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Background: Patients with asthma experience more physical, psychological, and financial burdens; a link between asthma and 
suicidality has been reported in research.
Purpose: This study analyzed the medical utilization and comorbidity before their self-injurious behavior in patients with asthma.
Methods: We enrolled 186,862 patients newly diagnosed with asthma between 1999 and 2013 from the National Health Insurance 
Research Database in Taiwan. A total of 500 case subjects had ever conducted self-injurious behaviors during the study period. Based 
on a nested case-control study, each case was matched with 10 controls derived from the asthma cohort to analyze differences between 
them and their medical use models.
Results: The results indicated that, compared to the control group, the cases presented higher frequencies of outpatient visits and 
hospitalizations. Regarding comorbidity, the cases had more cardiovascular diseases (adjusted odds ratio [aOR]=1.58; p<0.001), 
bipolar disorder (aOR=2.97; p<0.001), depression (aOR=4.44; p<0.001), and sleep disorder (aOR=1.83; p<0.001) than the controls.
Conclusion: The evidence-based information serves as a reference for medical staff to reduce the occurrence of self-injurious 
behavior in patients with asthma.
Keywords: self-injurious behavior, asthma, medical utilization, psychiatric comorbidity, physical comorbidity

Introduction
Asthma is one of the most pervasive respiratory diseases in the world, affecting approximately 339 million people.1 

Asthma is closely related to multiple comorbidities, such as atopic disease, respiratory disease, sleep disturbances, and 
mental illness, all of which increase physical and psychological burdens2 Asthma induces multiple substantial disease 
loads, including decreased quality of life and premature death, in people of all ages.3 Moreover, poor asthma control is 
associated with greater direct and indirect costs.4,5 Because patients with asthma experience more physical, psycholo-
gical, and financial burdens, a link between asthma and suicidality has been reported in research.2,6

Suicidal behavior is related to physical disease, emotional disturbance, and risk-taking behavior, which are frequently 
noted in individuals with asthma.6 Although the relationship between asthma and suicide mortality, ideation, and attempts 
is widely acknowledged, the underlying process remains unclear. Asthma has multiple adverse effects on quality of life, 
including sleeplessness, daytime fatigue, decreased activity level, and mental health problems. Studies have contained 
methodological limitations, including restrictions on limited unrepresentative samples and reliance on self-reported 
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asthma diagnosis.6,7 According to our previous population-based research in Taiwan, a higher risk of suicide mortality 
was exhibited in patients who currently have asthma and severe asthma symptoms.8 Another study in Taiwan9 reported 
that self-injurious risk factors for patients with asthma included younger age, rural residence, psychiatric disorder 
diagnosis, and a higher Charlson Comorbidity Index score. The association between asthma and suicide ideation and 
attempts has been studied in research from South Korea10 and the United States.11 Research from the United Kingdom, 
Canada, the United States, Japan, and Taiwan have suggested that asthma is associated with significantly increased 
healthcare use and cost, including hospitalizations, emergency department visits, and ambulatory care claims.12–17 

Chronic asthma is associated with higher exacerbation frequency, more comorbid diseases, and related outpatient service 
visits, emergency department/hospitalization readmission, and mortality.16,18,19 Patients with asthma generally have more 
diagnostic codes and medical use for all comorbidity groups, particularly for diseases of the respiratory system, 
endocrine, metabolic system, mental health system, circulatory system, and musculoskeletal system, and other hyper-
sensitivity diseases.

To the best of our knowledge, although self-injurious behavior has been associated with asthma in many studies, no 
research has focused on medical utilization before patients with asthma harmed themselves. Investigating the health- 
seeking behavior patterns of patients with asthma before their self-deliberate harm may allow the detection of suicide 
problems earlier and thus halt their development. The present study collected data from a large cohort with asthma and 
aimed to analyze patterns of medical use between patients with asthma with and without self-injurious behavior.

Method
Data Sources
The National Health Insurance (NHI) program, which was implemented on March 1, 1995 is a single-payer insurance 
system offering universal medical care to nearly all Taiwanese residents (>99.5%).20 The National Health Insurance 
Research Database (NHIRD) covers medical reimbursement claims information of the Taiwanese population. The 
NHIRD uses the 2001 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) for 
disease codes. NHIRD data are officially encrypted, and anonymous data are provided for medical research after formal 
application and approval. This study was approved by the Institutional Review Board of the Committee on Human 
Subjects of Taipei City Hospital (TCHIRB-10412111-E). The requirement of informed consent was waived because of 
the retrospective nature of this study and the use of deidentified data in the NHIRD.

Data used in this nested case-control study were collected from the Longitudinal Health Insurance Database 2005 
(LHID 2005). The LHID 2005 contains the medical reimbursement claims of one million beneficiaries randomly sampled 
from all registered beneficiaries of the NHIRD in 2005. The LHID 2005 and the original whole NHIRD contain no 
significantly different sex and age distributions between patients.

An incident of asthma in a patient from the LHID 2005 in this study was defined as a beneficiary diagnosed with 
asthma between January 1, 1999, and December 31, 2013. Beneficiaries diagnosed with asthma (ICD-9-CM code 493.**) 
were excluded between January 1, 1996, and December 31, 1998. The first record date of diagnosis of asthma in the 
LHID 2005 was defined as the baseline date. This asthma cohort contained 187,223 patients (detailed information in 
Figure 1).

Suicide was likely to be under-estimated by clinical staff, and the instances with undetermined causes contributed to 
the most commonly misclassified category.21 Therefore, this study defined self-injurious behavior based on the following 
ICD-9 codes: E950-E959 (self-injurious causes) and E980-E989 (undetermined causes).9 Accordingly, in this asthma 
cohort, patients with at least one self-injurious behavior from the baseline date to December 31, 2013, were enrolled and 
defined as cases with self-injurious behavior.

Nested Case-Control Study Design
A nested case–control study derived from the asthma cohort was used to analyze patterns of identification and medical 
utilization among patients with asthma with and without self-injurious behavior. We randomly selected 10 asthma 
controls from the cohort for each self-injurious case subject. All controls were matched for age and sex through risk- 
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set sampling (density sampling). The date of the new self-injurious diagnosis record was defined as the index date. 
Controls were assigned the same index date as that of their corresponding cases. Cases identified later during the follow- 
up were eligible to serve as controls for earlier cases. All control patients in the study had at least one medical claim 
record after the corresponding index date to confirm that they were alive before the corresponding index date. Therefore, 
500 cases with asthma and self-injurious behavior were matched to 5,000 controls with asthma.

Variables
Demographic variables, including sex, age, urbanization level, employment, and Charlson Comorbidity Index score, are 
listed in Table 1 for each case and their corresponding controls. The urbanization level was coded as level 1 (highly 
urbanized area), level 2 (moderately urbanized area), level 3 (newly urbanized area), level 4 (township area), and level 5 
(rural area).22 The Charlson Comorbidity Index score, representing the sum of the weighted scores of 31 comorbid 
conditions, was used to assess general health status. Medical utilization of cases and controls within 12 months before the 
index date was investigated. This included the number of outpatient clinic visits, the number of hospital admissions, 
physical comorbidity, and concomitant use of medications. Medications were classified according to the Anatomical 
Therapeutic Chemical Classification System (ATC/DDD Index 2019. http://www.whocc.no/atc_ddd_index/ [accessed 
August 1, 2019]).

Statistical Analysis
Based on the nested case-control study design, we employed conditional logistic regression to assess the differences 
between self-injurious cases and their corresponding controls, including demographic and clinical characteristics 
(Table 1) and medical utilization before attempted suicide (Table 2). This regression analysis was conducted using the 

Total population in Taiwan (about 23 millions)

LHD 2005 database (N=1,000,000)

Patients with self-harm after the baseline (the diagnosis as asthma) (n=500)

(from the baseline to December 31, 2013)

Ten Controls for each case, matched 
on sex, the same age (±1 year), the 
same asthma diagnose time (±1 
year) at 1999/1/1 

Valid case-control pairs: for all cases with 
self-harm (n=500) (i.e., 500 cases and 

5,000 controls)

Include those with asthma (ICD-9 code: 493.**) from 1999/01/01 
to 2013/12/31

Preliminary asthma cohort (N=200,170)

Exclusion criteria: 
(1) those with asthma (ICD-9 code 
493.xx) between 1996/01/01 and 
1998/12/31 (N=12,915); 
(2) prior self-harm (ICD-9 code 
E950.xx-E959.xx, E980.xx-E989.xx)
before the diagnosis as asthma
(N=393)

Final asthma cohort (N=186,862)

Figure 1 Study flow diagram.
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Proc Phreg function of SAS v9.2 (SAS Institute Inc., Cary, NC, USA). The significance level was set as p < 0.001 for all 
analyses. Multivariable regression based on backward variable selection was then applied. We proposed two explanatory 
multivariable models for suicide attempts in the population with asthma—physical and psychiatric comorbidities 
(Table 3)—within 1 year before the attempted suicide and a model of the medications (Table 4) used within 1 year 
before the attempted suicide.

Results
Incidence of Self-Injurious Behavior in Asthma Cohort
There were 186,862 cases newly diagnosed with asthma between January 1, 1999, and December 31, 2013. Of this 
cohort, 500 cases had a diagnostic record of self-injurious attempts from the baseline date to December 31, 2013. The 

Table 1 Demographic and Clinical Characteristics of Patients with (Cases) and Without Self-Harm 
(Control Group; Ratio: 1:10) at the Index Date

Cases Control Crude odds ratioa 95% CI P value
(N=500) (N=5000)

N (%) N (%)

Sex

Male 246 (49.2) 2460 (49.2) Reference

Female 254 (50.8) 2540 (50.8) – – –
Age, mean±SD (yrs) 38.8 (24.0) 38.7 (23.9)

<18 126 (25.2) 1264 (25.3) Reference

18–29 76 (15.2) 770 (15.4) – – –
30–39 71 (14.2) 678 (13.6) – – –

40–49 59 (11.8) 609 (12.2) – – –

50–59 53 (10.6) 531 (10.6) – – –
60–69 51 (10.2) 494 (9.9) – – –

70–79 40 (8.0) 410 (8.2) – – –

≥80 24 (4.8) 244 (4.9) – – –
Charlson comorbidity Indexa

0 236 (47.2) 2660 (53.2) Reference – –

1 156 (31.2) 1503 (30.1) 1.30 1.02–1.66 0.038
≧2 108 (21.1) 837 (16.7) 1.76 1.31–2.36 <0.001

Urbanizationb

Level 1 123 (24.6) 1648 (33.0) Reference – –
Level 2 106 (21.2) 1589 (31.8) 0.90 0.69–1.19 0.469

Level 3 214 (42.8) 693 (13.9) 4.34 3.40–5.53 <0.001

Level 4 38 (7.6) 635 (12.7) 0.86 0.59–1.25 0.419
Level 5 19 (3.8) 435 (8.7) 0.68 0.42–1.09 0.108

Hospital levelc

Medical center 32 (6.40) 379 (7.58) Reference – –
Regional hospital 214 (42.80) 589 (11.78) 3.92 2.63–5.85 <0.001

Local hospital 183 (36.60) 506 (10.12) 3.94 2.63–5.92 <0.001

Local clinic 70 (14.00) 3522 (70.44) 0.19 0.12–0.29 <0.001
Others 1 (0.20) 4 (0.08) 4.17 0.45–38.74 0.209

Employment

Yes 287 (57.4) 2756 (55.1) Reference – –
No 213 (42.6) 2244 (44.9) 1.21 0.96–1.51 0.105

Notes: a Univariable conditional logistic regression.b Urbanization level was categorized as level 1 (highly urbanized area), level 2 
(moderately urbanized area), level 3 (newly urbanized area), level 4 (township area), and level 5 (rural area).c Cases: at the index 
date (self-harm event). Controls: visit closest to the index date (within 1 year). Significance was set as p < 0.001 in this study.
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incidence proportion was 500 cases per 186,862 asthma cases per 15 years. The incidence rate of self-injurious behavior 
was 0.18 cases per 1,000 person-years in this asthma cohort.

Characteristics of Cases and Controls
Table 1 displays the matching characteristics of the 10 controls for each case in our study. The sex distribution between 
cases and controls was the same, and the two groups’ age distribution and employment rate were similar.

Table 2 Patterns of Medical Utilization Within 1 Year Before the Index Date Among Patients with Asthma with (Cases) and Without 
Self-Harm (Control Group; Ratio: 1:10)

Cases Control
(N=500) (N=5000)

Number of visits on the specialists, not including the visit at 
the index (corresponding) datea

Mean (SD) Mean (SD) Crude 
odds ratioa

95% CI P value

ALL 32.6 (28.4) 22.8 (20.1) 1.02 1.02–1.02 <0.001

Family practice 4.6 (8.8) 3.13 (6.8) 1.03 1.02–1.04 <0.001
Internal medicine 6.0 (10.4) 4.44 (8.2) 1.02 1.01–1.03 <0.001

Surgery 1.1 (3.0) 0.64 (2.4) 1.05 1.03–1.08 <0.001

Pediatrics 2.1 (5.9) 2.05 (5.8) 1.00 0.98–1.02 0.844
Gynecology 1.0 (3.0) 0.87 (2.9) 1.01 0.98–1.05 0.384

Orthopedics 1.2 (3.1) 0.64 (2.5) 1.06 1.03–1.09 <0.001

ENT 2.3 (5.2) 2.05 (4.4) 1.01 0.99–1.03 0.332
Ophthalmology 1.3 (3.1) 1.10 (2.6) 1.03 1.00–1.07 0.066

Dermatology 0.9 (2.7) 0.68 (2.1) 1.04 1.00–1.07 0.046

Neurology 0.7 (2.3) 0.41 (2.0) 1.05 1.02–1.09 0.006
Psychiatrist 1.8 (5.6) 0.30 (1.9) 1.13 1.11–1.16 <0.001

Rehabilitation 0.8 (4.2) 0.47 (3.1) 1.02 1.00–1.05 0.048

Emergent department 0.8 (1.9) 0.23 (0.8) 1.44 1.33–1.56 <0.001
Dentistry 1.3 (2.3 1.39 (2.5) 0.99 0.95–1.03 0.485

Chinese herb medicine 2.5 (6.0) 1.96 (5.0) 1.02 1.00–1.03 0.027

Others 4.4 (9.8) 2.48 (6.2) 1.04 1.02–1.05 <0.001

Hospital admission number within 1 year before the index date Mean (SD) Mean (SD)

Total 0.5 (1.4) 0.2 (0.9) 1.21 1.12–1.30 <0.001

Non-psychiatric 0.4 (1.1) 0.2 (0.9) 1.15 1.07–1.24 <0.001

Psychiatric 0.1 (0.8) 0.0 (0.2) 1.80 1.33–2.44 <0.001

Notes: aIncluding departments with a mean visit number > 0.5 of cases. Those with less than 0.5 were merged with others.

Table 3 Multivariable Conditional Logistic Regression of Physical and Psychiatric Comorbidities Within 1 Year 
Before the Index Date Between Cases with Self-Harm and the Controls Derived from the Asthma Cohort from 
1999 to 2013

Characteristic N (%) Cases (N=500) Controls (N=5000) Adjusted odds ratioa 95% CI P-value

N (%) N (%)

Physical Illness
Cardiovascular disease 162 (32.4) 1338 (26.8) 1.58* 1.22–2.06 <0.001

Psychiatric Comorbidity
Depressive disorder 72 (14.4) 136 (2.7) 4.44* 3.14–6.30 <0.001

Bipolar disorder 25 (5.0) 36 (0.7) 2.97* 1.65–5.35 <0.001
Sleep disorder 112 (22.4) 550 (11.0) 1.83* 1.40–2.39 <0.001

Notes: *p < 0.001. aVariables regarding physical and psychiatric comorbidities (e-Table 1) were included for multivariable conditional logistic 
regression. Variables with a strongly significant association (p < 0.001) remained in the final multivariable model.
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Univariable regression revealed that asthma cases with self-injurious behavior had higher Charlson Comorbidity 
Index scores (≧2) in the year before the index date than did controls (crude odds ratio = 1.76, p < 0.001). Patients in 
newly urbanized areas were more likely to have self-injurious behavior (crude odds ratio = 4.34, p < 0.001).

Medical Utilization Before Self-Injurious Behavior
Table 2 presents medical utilization within 12 months before the index date for self-injurious cases and controls. 
Compared with control patients with general asthma, self-injurious cases had a higher frequency of outpatient visits 
(32.4 vs 22.8, p < 0.001) and more nonpsychiatric and psychiatric hospitalizations. They were more likely to visit the 
family practice, internal medicine, surgery, orthopedics, psychiatry, and emergency departments. Univariable regression 
indicated that self-injurious cases had more psychiatric outpatient visits (odds ratio = 1.13, p < 0.001) and hospitaliza-
tions (odds ratio = 1.8, p < 0.001). They also visited surgery (odds ratio = 1.05, p < 0.001), orthopedics (odds ratio = 
1.06, p < 0.001), and emergency (odds ratio = 1.44, p < 0.001) departments more frequently.

Physical and Psychiatric Comorbidities Associated with Self-Injurious Behavior
Univariable analysis unsurprisingly showed that self-injurious cases had more comorbid physical diseases and psychiatric 
illnesses within the year before the index date than did control cases (Supplement, e-Table 1). These variables were then 
included in multivariable conditional logistic regression. Variables with a strongly significant association (p < 0.001) 
remained in the final multivariable model with a stepwise selection strategy. Our multivariable analysis revealed that 
bipolar disorder (adjusted odds ratio = 2.97, p < 0.001) and depressive disorder (adjusted odds ratio = 4.44, p < 0.001) 
were significantly associated with self-injurious behavior. Cardiovascular diseases (adjusted odds ratio = 1.58, p < 0.001) 
were the only physical comorbidity in our multivariable analysis. In our multivariable analysis, sleep disorders were 
moderately associated with self-injurious behavior (adjusted odds ratio = 1.83, p < 0.001).

Concomitant Medications Associated with Self-Injurious Behavior
Univariable analysis of concomitant medications indicated that self-injurious cases used more physical and psychiatric 
concomitant medications within a year before the index date (Supplement, e-Table 2). Variables with a strongly 
significant association (p < 0.001) remained in the final multivariable model with a stepwise selection strategy. 
Multivariable analysis of concomitant medications revealed that anti-Parkinson drugs, antidepressants, short-acting 
benzodiazepine, and long-acting benzodiazepine were significantly associated with self-injurious behavior. In addition, 
substantial portions (47.2%) of self-injurious cases and 26.0% of controls took long-acting benzodiazepine before the 
index date.

Discussion
The strength of our study is its representative nationwide sample from the general population in the Taiwanese national 
health care system. Based on a nested case-control study, we investigated factors associated with self-injurious behavior 

Table 4 Multivariable Conditional Logistic Regression of Concomitant Medications Used Within 1 Year 
Before the Index Date Between Cases with Self-Harm and the Controls Derived from the Asthma Cohort 
from 1999 to 2013

Characteristic N (%) Case (N=500) Controls (N=5000) Adjusted odds ratioa 95% CI P-value

N (%) N (%)

Antidepressants 112 (22.4) 292 (5.8) 2.75* 2.05–3.70 <0.001
Benzodiazepines

Short-acting 117 (23.4) 424 (8.5) 1.78* 1.33–2.38 <0.001

Long-acting 236 (47.2) 1302 (26.0) 2.11* 1.64–2.71 <0.001
Anti-Parkinson drugs 47 (9.4) 171 (3.4) 1.97* 1.35–2.85 <0.001

Notes: *p < 0.001. aVariables regarding concomitant medications (e-Table 2) were included for multivariable conditional logistic 
regression. Variables with a strongly significant association (p < 0.001) remained in the final multivariable model.
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in asthma patients and analyzed differences in medical utilization between patients with asthma with and without self- 
injurious behavior.

Main Findings
Asthma patients with self-deliberate harm behavior had more comorbid diseases and medical use within 1 year before 
their self-injurious behavior. These patients were more likely to visit internal medicine, surgery, orthopedics, psychiatry, 
and emergency departments. Cardiovascular diseases, bipolar disorder, depression, and sleep disorders were more closely 
associated with self-injurious behavior. Medications, anti-Parkinson drugs, antidepressants, and benzodiazepines were 
more related to these self-injurious behaviors. Understanding the risk factors of self-injurious behavior is critical for early 
detection and intervention. Our study provided valuable information on the medical utilization patterns of patients with 
asthma before their self-injurious behavior. Identification of modifiable risk factors, such as psychiatric and physical 
comorbidities, may direct intervention strategies against suicide in the population with asthma.

Association of Physical Disease and Suicide in Patients with Asthma
Asthma was reported to be highly correlated with cardiovascular diseases in a previous study.23 However, there were no 
studies to report that cardiovascular diseases increase suicide risk in patients with asthma. The present study confirms 
that patients with asthma who experience cardiovascular diseases have a high risk of suicide. In the literature, studies 
have indicated that 5.4%–17% of patients with cardiovascular diseases have suicidal ideation.24,25 The risk factor for 
suicide among patients with cardiovascular diseases could be depression26 due to psychological distress and physical 
function decline.27 Therefore, a patient with asthma who was comorbid with cardiovascular disease could deteriorate 
physical function and increase psychological stress, with a synergistic effect on increasing the risk of suicide.

Psychiatric Comorbidity and Suicide in Patients with Asthma
Patients with asthma are more likely to report symptoms of depression and suicide.28 In this study, we confirmed that 
depression increased suicidal risk in patients with asthma, which was consistent with previous studies. The literature has 
shown that patients with asthma and depression have increased suicidal risk.10 The effect of depression on suicidal 
behavior is well known. Studies have indicated that one-half to two-thirds of suicidal deaths were patients with 
depression.29,30 Recent studies have suggested that despite controlling the effect of economic condition, physical 
condition, comorbidity, and depression, patients with asthma still have an increased risk of suicidal ideation and attempts, 
which indicates that asthma may be an independent risk factor for suicide.8,31 Accordingly, patients with asthma and 
comorbid depression have a higher risk of attempting suicide than those without comorbid depression. This finding alerts 
the medical staff to be aware of asthmatic patients with depression to prevent suicides.

Intriguingly, our study is the first to indicate that, after adjusting for comorbid mental and physical illnesses, patients 
with asthma with bipolar disorder exhibited a 2.97-fold risk of developing deliberate self-injurious behavior. Patients 
with bipolar disorder have a higher risk of suicide;32 however, the association between bipolar disorder and self-injurious 
behavior in patients with asthma is overlooked in the literature. Previous studies have proposed the comorbid relationship 
between asthma and bipolar disorder.33 Chen et al20 proposed that asthma in early adolescence is associated with an 
increased risk of bipolar disorder, major depression, and any depressive disorder. In addition, a meta-analysis by Wu 
et al33 revealed a higher prevalence rate of asthma in patients with bipolar disorder than that of healthy controls and 
a higher prevalence rate of bipolar disorder in patients with asthma than that in healthy controls.

The underlying mechanism of asthma, bipolar disorder, and self-injurious behavior has not been fully elucidated. 
Previous studies on somatic illness in people with bipolar disorder have indicated that patients with bipolar disorder have 
a higher comorbidity, premature mortality rate, and suicide rate than do people without bipolar disorder.34–36 A study37 

showed that patients with bipolar disorder were admitted for somatic illness, had a more severe course of somatic illness, 
and had more comorbidities than did age- and gender-matched controls. A review article reported that patients with 
bipolar disorder undergo fewer or delayed medical interventions than those without bipolar disorder.38 Therefore, these 
two diseases (ie, asthma and bipolar disorder) could have a synergistic effect on suicide risk in the real world. Patients 
with asthma have a higher risk for suicide if comorbid with bipolar disorder than those without bipolar disorder. The 
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findings of our research suggested an opportunity to identify the critical role of bipolar disorder in suicide prevention for 
patients with asthma.

Our study discovered that the risk of suicide attempts in asthmatic patients with sleep disorders was 1.83-fold that of 
patients with asthma but without sleep disorders. Asthma significantly compromises the quality of life of patients by 
affecting sleep and cognition and increasing fatigue and psychological distress.39 Previous studies have noted that sleep 
problems are an independent risk factor for suicide attempts,40,41 after adjustment for mental disorders. Sleep disorders in 
patients with asthma could be a precipitating factor in the risk of suicide and warrant the clinical staff members to pay 
attention.

Furthermore, the present study found cases with suicide significantly took more short-acting and long-acting 
benzodiazepines than the controls with asthma. For these findings, the use of benzodiazepines could serve as the 
proxy marker indicating the severity of sleep disorder. Using more benzodiazepines means a higher severity of sleep 
disorder, which was associated with a higher risk of subsequent suicide attempts.

Outpatient Service Visits of Patients with Asthma with Self-Injurious Behavior
Asthma is a chronic respiratory disease and easily causes other diseases. Patients with asthma who presented self- 
injurious behavior required higher medical use than did those who did not present self-injurious behavior, which 
indicated that patients with asthma who presented self-injurious behavior were highly associated with other diseases.

In addition, our results showed that these patients with suicide attempts were more likely to visit internal medicine, 
surgery, orthopedics, psychiatry, and emergency departments before the attempts, which reminded the medical staff in 
such departments to recognize the potential cases with suicide risk earlier.

Limitations
The present study has some limitations. First, we may have underestimated the rate of patients with asthma who 
attempted suicide but failed. Patients recruited in this study were those with asthma who attempted suicide and were 
sent to a hospital for crisis intervention. Therefore, those with asthma who attempted suicide but were not sent to 
a hospital were not included in this study. Second, we cannot determine whether patients with asthma and bipolar 
disorder attempted suicide during their mania or depression phase and thus cannot provide a useful method for preventing 
suicidal behavior. Third, as data on the severity of asthma was not available, we were unable to recognize the differences 
in asthma severity between the cases and controls and how these differences impact the estimation of associations. 
Moreover, the data we collected does not include lifestyles; therefore, we cannot understand the relationship between 
patients’ lifestyles and suicidal behavior.

Implications
This study discovered that during the year before patients presented self-injurious behavior, their medical use increased, 
particularly for internal medicine, surgery, orthopedics, psychiatry, and emergency departments. Thus, patients with 
asthma are likely to have suicidal ideation or behavior because of comorbidity with other diseases. In addition, we found 
that comorbidities, such as cardiovascular diseases, bipolar disorder, depression, and sleep disorders, were associated 
with attempted suicide in patients with asthma. Regarding medication, anti-Parkinson drugs, antidepressants, and 
benzodiazepines were often used by patients with asthma. Therefore, in the future, we can identify patients with asthma 
who may present self-injurious behavior according to their rate of visiting clinics, comorbidity conditions, and 
psychotropic drug use. A timely intervention can reduce the risk of self-injurious or suicidal behavior by patients with 
asthma.
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