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Abstract

Some studies have suggested that asthma may be a risk factor for coronary heart disease and stroke,
particularly in women. Child and adult-onset asthma differ according to inflammatory characteristics
and gender distribution. We examined whether childhood-onset and adult-onset asthma were
associated with carotid artery intima-media thickness (IMT) in men and women in the
Atherosclerosis Risk in Communities (ARIC) study. In unadjusted analyses, the weighted mean far
wall IMT thickness for women with history of adult-onset asthma was significantly greater than that
of women without history of asthma (0.731mm vs. 0.681mm; p<0.0001) while IMT for women with
history of childhood-onset asthma (IMT=0.684mm) did not differ substantially from non-asthmatic
women. Mean IMT did not differ significantly according to asthma history among men. When the
data were fitted to a linear model, the interaction between asthma status and gender was significant
(p=0.006). After adjusting for age, race, BMI, smoking status, smoking pack years, diabetes,
hypertension, physical activity, education level, and high and low density lipoprotein levels, the mean
IMT difference between women with adult-onset asthma and no history of asthma was attenuated
but remained significant (0.713mm vs. 0.687mm, p=0.008). In conclusion, adult-onset asthma but
not child-onset asthma is associated with increased carotid atherosclerosis among women but not
among men.

INTRODUCTION

Previous studies have linked potent inflammatory mediators known as leukotrienes, and the
genes that regulate them, to both asthma and atherosclerosis 1-3 Other studies have suggested
that asthma itself may be a risk factor for coronary heart disease and stroke, particularly in
women 46, Despite this evidence, the importance of asthma as a risk factor for atherosclerotic
vascular disease is not well-established. In addition, asthma is a heterogeneous disease with
many recognized phenotypes7, which may have differential effects on atherosclerosis risk and
therefore should be examined separately. One phenotypic distinction involves age of onset
with two asthma subtypes, child-onset or adult-onset asthma. These asthma subtypes are
distinct entities both for inflammatory pathophysiology 8,9 and patient susceptibility, with
adult—onls(t)at asthma being more common in women and the child-onset subtype more common
in men Y.

Corresponding Author: Stephen Onufrak, MPH, Department of Epidemiology, Rollins School of Public Health, Emory University, 1256
Briarcliff Rd, Suite 1 N, Atlanta, GA 30306, Phone: 404-314-1141, Fax: 404-727-6495, Email: sonufra@sph.emory.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Onufrak et al.

METHODS

Page 2

In the present study we sought to examine the relationship between asthma and its subtypes
(child-onset and adult-onset) with carotid artery intima-media thickness (IMT) in men and
women who were participants in the Atherosclerosis Risk in Communities (ARIC) study. We
hypothesized that IMT would be greater in subjects with history of either child- or adult-onset
asthma, particularly in women.

The Atherosclerosis Risk in Communities (ARIC) study is a prospective study of the etiology
of atherosclerotic, cardiovascular, and cerebrovascular disease in four communities in North
Carolina, Mississippi, Minnesota, and Maryland. The study population of 15,792 men and
women ages 45 to 64 years includes both black and white participants. Carotid IMT was
measured in subjects during a baseline clinic visit during 1987 to 1989.

For the present study we examined whether far wall IMT measurements of subjects at baseline
differed according to self-reported asthma history. The far wall thickness was chosen because
it has been shown to be measured more accurately than the near wallll, we excluded 167
subjects because of missing asthma history data, 1154 subjects because of missing carotid IMT
data, and 81 subjects due to history of endarectomy because IMT thickness may have been
altered in these subjects. Carotid angioplasty and stenting were not yet being performed at the
time IMT was measured in these subjects. An additional 763 subjects were excluded because
of missing data for smoking, hypertension, diabetes, body mass index (bmi), physical activity,
and lipid profile. This left 13,627 subjects available for analysis.

Measurement of Asthma and Covariates

Asthma history of subjects was classified according to whether they answered yes or no to the
questions “Ever had asthma?” and “Was it confirmed by a doctor?”. Subjects who reported
having asthma but whose diagnosis was not physician confirmed (9.4% of those reporting
asthma) were excluded from the study population. We further classified asthmatic subjects as
having “adult-onset asthma” if they reported age of onset of 21 years of age or above or as
having “childhood-onset asthma” if onset age was before age 21.

Self reported pack-years of smoking and current smoking status were used as measures of
smoking behavior. Diabetes was defined as having an 8 or more hour fasting plasma glucose
level greater than 126, a non-fasting plasma glucose ﬂreater than 200, or self report of diabetes
or taking medications for treatment of diabetes12-14. Hypertension was defined as diastolic
blood pressure greater than or equal to 90 mm Hg, systolic pressure greater than 140 mm Hg,
or self report of taking medication for hypertension in the two weeks prior to interview?®.
Physical activity was assessed according to self reported frequency, duration, and intensity of
physical activity using a questionnaire and scale developed by Baecke et al. This scale features
three index variables for physical activity according to work, sports, and leisure (non-sport)
16 Education was measured as a three-level ordinal variable according to the number of years
of school completed (<12 years, 12-16 years, or >16 years). Use of beta adrenergic and oral
glucocorticoid asthma medications, which have been associated with cardiovascular
diseasel 18, was assessed for the period of two weeks prior to the baseline clinic visit. Subjects
were asked to bring all prescription and non-prescription medications used during this period
to the clinic visit and medications were coded according to drug category.

Pulmonary function was assessed by ARIC personnel usingla Collins Survey Il Volume
Displacement spirometer according to established protocol 9 Because we hypothesized that
increased atherosclerosis among asthmatics would be a result of systemic inflammation and
not diminished lung function, which is independently associated with CHD20, we examined
whether the asthma-IMT association persisted after controlling for lung function measured as
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force expiratory volume in one second (FEV1). The latter was categorized according to gender-
specific quartiles.

Measurement of Carotid IMT

Analysis

Carotid IMT was measured using B-mode ultrasound by trained technicians. Measurements
were adjusted for reader differences and temporal trends and missing measurements were
imputed using maximum likelihood procedures. The overall mean far wall IMT was calculated
by averaging the mean far wall measurements for up to six different far wall sites for each
subject: the left and right common bifurcation, internal carotid, and common carotid (optimal
angle). Further details on IMT measurement procedures in the ARIC study have been published
previously21v22.

Baseline covariates were compared among subjects reporting no history of asthma, history of
childhood-onset asthma, and history of adult-onset asthma separately among men and women
using chi-square tests or pooled or unpooled t-tests.

Within each gender, t-tests were used to compare the weighted mean IMT of subjects with
adult-onset asthma or childhood-onset asthma to the mean IMT of subjects with no history of
asthma. The weight given to the overall mean far wall IMT for specific subjects was determined
by dividing the number of far wall sites used to calculate the overall mean for each subject by
six (the maximum number of sites). In this way, subjects whose mean IMT was based on more
sites were given more weight than those whose mean IMT was determined by fewer
measurements. Using a class variable representing asthma status (none, adult-onset, or
childhood-onset), we first tested for the asthma-gender interaction and then fit separate
multivariable linear regression models for each gender that included age, race, education, body
mass index, smoking status, smoking pack years, diabetes, hypertension, physical activity, and
high and low density lipoprotein cholesterol levels. In these models, the multivariable adjusted
mean IMT for each subtype of asthma was compared to the adjusted mean IMT of subjects
with no history of asthma within each gender. We also tested for the interaction of asthma with
smoking status in each gender-specific model. We also compared means when this model was
refit excluding subjects with diabetes and hypertension. We then compared the means
generated from additional multivariable models in which prevalent coronary heart disease, lung
function and asthma medication use were also included.

IMT was also evaluated as a dichotomous outcome variable using logistic regression. For this
analysis, significant atherosclerosis was defined as having a mean far wall IMT > 1mm. This
cutpoint is based upon previous research in this cohort suggesting that it is clinically significant
in the prediction of incident coronary heart disease and stroke in both men and women 23.24.
In our study population, this cutoff corresponds to the upper 10.4% and 4.4% of far wall IMT
measurements for men and women, respectively. Multivariate analysis was performed using

the same control variables as in the regression analysis.

We also performed additional analyses to investigate whether lung function was associated
with IMT differently among men and women. Within each gender, we compared crude and
multivariable adjusted mean weighted IMT according to gender-specific quartile of FEV. We
performed trend tests within each gender using an ordinal variable for FEVq quartile to
determine if decreasing lung function was associated with increasing mean IMT. Additionally,
we also examined IMT according to current or former asthma status as well as asthma duration.
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The prevalence of adult-onset asthma was higher in women than in men (3.4% verses 2.2%)
while childhood-onset asthma was more common among men than in women (3.1% verses
2.4%) (Chi-Square p<0.0001). The weighted mean far wall carotid IMT was 0.683 mm for
women and 0.779 mm for men.

Both men and women with history of adult-onset asthma were older, had less education, lower
FEV1, more pack years of smoking, and were more likely to have diabetes and hypertension
than their non-asthmatic counterparts (Table 1). Women, but not men, with adult-onset asthma
also had elevated BMI, were more likely to be African American, and reported lower leisure
physical activity. Women with adult-onset asthma included a higher proportion of current and
former smokers compared to non-asthmatic women, while men with adult-onset asthma had a
higher proportion of former smokers and less current smokers. In both men and women,
childhood-onset asthma was associated with lower FEV4, but to a lesser degree than adult-
onset asthma. Childhood-onset asthma was also associated with a greater prevalence of
diabetes among women but not among men. Use of beta-adrenergic and glucocorticosteriod
drugs was elevated among all asthmatics but was greatest among those with adult-onset asthma.
Work and sport physical activity did not differ according to asthma history among either men
or women.

The weighted mean far wall IMT thickness for women with history of adult-onset asthma was
significantly greater than that of women without history of asthma (0.731mm vs. 0.681mm;
p<0.0001) while IMT for women with history of childhood-onset asthma (IMT=0.684mm) did
not differ substantially from non-asthmatic women (table 2). Among women who reported
never having smoked, the crude mean IMT was 0.667mm for non-asthmatics, 0.663mm for
child-onset asthmatics, and 0.684 for adult-onset asthmatics. Men with either asthma
phenotype had lower mean IMT compared to men with no history of asthma but these
differences were not statistically significant. Among men who had never smoked, mean IMT
was 0.727 for non-asthmatics, 0.724 for child-onset asthmatics, and 0.709 for adult-onset
asthmatics. When the data were fitted to a crude linear model, the interaction between asthma
status and gender was significant (p=0.006)

We fit separate multivariable models for each gender. After adjusting for age, race, BMI,
smoking status, smoking pack years, diabetes, hypertension, physical activity, education level,
and high and low density lipoprotein levels, the mean IMT difference between women with
adult-onset asthma and no history of asthma was somewhat attenuated but remained significant
(0.713mm vs. 0.687mm, p=0.007) (table 2). The adjusted mean IMT for women with
childhood-onset asthma (0.703mm) was also greater than that of non-asthmatic women but the
difference was non-significant (p=0.21). Mean IMT for men with either type of asthma
remained less than that of non-asthmatic men after adjustment. The interaction between
smoking status and asthma was not significant within the male model (p=0.055) or female
model (p=0.28). Addition of prevalent coronary heart disease, lung function and asthma
medication use to the models did not generally change the results (table 2). The results were
also similar when we excluded patients with hypertension and diabetes. Among women, adult
onset asthmatics had significantly higher mean IMT (IMT=0.688mm; p=0.0096) compared to
non-asthmatics (IMT=0.656mm) while child onset asthmatics did not (IMT=0.669mm;
p=0.28). Among men, IMT was 0.754mm for nonasthmatics, 0.714 for adult onset asthmatics,
and 0.757 for child onset asthmatics.

In analyses of the dichotomized outcome, women with history of adult-onset asthma were
approximately twice as likely (odds ratio [OR]: 2.31, 95% ClI, 1.34 to 3.96) to have mean far
wall IMT thickness of Imm or greater compared to women without history of asthma (table
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3) while no significant association was observed among women with childhood-onset asthma.
After multivariate adjustment, the odds ratios for women with adult-onset asthma were
somewhat reduced but the association remained significant (Odds Ratio [OR]: 1.79, 95% ClI,
1.00 to 3.22). Addition of prevalent coronary heart disease, lung function and asthma
medications to the model did not substantially change these estimates (table 3). No significant
associations were observed among men with either type of asthma.

Decreasing lung function was significantly associated with greater carotid intima medial
thickness in both men and women (p-values for trend tests<0.0001). Women in the lowest
quartile of FEV4 had mean IMT of 0.747mm compared to 0.634mm among women in the
highest quartile (figure 1). Among men, those in the lowest quartile of lung function had IMT
of 0.855mm compared to 0.718mm for men in the highest quartile. After adjustment for age,
smoking, asthma, and other variables, these differences were reduced and IMT remained
elevated only among men and women in lowest quartile of FEV1.

In supplemental analyses, asthma duration was not related to IMT among men or women of
any asthma type and did not suggest a dose-response relationship (figure 2). In analyses
comparing current and former asthma status with nonasthmatic status (figure 3), crude IMT
was significantly greater in women who reported either current (IMT=0.707mm) or former
(IMT=0.777mm) adult onset asthma compared with nonasthmatic women. Differences among
women with child onset asthma or men with any asthma type were smaller and not significant.

DISCUSSION

We found that adult-onset asthma was associated with carotid atherosclerosis among women.
However, asthma was not associated with carotid atherosclerosis among women with
childhood-onset asthma or men with either asthma phenotype. Women with adult-onset asthma
had crude mean far wall IMT approximately 0.050 mm thicker than their non-asthmatic
counterparts, which is comparable in magnitude to the difference between currently smoking
women and non-smoking women in this cohort. This difference was reduced by half, but not
eliminated, after adjustment for smoking, physical activity, lung function, asthma medication
use, and other potential confounders.

The results of our study lend evidence to the notion that asthma is associated with
atherosclerosis among women but not among men and further suggest that this relationship is
limited to women with adult-onset asthma. Our results are consistent with several previous
studies which have suggested that asthma is associated with coronary heart disease and stroke
and that these associations are either limited to or more pronounced among women4-6. Toren
et al reported stronger associations between asthma and cardiovascular disease among women
(All Vascular Disease SMR = 1.9, 95%CI 1.3 to 2.4; Ischemic Heart Disease SMR = 2.5, 95%
Cl: 1.7 to 3.3) than among men (All Vascular Disease SMR = 1.6; 95% CI: 1.1, 2.1; Ischemic
Heart Disease SMR = 1.4; 95%CI: 0.8 to 2.0). S Iribarren et al reported multivariate adjusted
relative rates of CHD of 1.22 (95% CI: 1.14 to 1.31) among asthmatic women and 0.99 (95%
Cl: 0.93 to 1.05) among asthmatic men in a large managed care population4. In another study
using the ARIC cohort, the rate ratios for stroke differed substantially among men (HR =0.72,
95% CI: 0.26 to 1.95) and women (HR = 2.20, 95% CI: 1.25 to 3.90) although the authors
reported that effect modification on the asthma/stroke association by gender was statistically
non—significante.

To our knowledge, our study is the first to examine asthma age of onset subtypes with respect
to atherosclerotic risk. The fact that the association was limited to adult-onset asthma was an
unexpected finding. The lack of association between child onset asthma could potentially be
due to the fact that many such participants were no longer affected by asthma and were
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primarily affected only as children. However this seems unlikely as supplemental analysis
revealed that women with current and former child onset asthma did not differ in regards to
IMT. Another possibility is that child-onset asthmatics did not experience increased
atherosclerosis due to different duration of corticosteroid use. However, literature suggests that
use of corticosteroids may have either beneficial or detrimental cardiovascular effects
depending on the dosage and administration route 18, 25, Thus, it is difficult to predict what
impact these drugs might have on the observed association.

Although the mechanism behind the observed differential association of IMT and asthma based
on age of onset is unknown, distinct inflammatory mechanisms in these two types of asthma
may exglain our finding58-9. Adult-onset asthmatics have higher bronchial tissue eosinophil
counts 7 and twice as high urinary leukotriene E4 levels compared to childhood-onset
asthmaticsS, despite the fact that the prevalence of allergen specific immunoglobulin E (IgE)
decreases with increasing age of asthma onset 9 The number of polymorphonuclear (PMN)
cells in bronchial secretions, which produce leukotrienes, is also higher among adult-onset
asthmatics while childhood-onset asthmatics have a greater number of CD3(+)
Iymphocytess. Taken together, these data indicate a larger role of leukotriene-mediated
inflammatory response in adult-onset asthma than the childhood-onset subtype, which in turn
may lead to greater atheroscleratic risk.

The mechanism of the gender specificity reported in this study and in others is also unknown.
Our analysis suggests that lower lung function does not appear to be associated with greater
increases in IMT among women than among men, therefore lung function should not be the
underlying mechanism for the stronger association of asthma history in women than in men.
There is literature to suggest a role of female hormones. The human uterus is capable of
synthesizing leukotrienes and uterine leukotriene releaseé:)eaks during menstruation,
suggesting hormone-dependent leukotriene production 26 s possible that this hormonal
effect on leukotriene production in the uterus may also affect inflammation elsewhere in the
body and therefore predispose asthmatic women to atherosclerosis. Indeed, 30-40% of
asthmatic women seen at allergy clinics report worsening of asthma during the premenstrual
and menstrual phase of their menstrual cycles27. Women’s potentially greater vulnerability to
the inflammatory consequences of asthma may parallel their distinct susceptibility to other
inflammatory and immunologic diseases. For example, rheumatoid arthritis and lupus
disproportionate%/ affect women and are associated with substantially higher risk of coronary
heart disease28—30,

A major limitation of this study is self reporting of asthma status. Asthma self-reporting,
especially self-reporting of physician diagnosed asthma, has low sensitivity but high
specificity31. Because of the number of nonasthmatics in this study is very large compared to
the number of asthmatics, misclassification with poor sensitivity but high specificity should
have little or no effect on the validity of the point estimates. Nonetheless, although we only
included asthmatic subjects who reported that their asthma diagnosis was confirmed by a
physician, some of these patients may actually have chronic obstructive pulmonary disease
(COPD) rather than asthma. COPD is associated with systemic inflammation and
atherosclerosis32. Even the gender specificity of the association we observed could potentially
be explained by such misclassification as physicians may be more likely to misdiagnosis COPD
as asthma in women than in men33. To investigate the impact of such misdiagnosis, we
examined whether the association differed significantly according to smoking status because
COPD is rare among non-smokers. We found that the interaction with smoking was not
statistically significant among women. Nonetheless, it is still possible that some of the
association we detected among women with adult-onset asthma is attributable to the mixing
of misdiagnosed COPD cases with adult-onset asthmatics.
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Self reporting of asthma may also result in differential reporting rates according to the perceived
health status of participants. We included subjects with symptomatic coronary heart disease in
our study population, which is valid if it is assumed that the asthma-IMT association does not
change substantially following diagnosis of CHD, regardless of treatment regimen. However,
it is possible that subjects who perceive themselves to be in poor cardiovascular health would
be more likely to recall other comorbidities such as asthma. To account for this, we controlled
for prevalent coronary heart disease in the analysis. Furthermore, the gender specificity of the
results would also seem to contradict a large role of such reporting differences as an explanation
to the results, since there is no reason to suspect that recall bias occurs differently by gender.

Because the study is observational, confounding is also potential source of bias. Women with
adult onset asthma had significantly higher prevalences of hypertension and diabetes compared
to other women. However, the association of adult onset asthma with IMT in women persisted
after controlling for these factors in multivariable models. This association remained even
when we excluded subjects with hypertension and diabetes from analysis. One might also
expect smoking, physical activity, lung function, and asthma medication use to be potentially
strong confounders of the association between asthma and atherosclerosis. While physical
activity did not differ meaningfully according to asthma history, men and women in our study
with adult-onset asthma did report greater pack years of smoking, had lower FEV1
measurements, and had a greater prevalence of asthma medication use than either non-
asthmatics or those with childhood-onset asthma. In particular, women with adult-onset asthma
reported almost 50% greater pack years of smoking compared to non-asthmatic women.
Although we were able to control for these variables, we cannot discount the possibility of
residual confounding as a potential source of bias.

In conclusion, adult-onset asthma is associated with carotid atherosclerosis among women but
not among men. In contrast, childhood-onset asthma is not significantly associated with
atherosclerosis among either women or men. This association, which should be confirmed in
other cohorts, may have substantial public health importance because adult-onset asthma
affects 3-4% of women and atherosclerotic disease is the leading cause of death among women.
If confirmed, this association would help to identify women who could benefit from more
attention to cardiovascular disease risk.
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Figure 1. Mean Crude and Adjusted* Carotid Intima Medial Thickness According to Gender-
Specific Quartile of FEV1

* Adjusted for age, race, asthma status, BMI, smoking status, smoking pack years, diabetes,
hypertension, physical activity, education level, and high and low density lipoprotein levels
**P-Values for all trend tests<0.0001
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Figure 2. Crude Mean Carotid Intima Medial Thickness According to Asthma Type and Duration
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Figure 3. Crude Mean Carotid Intima Medial Thickness According to Asthma Type and Current
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* p<0.05; ** p<0.0001; Comparing Mean IMT of Former or Current Asthma to No Asthma

within Gender
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