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ABSTRACT Studies on the association between asthma and pulmonary thromboembolism are

considerably limited. We investigated whether pulmonary embolism is associated with asthma using a

nationwide cohort study.

We identified 31 356 patients with newly diagnosed asthma in 2002–2008 and 125 157 individuals

without asthma randomly selected from the general population, frequency matched by age, sex and index

year using the National Health Insurance Research Database. Both cohorts were followed-up until the end

of 2010 to measure the incidence of pulmonary embolism. Cox proportional hazards regression analysis was

used to measure the hazard ratio of pulmonary embolism for the asthmatic cohort, compared with the

nonasthmatic cohort.

We followed 186 182 person-years for asthmatic patients and 743 374 person-years for nonasthmatic

subjects. The hazard ratio of pulmonary embolism was 3.24 for the asthmatic cohort, compared with the

nonasthmatic cohort after adjusting for sex, age, comorbidities and oestrogen supplementation. The risk

of developing pulmonary embolism significantly increased with the increased frequency of asthma

exacerbation and hospitalisation.

This nationwide cohort study suggests that the risk of developing pulmonary embolism is significantly

increased in asthmatic patients compared to the general population. Frequent asthma exacerbation and

hospitalisation are significantly associated with pulmonary embolism risk.
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Introduction
Asthma has become a major cause of morbidity and mortality worldwide, and its prevalence has increased

in the past 20 years [1]. Asthma is a chronic inflammatory disorder of the airways, which involves

inflammatory cells and multiple mediators that result in characteristic pathophysiological changes. Chronic

inflammation of the airways is associated with airway hyperresponsiveness, which leads to increased mucus

plugs, recurrent attacks of breathlessness and wheezing. Asthma currently has no cure, except for

symptomatic treatment.

Pulmonary thromboembolism is a blockage of the main pulmonary artery or one of its branches by a

substance that has travelled from elsewhere in the body through the bloodstream. Pulmonary artery

thromboses and pulmonary infarcts constitute pulmonary embolism, which may become a potentially fatal

disorder with high mortality rates [2]. Although the major risk factors of pulmonary embolism are well

recognised, the pathology often develops without any obvious precipitating factor. CUSHMAN et al. [3]

reported from a longitudinal investigation of thromboembolism aetiology that half of pulmonary embolism

cases were idiopathic.

Studies have shown that chronic inflammatory diseases are connected with coagulation activation and

increased pulmonary embolism risk [4–6]. Several studies have indicated pulmonary embolism prevalence

and risk in patients with chronic obstructive pulmonary disease (COPD) [7–9]. Asthma and COPD are

chronic inflammatory disorders of the airways. Recent studies have detected elevated concentrations of

thrombin in sputum of asthmatic patients [10, 11]. Further studies have also demonstrated that asthma is

connected with prothrombotic factors and endothelial dysfunction in the development of atherothrombosis

and pulmonary embolism [12, 13]. However, asthma is not generally viewed as a risk factor for pulmonary

embolism, although asthmatic patients may exhibit elevated concentrations of coagulation factors [10, 14].

A single study, in the Netherlands, has addressed the association between asthma and pulmonary embolism

[15]. Therefore, we conducted a nationwide asthma cohort study to investigate whether asthma increases

the risk of pulmonary embolism.

Methods
Data sources
Data analysed in this study were retrieved from the National Health Insurance Research Database (NHIRD),

a database established and maintained by the National Health Research Institute (NHRI), which was

released by the Bureau of National Health Insurance (BNHI). The BNHI provided the medical claims data

after scrambling identification details, and this study was exempted by the institutional review board. The

National Health Insurance programme in Taiwan has been operating since 1995; it covers ,99% of the

island’s 23.74 million population and was contracted by 97% of hospitals and clinics by the end of 2009 [16].

TABLE 1 Demographic characteristics, comorbidities and oestrogen supplementation in patients with and without asthma

Nonasthmatic subjects Asthmatic patients p-value

Subjects 125 157 31 356
Sex

Female 63 896 (51.1) 15 966 (50.9) 0.67
Male 61 261 (49.0) 15 390 (49.1)

Age years 38.9¡25.7 38.8¡26.2 0.26#

Stratified age
f50 years 76 580 (61.2) 19 225 (61.3) 0.92
50–65 years 22 459 (17.9) 5604 (17.9)
o65 years 26 118 (20.9) 6527 (20.8)

Comorbidity
Atrial fibrillation 731 (0.58) 329 (1.05) ,0.0001
Diabetes 11 370 (9.08) 3528 (11.3) ,0.0001
Hyperlipidaemia 15 065 (12.0) 5036 (16.1) ,0.0001
CVD 8902 (7.11) 3019 (9.63) ,0.0001
Heart failure 2073 (1.66) 1334 (4.25) ,0.0001
Lower leg fracture or surgery 1644 (1.31) 528 (1.68) ,0.0001
Cancer 4005 (3.20) 1171 (3.73) ,0.0001

Oestrogen supplementation 17 372 (13.9) 5252 (16.8) ,0.0001

Data are presented as n, n (%) or mean¡SD, unless otherwise stated. p-values were calculated using the Chi-squared test, unless otherwise stated.
CVD: cerebrovascular disease. #: two-sample t-test.

ASTHMA AND PULMONARY VASCULAR DISEASES | W-S. CHUNG ET AL.

DOI: 10.1183/09031936.00043313802



T
A

B
L

E
2

In
ci

d
e

n
ce

o
f

p
u

lm
o

n
a

ry
th

ro
m

b
o

e
m

b
o

li
sm

,
a

st
h

m
a

co
h

o
rt

to
n

o
n

a
st

h
m

a
ti

c
co

h
o

rt
in

ci
d

e
n

ce
ra

te
ra

ti
o

(I
R

R
)

a
n

d
m

u
lt

iv
a

ri
a

b
le

C
o

x
m

o
d

e
l

m
e

a
su

re
d

h
a

za
rd

ra
ti

o
(H

R
)

co
n

tr
o

ll
in

g
fo

r
se

x,
a

g
e

a
n

d
co

m
o

rb
id

it
ie

s

N
o

n
a

st
h

m
a

ti
c

su
b

je
ct

s
A

st
h

m
a

ti
c

p
a

ti
e

n
ts

IR
R

(9
5

%
C

I)
A

d
ju

st
e

d
H

R
"

(9
5

%
C

I)

P
u

lm
o

n
a

ry
e

m
b

o
li

sm
P

e
rs

o
n

-y
e

a
rs

In
ci

d
e

n
ce

ra
te

#
P

u
lm

o
n

a
ry

e
m

b
o

li
sm

P
e

rs
o

n
-y

e
a

rs
In

ci
d

e
n

ce
ra

te
#

A
ll

2
3

7
4

3
3

7
4

3
.0

9
1

9
1

8
6

1
8

2
1

0
.2

3
.3

0
(3

.1
6

–
3

.4
4

)*
**

3
.2

4
(1

.7
4

–
6

.0
1

)*
**

S
e

x F
e

m
a

le
1

8
3

7
9

3
4

8
4

.7
4

1
4

9
5

0
0

1
1

4
.7

3
.1

0
(2

.9
3

–
3

.2
9

)*
**

1
(R

e
fe

re
n

ce
)

M
a

le
5

3
6

4
0

2
6

1
.3

7
5

9
1

1
8

1
5

.4
8

3
.9

9
(3

.7
5

–
4

.2
5

)*
**

3
.2

0
(1

.5
0

–
6

.8
2

)*
*

S
tr

a
ti

fi
e

d
a

g
e

f
5

0
ye

a
rs

3
4

8
0

8
6

0
0

.6
2

1
1

2
1

5
2

4
0

.8
2

1
.3

2
(1

.2
3

–
1

.4
2

)*
**

1
(R

e
fe

re
n

ce
)

5
0

–
6

5
ye

a
rs

7
1

2
9

1
9

5
5

.4
2

8
3

2
2

7
5

2
4

.8
4

.5
7

(4
.1

6
–

5
.0

3
)*

**
1

3
.4

(4
.3

1
–

4
1

.5
)*

**
o

6
5

ye
a

rs
1

3
1

3
3

3
1

8
9

.7
5

1
0

3
2

3
8

3
3

0
.9

3
.1

7
(2

.9
0

–
3

.4
6

)*
**

2
0

.0
(6

.5
4

–
6

1
.1

)*
**

C
o

m
o

rb
id

it
y

A
tr

ia
l

fi
b

ri
ll

a
ti

o
n

N
o

2
3

7
4

0
1

7
9

3
.1

1
1

7
1

8
4

6
4

9
9

.2
1

2
.9

6
(2

.8
4

–
3

.0
9

)*
**

1
(R

e
fe

re
n

ce
)

Ye
s

0
3

1
9

5
0

.0
0

2
1

5
3

4
1

3
0

.4
0

.8
4

(0
.4

4
–

1
.6

1
)

D
ia

b
e

te
s

N
o

1
6

6
8

4
6

7
9

2
.3

4
1

8
1

6
7

8
2

1
1

0
.7

4
.5

9
(4

.3
9

–
4

.8
0

)*
**

1
(R

e
fe

re
n

ce
)

Ye
s

7
5

8
6

9
5

1
1

.9
1

1
8

3
6

1
5

.4
5

0
.4

6
(0

.3
8

–
0

.5
6

)*
**

0
.9

8
(0

.4
2

–
2

.2
5

)
H

yp
e

rl
ip

id
a

e
m

ia
N

o
1

8
6

6
2

0
8

7
2

.7
2

1
6

1
5

8
4

7
0

1
0

.1
3

.7
1

(3
.5

5
–

3
.8

9
)*

**
1

(R
e

fe
re

n
ce

)
Ye

s
5

8
1

2
8

7
6

.1
5

3
2

7
7

1
2

1
0

.8
1

.7
6

(1
.5

7
–

1
.9

8
)*

**
0

.5
3

(0
.2

3
–

1
.2

3
)

L
o

w
e

r
le

g
fr

a
ct

u
re

o
r

su
rg

e
ry

(i
m

m
o

b
il

is
a

ti
o

n
)

N
o

2
3

7
3

5
6

9
1

3
.1

3
1

8
1

8
3

8
5

0
9

.7
9

3
.1

3
(3

.0
0

,
3

.2
7

)*
**

1
(R

e
fe

re
n

ce
)

Ye
s

0
7

6
8

2
0

.0
0

1
2

3
3

2
4

2
.9

0
.9

2
(0

.1
2

–
6

.7
7

)
C

a
n

ce
r

N
o

1
9

7
2

4
5

7
6

2
.6

2
1

6
1

8
0

6
5

6
8

.8
6

3
.3

8
(3

.2
3

–
3

.5
3

)*
**

1
(R

e
fe

re
n

ce
)

Ye
s

4
1

8
7

9
8

2
1

.3
3

5
5

2
6

5
4

.3
2

.5
5

(2
.0

6
–

3
.1

6
)*

**
3

.2
6

(1
.4

3
–

7
.4

5
)*

**
O

e
st

ro
g

e
n

su
p

p
le

m
e

n
ta

ti
o

n
N

o
1

7
6

4
6

6
1

5
2

.6
3

1
3

1
5

3
6

3
7

7
0

.8
5

3
.1

6
(3

.0
2

–
3

.3
1

)*
**

1
(R

e
fe

re
n

ce
)

Ye
s

6
9

6
7

5
9

6
.2

0
6

2
9

8
0

5
2

0
.1

3
.2

5
(2

.9
2

–
3

.6
1

)*
**

0
.9

6
(0

.4
6

–
2

.0
2

)

D
a

ta
a

re
p

re
se

n
te

d
a

s
n

,
u

n
le

ss
o

th
e

rw
is

e
st

a
te

d
.

#
:

p
e

r
1

0
0

0
0

0
p

e
rs

o
n

-y
e

a
rs

;
"
:

m
u

lt
iv

a
ri

a
b

le
a

n
a

ly
si

s
in

cl
u

d
in

g
a

g
e

,
se

x
a

n
d

co
m

o
rb

id
it

ie
s.

**
:

p
,

0
.0

1
;

**
*:

p
,

0
.0

0
1

.

ASTHMA AND PULMONARY VASCULAR DISEASES | W-S. CHUNG ET AL.

DOI: 10.1183/09031936.00043313 803



We used a systemic sampling of the patient data of 1 million participants from all insured beneficiaries,

which was released by the NHRI as the Longitudinal Health Insurance Database (LHID). The NHRI reported

no significant age and sex differences between the LHID and all insurants. CHENG et al. [17] and KANG et al.

[18] have demonstrated the accuracy and high validity of diagnoses in the NHIRD. The International

Classification of Disease 9th revision Clinical Modification (ICD-9-CM) was used for the diagnostic codes.

This study was approved by the institutional review board of China Medical University in central Taiwan

(CMU-REC-101-012).

Study patients
Patients newly diagnosed with bronchial asthma (ICD-9-CM code 4930-4939) in 2002–2008 were identified

from ambulatory case visits or admission records, and designated the asthmatic cohort. The index date for

patients with bronchial asthma diagnosis was the date of their first medical visit. Patients with a history of

pulmonary embolism (ICD-9-CM code 415.1) or deep vein thrombosis (DVT) (ICD-9-CM code 453.8)

before the index date, or with incomplete age or sex information, were excluded. For each asthmatic case

identified, four insured people without a history of asthma or pulmonary embolism were randomly selected,

frequency matched in the same year, and designated as the nonasthma controls. Patients and controls were

matched for age (each 5-year span) and sex.

Outcome measures
All participants were observed to measure the incidence of pulmonary embolism incidence (excluding

iatrogenic incidence (ICD-9-CM code 415.11)) until the end of 2010 or censored for death, emigration or

discontinuation of enrolment in the NHIRD. The baseline history of comorbidity for each participant was

identified, including atrial fibrillation (ICD-9-CM code 427.31), diabetes (ICD-9-CM code 250),

hyperlipidaemia (ICD-9-CM code 272), cerebrovascular disease (CVD; ICD-9-CM code 430-438), heart

failure (ICD-9-CM code 428), lower leg fracture or surgery (ICD-9-CM code 820, 821; 823; 81.51, 81.52,

81.53 or 81.54) and cancer (ICD-9-CM code 140-208). Lower leg fracture or surgery (immobilisation), as

well as medication such as oestrogen supplementation, which could affect the development of pulmonary

embolism, were also included as covariates in the analysis.

Statistical analysis
The distributions of categorical demographic variables and comorbidities were compared between

asthmatic patients and nonasthmatic cohorts, and the differences were examined using a Chi-squared test.

The mean age of both cohorts was measured and tested using the t-test. Similarly, incidence densities by

demographic variables and comorbidity were calculated for each cohort. The asthma to nonasthma rate

ratio for pulmonary embolism was calculated with incidence rate ratios and 95% confidence interval (CI)

for each variable. The rate ratio was determined using Poisson regression. Multivariable Cox proportional-

hazards regression was used to assess the risk of developing pulmonary embolism associated with asthma

after adjusting for the variables significantly related to pulmonary embolism. Hazard ratios (HR) and 95%

TABLE 3 Hazard ratio (HR) of pulmonary thromboembolism risk associated with the number of emergency room visits and
admissions due to asthma exacerbation

Pulmonary
embolism

Crude HR p-value for
trend

Adjusted# HR p-value for
trend

Nonasthma 23 1 (Reference) 1 (Reference)
Emergency room visits per year ,0.0001 ,0.0001

1–2 5 1.17 (0.45–3.08) 1.23 (0.46–3.25)
3–4 4 7.36 (2.55–21.3)*** 7.28 (2.50–21.3)***
o4 10 10.7 (5.08–22.5)*** 8.39 (3.92–18.0)***

Admissions per year ,0.0001 0.0002
0 15 2.89 (1.51–5.54)** 3.08 (1.59–5.95)**
1–2 4 7.06 (2.44–20.4)*** 4.16 (1.39–12.4)*

Admissions and emergency room visits
per year

,0.0001 ,0.0001

1–2 4 0.94 (0.33–2.72) 0.99 (0.34–2.88)
3–4 4 7.25 (2.51–21.0)*** 7.15 (2.45–20.8)***
o4 11 11.6 (5.64–23.8)*** 9.04 (4.31–18.9)***

Data are presented as n or HR (95% CI), unless otherwise stated. #: multivariable analysis including age, sex and comorbidities. *: p,0.05;
**: p,0.01; ***: p,0.001.
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CI were calculated using this model. The Cox model was also used to estimate the HR of pulmonary

embolism associated with the cumulative frequency of emergency department visits or admission due to

asthma, compared to the nonasthmatic cohort. We further assessed the role of asthma duration using time-

dependent covariates (f5 years and .5 years since asthma diagnosis). The cumulative incidence of

pulmonary embolism between the asthmatic patients and the nonasthmatic cohort were estimated using the

Kaplan–Meier method, and the differences were assessed using a log-rank test. All statistical analyses were

performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA), and the Kaplan–Meier survival curve

was plotted using Stata 11.0 (StataCorp, College Station, TX, USA). The level of statistical significance was

set at 0.05.

Results
Demographic characteristics of the study participants
31 356 asthmatic patients and 125 157 nonasthmatic controls were enrolled to our study after excluding

ineligible participants. Table 1 shows a comparison of the demographic characteristics and comorbidities of

the asthmatic patients and the nonasthmatic cohort. Most participants were aged f50 years (61.2% of

asthmatics and 61.1% of nonasthmatics). The asthmatic cohort had a greater prevalence of atrial fibrillation,

diabetes, hyperlipidaemia, CVD, heart failure, lower leg fracture or surgery (immobilisation), cancer and

oestrogen supplementation at baseline (p,0.05).

The incidence rate and HR of pulmonary embolism stratified by sex, age and comorbidity between
two cohorts
The overall incidence rate of pulmonary embolism showed a 3.30-fold increase in asthmatic patients

compared to the nonasthmatic cohort (10.2 versus 3.09 per 100 000 person-years). The adjusted overall

HR of pulmonary embolism in asthmatic patients was 3.24 (95% CI 1.74–6.01) (table 2) compared with

the nonasthmatic cohort, after controlling for sex, age, comorbidities and oestrogen use. Sex-specific

analysis showed the incidence rate of males and females with asthma at 5.48 and 14.7 per 100 000 person-

years, respectively; higher than that in the nonasthmatic cohort (1.37 and 4.74 per 100 000 person-years,

respectively). Males had a 3.20-fold increased risk of pulmonary embolism development compared to

females after adjusting for age, asthma and comorbidities. An age-specific analysis showed that asthmatic

patients had a higher incidence rate of pulmonary embolism development than the nonasthmatic cohort in

all age groups, and that the pulmonary embolism incidence rate increased with age. The incidence rates of

pulmonary embolism were significantly higher in the asthmatic cohort than in the nonasthmatic cohort,

except for patients with diabetes. Patients with cancer were at a higher risk of pulmonary embolism than

patients who did not have cancer (HR 3.26, 95% CI 1.43–7.45).

Relationship between the number of emergency room visits and admissions and risk of pulmonary
embolism
The association between the average number of emergency room visits and admissions because of asthma

exacerbation and pulmonary embolism development was measured using cumulative frequency (table 3).

The HR increased with an increased number of emergency room visits and admissions. Compared to the

nonasthmatic cohort, the adjusted HR (95% CI) increased with the number of emergency room visits and

admissions because of asthma exacerbation, from 0.99 (0.34–2.88) for those having two or fewer visits, up

to 9.04 (4.31–18.9) for those having four and more visits (p,0.0001 for trend).

TABLE 4 Incidence rate ratio (IRR) and hazard ratio (HR) of pulmonary thromboembolism events by follow-up years

Follow-up Nonasthmatic cohort Asthma cohort IRR
(95% CI)

Adjusted HR"

(95% CI)

Pulmonary
embolism

Person-years Rate# Pulmonary
embolism

Person-years Rate#

f5 years 18 560 371 3.21 16 140 209 11.4 3.55
(3.40–3.71)***

3.38
(1.70–6.74)***

.5 years 5 183 003 2.73 3 45 973 6.53 2.39
(2.26–2.53)***

2.43
(0.57–10.4)

Data are presented as n, unless otherwise stated. #: incidence rate per 100 000 person-years; ": multivariable analysis including age, sex and
comorbidities. ***: p,0.001.
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Trends of pulmonary embolism events by stratified follow-up years
During the first 5 years after asthma diagnosis, the pulmonary embolism incidence rate was higher in the

asthmatic patients than in the nonasthmatic cohort (11.4 versus 3.21 per 100 000 person-years), with an

adjusted HR (95% CI) of 3.38 (1.70–6.74) (table 4). Kaplan–Meier survival analysis showed that patients

with asthma had significantly higher pulmonary embolism rates than the nonasthmatic cohort (fig. 1).

Discussion
This is the first study to investigate whether an Asian population with asthma have an increased risk of

developing pulmonary embolism through a longitudinal population-based cohort study. Our study shows

that asthmatic patients have a 3.24-fold increased risk of pulmonary embolism development than the

general population after adjusting for age, sex and comorbidities. Only one Western study [15] indicated

asthma with increased pulmonary embolism risk and our finding is consistent with theirs. Several studies

have also shown an increased prevalence and pulmonary embolism risk in COPD patients [6–9].

Although several potential mechanisms exist, the nature of the association between asthma and pulmonary

embolism remains unclear. Elevated concentrations of thrombin have been found in the sputum and

bronchoalveolar lavage of asthmatic patients, further supporting the existence of local coagulation

activation in asthma [11, 19]. Thrombin may play a role in inflammation and remodelling, in addition to its

central role of haemostasis. The airways represent a body compartment in which coagulation may be

initiated locally [20]. Several studies have also indicated that vascular endothelial dysfunction results from

reduced activation of endothelial nitric oxide in asthmatic patients [12, 13].

MAJOOR et al. [15] first showed the relationship between asthma and pulmonary embolism in a retrospective

study, in which the study participants were enrolled from three Dutch asthma outpatient clinics. Our study

conducted a nationwide population-based cohort study from the NHIRD and demonstrated asthma with

an increased risk of subsequent pulmonary embolism development.

Asthmatic patients have an increased risk of subsequent pulmonary embolism development in all groups.

Females have a higher incidence rate of pulmonary embolism than males. However, males have a

significantly higher adjusted hazard ratio of subsequent pulmonary embolism development after controlling

for age and comorbidities. This finding is consistent with previous studies [21, 22].

The pulmonary embolism incidence rate significantly increased with age in both sexes, which is also proven

after adjusting for the covariate. This finding is compatible with previous studies [3, 23]. Venous

thromboembolism is predominantly a disease of older people. Incidence rates and risks increase

exponenetially for both males and females and for both pulmonary embolism and DVT.

The Global Initiative for Asthma has recommended asthma care based on the clinical control status of

uncontrolled, partly controlled and good control, instead of asthma severity [1]. No study has investigated

the relationship between the number of asthma exacerbations and related hospital admissions to the risk of

pulmonary embolism development. Our study shows that the risk of developing pulmonary embolism

increased with the number of asthma exacerbations, emergency room visits and admissions. This finding

suggests poor control as an important factor for pulmonary embolism in asthmatic patients. The

mechanism by which the number of asthma exacerbations, emergency room visits and admissions may

predispose pulmonary embolism seems complex. Inflammation may alter the balance between procoagulant

and fibrinoytic activities because inflammation and coagulation stimulate each other. Patients with asthma

exacerbation present with tachypnoea and hypoxaemia, which may dehydrate the body and increase the
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likelihood of developing pulmonary embolism. According to the trends of pulmonary embolism event risk

in asthmatic patients, pulmonary embolism development significantly increased within 5 years of asthma

follow-up.

The strength of this study is that it provides a nationwide population-based cohort longitudinal study on

the risk of pulmonary embolism development in people with asthma. These findings can be extended to the

general population. However, several limitations must be considered when interpreting these findings. The

NHIRD does not provide detailed lifestyle information, such as smoking, body mass index and physical

activity, which are all potential confounding factors for this study. Secondly, the lack of corticosteroid doses

and other drugs affecting blood coagulation may present another limitation. However, whether the use of

corticosteroids contributes to a hypercoagulable state is controversial [24].

Our nationwide study of 31 356 asthmatic patients with 186 182 person-years of follow-up shows that

asthmatic patients have a 3.24-fold increased risk of developing pulmonary embolism compared to the

general population. These findings highlight the importance of clinician awareness of potential pulmonary

embolism development among asthmatic patients.
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