
Original articles

Cardiovascular disease risk associated with asthma and
respiratory morbidity might be mediated by short-acting
b2-agonists

Sarah L. Appleton, BSc (Hons),a Richard E. Ruffin, MBBS, MD,a David H. Wilson, PhD,a Anne W. Taylor, PhD,b

and Robert J. Adams, MBBS, MD,a on behalf of the North West Adelaide Cohort Health Study Team Adelaide, Australia
Background: Studies examining the asthma-related risks of
cardiovascular disease (CVD) events have generally used
selected samples or did not control for the effects of b2-agonist
use, itself associated with CVD events.
Objectives: We assessed the relationship between incident CVD/
stroke and asthma and the effect of atopy while controlling for
b2-agonist use in a representative adult population cohort free
of CVD at baseline.
Methods: The North West Adelaide Health Study (stage 1, n 5
3812; stage 2, n 5 3113) assessed spirometry, anthropometry,
atopy, blood pressure, and lipid levels. Questionnaires assessed
doctor-diagnosed asthma and CVD (myocardial infarction and
angina)/stroke, smoking status, and demographics. Asthma was
defined by self-report or FEV1 reversibility. Current short- and
long-acting b2-agonist use was identified at follow-up.
Results: Results are expressed as odds ratios (ORs) and 95%
CIs. By using multivariable logistic regression, after adjustment
for risk factors, in female subjects incident CVD/stroke events
were associated with asthma (OR, 3.24; 95% CI, 1.55-6.78), with
no effect modification by atopy (P for interaction 5 .61), and
with as-required short-acting b2-agonist use (OR, 2.66; 95% CI,
1.06-6.61). In male subjects events were associated with daily
cough/sputum (OR, 1.92; 95% CI, 1.05-3.50) and FEV1 of less
than 80% of predicted value but an FEV1/forced vital capacity
ratio of greater than 0.70 (OR, 2.15; 95% CI, 0.91-5.09; P 5
.08). Although few CVD/stroke events occurred in male subjects
with asthma, a significant interaction with atopic status was
found (P 5 .05).
Conclusions: Studies are required to elucidate how asthma
exposes older women to excess macrovascular risk and
prospectively determine the short-acting b2-agonist–related risk
in persons without existing CVD. CVD risk in relation to atopic
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status of asthma also requires further investigation. (J Allergy
Clin Immunol 2009;123:124-30.)
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Asthma and atherosclerosis occur on a background of inflam-
mation. An association between these 2 disorders might be
mediated by obesity1,2 and molecules, including TNF-a3,4 and
12/15 lipoxygenase.5,6 Studies in selected samples show longitudi-
nal associations of asthma with cardiovascular disease (CVD),7-9

but there is conflict in the literature surrounding the asthma-related
risk of CVD identified in large, longitudinal epidemiologic studies.
Schanen et al,10 reported an increased risk of stroke, but not coro-
nary heart disease (CHD), associated with asthma. This contrasts
with findings showing an increased risk of incident CHD among
women but not among men.11-13 Although Onufrak et al11,12 ad-
justed for the potential cardiotoxic effects of b2-adrenoceptor ag-
onists,14 the effects were not quantified, and studies specifically
examining the risk of CVD events associated with b2-agonist pre-
scription have only done so in persons with a history of CVD.15-17

The role of asthma phenotype has been considered by very few
studies, but these suggest that age of asthma onset modifies the as-
sociation of asthma with CVD events.11,12

We have previously reported a cross-sectional association of
asthma and CVD at stage 1 of the North West Adelaide Health
Study (NWAHS)18 after adjustment for risk factors and predic-
tors. The primary aim of the present study was to determine the
longitudinal association of asthma with incident CVD/stroke
events (CVDSEs) in this large adult population sample and
whether the association is modified by sex and atopic status.
Given the concerns that have been expressed about long-acting
b2-agonists (LABAs) as monotherapy for asthma19,20 and short-
acting b2-agonist (SABA)–related asthma deaths,21 our second-
ary aim was to determine whether the relationship between
asthma and CVD is mediated by b2-agonist use.

METHODS

Sample population and study method
The NWAHS is a representative biomedical population cohort study of

adults aged 18 years or older randomly selected from the electronic White

Pages telephone directory and living in the northwestern suburbs of Adelaide,

South Australia (regional population, 0.6 million). The methods of the

NWAHS22 and the validity of these methods of selection to achieve an unbi-

ased sample have been described previously.23

At stage 1 (conducted in 2 phases between December 1999 and December

2000 [n 5 2523] and from August 2002 to July 2003 [n 5 1537]), 4060
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Abbreviations used

BMI: Body mass index

CATI: Computer-assisted telephone interview

CHD: Coronary heart disease

COPD: Chronic obstructive pulmonary disease

CVD: Cardiovascular disease

CVDSE: Cardiovascular disease/stroke event

FVC: Forced vital capacity

ICS: Inhaled corticosteroid

LABA: Long-acting b2-agonist

LTC4: Leukotriene C4

NWAHS: North West Adelaide Health Study

OR: Odds ratio

ROS: Reactive oxygen species

SABA: Short-acting b2-agonist

SBR: Significant bronchodilator responsiveness

adults underwent biomedical examination (computer-assisted telephone

interview [CATI] response rate, 69%). Follow-up of the cohort occurred

between May 2004 and February 2006 by using the same stage 1 methodology

and questions. Follow-up CATI and clinic data were obtained for 88% (n 5

3566) and 79% (n 5 3206) of the stage 1 NWAHS population, respectively. Of

those unavailable for follow-up, 100 subjects were deceased, and the

remaining subjects were unable to be contacted or refused further participation

in the study. Mean participant follow-up time was 3.5 years (SD, 0.5 years;

range, 1.7-5.8 years). At stage 2, self-reported CVDSE data were obtained for

3488 subjects. Subjects reporting a previous CVDSE at stage 1 (n 5 248) and

incident asthma cases (n 5 126) were excluded from this analysis, leaving

3113 subjects. Incident asthma cases identified at follow-up (n 5 52 doctor-

diagnosed asthma and n 5 74 participants with significant bronchodilator

responsiveness [SBR] in the absence of a doctor’s diagnosis) were excluded

because it was unknown whether the asthma preceded the incident CVDSE (4

female patients and 1 male patient in the group with diagnosed asthma and 2

male patients in the SBR group) and to eliminate the possibility of respiratory

medication use recorded at follow-up being related to new asthma cases.

At baseline and follow-up, CATI was used to investigate self-reported

health status (including asthma, myocardial infarction, stroke, and angina)

and demographic variables. Studies from community populations have found

self-reported cardiac events and stroke to be accurate.24,25 A self-completed

questionnaire comprised items on risk factors (smoking, family history of

CVD, or stroke in a first-degree relative), respiratory symptoms, and use of

blood pressure and lipid-lowering therapies. Clinic assessment included spi-

rometry, skin prick testing (to rye grass, cat dander, house dust mite, Alter-

naria species, feather, and cockroach), and measurement of height, weight,

blood pressure, and fasting plasma lipid, glucose, and glycated hemoglobin

levels. High (uncontrolled) blood pressure was defined as a systolic pressure

of 140 mm Hg or greater, a diastolic pressure of 90 mm Hg or greater, or both.

Low-density lipoprotein cholesterol was classified according to the Adult

Treatment Panel III criteria (borderline high low-density lipoprotein, �3.36

mmol/L or 130 mg/dL).26 Body mass index (BMI) was categorized according

to the World Health Organization criteria27; however, underweight subjects

(BMI <18.5 kg/m2, n 5 49) were combined with those in the normal BMI

category (18.5-24.9 kg/m2) because the event rates in these groups were not

significantly different.

Asthma and respiratory morbidity
Asthma was identified based on a positive response to all 3 of the following

questions: (1) ‘‘Have you ever had asthma?,’’ (2) ‘‘Was your asthma confirmed

by a doctor?,’’ and (3) ‘‘Do you still have asthma?’’ Asthma was also identified

by means of postbronchodilator spirometry (Microlab 3300 spirometer;

Micro Medical LTD, Kent, United Kingdom) conducted according to

American Thoracic Society criteria28 and identifying FEV1 reversibility (in-

crease of at least 12% and 200 mL after inhalation of 400 mg of salbutamol).

Subjects demonstrating significant bronchodilator reversibility in the absence
of a doctor’s diagnosis have significant respiratory morbidity, which is likely

to be asthma.29 Airways obstruction was identified based on a postbronchodi-

lator FEV1/forced vital capacity (FVC) ratio of less than 70%.30 Low FEV1

was defined as percent predicted FEV1 of less than 80%. Respiratory symp-

toms were assessed at both time points with the validated Chronic Lung Dis-

ease Index.31 Cough with or without sputum was also identified by using 2 of

the 6 Chronic Lung Disease Index subscales and defined as cough with or

without sputum (several tablespoons per day) on most or every day in the

past 3 months. Current SABAs (salbutamol and terbutaline) and LABAs (sal-

meterol/formoterol) alone or in combination with an inhaled corticosteroid

(ICS) were identified at the follow-up, when subjects brought all medications

that they were currently taking to their clinic appointments. Specific informa-

tion on SABA use at the time of any CVDSE was not available. Frequency of

SABA use was categorized as follows: no use, as required (less than daily

use), and at least once per day. Most (99%, n 5 107) LABA use occurred

in combination with ICSs.

Statistical analysis
Statistical analysis was performed with SPSS 14.0 for Windows (SPSS, Inc,

Chicago, Ill). Fisher exact or x2 tests were used to test differences in proportions

of those with incident CVDSEs in relation to demographics, risk factors, asthma

variables, and medication use. The t test was used to test differences in mean con-

tinuous variables (blood pressure, lipids, and lung function). Logistic regression

analysis was used to model the asthma-related risks of having experienced an in-

cident CVDSE (yes/no) with adjustment for variables that were significant (or

P < .25) at the univariate level. Additional analysis was performed to determine

whether there was a modifying effect of respiratory medication on the associa-

tion of asthma and events. To assess whether the association between asthma

and CVD differed significantly by sex, smoking, BMI, and atopic status, we

tested the significance of the cross-product interaction terms in a logistic regres-

sion model. Sex-specific logistic regression models were conducted because of

the significant interaction between sex and asthma (P 5 .04). Results are ex-

pressed as odds ratios (ORs) and 95% CIs. Cox regression models were not

used because we unable to identify the time to CVDSE.

The study was approved by the institutional ethics committees of the

NWAHS, and all subjects provided written informed consent.

RESULTS
At follow-up of the cohort, an incident CVDSE was reported by

3.9% (n 5 122) of participants free of CVDSEs at baseline. The
incidence of self-reported myocardial infarction, angina, stroke,
and transient ischemic attack were 1.3% (n 5 42), 1.2% (n 5 38),
0.5% (n 5 16), and 1.1% (n 5 35), respectively. Of 122 subjects
reporting an event, 93% reported a single event. Subjects
reporting an incident event or events were older and demonstrated
higher mean levels of blood pressure, BMI, mean plasma glucose
(but not lipid levels), and respiratory morbidity than those
reporting no events (see Table E1 in this article’s Online Reposi-
tory at www.jacionline.org).

In the population free of CVDSEs at baseline, the prevalence of
asthma was 12.2% (n 5 433; male subjects: 10.7%, n 5 176;
female subjects: 13.5%, n 5 257). The prevalence of asthma cases
that were identified based solely on the questionnaire was 64%
(n 5 281). SBR was demonstrated in 15% (n 5 48) of those with
self-reported doctor-diagnosed asthma, and 36% (n 5 102) of
asthma cases were identified based on SBR. There was no
difference in the current smoking rates in subjects with (22.2%)
compared with those without (22.9%) asthma (P 5 .42). In con-
trast, subjects with asthma were significantly more likely to be ex-
smokers (37.5%) than those without asthma (30.4%, P < .01). The
prevalences of current and former smokers in the overall popula-
tion were 22.8% and 31.2%, respectively.

http://www.jacionline.org
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Table I shows the prevalence of incident CVDSE in relation to
stage 1 demographics, CVD risk factors, and respiratory disease
variables for the overall population and by sex. We observed sig-
nificant univariate associations of incident events in both male
and female subjects with traditional risk factors, including age,
low income, hypertension, and use of a SABA, along with base-
line use of antihypertensive medication and statins. Incident
events were also associated with asthma and LABA use with or
without an ICS in female subjects and with low FEV1, former
smoking, and airways obstruction in male subjects. Cardiovascu-
lar system medications (statins, or antihypertensives, antiangi-
nals, anticoagulants, antiarrhythmic medications, or inotropes)
were used by 87% of subjects reporting an incident event at fol-
low-up compared with 30% of subjects without events (P < .001).

Because of the significant interaction between sex and asthma
(P 5 .04), but not smoking and asthma (P 5 .13), BMI and asthma
(P 5 .37), or atopy and asthma (P 5 .31), sex-specific multivari-
able logistic regression models were conducted to explain inci-
dent events. In female subjects, after adjusting for age and CVD
risk factors (including hypertension, smoking, obesity, and family
history), asthma was significantly associated with incident events
(Table II). This significant association persisted after addition of
SABA and LABA use in the final model. Events were positively
associated with as-needed SABA use (OR, 2.66; 95% CI, 1.06-
6.61; P 5 .036) but not at least once-daily use (OR, 0.81; 95%
CI, 0.17-3.92; P 5 .79), and there was an inverse and nonsignifi-
cant association of LABA use alone or in combination with ICSs
(OR, 0.58; 95% CI, 0.19-1.78; P 5 .34). The association of event
with asthma was not modified by atopic status in female subjects
(P for interaction 5 .61).

Few CVDSEs occurred in male subjects with asthma (n 5 7).
As shown in Table II, incident events were not associated with all
asthma; however, the presence of daily cough and sputum (OR,
1.92; 95% CI, 1.05-3.50; P 5 .03), but not generalized respiratory
symptoms, including dyspnea and wheeze, and as-needed SABA
use (OR, 2.52; 95% CI, 0.72-8.88; P 5 .15), were associated with
events, in addition to older age and hypertension, in the fully ad-
justed model. No significant association of events was seen with
chronic obstructive pulmonary disease (COPD; obstruction and
FEV1 <80% of predicted value; OR, 1.43; 95% CI, 0.43-4.73;
P 5 .56) or in those with obstruction but normal FEV1 percent
predicted (OR, 0.52; 95% CI, 0.07-4.03). However, in those
with low FEV1 (<80% of predicted value) and FEV1/FVC ratios
of greater than 0.70, the association approached statistical signif-
icance (OR, 2.15; 95% CI, 0.91-5.09; P 5 .08). In male subjects
we observed a significant interaction between atopic status and
asthma (P 5 .05) in the multivariable models. When asthma
was stratified by atopic status, a borderline unadjusted association
(P 5 .06) of nonatopic asthma with incident events was observed
that did not persist in a limited multivariable model adjusted for
age, hypertension, and smoking (nonatopic asthma: OR, 1.56;
95% CI, 0.51-4.74), most likely because of the small number of
subjects. Similar to the results for female subjects, in male sub-
jects there was no association of events with smoking (former
or current) or LABA use alone or in combination with ICSs.

DISCUSSION
In this longitudinal analysis of a representative population of

adults free of CVDSEs at baseline, asthma was independently
associated with incident macrovascular disease in female subjects
after adjusting for CVD risk factors, was not modified by atopy,
and persisted after adding SABA use to the model. Furthermore,
CVDSE were significantly associated with as-needed SABA use.
Of note, this association was seen after the short follow-up period
of this study (mean time, 3.5 years). In male subjects events were
associated with respiratory symptoms, SABA use, and reduced
lung function but not with asthma. This is consistent with studies
identifying an association between respiratory morbidity and
ischemic heart disease–related mortality32,33 independent of
smoking. In male subjects few events were seen in those with
asthma, and even so, a significant effect modification by atopy
was observed. In male and female subjects LABA use (alone or
in combination with an ICS) was not associated with incident
macrovascular events.

This study attempted to address gaps in the literature regarding
the CVD risk associated with asthma and the effects of atopic
status and b2-agonists in subjects free of CVD at baseline. In re-
lation to the effect of atopic status on the relationship between
asthma and CVD, we found no effect modification in female sub-
jects. In male subjects, however, a significant effect modification
by atopic status was found. The small number of incident events
precluded further investigation of this phenomenon, but this is
clearly an area for further research. Previous findings of female-
specific associations of asthma with CVD might be explained
by the failure of previous studies to assess effect modification
by atopy. A recent study examining the cross-sectional associa-
tions of asthma with heart disease, stroke, and high blood pressure
reported that men, but not women, with nonatopic asthma were
significantly more likely to report events than their atopic coun-
terparts based on self-reported allergy.34 Given the significant po-
tential of mast cells to contribute to atherogenesis,9 it is important
to consider the atopic phenotype in relation to CVD. It is difficult
to compare studies that have done so; IgE levels were associated
with the progression of atherosclerosis in a selected sample with a
low asthma prevalence (2.4%),9 and the contribution of atopy to
CVD-related mortality has been shown to be affected by concur-
rent CVD risk factors.35 In our population sample the absence of
an overall association of atopy with incident events might be due
to the high prevalence of atopy (61%) in our population.

Onufrak et al11,12 controlled for the effects of but did not re-
port the hazard ratios for b-agonist use in models explaining
events. An association between first-time use of b2-agonists
(from prescription data)15,16 and incident myocardial infarction
and unstable angina has been previously described in subjects
with a history of CVD, and this is analogous to the association
of events with as-required use described presently. In addition,
tachyphylaxis to the bronchodilating effects of SABAs during
methacholine challenge, which has been previously described,36

provides plausibility for our association of CVDSEs with as-
needed rather than daily use. Cardiotoxic effects of b2-ago-
nists14 might, however, be attenuated by ICS use in patients
with asthma37,38 and COPD.39,40 Concerns have been expressed
about the potential adverse effects of LABAs20; however, we
found an inverse, although nonsignificant, association of
LABA/ICS combination therapy with incident events. This is
consistent with the view that corticosteroids in the combination
therapy might offset the potential effects of LABAs because
most subjects using LABAs did so in combination with ICSs.
Our findings provide some reassurance that LABAs, when
used in combination with ICSs, do not appear to be associated
with significant cardiac events.
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TABLE I. Prevalence of incident CVDSEs in relation to participant baseline demographics, CVD risk factors, respiratory disease,

and medication use by sex

CVDSEs, % (n)

Baseline characteristic* Overall P value Male subjects P value Female subjects P value

Demographics

Sex Male 4.5 (64) .13

Female 3.4 (58)

Age (y) �54 1.6 (33) <.01 2.1 (19) <.01 1.3 (14) <.01

55-69 5.5 (42) 5.7 (20) 5.4 (22)

�70 13.7 (47) 15.3 (25) 12.2 (22)

Secondary school education only Yes 4.5 (64) .12 5.5 (27) .23 4.0 (37) .18

No 3.4 (58) 4.0 (37) 2.8 (21)

Annual household income �$AUD 20,000 Yes 7.5 (58) <.01 8.1 (23) .01 7.1 (35) <.01

No 2.7 (64) 3.6 (41) 1.9 (23)

CVD risk factors

High blood pressure� (mm Hg) Yes 7.4 (66) <.01 8.1 (38) <.01 6.7 (28) <.01

No 2.5 (56) 2.7 (26) 2.4 (30)

LDL cholesterol �3.36 (mmol/L) Yes 3.5 (46) .44 4.1 (26) .39 3.0 (20) .75

No 4.3 (74) 5.1 (37) 3.7 (37)

BMI (kg/m2) �24.9 3.2 (33) .14 3.4 (13) .38 3.1 (20) .20

25.0-29.9 3.8 (46) 4.7 (31) 2.8 (15)

�30.0 4.9 (44) 5.3 (20) 4.7 (23)

Smoking status Current 2.8 (18) .08 4.0 (13) .05 1.5 (5) .10

Former 4.9 (49) 6.3 (32) 3.4 (17)

Never 3.7 (54) 3.3 (19) 4.1 (35)

Family history (event in first-degree relative) Yes 3.0 (31) .06 4.7 (41) .67 4.2 (50) .01

No 4.4 (91) 4.2 (23) 1.6 (8)

Respiratory disease variables

Asthma Overall 6.8 (25) <.01 4.7 (7) .83 8.2 (18) <.01

Atopic 5.8 (15) 2.7 (3) 8.2 (12)

Nonatopic 9.3 (10) 11.1 (4) 8.3 (6)

No asthma 3.5 (94) 4.3 (55) 2.7 (39)

FEV1/FVC <70%� Yes 6.9 (9) .07 9.2 (8) .03 2.3 (1) .67

No 3.8 (111) 4.1 (55) 3.5 (56)

Atopic Yes 4.0 (76) .77 4.6 (41) .73 3.4 (35) 1.00

No 3.8 (45) 4.2 (22) 3.4 (23)

Predicted FEV1 <80%� Yes 8.6 (19) <.01 11.1 (14) <.01 5.3 (5) .30

No 3.5 (101) 3.8 (49) 3.3 (52)

Medication use

SABA Yes 9.0 (18) <.01 9.5 (7) .03 8.7 (11) <.01

No 3.6 (104) 4.2 (57) 3.0 (47)

SABA �Daily 3.4 (2) <.01 0.0 (0) 5.0 (2) <.01

As needed 11.5 (16) 13.0 (7) 10.6 (9)

None 3.4 (104) 4.2 (57) 3.0 (47)

LABA alone/1 ICS Yes 7.8 (8) .04 6.3 (3) .45 8.5 (5) .03

No 3.8 (114) 4.4 (61) 3.3 (53)

Baseline antihypertensives Yes 12.0 (47) <.01 12.9 (21) <.01 11.4 (26) <.01

No 2.8 (75) 3.4 (43) 2.2 (32)

Baseline statins Yes 14.8 (34) <.01 17.9 (20) <.01 11.9 (14) <.01

No 3.0 (87) 3.4 (44) 2.7 (43)

LDL, Low-density lipoprotein.

*Free of existing CVDSEs.

�Postbronchodilator.

�High (uncontrolled) blood pressure: systolic pressure of 140 mm Hg or greater, diastolic pressure of 90 mm Hg or greater, or both.
Our findings in female subjects are generally consistent with
those from large cross-sectional34 and longitudinal11,13 epidemi-
ologic studies. It is presently unclear why the association of mac-
rovascular disease with asthma is confined to female subjects.
That CVD risk is differentially affected by sex is consistent
with other findings in our cohort with an increased risk of incident
events related to increased glycated hemoglobin levels in female
subjects but not in male subjects.41 Asthma-related inflammation
might contribute more strongly to the atherosclerotic process in
female subjects compared with male subjects. A role for female
hormones in allergy and asthma42 is supported by data showing
that menstrual irregularity43 and the menopausal transition44

were associated with an increased asthma risk and lower lung
function. These epidemiologic findings43,44 are supported by re-
cent evidence that estradiol induces mast cells to undergo partial
degranulation and enhances IgE-induced degranulation and se-
cretion of leukotriene C4 (LTC4).45 The cysteinyl leukotrienes de-
rived from leukocytes and vascular smooth muscle cells are
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TABLE II. Crude and adjusted ORs for the association of incident CVDSEs with asthma (all and by atopic status) by sex

Crude OR (95% CI) Crude OR (95% CI)

Adjusted OR (95% CI):

CVD risk factors

Adjusted OR (95% CI):

Risk factors 1 asthma

medication*

Female subjects

No asthma 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Asthma 3.22 (1.81-5.74) 3.33 (1.79-6.19)� 3.24 (1.55-6.78)�
Atopic 3.20 (1.64-6.25)

Nonatopic 3.27 (1.34-8.00)

Male subjects

No asthma 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Asthma 1.09 (0.49-2.44) 0.59 (0.23-1.50)§ 0.45 (0.15-1.38)jj
Atopic 0.61 (0.19-1.97)

Nonatopic 2.75 (0.94-8.00)

*SABA frequency and LABA use alone or in combination with ICS.

�Adjusted for age, hypertension, smoking, family history of CVDSEs, obesity.

�Adjusted for age, hypertension, family history of CVDSEs, SABA frequency (as needed, at least daily vs no use), and LABA use alone/in combination with an ICS (nonsignificant

variables removed because of sample size constraints).

§Adjusted for age, hypertension, smoking, postbronchodilator FEV1/FVC ratio less than 70%, FEV1 of less than 80% of predicted value, and respiratory symptoms.

jjAdjusted for age, hypertension, smoking, postbronchodilator FEV1/FVC ratio of less than 70%, FEV1 of less than 80% of predicted value, respiratory symptoms, SABA use (all

as needed vs no use), and LABA use alone/in combination with an ICS.
important proinflammatory mediators in asthma, being potent
bronchoconstrictors and vasoconstrictors, and induce reactive
oxygen species (ROS) production. A pathway linking hormones,
asthma, and atherosclerosis is undoubtedly complex, but Mueller
et al46 have recently shown that the release of LTC4 from vascular
smooth muscle cells has proatherosclerotic effects and that mon-
teleukast, a cysteinyl leukotriene receptor antagonist, inhibited
ROS production and reduced atherosclerotic plaques. It is possi-
ble that estradiol-induced LTC4 production45 might augment this
pathway, leading to increased ROS production and atherosclero-
sis in women compared with men with asthma. These findings
suggest that monteleukast might attenuate the asthma-related
risk of CVD, and this is an area for further investigation. Monte-
lukast use was rare (n 5 1) in our cohort, preventing an analysis in
relation to CVDSEs.

The female-specific association between asthma and incident
CVDSEs is unlikely to be due to the diagnostic misclassification
of COPD as asthma because the objectively determined preva-
lence of persistent airways obstruction in female subjects with
asthma was only 13%, and importantly, CVDSEs occurred largely
(98%) in those without persistent airways obstruction. In male
subjects with asthma, the prevalence of persistent airways
obstruction was 27%, and 22% demonstrated COPD (FEV1/
FVC <70% and a predicted FEV1 <80%). The possibility of diag-
nostic misclassification in men is less important given that we
have objective measures of COPD, and in this study, CVDSEs
were associated not with asthma but with low lung function. Fur-
thermore, studies that have conducted subanalyses in those who
have never smoked11 and in subjects without COPD34 so as to
minimize the possibility of misdiagnosis have found the associa-
tion of asthma with CVD events to persist in these populations.

Our previous cross-sectional analysis found a strong associa-
tion of events with traditional CVD risk factors, including
smoking (current and former), in the NWAHS population18; how-
ever, this was not the case in relation to incident events when ad-
justed for other risk factors. Over a short follow-up time, the
effects of age and hypertension might have overwhelmed the ef-
fects of smoking, particularly former smoking. Given that the
mean age of those reporting incident events was 64 years and
that of current and former smokers was 42 and 56 years,
respectively, we hypothesize that current smokers might simply
be too young to have had events. In relation to former smokers,
it is possible that a short smoking history in early age might ex-
plain the lack of an adjusted association with later incident events.
Furthermore, in men it is possible that smoking is working
through an effect on lung function and that events are observable
not in smokers per se but those sensitive to the effects of smoking,
as evident from cough and sputum and low lung function.

Self-reported doctor-diagnosed asthma and CVDSEs might be
considered a limitation of this study. However, self-report is used
widely and has been shown to be a valid measure of asthma,47 and
we also included those with significant bronchodilator reversibil-
ity. Self-reports of cardiac and stroke events have been reported
to be accurate.24,25 In addition, the prevalence of cardiovascular
system medication use was high in this group. We were unable
to ascertain cause-of-death data at follow-up of the cohort, and
therefore fatal macrovascular events that would have increased
statistical power have been excluded from this analysis. b2-Ago-
nist use was recorded at follow-up rather than at baseline, which
precludes us from identifying whether the medication use pre-
ceded the incident events; however, we believe that follow-up
SABA use at the time of a clinic visit (57% of subjects with
asthma) is likely to reflect usual use. We were unable to assess
CVDSE risk in relation to asthma severity, which might be a sig-
nificant modifier of events and requires further assessment in un-
selected asthma samples. To date, 2 studies have reported an
increased risk of CHD mortality in subjects with severe asthma
(ie, subjects with asthma admitted to the hospital7 and those trea-
ted daily with oral corticosteroids for >1 year8). These studies did
not, however, control for the effects of SABA use. We did not col-
lect age of asthma onset data, but it is unclear how important this
is in our cohort given that we observed an association with all
asthma in women, whereas incident CHD events in the Athero-
sclerosis Risk in Communities cohort female subjects were not
associated with asthma overall10 but were after stratification by
age of onset,11 suggesting a possible association with nonatopic
asthma.48 Given the small number of incident events in total
(n 5 123), we were also unable to test the association by type
of event with adequate statistical power and were also limited
as to the number of explanatory variables entered into the models
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and therefore cannot exclude the possibility of confounding by
socioeconomic factors. In relation to b2-agonist use, there is little
evidence of a significant differential use of these medications by
social class in Australia.49 Our survey was limited to households
with telephones, but because 97% of the households in the region
have telephones23 and the demographic characteristics were rep-
resentative of the population of profile of Adelaide overall,50 the
extent of any bias is likely to be small. The strengths of our study
include our large randomly recruited population sample and that
we have also considered events in the younger population, who
demonstrate an increasing burden of macrovascular disease.51

In conclusion, incident macrovascular events were strongly
associated with asthma in female subjects but with respiratory
impairment in male subjects after adjustment for traditional risk
factors and SABA use. Further studies in subjects free of existing
CVD are required to prospectively confirm the SABA-related risk
of macrovascular events and a potential protective effect of
LABA/ICS therapy. Further investigation of CVDSEs in relation
to the atopic status of asthma in large population samples is
important. Studies are required to elucidate the pathway by which
asthma exposes older women to excess macrovascular risk in
addition to identifying factors that might modify the increased
risk of CVDSEs in women with asthma.

Clinical implications: Management of macrovascular disease
risk in older female subjects with asthma is warranted to avoid
additional significant morbidity burden.
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TABLE E1. Baseline mean (SE) biomedical characteristics of participants* reporting an incident CVDSE

Incident CVDSE

Biomedical characteristic Yes (n 5 122) No (n 5 2991) P value

Age (y) 63.3 (1.21) 48.2 (0.27) <.01

BMI 29.0 (0.56) 27.7 (0.10) <.01

Systolic BP (mm Hg) 138.6 (1.84) 126.2 (0.32) <.01

Diastolic BP (mm Hg) 83.7 (0.98) 80.4 (0.18) <.01

Triglycerides (mmol/L) 1.53 (0.07) 1.44 (0.02) .37

Total cholesterol (mmol/L) 5.20 (0.09) 5.28 (0.02) .40

HDL cholesterol (mmol/L) 1.35 (0.03) 1.37 (0.01) .50

LDL cholesterol (mmol/L) 3.15 (0.09) 3.26 (0.02) .22

Glucose (mmol/L) 5.71 (0.19) 5.15 (0.02) <.01

Glycated hemoglobin (%) 5.87 (0.09) 5.49 (0.01) <.01

Lung function�
Percent predicted FEV1 97.1 (1.69) 102.3 (0.29) <.01

Percent predicted FVC 95.3 (1.46) 101.6 (0.27) <.01

Respiratory symptoms: CLDI� 27.9 (1.42) 23.2 (0.25) <.01

Smoking status (%) .08

Never 44.6 (54) 46.6 (1388)

Former 40.5 (49) 32.0 (954)

Current 14.9 (18) 21.3 (635)

BP, Blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*Free of existing CVDSEs.

�Postbronchodilator spirometry.

�Chronic Lung Disease Index (CLDI): lower 5 less symptoms.31
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