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BACKGROUND: Previous studies have demonstrated that asthma might be associated with an increase in
cardiovascular disease (CVD) and death. However, this relationship differs by gender.

OBJECTIVES: To systematically evaluate the association of asthma on the incidence of CVD and death in
cohort studies.

DESIGN: Fixed and random effects models were used to calculate risk estimates in a meta-analysis. Potential
publication bias was calculated using a funnel plot, Begg’s rank correlation test, and Egger’s linear regression
test.

SEARCH STRATEGY: We searched the PubMed and Embase databases for studies that examined the rela-
tionship between asthma and CVD or all-cause mortality.

SELECTION CRITERIA: Prospective and retrospective cohort studies.

RESULTS: Ten studies containing 406426 participants were included. The summary relative risk (5% confi-
dence interval, Cl) for patients with asthma was 1.33 (95% Cl: 1.15-1.53), for CVD in women, it was 1.55 (95%
Cl: 1.20-2.00), for CVD in men it was 1.20 (95% Cl: 0.92-1.56), and for all-cause mortality in both genders it
was 1.36 (95% Cl: 1.01-1.83). These findings remained consistent after sensitivity analysis.

CONCLUSION: The results indicate that asthma was associated with an increased risk of CVD and all-cause

mortality.

SYSTEMATIC REVIEW REGISTRATION NUMBER: Systematic review was not registered.

sthma is a global health problem that is increas-
Aing worldwide and affects people of all ages.

The main characteristics of asthma include hy-
per-responsiveness of the airway to stimuli and revers-
ible airflow obstruction. Typical symptoms of asthma
include chest tightness, breathlessness, recurrent epi-
sodes of wheezing, and coughing that changes in in-
tensity over time." Asthma is a heterogeneous disease
that is usually characterized by chronic airway inflamma-
tion.2 It is also associated with chronic systemic inflam-
matory diseases beyond the airways.** Several studies
have demonstrated that inflammatory processes are
likely participants in the pathophysiology of asthma,
atherosclerosis and endothelial dysfunction.>” Besides,
our knowledge of the involvement and interaction of
coagulation, anticoagulant pathways, the fibrinolytic
system, and platelets in the pathophysiology of asthma
has increased considerably.” Therefore, various studies
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have already demonstrated that asthma is related to an
increased incidence of cardiovascular disease (CVD).8"°
Recently, several large cohort studies were published
that provide more evidence that asthmatic individuals
have a higher CVD event rates and an increased risk
of death than non-asthmatics.”'"'2 However, there were
discrepancies within the findings on the role of age and
gender in the relationship between asthma and the
risk of CVD."*"® These discrepancies encouraged us to
study the relationships in depth.

The burden of CVD events and all-cause deaths
has considerably increased concerns about the abso-
lute number of susceptible asthma patients around the
world. To our knowledge, there have been no system-
atic evaluations nor meta-analyses on the association
of asthma and the incidence of cardiovascular events
or concerning asthma prognosis. Therefore, we system-
atically reviewed studies on the relationship between
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asthma and CVD or all-cause mortality and performed
a meta-analysis.

METHODS

The Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines were used to per-
form the meta-analysis."

Search strategy

We performed a systematic search in June of 2015
using PubMed and Embase databases. We searched
searched for published articles that examined the as-
sociation between asthma and the risk of CVD, coro-
nary heart disease (CHD), stroke, and death or all-cause
mortality. The following search terms were used: 1)
asthma, bronchial asthma, allergic airway inflammation,
2) coronary artery disease, CHD, coronary arterioscle-
rosis disease, CVD, cerebrovascular disease, peripheral
vessel disease, stroke, and 3) prospective cohort and
retrospective cohort study. Reference lists, conference
abstracts, and bibliographies of pertinent articles were
searched and reviewed. The literature search was lim-
ited to the English language.

Selection criteria

Two investigators independently evaluated the eligibil-
ity of the studies that had been retrieved from the data-
bases on the basis of predetermined selection criteria.
After an initial review, studies were included if they sat-
isfied the following criteria: (1) a cohort study design (2)
the exposure of interest was asthma; (3) the outcomes
were CVD, CHD, stroke, death, or all-cause mortality;
(4) the relative risk (RR), or equivalent ratio-type indices,
for instance, hazard ratio (HR), odds ratio (OR) and the
corresponding 95% confidence intervals (Cls), or the
event numbers in each category were reported; (5) in
cases where multiple reports covered the same cohort
study data, only the study containing the larger sample
size and more detailed outcomes was selected to avoid
analysis of overlapping data; (6) studies were included
if they satisfied six or more Newcastle-Ottawa Scale
(NOS) criteria, as recommended by the Cochrane Non-
Randomized Studies Methods Working Group."”

Data extraction

Two reviewers independently extracted the data using
a standardized data extraction form. Any differences
of opinion about the inclusion of studies or interpreta-
tions of data were resolved through an internal discus-
sion among the reviewers. The following characteristics
were recorded for the identified studies: name of the
first author, year of publication, country of publication,
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length of follow-up in years, study design, ascertain-
ment of asthma, assessments of outcomes, the ages,
characteristics, and total number of participants, out-
come numbers of CVD events and incidences of all-
cause mortality, and statistical adjustments for potential
confounding factors.

Outcome measures

The definition of CVD includes CHD, stroke, peripheral
vessel disease, coronary artery disease, cerebrovascular
disease and coronary arteriosclerosis disease. All-cause
mortality is defined as death for any reason, including
but not limited to stroke, heart failure, sudden death,
arrhythmia, malignant tumor, or myocardial infarction.

Quality assessment

A quality assessment was performed for the cohort
studies in this meta-analysis using the NOS criteria.
These studies were judged using three broad perspec-
tives on the basis of the NOS: selection of the study
groups (four items, one star each), comparability of the
study groups (one item, up to two stars), and attain-
ing the outcome of interest (three items, one star each).
Given the variable quality of observational studies,
studies were considered high quality if they satisfied six
or more NOS criteria.

Statistical analyses

We used adjusted relative risks (RRs) and 95% confi-
dence intervals (Cls) as measures for the link between
asthma and CVD events and all-cause mortality. If mul-
tivariate RRs were provided, they were used for statisti-
cal analyses and preferred over univariate RRs. Before
pooling the data, we converted the adjusted RRs from
each study to their log for variance stabilization and
to normalize the distribution. A RR>1 reflected an in-
creased risk in patients with asthma as compared to
subjects without asthma, or it indicated a higher mor-
tality rate.

A test for heterogeneity was used to assess be-
tween-study variability.”® Tests were conducted using
the Cochrane Q statistic (P<.10 as the significance
level) and 1? statistic. A value of 1°<50% meant that
"heterogeneity might be acceptable” and 12>75% in-
dicated “considerable heterogeneity”, based on the
suggestions of the Cochrane Handbook for Systematic
Reviews of Interventions.' Moreover, if the 12<50%, the
Mantel-Haenszel fixed-effect model was used to cal-
culate the RRs. If 12>50%, the DerSimonian and Laird
random-effect model was applied to obtain the RRs.

Potential publication bias was estimated using a
funnel plot. Asymmetric funnel plots were assessed
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using Begg’s rank correlation test and Egger’s linear
regression test (P<.10 was considered statistically sig-
nificant).?® We also performed further analyses to ex-
amine potential sources of heterogeneity by evaluating
the incidence of CVD risk in male or female asthmatic
patients. Sensitivity analyses were additionally used to
examine the influence of a single study on the overall
risk estimate. These analyses were carried out by se-
quentially omitting one study each time.

All
Review Manager (version 5.2 for Windows, Cochrane
Collaboration, Oxford, UK, 2008).

statistical analyses were performed using

RESULTS

Literature search

Our search strategy generated a total of 1464 citations:
841 from PubMed, and 623 from Embase. After screen-
ing the titles or abstracts, the majority of articles were
excluded, largely because they were reviews, duplicate
articles, case-control studies, cross-sectional studies,
or not relevant to our topic. After these exclusions, 19
articles remained (Figure 1). Nine articles were then ex-
cluded for various reasons after further reviewing the
full texts. Of these nine, three studies were excluded
because the design was cross-sectional. An addition-
al three articles were excluded because they did not
evaluate the association of interest. Another article was
excluded because it did not provide useful data. Finally,
two articles were excluded as a result of low quality as-
sessment scores. This left a total of ten eligible stud-
ies371521.22 for the meta-analysis.

Characteristics and quality assessment

The characteristics of the studies that were included are
summarized in Table 1. These studies were published
between 2004 and 2015. Five studies were conducted
in the USA, three were conducted in Europe and two
were conducted in Taiwan. Four studies were retro-
spective cohort studies and six studies were prospec-
tive studies. The length of follow-up ranged from 4.5 to
27 years. The sample sizes of the cohorts ranged from
1233 to 151620 (a total of 406426). The ascertainment
of asthma varied among studies: eight studies were
based on self-reported doctor diagnoses or inpatient
admission for asthma, one used a respiratory ques-
tionnaire and one was from an epidemiology project.
Among the ten studies, seven reported CVD events,
six reported CHD events, four reported stroke events,
and four reported all-cause deaths. All studies were ad-
justed for age with the exception of one study. Some
studies identified and adjusted for conventional risk
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factors, including race/centre,?'3'>2! education,'0'32!
body mass index”'3?' smoking habits,”""131522 alcohol
consumption,'®'?'3 blood pressure levels,''*?! choles-
terol levels?10131521 and diagnosis of diabetes.3%11.13.1521
Four studies reported that the risk of CVD was different
in male and female asthmatic individuals.'®"32' With
the use of the NOS, ten studies®? 152122 were classified
as high quality as they satisfied more than six NOS cri-
teria. The NOS checklists are listed in Table 2.

Primary results of the meta-analysis
Eight cohort studies®#'3'52" were included in the meta-
analysis linking asthma with the risk of CVD. Figure 2
shows the results from the random effects model and
combines RRs for CVD . Across eight studies, six stud-
ies reported a positive association between asthma and
CVD events (RRs ranged from 1.08 to 1.66). Overall,
subjects with asthma experienced a remarkably in-
creased risk of CVD events (RR: 1.33; [95% ClI: 1.15-
1.53]; P<.0001) as compared to the reference group
(Figure 2). However, heterogeneity was large (1°=88%,
P<.00001).

Asthma was associated with an increased risk of all-
cause mortality in a random effects model as compared
to reference subjects without asthma (RR 1.36; [95% Cl:

Records identified through
PubMed searching

(n=841) (n=623)

Additional records identified
through other Embase

Records screened
(n=1464)

) [ dentification |

Duplicates removed
(n=217)

Screening

Records after duplicates
removed (n=1247)

— |

Full-text articles
assessed for eligibility
(n=19)

l——>

Studies included in

Eligibility

Cross-sectional study
design (n=3)

Mot associated with
interest (n=3)

No useful data (n=1)

quality assessment
(n=12)

l

1——»

Failed quality
assessment (n=2)

Studies included in
quantitative synthesis
(meta-analysis)
(n=10)

Included

Figure 1. Flow chart of study selection process.
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Table 1. Baseline characteristics of the ten cohort studies of asthma and cardiovascular diseases and all-cause mortality.

First . 9
author, Location Study design Participant Age @i Gscsn=ntl pbuation Ad’usn“.ent iz
year event of asthma (years) covariates
Age, race/ethnicity,
Self-reported education level,
doctor smoking status, alcohol
Iribarren, . M 70047 diagnosis consumption, BMI, TC,
20047 USA Retrospective \y g1573 18-85 CHD  rinpatient 27 WBC, HTN, diabetes,
admission for parental history of
asthma CHD, and occupational
exposures
Marco CVD and  Self-reported
2005 Italy Prospective 6031 20-44 all-cause  doctor 7 Age, sex and centre
mortality  diagnosis
Age, sex, race/centre,
Self-reported HDL-C, LDL-C, SBP,
Schanen, . P hypertension medication
15 USA Prospective 13501 45-64 CvD doctor 14 .
2005 dinanosis use, smoking status, pack
9 years, W/H ratio, diabetes
diagnosis, sport score
] CVD and . . -
Belllaz,z Italy Prospective 1233 >65 all-cause Respn.'atory' 5 Smoking, comorbldlty,
2007 e questionnaire and underweight
Age, BMI, black race
Self-reported = ' -
Onufrak, . diabetes, HTN, education
20087 USA Prospective 14567 45-64 CVD gi(;cts(r)Sis 13 level, LDL-C, HDL-C,
9 physical activity
Hyun Rochester AS’t\lh(;Yer ’ Race, diabetes, RA and
20123 USA Retrospective 7176 - CHD epidemiology asthma  IBD
project 5.8
Chun Age, sex, HTN, diabetes,
9 . . - hyperlipidemia,
(ACS), Taiwan Retrospective 38840 >18 ACS Physicians 16 Stroke. h il
201412 troke, heart failure,
COPD and smoking
Asthma  Age, sex, AF, HTN,
Chung 7.21 hyperlipidemia, heart
(Stroke), Taiwan Retrospective 72587 >18 Stroke Physicians Non- failure, alcoholism,
2014" asthma  obesity, COPD, DVT,
7.35 CAD
Age, race, sex,
TC, HDL-C, SBP,
CVD and  Self-reported smgklng, dlabetes,
Matthew, . antihypertensive and
0 USA Prospective 6792 62 all-cause  doctor 5 s ; -
2015 S diaanosis lipid-lowering medication
Yy 9 used at baseline, BMI,
family history of CVD,
income
Age, BMI, physical
activity in leisure-time,
education, income,
alcohol consumption,
Yunus, Denmark  Prospective 94079 20100 dlemme  doaer 45 smoking, SBR DBP
2015 P ; ) . : TC, LDL-C, HDL-C,
mortality  diagnosis

TG, diabetes, use of
cholesterol-lowing
medication, presence of
diabetes

BMI:body mass index; TC: total cholesterol; WBC: white blood cell; HTN: hypertension; CHD: coronary heart disease; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; SBP: systolic blood pressure; RA: rheumatoid arthritis; IBD: inflammatory bowel disease; COPD: chronic obstructive pulmonary disease; DVT: deep vein thrombosis;
CAD: coronary artery disease;
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1.01-1.83]; P=.05) (Figure 3). However, there were in-
cidences of substantial heterogeneity between studies
(1P=62%; P=.05).

We further explored whether there were different

Total scores
9
7
8
7
7
8
8
8
8
8

effects on the incidence of CVD between male and fe-
male asthmatic patients using a random effects model.
Women with asthma had a significantly higher risk of
CVD as compared to the reference group (RR: 1.55;
12=84%; [95% Cl: 1.20-2.00]; P=.0007), whereas no sig-
nificant association was found in men (RR: 1.20; 1°=83%;
[95% Cl: 0.92-1.56]; P=.17). However, the combined RR
value was 1.36 ([95% Cl: 1.15-1.62]; P=.0003). To fur-
ther explore the interaction between gender and asth-

Adequacy of
follow up of
cohort
*

*

*

*

w
*

w
PAS
*

*

to occur
*
*
*
*
*
*
*
*
*
*

ma on CVD risk, the “Test for subgroup differences”

long enough
for outcomes

at the bottom of Figure 4 were examined and gave a

Was follow-up

P=.17, which suggested that the influence of gender on
the association between asthma and CVD risk was not
statistically significant. Therefore, we cannot confirm or
refute a significant difference in the incidence of CVD
between male and female asthmatic patients.

Ascertainment
of outcome
*

*

*

*

*

*

*

*

*

*

Sensitivity analyses
We evaluated the risk estimates for asthma and risk of
CVD for the remaining studies by omitting one study

analysis
*k
* v
*k
*
*k
*
*k
*k
*k
*k

each time. This produced a RR value with a range from
1.29 ([95% Cl: 1.12-1.49]; P<.001) to 1.39 ([95% CI: 1.26
-1.54; P<.001) which did not alter the overall combined
RRs.

of cohorts on
the basis of
the design or

Publication bias
Publication bias was assessed among studies concern-

that outcome
not present at
start of study

*

pid

bie

pie

pid

*

*

*

bie

pie

Demonstration Comparability
of interest was

ing asthma and CVD risk using a funnel plot (Figure
5). The funnel plot appeared asymmetric, but was dif-
ficult to interpret because of the small number of stud-
ies. To further examine the publication bias, we used
Begg’s rank correlation test and Egger’s linear regres-

Ascertainment
of exposure
*

*

*

*

*

*

*

*

*

*

sion, which indicated no evidence of publication bias
(Begg's, P=1.000; Egger’s linear regression, P=.150).

DISCUSSION

This meta-analysis concludes that there is an associa-

Selection

of the non-
exposed
cohort
*
*
*
*
*
*
*
*
*
*

tion between asthma and an increased risk of CVD and
all-cause mortality. Further subgroup analyses showed
that women with asthma experienced a higher risk of
CVD than men with asthma. Importantly, asthmatics of

Represent
activeness
of the
exposed
cohort
*

*

*

*

*

*

*

*

*

both genders had a high risk for all-cause mortality.
There have been numerous studies on the etiol-
ogy of asthma and CVD events. Chronic inflammatory
disease is considered a link between asthma and the
onset of increased CVD. Chronic airway inflammation
might contribute to systemic inflammation and in-

Iribarren, 2004
Marco, 2005
Schanen, 2005
Bellia, 2007
Onufrak, 2008
Hyun, 2012
Chung(Stroke)
Matthew, 2015

Chung(ACS),
m 2014

2014
Yunus, 2015

Author

Table 2. Study quality of included studies based on the Newcastle-Ottawa scale.

See quality assessment in methods for explanation of ratings.

crease vulnerability to vascular diseases. Established
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Risk Ratio Risk Ratio
V m, 95%Cl 00000

chung(ACS) 2014 0507 0122 11.5% 1.66 [1.31, 2.11] e
Chung(stroke) 2014 0315 0.039 16.4% 1.37[1.27, 1.48] -
Hyun 2012 0405 0172  86% 1.50 [1.07, 2.10] e —
Iribarren 2004 0.077 0.024 16.9% 1.08 [1.03, 1.13] -
Matthew 2015 0215 0132 10.9% 1.24[0.96, 1.61] T
Onufrak 2008 0.351 0173  8.6% 1.42[1.01,1.99] —
Schanen 2005 0058 0.112 121% 1.06 [0.85, 1.32] i
Yunus 2015 0438 0.066 15.0% 1.55 [1.36, 1.76] —_—
Total (95% CI) 100.0% 1.33[1.15, 1.53] -
Heterogeneity: Tau? = 0.03; Chi = 56.81, df = 7 (P < 0.00001); I* = 88% 0'5 0'7 ; 1'5 2

Test for overall effect: Z = 3.97 (P < 0.0001) Favours [control] Favours [ésmma]

inflammatory biomarkers are increased in atherogenesis,
such as high-sensitivity C-reactive protein (Hs-CRP), in-
terleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a),
interleukin-8 (IL-8), and fibrinogen, which are also known
to be elevated in asthmatics.*2* One possible theory is
that asthmatic patients display signs of enhanced co-
agulation activation in their airways, impaired functions
of the anticoagulant protein C system, attenuated fibri-

Figure 2. Forest plot for random-effect analysis of the association between
asthma and cardiovascular diseases for eight studies.

nolysis, and increased platelet activation.” Moreover, it
was clearly demonstrated that allergic asthma acceler-
ated atherosclerosis by adjusting the balance of effector

Risk Ratio Risk Ratio
Bellia 2007 0.261 0384 11.9% 0.77 [0.36, 1.63] .
Marco 2005 0.713 0.334 14.5% 2.04[1.06, 3.93] —
Matthew 2015 0.4 0431 34.7% 1.15 [0.89, 1.49] =
Yunus 2015 0476 0.098 39.0% 1.61[1.33,1.95] e
Total (95% Cl) 100.0% 1.36 [1.01, 1.83] >
Heterogeneity: Tau? = 0.05; Chi? = 7.94, df = 3 (P = 0.05); I2 = 62% 5 0'2 0'5 b + 5 1'0

Test for overall effect: Z = 2.00 (P = 0.05) Favours [control] Favours [asthmal

T cells and regulatory T-cells in apolipoprotein E defi-
cient mice, which is associated with an increase in Th2
and Th17 cells but not Th1 cells.?® Medicines used in the
treatment of asthma, such as beta-adrenoceptor ago-
nists and oral or inhale glucocorticoids, could increase
the occurrence of CVD events.??

Our findings demonstrate that asthma was uniformly

Figure 3. Forest plot for random-effect analysis of the association between
asthma and all-cause mortality from four studies.

associated with an increased overall risk of CVD. Further
analysis indicates that gender might influence the impact
of asthma on CVD risk. Combined with previous find-

Risk Ratio Risk Ratio

eight 1V, 95%Cl IV, 95% C|
1.4.1 men with CVD
chung(ACS) 2014 0.457 0.156 11.3% 1.58 [1.16, 2.14] —
Iribarren 2004 -0.01 0.031 17.5% 0.99 [0.93, 1.05] k
Onufrak 2008 0128 032 52% 0.88 [0.47, 1.65] -1
Yunus 2015 0.307 0.095 14.8% 1.36 [1.13, 1.64] —
Subtotal (95% CI) 48.8% 1.20 [0.92, 1.56] R
Heterogeneity: Tau? = 0.05; Chi? = 17.88, df = 3 (P = 0.0005); I = 83%
Test for overall effect: Z = 1.36 (P = 0.17)
1.4.2 women with CVD
chung(ACS) 2014 0582 019 9.6% 1.79 [1.23, 2.60] —
Iribarren 2004 0.199 0.035 17.4% 1.22[1.14,1.31] -
Onufrak 2008 0.542 0204 9.0% 1.72[1.15, 2.56] -
Yunus 2015 0.548 0.088 15.1% 1.73 [1.46, 2.06] —
Subtotal (95% Cl) 51.2% 1.55[1.20, 2.00] -
Heterogeneity: Tau? = 0.05; Chi? = 18.52, df = 3 (P = 0.0003); I> = 84%
Test for overall effect: Z = 3.38 (P = 0.0007)
Total (95% Cl) 100.0%  1.36[1.15,1.62] <>
Heterogeneity: Tau? = 0.04; Chi? = 64.96, df = 7 (P < 0.00001); I = 89% 0‘2 0?5 : t 5

Test for overall effect: Z = 3.59 (P = 0.0003)

y ; Favours [control] Favours [asthma]
Test for subaroup differences: Chi = 1.89. df = 1 (P = 0.17). I* = 47.0%

ings, the data indicate a positive association between
asthma and the incidence of CVD that varies accord-
ing to several factors including gender, smoking status,
asthma severity, and age of the onset of asthma. Further
analysis is needed to understand why asthmatic women
might be at a higher risk than asthmatic men for CVD.
Perhaps women engage in less physical activity, have
more weight gain, obesity and metabolic disorders.
Another study of a large multiethnic cohort found
that persistent asthmatics had a higher CVD event rate
compared to intermittent and non-asthmatics.” In a
study conducted by Bellia et al, asthma was associated
with a higher mortality rate in the elderly, but it was not

Figure 4. Forest plot for random-effect analysis of association between
cardiovascular diseases and men and women with asthma.

an independent risk factor.?? After systematically analyz-
ing four studies in our investigation, the results indicate
that asthma was an increased risk factor for all-cause

o-SE(log[RR]) :
° :
‘0
0.05
o
0.1 1
o 1
1 o
o
0.15
I 00
| RR
0.
05 07 1 15 2

mortality.”10.14.22

Given differences in asthma treatments, patient char-
acteristics, the definitions of asthma, the varying severity
of asthma, the age and gender of subjects, we observed
substantial heterogeneities in the relationship between
asthma and CVD.

The greatest strength of our analysis is that we used
cohort studies, six of which were prospective. They were
highly effective evidence-based studies with large sam-
ple sizes. Assessments about asthma were reasonable
and probably accurate. Consequently, our results accu-
rately represent the association between asthma, CVD

incidences, and all causes of death.

Figure 5. Funnel plot to examine publication bias in eight

studies.

104

There are several potential limitations in our meta-
analysis. First, we only selected studies published in
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English, which could lead to selection bias. Second, sig-
nificant heterogeneity was detected although sensitivity
analyses indicated that the conclusions were unaffected
by the heterogeneity. Otherwise, heterogeneity could
have led to overestimating or underestimating the as-
sociation of asthma on CVD events. Third, we could not
conduct further analyses using factors like age, body
mass index, smoking, and asthma treatments, because
of insufficient data. Also, publication bias is difficult to
show conclusively by funnel plot when the number of

review

In summary, this meta-analysis provided strong
evidence that asthma is significantly associated with
future cardiovascular risk among asthmatic patients.
Furthermore, asthmatics have an increased risk of all-
cause mortality. These data indicate a need for early de-
tection and intervention during general outpatient visits
in asthmatics who may have potential CVD complica-
tions or mortality.
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