December 31, 2013.

Variables
In this study, demographic data including age, sex, and index 

year were retrieved and matched between the two groups. 

In previous studies,4 risk factors for SDO and major comor-

bidities, including insomnia, depressive disorder, dementia, 

substance use disorders, alcohol use disorders, bipolar disor-

ders, and psychotic disorders, have been assessed. In Taiwan, 

diagnoses for depressive disorders, bipolar disorders, or 

psychotic disorders are made in accordance with ICD-9 CM 

codes and the Diagnostic and Statistical Manual of Mental 

Disorders-IV by board-certified psychiatrists and physicians. 

In this study, only those having at least three consecutive cor-

responding diagnoses were designated as having depressive 

disorders for enhanced diagnostic validity. We also used the 

Charlson Comorbidity Index (CCI) score to evaluate baseline 

comorbidities.

statistical analysis
The independent-samples t-test was used to compare age, 

follow-up period, and CCI scores between the two groups. 

The chi-square test was used to compare categorical variables 

such as age group, sex, and major comorbidities. The cumu-

lative incidence rates of the study and control groups were 

estimated using the Kaplan–Meier method. To determine the 
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independent risk factors for SDO, univariate and multivariate 

analyses using hazard ratios (HRs) were conducted with 

Cox proportional hazards models after adjustment for age, 

sex, mental health diagnosis, and major coexisting diseases. 

A sensitivity analysis in patients with 6-month follow-up 

was performed. MySQL was adopted for extracting, linking, 

and processing the study data. All statistical analyses were 

performed using IBM SPSS statistical software (version 19.0 

for Windows; IBM Corporation, Armonk, NY, USA). 

A two-tailed p-value of ,0.05 was considered as statisti-

cally significant.

Results
Demographic characteristics of the 
stroke group
A total of 11,385 older patients (aged 60–99 years) who 

had a first diagnosis of stroke from January 1, 2002, to 

December 31, 2013, and 11,385 matched controls (without 

stroke) were enrolled. The baseline characteristics of the 

stroke and control groups are listed in Table 1. The stroke 

group had a higher prevalence of comorbidities and higher 

CCI scores than the control group.

cumulative incidence of sDO
During a mean follow-up period of 5.33±3.30 years, the 

incidence of SDO was higher in the stroke group than in 

the control group (3.31/1,000 person-years vs 1.32/1,000 

person-years; Table 2). Older patients with stroke had a 

significantly higher risk of incident SDO than the controls 

(log-rank test, p,0.001; Figure 2). The adjusted hazard 

ratio (aHR) was 2.288 (95% confidence interval [CI]: 

1.746–2.999, p,0.001; Table 2). Furthermore, patients 

with more stroke events had a higher incidence of SDO 

(Figure 3).

risk factors for sDO in the stroke group
Cox multivariate proportional hazard analysis showed that in 

older patients with stroke, depressive disorder (aHR: 1.543, 

95% CI: 1.001–2.378, p=0.050) and coronary disease 

(aHR: 1.617, 95% CI: 1.193–2.913, p=0.002) were indepen-

dent risk factors for SDO (Table 3). Furthermore, we divided 

patients into four groups: the poststroke depression, prestroke 

depression, stroke without depression, and nonstroke control 

groups. We found that the poststroke depression group had 

the highest risk of SDO. The cumulative incidence rates 

were 4.9%, 3.7%, 2.7%, and 1.4% for these groups, respec-

tively (Figure 4).

sDO analysis
The top three drug classifications according to ICD-9-CM 

codes were 977.9 (poisoning by unspecified drug or medicinal 

substance, 21.47%, 41 of 191 SDO events caused by 

unknown drugs), 969.4 (poisoning by benzodiazepine-based 

tranquilizers, 15.18%, 29 of 191 SDO events caused by 

benzodiazepines), and 964.2 (poisoning by anticoagulants, 

15.18%, 29 of 191 SDO events caused by anticoagulants). 

Figure 1 Flow diagram summarizing the process of enrollment and follow-up.
Abbreviation: sDO, suicidal drug overdose.
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The results showed that most SDO events occurred within 

1 year following stroke in older patients with stroke (66/191, 

34.6%; Figure 5). Moreover, a large proportion (174/191) 

of these patients had ischemic stroke. After adjustment for 

age and sex, older patients with ischemic stroke had a higher 

risk of SDO than those with hemorrhagic stroke (aHR: 

1.8841, 95% CI: 1.1446–3.1015, p=0.0127).

Discussion
The results of this nationwide population-representative 

cohort study show that 1) older patients with stroke had an 

increased risk of SDO; 2) the risk of SDO increased with 

the number of stroke events; 3) depressive disorder and 

coronary disease were independent risk factors for SDO; 

Table 2 incidences and hrs for sDO following stroke 
(2002–2012, N=22,770)

SDO during follow-up Total 
sample

Comparison 
group

Stroke 
group

incidence of stroke 
(per 1,000 person-years)

2.64 1.32 3.31

No of occurrences 275 84 191
Observed person-years 121,416.75 63,779.68 57,637.07
crude hr (95% ci) 1.00 2.476 

(1.915–3.200)*
ahr (95% ci)a 1.00 2.288 

(1.746–2.999)*

Notes: aadjusted for age, sex, mental health diagnosis, and major coexisting 
diseases. *p,0.001.
Abbreviations: HR, hazard ratio; SDO, suicidal drug overdose; CI, confidence 
interval; ahr, adjusted hazard ratio.

Table 1 Demographic profile of study patients (N=22,770)

Variables Stroke Nonstroke t/χ2 p-value

(n=11,385) (n=11,385)

age (years) 73.41±8.18 73.41±8.18 0.000 1.000
60–69 4,024 (35.3) 4,024 (35.3) 0.000 1.000
70–79 4,527 (39.8) 4,527 (39.8)
80–89 2,531 (22.1) 2,531 (22.1)
90–99 303 (2.7) 303 (2.7)

Men 6,234 (54.8) 6,234 (54.8) 0.000 1.000
Follow-up (years) 5.06±3.30 5.60±3.29 −12.352 ,0.001
Mental health diagnosis

insomnia 2,659 (23.4) 2,310 (20.3) 31.355 ,0.001
Depressive disorders 1,047 (9.2) 875 (7.7) 16.811 ,0.001
Dementia 989 (8.7) 568 (5.0) 122.190 ,0.001
substance use disorders 175 (1.5) 111 (1.0) 14.504 ,0.001
alcohol use disorders 226 (2.0) 89 (0.8) 60.420 ,0.001
Bipolar disorders 68 (0.6) 58 (0.5) 0.798 0.372
Psychotic disorders 59 (0.5) 49 (0.4) 0.930 0.335

Major coexisting diseases
hypertension 10,075 (88.5) 7,053 (61.9) 2,151.851 ,0.001
Diabetes 4,960 (43.6) 3,044 (26.7) 707.268 ,0.001
coronary disease 5,091 (44.7) 3,753 (33.0) 330.979 ,0.001
cOPD 4,933 (43.3) 4,051 (35.6) 143.018 ,0.001
chronic kidney disease 2,696 (23.7) 1,916 (16.8) 165.423 ,0.001
asthma 1,950 (17.1) 1,484 (13.0) 74.468 ,0.001
Fracture 2,791 (24.5) 2,357 (20.7) 47.277 ,0.001
Osteoporosis 2,446 (21.5) 2,170 (19.1) 20.699 ,0.001
hyperlipidemia 2,792 (24.5) 2,028 (17.8) 153.617 ,0.001

charlson comorbidity score 1.42±1.61 0.75±1.44 32.856 ,0.001

Note: Data shown as mean ± standard deviation or n (%). 
Abbreviation: cOPD, chronic obstructive pulmonary disease.

Figure 2 cumulative incidence of sDO in elder patients with stroke and the 
matched cohort.
Abbreviation: sDO, suicidal drug overdose.
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4) the poststroke depression group had the highest risk of 

SDO; 5) most SDO events occurred within 1 year following 

stroke in older patients with stroke (66/191, 34.6%); and 

6) benzodiazepines and anticoagulants were common drugs 

for suicide. Additionally, of the two stroke types, patients 

with ischemic stroke had a higher risk of SDO than those 

with hemorrhagic stroke.

In the present study, we found that older patients with 

stroke had a higher risk of SDO compared with those without 

stroke (aHR: 2.288, 95% CI: 1.746–2.999, p,0.001). 

In Sweden, Eriksson et al investigated 220,336 patients with 

stroke and found 1,217 suicide attempts from 2001 to 2012. 

The most common method of these suicide attempts was 

self-poisoning (889/1,217, 73.0%).29 In Korea, Chung et al 

enrolled 4,560 patients with stroke and 224,175 controls 

without stroke. Patients with stroke had a higher risk of 

attempting suicide (odds ratio: 1.64, 95% CI: 1.21–2.22).36 

Furthermore, we found that the risk of SDO significantly 

increased with the number of stroke events. Older patients 

with more than four strokes had the highest cumulative inci-

dence of SDO (Figure 3). Kishi et al10 enrolled 301 patients 

with acute stroke and found that stroke patients with previous 

stroke events had a higher rate of suicidal thoughts than those 

without (43% vs 17.7%).

Many studies have linked depression to an increased 

suicide risk in patients with stroke.9,10,17,28 Kishi and Kosier9 

reported that among a suicidal group (n=20), 15 (75%) 

patients had major depression and three (15%) had minor 

depression; by contrast, among a nonsuicidal group (n=281), 

42 (15%) patients had major depression and 51 (18.1%) had 

minor depression. In our study, the stroke group had a higher 

rate of depressive disorder than the control group (9.2% vs 

7.7%). Moreover, depressive disorder was an independent 

risk factor for SDO (aHR: 1.543, 95% CI: 1.001–2.378, 

Figure 3 cumulative incidence of sDO in elder stroke patients with different 
stroke attacks.
Abbreviation: sDO, suicidal drug overdose.

Table 3 Univariate and multivariate survival analyses for factors associated with sDO in patients with stroke

Variables Univariate analysis Multivariate analysis

HR 95% CI of HR p-value aHR 95% CI of aHR p-value

age (years) 1.007 0.989–1.025 0.473 1.000 0.981–1.020 0.992
sex

Men 1.000
Women 0.988 0.743–1.313 0.933 0.975 0.718–1.323 0.869

Mental health diagnosis
insomnia 1.244 0.899–1.722 0.188 1.101 0.781–1.552 0.584
Depressive disorders 1.735 1.155–2.607 0.008 1.543 1.001–2.378 0.050
Dementia 1.522 0.966–2.397 0.070 1.356 0.841–2.189 0.212
substance use disorders 0.825 0.205–3.324 0.787 0.846 0.191–3.743 0.825
alcohol use disorders 0.875 0.280–2.738 0.819 0.938 0.278–3.169 0.919
Bipolar disorders 2.018 0.501–8.130 0.323 1.325 0.318–5.522 0.699
Psychotic disorders 2.130 0.529–8.578 0.288 1.662 0.402–6.865 0.483

Major coexisting diseases
hypertension 0.994 0.643–1.537 0.978 0.882 0.563–1.383 0.584
Diabetes 1.179 0.887–1.568 0.256 1.227 0.909–1.657 0.181
coronary disease 1.614 1.213–2.147 0.001 1.617 1.193–2.913 0.002
cOPD 1.254 0.944–1.665 0.119 1.267 0.912–1.762 0.158
chronic kidney disease 0.850 0.593–1.217 0.375 0.748 0.515–1.088 0.128
asthma 0.952 0.645–1.406 0.806 0.749 0.483–1.160 0.195
Fracture 0.897 0.630–1.276 0.544 0.892 0.615–1.295 0.549
Osteoporosis 0.860 0.596–1.242 0.422 0.798 0.532–1.198 0.276
hyperlipidemia 0.877 0.617–1.247 0.466 0.798 0.554–1.148 0.223

Abbreviations: SDO, suicidal drug overdose; HR, hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio; COPD, chronic obstructive pulmonary disease.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2018:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

448

chang et al

Figure 4 cumulative incidence of sDO in four groups: poststroke depression, 
prestroke depression, stroke without depression, and nonstroke-matched control 
groups.
Abbreviation: sDO, suicidal drug overdose.

Figure 5 Follow-up duration among 191 elder stroke patients who developed sDO.
Abbreviation: sDO, suicidal drug overdose.

p=0.050), and the poststroke depression group had the high-

est risk of SDO (Figure 4). A study on 2,283 suicide victims 

during 1988–2007 in northern Finland reported that 70% of 

patients with prestroke depression committed suicide within 

2 years after stroke.21 In our study, 54.3% of older patients 

with stroke developed SDO within 2 years after stroke.

In this study, we found that benzodiazepines and anti-

coagulants were common drugs used for SDO. Benzodiaz-

epines are medications commonly prescribed for anxiety, 

agitation, insomnia, and alcohol withdrawal. A study in the 

United States during 2001–2010 revealed that benzodiaz-

epines were used in 16.6 million of 133.3 million ambulatory 

clinic visits and benzodiazepine use in individuals at the 

age of 85 years or older increased from 8.9% to 19.3%.37 A 

study linked benzodiazepines with the risk of suicide and 

suicide attempts (odds ratio: 2.08, 95% CI: 1.83–2.36).35 

Regarding anticoagulants, Placido and Sposito reported that 

the incidence of deaths from suicide was positively corre-

lated with that of deaths from ischemic heart disease (r=0.95, 

p,0.0001).26 Anticoagulants are commonly prescribed 

for ischemic heart disease (coronary disease),38 which is a 

common comorbidity of stroke. This suggests an associa-

tion between anticoagulants and SDO in geriatric patients 

with stroke. Further research is required to investigate the 

details of medication use.

Various mechanisms may underlie the association 

between stroke and SDO in older patients. First, previous 

studies have reported that patients with stroke usually 

use nonviolent suicide methods.4,21 A study in Sweden 

found 1,217 suicide attempts out of 220,336 patients with 

stroke, and the leading method of these suicide attempts 

was self-poisoning (889/1,217, 73.0%).29 This may result 

from the increased use of medications in older people with 

comorbidities39 and the disability caused by stroke.2 Second, 

stroke may cause stress and disability in older patients,2 

which may result in a high incidence of poststroke depression, 

ranging from 20% to 50%, according to data from self-report 

questionnaires.40 Depressed patients have a higher risk of 

suicide.41 Third, previous studies have found that stroke may 

impair the frontal–subcortical circuit and neuropsychological 

function, thereby increasing impulsivity.12,42 This may also 

contribute to the increased risk of drug overdose in older 

patients with stroke.

This study had several limitations. First, we identified 

SDO or self-poisoning on the basis of ICD codes.33–35 In East 

Asia, people tend to stigmatize suicide and deny suicide 

attempts.43,44 Additionally, patients with minor drug over-

dose may not seek medical services. Therefore, the incidence 

of SDO may be higher. Second, NHIRD does not provide 

information on genetic or psychosocial factors, which are 

potential confounders associated with the risk of SDO. 

Third, details on other methods of suicide attempt, patients 

who committed suicide, and medications are not available 

in our database.

Conclusion
Older patients aged 60–99 years with stroke had a higher risk 

of SDO compared with those without stroke, and the risk 

was increased in those with depressive disorder, coronary 

disease, and ischemic stroke. We found that most SDO events 

occurred within 1 year following stroke in older patients 
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with stroke (66/191, 34.6%). Moreover, benzodiazepines 

and anticoagulants were the two most common drugs used 

for SDO. These results strongly suggest that psychological 

assessment and medication monitoring should be incorpo-

rated into current neurology clinical diagnoses and treatments 

for older patients with stroke.
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