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ABSTRACT

Background \We conducted a nationwide population-based cohort study to investigate the effects of asthma on
the risk of stroke development in an Asian population.

Materials and methods Newly diagnosed asthmatic patients aged > 18 years were identified, and asthma-free
controls were randomly selected from the general population and frequency matched according to age, sex and
index year using records obtained from the National Health Insurance Research Database between 2000 and 2010.
Both cohorts were followed up until the end of 2011 to measure the incidence of stroke. The risk of stroke was
analysed using Cox proportional hazard regression models, including factors such as sex, age and comorbidities.

Results \We followed the asthmatic patients for 104 697 person-years and followed the nonasthmatic people
for 426 729 person-years. The incidence density rate of stroke increased in all of the groups of asthmatic
patients compared with that of the controls when stratified according to sex, age and comorbidities. The hazard
ratio (HR) of stroke was 1-37-fold greater for the asthmatic cohort, compared with that for the nonasthmatic
cohort, after adjusting for sex, age and comorbidities. The adjusted HR of developing stroke substantially
increased with older age and the increased frequency of asthmatic exacerbation and hospitalization. The
patients receiving beta-2 agonists as a treatment exhibited a significantly greater risk of stroke compared with
the patients receiving only inhaled corticosteroids, after adjusting for covariates.

Conclusion Asthma may be an independent risk factor for stroke, and its severity exhibits a dose response of
stroke development.

Keywords Adult asthma, beta-2 agonists, population-based cohort study, stroke.
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1 The number of studies on the risk of stroke in asthmatic patients is scant.
2 Additional studies have reported that asthma is associated with prothrombotic factors and endothelial dysfunction in the
development of atherothrombosis.

1 The hazard ratio (HR) of stroke was 1-38-fold greater for the asthmatic cohort, compared with that for the nonasthmatic cohort.

2 The adjusted HR of developing stroke substantially increased with older age and the increased frequency of asthmatic
exacerbation and hospitalization.

3 The patients receiving beta-2 agonists as a treatment exhibited a significantly greater risk of stroke compared with the patients
receiving only inhaled corticosteroids.
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Introduction

Stroke is referred to as a cerebrovascular accident (CVA) and
can be classified into ischaemic stroke and haemorrhagic
stroke. The burden of stroke increased considerably based on
the absolute number of ischaemic and haemorrhagic stoke
events that occurred worldwide in the past decades [1]. Stroke
causes death and impairs gross physical function. Stroke is the
leading cause of adult disability and the third leading cause of
death in Taiwan [2,3].

Asthma is a common chronic inflammatory disease of the
airways, which is characterized by reversible airway obstruc-
tion and bronchospasm. An estimated 300 million people of all
ages and all racial backgrounds suffer from asthma, which is
increasingly affecting healthcare systems, families and patients
worldwide [4]. The purpose of current asthma treatments,
whether preventative or medicinal, is to control rather than
cure the disease.

Inflammatory processes are crucial in the pathophysiology of
atherosclerotic disease and hypertension [5-7]. In recent stud-
ies, elevated concentrations of thrombin

have been detected in the sputum of asthmatic patients [8,9].
Additional studies have reported that asthma is associated with
prothrombotic factors and endothelial dysfunction in the
development of atherothrombosis [10-12]. In addition, several
epidemiological studies have reported that asthma is associated
with the risk of pulmonary thromboembolism and cardiovas-
cular diseases [13-15]. However, asthma is not generally con-
sidered as a risk factor for stroke, although asthmatic patients
may exhibit an elevated concentration of coagulation factors
[8,11]. Therefore, we investigated whether asthma increases the
risk of stroke using a retrospective nationwide population-
based cohort study.

Methods

Data source

A single-payer compulsory National Health Insurance (NHI)
programme was implemented in Taiwan in 1995, covering
nearly 99% of 23-74 million residents in Taiwan by the end of
2009 [16]. The National Health Research Institute (NHRI),
Ministry of Health and Welfare, established and manages the
National Health Insurance Research Database (NHIRD). To
protect patient privacy, the NHRI had encrypted in advance
all personal identification numbers into unique numbers
before releasing the data files to users. With approval from the
NHRI, we were able to use the scrambled patient identifica-
tion to link files, including the registry of medical facilities,
details of inpatient orders, ambulatory cares, dental services
and prescriptions. In this study, we obtained a subdata set for
one million people randomly selected from the entire

registered population. This subdata set is similar to the entire
population in the distributions of sex, age and average pay-
roll-related insurance payment. The disease criteria were
defined according to the International Classifications of Dis-
eases, 9th Revision, Clinical Modification (ICD-9-CM). To
ensure the accuracy of the claims data, the Bureau of National
Health Insurance (BNHI) would invite experts to review
claims on a random sample basis for every one hundred
outpatient claims and of every fifteen inpatient claims. False
claims or unnecessary treatment would result in severe pen-
alty from BNHI This study was exempted from full ethical
review by China Medical University (IRB Permit Number:
CMU-REC-101-012).

Sampled patients

Figure 1 shows the selection process of the participants in the
two study cohorts. We enrolled patients who were 18 years of
age and older with newly diagnosed asthma (ICD-9 code 493)
based on claims data between 1 January 2000 and 31 December
2010. To ensure the accuracy of the asthma diagnosis, we
selected patients who had received treatment involving inhaled
corticosteroids, inhaled short-acting beta-2 agonists (SABA) or
inhaled long-acting beta-2 agonists (LABA) as the asthmatic
cohort. The date of diagnosis of asthma was defined as the
index date for initiating follow-up person-years measurement.
For each asthmatic patient, four reference individuals were
selected from the people without a diagnosis of asthma as the
nonasthmatic comparison cohort and were frequency matched
according to sex, age (every 5-years span) and index year of
diagnosed asthma. We excluded the patients with a history of
stroke (ICD-9 codes 430-438) and those with incomplete age or
sex information at the baseline. The baseline comorbidity his-
tory was determined for each patient; these comorbidities
included atrial fibrillation (ICD-9 code 427.31), hypertension
(ICD-9 codes 401-405), diabetes (ICD-9 code 250), hyperlipid-
emia (ICD-9 code 272), heart failure (ICD-9 code 428), alcohol-
ism (ICD-9 codes 303, 305.0, A215 and V113), obesity ICD-9
code 278), chronic obstructive pulmonary disease (COPD; ICD-
9 codes 491, 492, 496), deep vein thrombosis (DVT; ICD-9 code
453.8) and coronary artery disease (CAD; ICD-9 codes 413,
414.0, 414.3, 414.8, 414.9).

Main outcome

The primary outcome was newly diagnosed stroke reported in
hospitalization records, including haemorrhagic stroke (ICD-9
codes 430-432) and ischaemic stroke (ICD-9 codes 433-438). The
follow-up person-years were determined by calculating the
interval between the index date and the date on which any of
the following occurred first: the date of stroke diagnosis, the
date of withdrawal from the NHI programme, the date of death
or 31 December 2011.
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agonists (SABA), or inhaled long-acting beta-2 agonists (LABA)
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Figure 1 Shows the selection process of
the participants in the 2 study cohorts.

Statistical analysis
The proportionate distributions of demographic status and
comorbidity between the asthmatic and nonasthmatic cohorts
were compared and examined using the chi-squared test. The
mean ages and standard deviations (SDs) were measured and
examined using a t-test. Similarly, the incidence density rates
based on demographic variables and comorbidity were calcu-
lated for each cohort and the subgroups. Univariable and
multivariable Cox proportional hazard regression models were
used to estimate the hazard ratio (HR) and 95% confidence
interval (CI) to assess the effects of asthma on the risk of stroke.
The multivariable models were simultaneously adjusted for
demographic characteristics and comorbidities. Further analy-
sis was performed to assess the dose response of asthmatic
exacerbation on the risk of stroke according to the number of
emergency room (ER) visits and hospitalizations for asthma.
We divided the asthmatic cohort into three mutually exclusive
groups, according to drug treatment status, as follows: (i) treat-
ment with inhaled corticosteroids, (ii) treatment with inhaled
SABA or LABA and (iii) both inhaled corticosteroids and inhaled
SABA or LABA. To estimate the cumulative incidence of stroke
risk in the asthmatic and nonasthmatic cohorts, we performed
survival analysis using the Kaplan-Meier method, and signifi-
cance was determined using the log-rank test. The entire match-
ing procedure and all statistical analyses were performed using
sas 9.2 software (SAS Institute, Cary, NC, USA). A two-tailed
P-value of < 0.05 was considered statistically significant.

Total 72 587 asthmatic cases and control
subjects in the study cohort. Follow-up until
diagnosis of stroke or the end of 2011.

Results

Demographic characteristics and comorbidity
between the asthmatic patients and nonasthmatic
controls

We analysed the data collected from a total of 58 069 people in
the nonasthmatic cohort and 14 518 patients in the asthmatic
cohort. The average follow-up duration was 7-21 years for the
asthmatic cohort and 7-35 years for the nonasthmatic cohort. In
the asthmatic cohort, 54-3% of the patients were female. The
mean age of the study patients was 52:6 + 17-6 years for the
asthmatic cohort and 52-0 + 17-6 years for the nonasthmatic
cohort. Compared with those of the nonasthmatic cohort, the
comorbidities of atrial fibrillation (0-97% vs. 0-43%), hyperten-
sion (38:1% vs. 26-:9%), hyperlipidemia (20-4% vs. 15-1%), heart
failure (4-90% vs. 1-33%), alcoholism (1-10% vs. 0-56%), obesity
(1-60% vs. 0-82%), COPD (28:9% vs. 5:12%), DVT (0-14% vs.
0-11%) and CAD (21-1% vs. 11-9%) were more prevalent in the
asthmatic cohort (Table 1).

Comparison of the incidence and hazard ratio of
stroke stratified by sex, age and comorbidity
between the asthmatic patients and nonasthmatic
controls

The overall incidence of stroke was greater in the asthmatic
cohort than in the nonasthmatic cohort (10-9 and 7-13 per 1000
person-years, crude HR = 1.53, 95% CI = 1-47-1-60), with an
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Table 1 Demographic characteristics and comorbidity in
patient with and without asthma

Asthma
No Yes
N = 58 069 N =14 518
Variable n (%) n (%) P-value
Sex
Female 31 504 (54-3) 7876 (54-3) 0-99
Male 26 565 (45-7) 6642 (45-7)
Age, mean(SD)" 520 (17-6) 52.6 (17-6) 0-0002
Stratify age
<34 11 752 (20-2) 2938 (20-2) 0-99
35-49 14 128 (24-3) 3532 (24-3)
50-64 15 464 (26:6) 3866 (26-6)
65-74 10 384 (17-9) 2596 (17-9)
75+ 6341 (10.9) 1586 (10-9)
Comorbidity
Atrial fibrillation 251 (0-43) 141 (0-97) < 0-0001
Hypertension 15 632 (26-9) 5531 (38:1) < 0-0001
Hyperlipidemia 8787 (15-1) 2963 (20-4) < 0-0001
Heart failure 771 (1-33) 712 (4-90) < 0-0001
Alcoholism 324 (0-56) 159 (1-10) < 0-0001
Obesity 476 (0-82) 232 (1-60) < 0-0001
COPD 2972 (5-12) 4189 (28.9) < 0-0001
DVT 61 (0-11) 20 (0-14) 0-29
CAD 6925 (11-9) 3062 (21-1) < 0-0001

COPD denotes chronic obstructive pulmonary disease; DVT denotes deep
vein thrombosis; CAD denotes coronary artery disease.
Chi-squared test; 'two sample t-test.

adjusted HR of 1-37 (95% CI = 1.27-1-48) when adjusting for
age, sex and comorbidities (Table 2). Furthermore, patients with
asthma were 1-38-fold more likely to develop ischaemic stroke
(95% CI = 1-27-1-49) and were 1-31-fold more likely to develop
haemorrhagic stroke (95% CI = 1-09-1-65) than were the non-
asthmatic controls after adjusting for age, sex and comorbidities.
The stroke incidence was greater in men than in women in both
cohorts. However, the adjusted HR of stroke for the asthmatic
cohort compared with that of the nonasthmatic cohort was
greater for women than for men. The stroke incidence increased
with age in both cohorts. However, the age-specific asthma-to-
nonasthma relative risk was the greatest for the oldest group
aged 75+ years (adjusted HR = 1-48; 95% CI = 1-29-1.70). The

comorbidity-specific asthmatic-cohort-to-nonasthmatic-cohort
adjusted HR of stroke was significant for patients both without
comorbidity (adjusted HR = 1-37, 95% CI = 1-13-1-67) and with
comorbidity (adjusted HR = 1-33, 95% CI = 1-23-1-43).

Hazard ratios of stroke associated with the number
of annual asthmatic exacerbations

Compared with the nonasthmatic cohort, patients in the asth-
matic cohort visiting the ER visits more than three times were
associated with a significantly higher risk of stroke (adjusted
HR = 3-05,95% CI = 2.75-3-38) (Table 3). Furthermore, the risk
of stroke increased as the number of hospitalizations for asthma
increased. The patients who were admitted for asthma more
than five times exhibited the highest risk of stroke with an
adjusted HR of 60-8 (95% CI = 42-8-86-3).

Hazard ratios of stroke associated with asthma
treatment

Table 4 shows the analysis of treatment associated with stroke
risk among the asthmatic patients. Compared with asthmatic
patients who received inhaled corticosteroid treatment, the
patients who received inhaled SABA or LABA treatment had a
significantly increased risk of stroke (adjusted HR = 1-93, 95%
CI = 1.63-2-27), followed by those who had received both
inhaled corticosteroids and inhaled SABA or LABA treatment
(adjusted HR = 1-33, 95% CI = 1-13-1-56).

Comparing the probabilities of stroke between the
asthmatic and nonasthmatic cohorts using Kaplan-
Meier analysis

The Kaplan-Meier analysis revealed that the risk of stroke
increased during the follow-up period in both cohorts, and the
cumulative incidences of stroke were significantly higher in the
asthmatic cohort than in the nonasthmatic cohort (log-rank

P <0.0001) (Fig. 2).

Discussion

This is the first study to investigate whether asthma increases
the risk of developing stroke by applying a longitudinal pop-
ulation-based cohort study to an Asian population. This study
demonstrated that asthmatic patients exhibit a 1-38-fold greater
risk of stroke development than that of the general population,
after adjusting for age, sex and comorbidities. Onufrak et al.
[15] demonstrated that women with adult-onset asthma expe-
rienced a twofold increase in the risk of stroke in four com-
munities in the United States. Iribarren et al. [17] indicated that
asthma is associated with a 1-2-fold hazard of cerebrovascular
disease for adults in Northern Carolina. These two studies
reported the stroke risk exhibited by asthmatic patients in local
communities in the United States.
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Table 2 Comparison of incidence and hazard ratios of stroke stratified by sex and age between asthmatic patients and nonasth-

matic people

Asthma
No Yes
Variables Event PY Rate Event PY Rate Crude HR (95% Cl) Adjusted HR (95% ClI)
Al 3044 42 6729 713 1140 10 4697 10-9 1-53 (1-47, 1-60)*** 1-37 (127, 1-48)***
Ischaemic stroke’ 2614 6-13 992 9.47 1-55 (1-48, 1-62)*** 1-38 (127, 1-49)***
Haemorrhagic stroke’ 430 1.01 148 1-41 1-40 (1-33, 1-48)*** 1-34 (1-09, 1-65)**
Sex*
Female 1280 235 309 5.44 513 58 037 8.84 1-62 (1-53, 1.73)*** 1-42 (127, 1.58)***
Male 1764 191 420 9.22 627 46 660 13-4 1-46 (1-37, 1.65)*** 1-33 (1-20, 1-48)***
Stratify age®
<34 24 86 610 0-28 10 22 243 0-45 1-62 (1-43, 1-85)*** 1-33 (0-62, 2-88)
35-49 175 109 347 1-60 71 27 676 2.57 1-60 (1-45, 1.78)*** 1-27 (0-95, 1-71)
50-64 702 117 486 5.98 299 28 600 105 1-75 (1-61, 1-90)*** 1-44 (124, 1-68)***
65-74 1245 76 275 16-3 419 17 767 236 1-44 (1-31, 1.69)*** 1-25 (110, 1-417)***
/558 898 37 010 24.3 341 8410 40-6 1-67 (1-49, 1.87)*** 1-48 (129, 1-70)***
Comorbidity?
No 843 279 454 3:02 116 46 427 2.50 0-83 (0-68, 1-00) 1-37 (1:13, 1-67)***
Yes 2201 147 274 14.9 1024 58 270 17-6 1-18 (1-09, 1.27)*** 1-33 (1:23, 1-43)***

PY, person-years; rate, incidence rate, per 1000 person-years; Crude HR, relative hazard ratio; Comorbidity: only to have one of comorbidities (including atrial
fibrillation, hypertension, hyperlipidemia, heart failure, alcoholism, obesity, chronic obstructive pulmonary disease, deep vein thrombosis and coronary artery
disease) classified as the comorbidity group.
*P < 0-05, **P < 0-01, ***P < 0-001.
TAdjusted HR was calculated by Cox proportional hazard regression and adjusted for age, sex and comorbidities of atrial fibrillation, hypertension, hyperlip-
idemia, heart failure, alcoholism, obesity, chronic obstructive pulmonary disease, deep vein thrombosis and coronary artery disease.

*Adjusted HR was calculated by Cox proportional hazard regression stratified by sex and adjusted for age, and comorbidities of atrial fibrillation, hypertension,
hyperlipidemia, heart failure, alcoholism, obesity, chronic obstructive pulmonary disease, deep vein thrombosis and coronary artery disease.

§Adjus‘ced HR was calculated by Cox proportional hazard regression stratified by age and adjusted for sex, and comorbidities of atrial fibrillation, hypertension,
hyperlipidemia, heart failure, alcoholism, obesity, chronic obstructive pulmonary disease, deep vein thrombosis and coronary artery disease.

IAdjusted HR was calculated by Cox proportional hazard regression stratified by comorbidity and adjusted for age and sex.

Although the asthmatic patients in this study presented a
higher prevalence of comorbidities and coexisting conditions
associated with the development of stroke than did the com-
parison cohort, asthma remained an independent risk factor for
developing stroke after adjusting for covariates.

The mechanisms underlying the epidemiologic association
between asthma and stroke remain unclear. A possible theory is
that chronic airway inflammation may contribute to systemic
inflammation and to the vulnerability to vascular disease
[18,19]. Allergens are responsible for an inflammatory response
in the lungs of asthmatic patients, in whom the response is
aggravated by the proinflammatory effects of platelets and
decreased cytoprotective effects [11]. Coagulation is activated
in the airways of asthmatic patients by the leaking of clotting
and tissue factors. Fibrin deposition is further facilitated by

decreased activity of the anticoagulant protein C and the inhi-
bition of fibrinolysis [11]. In addition to chronic inflammation,
other contributing thrombovascular risk factors and effects of
asthma medications may also play vital roles in stroke devel-
opment. Vijayakumar et al. [20] indicated that asthma is asso-
ciated with increased arterial inflammation. Furthermore,
Onufrak et al. reported that adult-onset asthma is associated
with an increased risk of carotid atherosclerosis and stroke
among women [12,15].

In this study, more than half of the patients in the asthmatic
cohort were women. The finding of this study is consistent with
that described in a previous report, indicating that women have
a higher prevalence rate than that of men [21]. Onufrak ef al.
[15] indicated that adult-onset asthma may be a significant risk
factor for stroke in women, but not in men. However, the
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Table 3 Hazard ratios and 95% confidence intervals of stroke risk associated with the number of annual asthmatic exacerbation

No. of Event

Nonasthma 3044

Times of emergency room visit

<3 668
>3 472
P for trend

Times of hospitalization

<2 1058

3-4 48

25 34
P for trend

Times of hospitalization or emergency room visit

<2 562

3-5 153

>6 425
P for trend

Crude HR (95% Cl)

1 (Reference)

1-05 (0-96, 1-14)
4.34 (3.94, 4.78)%**
< 0:0001

1.42 (1-32, 1.52)***
50-2 (37-7, 66-9)***
220-3 (1555, 312-0)***

< 0-0001

0-96 (0-88, 1.05)

1-90 (1-62, 2-24)***

5.33 (4-82, 5-90)***
< 0-0001

Adjusted HR (95% CI)

1 (Reference)

1-00 (0-92, 1-09)
3.05 (275, 3-38)***
< 0-0001

1-28 (1-19, 1-39)***
18-9 (14-1, 25.4)***
60-8 (42-8, 86-3)***

< 0-0001

0-92 (0-84, 1-02)

1-67 (1-41, 1.97)***

365 (3:27, 4-06)***
< 0-0001

Crude HR, relative hazard ratio; Adjusted HR: multivariable analysis including age, sex and comorbidities of atrial fibrillation, hypertension, hyperlipidemia,

heart failure, alcoholism, obesity chronic obstructive pulmonary disease, deep vein thrombosis and coronary artery disease.

*P < 0.05, **P < 0.01, ***P < 0-001.

Table 4 Cox proportional hazard regression analysis measured hazard ratio of stroke among asthma patients by treatment

Variables Event PY
Asthma
Inhaled corticosteroids 221 37 356
Inhaled SABA or LABA 474 23 250
Both 445 44 091

Rate Crude HR (95% CI) Adjusted HR (95% CI)
5.92 1 (Reference) 1 (Reference)

20-4 3-44 (2.94, 4.04)%** 1.93 (1-63, 2.27)***
10-1 171 (1-46, 2-01)*** 1-33 (1-13, 1-56)***

PY, person-years; Rate, incidence rate, per 1000 person-years; Crude HR, relative hazard ratio; Adjusted HR: multivariable analysis including age, sex and
comorbidities of atrial fibrillation, hypertension, hyperlipidemia, heart failure, alcoholism obesity, chronic obstructive pulmonary disease, deep vein thrombosis

and coronary artery disease.
*P < 0.05, **P < 0-01, ***P < 0-001.

current study demonstrated that the asthmatic patients exhib-
ited a significantly higher risk of stroke than that of the com-
parison cohort in patients of both sexes, after adjusting for
covariates. A possible reason for the stroke risk differences
among asthmatic patients between Western countries and Tai-
wan may be related to racial differences [22].

The stroke incidence increased with age in both cohorts.
The age-specific crude relative risk indicated that stroke risk
was significantly higher in the asthmatic cohort than in the
nonasthmatic cohort. However, the risk of stroke was
significantly higher in the asthmatic cohort than in the

nonasthmatic cohort for those aged 50 years or older, after
adjusting for sex and comorbidities. As people age, activity
levels decrease and cardiopulmonary systems deteriorate.
Previous studies have reported that cerebral blood flow
decreases during normal ageing [23,24]. Asthma may exac-
erbate cerebral vascular thrombosis and increase the vulner-
ability of the cerebral vessels, thereby contributing to stroke
risk in elderly patients. The asthmatic patients exhibited an
increased adjusted HR of stroke compared with the com-
parison cohort, irrespective of whether they had any
comorbidity.
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Figure 2 Comparing probabilities of stroke between
asthmatic and nonasthmatic cohorts using Kaplan-Meier
analysis.

The Global Initiative for Asthma recommended that asthma
care be based on the clinical control status of uncontrolled,
partly controlled and adequately controlled, instead of asthma
severity [25]. No study has investigated the relationship
between the number of asthmatic exacerbations and hospital-
izations and the risk of stroke development. The present study
demonstrated that the risk of developing stroke increased when
the number of asthmatic exacerbations required for emergency
room visits was > 3 times a year, and when the number of
hospitalizations increased. This result suggests that poor con-
trol is a critical factor for stroke in asthmatic patients. The
mechanism by which the number of asthmatic exacerbations,
emergency room visits and hospitalizations may predispose
stroke seems complex. Inflammation may alter the balance
between procoagulant and fibrinolytic activities because
inflammation and coagulation stimulate each other [26].
Moreover, the relationship between the number of asthmatic
exacerbations necessary for hospitalization and the risk of
stroke development exhibited a dose-response effect.

Considering the effect of asthma treatment on the risk of
stroke development, the patients receiving SABA or LABA
exhibited a significantly higher risk of stroke compared with
the patients receiving only inhaled corticosteroids, after
adjusting for covariates. Although beta-2 agonists are typically
inhaled with low systemic absorption, increased plasma levels
have been reported [27]. Beta-2 agonists are considered as a

significant risk factor for incident atrial fibrillation [28-30].
Subclinical atrial tachyarrhythmias were associated with a sig-
nificantly increased risk of ischaemic stroke [31].

The strength of this study is that it provides a nationwide
population-based longitudinal cohort study on the risk of
stroke development in people with asthma. These findings can
be generalized to the general population. However, several
limitations must be considered when interpreting these find-
ings. The NHIRD does not provide detailed lifestyle informa-
tion, such as smoking, body mass index, physical activity
levels, socioeconomic status and family history, which are all
potential confounding factors for this study. Second, the study
cases were physician-diagnosed asthmatic patients, thus
potentially causing a misclassification bias despite the ability of
the auditing mechanism of the Bureau of National Health
Insurance to facilitate the minimization of diagnostic uncer-
tainty and misclassification. The lack of drug data, such as
those on hormone replacement therapy and the use of contra-
ceptive, anticoagulant, and antiplatelet drugs, may also have
influenced the primary outcomes of this study.

This nationwide study of 14 518 asthmatic patients with
104 697 person-year follow-ups indicates that asthmatic
patients have a 38% increased risk of developing stroke com-
pared with the general population. These findings emphasize
the importance of clinician awareness of potential stroke
development among asthmatic patients.

Acknowledgements

This work was supported by the study projects (DMR-102-014
and DMR-102-023) in our hospital; Taiwan Ministry of Health
and Welfare Clinical Trial and Research Center of Excellence
(MOHW103-TDU-B-212-113002), Health and welfare surcharge
of tobacco products, China Medical University Hospital Cancer
Research Center of Excellence MOHW103-TD-B-111-03, Tai-
wan) and International Research-Intensive Centers of Excel-
lence in Taiwan (I-RiCE) (NSC101-2911-1-002-303). The funders
had no role in study design, data collection and analysis,
decision to publish or preparation of the manuscript. No
additional external funding received for this study. All authors
state that they have no conflict of interests.

Authors’ contributions

All authors have contributed significantly, and that all authors
are in agreement with the content of the manuscript: Wei-Sheng
Chung and Chia-Hung Kao contributed in conception/design;
Chia-Hung Kao contributed in provision of study materials; All
authors contributed in collection and/or assembly of data;
Wei-Sheng Chung, Cheng-Li Lin and Chia-Hung Kao per-
formed data analysis and interpretation; All authors wrote the
manuscript; All authors contributed in final approval of the
manuscript.

European Journal of Clinical Investigation Vol 44 1031



W.-S. CHUNG ET AL.

www.ejci-online.com

Disclosure statement
All authors report no conflict of interests.

Address

Department of Internal Medicine, Taichung Hospital, Ministry
of Health and Welfare, 400, Taichung, Taiwan (W. S. Chung);
Department of Healthcare Administration, Central Taiwan
University of Science and Technology, 400, Taichung, Taiwan
(W. S. Chung, Y. F. Chen);

Management Office for Health Data, China Medical University
Hospital, 400, Taichung, Taiwan (C. L. Lin);

Department of Public Health, China Medical University, 400,
Taichung, Taiwan (C. L. Lin);

Department of Internal Medicine, Taoyuan General Hospital,
Ministry of Health and Welfare, 330, Taoyuan, Taiwan (F. M. Ho);
Graduate Institute of Clinical Medical Science and School of
Medicine, College of Medicine, China Medical University, 400,
Taichung, Taiwan (W. H. Hsu, C. H. Kao);

Department of Nuclear Medicine and PET Center, China Med-
ical University Hospital, 400, Taichung, Taiwan (C. H. Kao).

Correspondence to: Chia-Hung Kao, MD, Graduate Institute of
Clinical Medical Science and School of Medicine, College of
Medicine, China Medical University, No. 2, Yuh-Der Road,
Taichung 404, Taiwan. Tel.: +886 4 22052121x7412;

fax: +886 4 22336174; e-mail: d10040@mail.cmuh.org.tw

Received 9 May 2014; accepted 7 September 2014

References

1 Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA,
Connor M, Bennett DA et al. Global and regional burden of first-ever
ischaemic and haemorrhagic stroke during 1990-2010: findings from
the Global Burden of Disease Study 2010. Lancet Glob Health 2013;1:
€259-81.

2 Lee YC, Chen YM, Hsueh IP, Wang YH, Hsieh CL. The impact of
stroke: insights from patients in Taiwan. Occup Ther Int 2010;17:152—
8.

3 Chiu WT. Taiwan Public Health Report 2012. Taipei: Department of
Health, R.O.C. (Taiwan); 2012: pp 1-132.

4 FitzGerald M, Bateman ED, Boulet LP, Curz AA, Haahtela T, Levy
ML et al. Global Strategy for Asthma Management and Prevention
Updated. 2012. Available at: http://www.ginaasthma.org. Accessed
on 20 January 2014.

5 Ross R. Atherosclerosis — an inflammatory disease. N Engl | Med
1999;340:115-26.

6 Biasucci LM. CDC/AHA Workshop on Markers of Inflammation
and Cardiovascular Disease: Application to Clinical and Public
Health Practice: clinical use of inflammatory markers in patients
with cardiovascular diseases: a background paper. Circulation
2004;110:e560-7.

7 Savoia C, Schiffrin EL. Inflammation in hypertension. Curr Opin
Nephrol Hypertens 2006;15:152-8.

8 Kanazawa H, Yoshikawa T. Up-regulation of thrombin activity
induced by vascular endothelial growth factor in asthmatic airways.
Chest 2007;132:1169-74.

9 Schouten M, Van de Pol MA, Levi M, Van der Poll T, Van der Zee JS.
Early activation of coagulation after allergen challenge in patients
with allergic asthma. | Thromb Haemost 2009;7:1592—4.

10 Yildiz P, Oflaz H, Cine N, Genchallac H, Erginel-Unaltuna N, Yildiz
A et al. Endothelial dysfunction in patients with asthma: the role of
polymorphisms of ACE and endothelial NOS genes. | Asthma
2004;41:159-66.

11 de Boer JD, Majoor CJ, van’t Veer C, Bel EH, van der Poll T. Asthma
and coagulation. Blood 2012;119:3236—44.

12 Onufrak S, Abramson J, Vaccarino V. Adult-onset asthma is
associated with increased carotid atherosclerosis among women in
the Atherosclerosis Risk in Communities (ARIC) study.
Atherosclerosis 2007;195:129-37.

13 Chung WS, Lin CL, Ho FM, Li RY, Sung FC, Kao CH ef al. Asthma
increases pulmonary thromboembolism risk: a nationwide
population cohort study. Eur Respir | 2014;43:801-7.

14 Schanen ]G, Iribarren C, Shahar E, Punjabi NM, Rich SS, Sorlie PD
et al. Asthma and incident cardiovascular disease: the
Atherosclerosis Risk in Communities Study. Thorax 2005;60:633-8.

15 Onufrak SJ, Abramson JL, Austin HD, Holguin F, McClellan WM,
Vaccarino LV. Relation of adult-onset asthma to coronary heart
disease and stroke. Am | Cardiol 2008;101:1247-52.

16 Cheng TM. Taiwan’s National Health Insurance system: high value
for the dollar. In: Okma KGH, Crivelli L, editors. Six Countries, Six
Reform Models: The Health Reform Experience of Israel, the Netherlands,
New Zealand, Singapore, Switzerland and Taiwan. New Jersey: World
Scientific; 2009: pp 71-204.

17 Iribarren C, Tolstykh IV, Miller MK, Sobel E, Eisner MD. Adult
asthma and risk of coronary heart disease, cerebrovascular disease,
and heart failure: a prospective study of 2 matched cohorts. Am |
Epidemiol 2012;176:1014-24.

18 Zietkowski Z, Tomasiak-Lozowska MM, Skiepko R, Mroczko B,
Szmitkowski M, Bodzenta-Lukaszyk A. High-sensitivity C-reactive
protein in the exhaled breath condensate and serum in stable and
unstable asthma. Respir Med 2009;103:379-85.

19 Magnussen H, Watz H. Systemic inflammation in chronic
obstructive pulmonary disease and asthma: relation with
comorbidities. Proc Am Thorac Soc 2009;6:648-51.

20 Vijayakumar J, Subramanian S, Singh P, Corsini E, Fontanez S,
Lawler M et al. Arterial inflammation in bronchial asthma. | Nucl
Cardiol 2013;20:385-95.

21 Lin RY, Lee GB. The gender disparity in adult asthma
hospitalizations dynamically relates to age. | Asthma 2008;45:931-5.

22 Gorman BK, Chu M. Racial and ethnic differences in adult asthma
prevalence, problems, and medical care. Ethn Health 2009;14:527-52.

23 Shin W, Horowitz S, Ragin A, Chen Y, Walker M, Carroll TJ.
Quantitative cerebral perfusion using dynamic susceptibility
contrast MRI: evaluation of reproducibility and age- and gender-
dependence with fully automatic image postprocessing algorithm.
Magn Reson Med 2007;58:1232—-41.

24 Chen JJ, Rosas HD, Salat DH. Age-associated reductions in cerebral
blood flow are independent from regional atrophy. Neuroimage
2011;55:468-78.

25 GINA. Global Strategy for Asthma Management and Prevention. 2012.
Available at: http:/ /www.ginaasthma.org. Accessed on 20 January
2014.

1032 © 2014 Stichting European Society for Clinical Investigation Journal Foundation



STROKE RISK AMONG ADULT ASTHMATIC PATIENTS

26 Matthay MA, Clements JA. Coagulation-dependent mechanisms 29 Hodgkinson JA, Taylor CJ, Hobbs FD. Predictors of incident atrial
and asthma. | Clin Invest 2004;114:20-3. fibrillation and influence of medications: a retrospective case-control

27 Anderson PJ, Zhou X, Breen P, Gann L, Logsdon TW, Compadre study. Br | Gen Pract 2011;61:e353-61.
CM et al. Pharmacokinetics of (R, S)-Albuterol after aerosol 30 Breeden CC, Safirstein BH. Albuterol and spacer-induced atrial
inhalation in healthy adult volunteers. | Pharm Sci 1998;87:841—4. fibrillation. Chest 1990;98:762-3.

28 Salpeter SR, Ormiston TM, Salpeter EE. Cardiovascular effects of 31 Healey ]S, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci
beta-agonists in patients with asthma and COPD: a meta-analysis. A et al. Subclinical atrial fibrillation and the risk of stroke. N Engl |
Chest 2004;125:2309-21. Med 2012;366:120-9.

European Journal of Clinical Investigation Vol 44 1033



