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Abstract: The association between obstructive lung disease and cardiovascular disease (CVD) has
been suggested previously, but few studies have looked at this association in a diabetic cohort,
a population highly susceptible to both comorbidities. A total of 1003 subjects in community
practice settings were interviewed at home at the time of enrolment into the Vermont Diabetes
Information System, a clinical decision support program. Patients self-reported their personal and
clinical characteristics, including any obstructive lung disease. Laboratory data were obtained
directly from the clinical laboratory. We performed a cross-sectional analysis of the interviewed
subjects to assess a possible association between obstructive lung disease and CVD. In a multivariate
logistic regression model, obstructive lung disease was significantly associated with CVD, even
after correcting for potential confounders, including gender, obesity, low income, cigarette smoking,
alcohol problems, and high comorbidity (odds ratio = 1.96; 95% confidence interval 1.37–2.81; p < 0.01).
All components of CVD, including coronary artery disease (CAD), congestive heart failure (CHF),
peripheral vascular disease (PVD), and cerebrovascular accidents (CVA), were also significantly
associated with obstructive lung disease. These data suggest an association between obstructive lung
disease and CVD in patients with diabetes. Future studies are needed to identify the mechanism
supporting this association

Keywords: asthma; COPD; cardiovascular disease; diabetes

1. Introduction

The burden of chronic respiratory diseases is increasing worldwide and, among these,
the obstructive lung diseases asthma and chronic obstructive pulmonary disease (COPD)
are among the main causes of mortality and morbidity [1]. The prevalence of COPD
increases with age, as does the prevalence of comorbid conditions, while asthma is the
most common chronic disease in children in Western countries, and it can be diagnosed at
any age [2].

Obstructive lung disease has been shown to have an association with many comor-
bidities [2–5], especially cardiovascular disease (CVD). A more robust association is found
in patients with COPD and CVD [6–11] than patients with asthma and CVD [12–16]. The
mechanisms involved in the association between obstructive lung disease and cardiac
disease are complex, but may be related to systemic inflammation, chronic infections,
shared risk factors (such as smoking), or other undefined factors [17]. However, the impact
of these mechanisms is difficult to ascertain [18]. In the current cross-sectional study, we
determined the association between obstructive lung disease and the prevalence of asso-
ciated CVD using information obtained from the Vermont Diabetes Information System
(VDIS) study.
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2. Materials and Methods

This study is part of a larger project, the VDIS, a study of 7412 adults with diabetes in
primary care practices [19]. The subjects comprised all diabetic adults in 64 practices in
Vermont and adjacent New York. A field survey was completed at study baseline with a
subsample of subjects. Patient names were randomly sorted and patients were contacted
by telephone until a sample of approximately 15% of patients from each practice agreed to
participate in the field survey to give a sample of 1007 at the time of analysis. Four patients
were dropped from the analysis due to incomplete information, leaving a final sample
of 1003.

Subjects completed a questionnaire at home, and then were visited by a trained
research assistant who reviewed the questionnaire responses, assisted the subject with
any missing or unacceptable responses, reviewed the subject’s medications, and measured
their height and weight using a portable stadiometer and scale. Race, education, income,
marital status, functional status, smoking, alcohol consumption, and comorbid conditions
were obtained by questionnaire. To determine comorbidity, we used a modification of
the Self-Administered Comorbidity Questionnaire [20], in which we asked each patient
to indicate whether they had had the following conditions: heart attack, heart failure,
peripheral arterial disease, stroke, dementia, rheumatic disease, peptic ulcer, cirrhosis,
paralysis, renal insufficiency, diabetic vascular complications, AIDS/HIV, and depression.
The primary outcome variable, presence of obstructive lung disease, was the patient’s
response to the question “Do you have asthma, emphysema, or chronic bronchitis?” The
primary predictor variable, presence of CVD, was determined by the patient’s responses
to the following questions: (A) “Have you had a heart attack?” (coronary artery disease
(CAD)); (B) “Have you had heart failure? (You may have been short of breath and your
doctor may have told you that you had fluid in your lungs or that your heart was not
pumping)” (congestive heart failure (CHF)); (C) “Have you had blockages in the arteries
in your legs? (May have been referred to as claudication)” (peripheral vascular disease
(PVD)); and (D) “Have you had a stroke, cerebral vascular accident, blood clot, bleeding in
the brain, or transient ischemic attack (TIA)?” (cerebrovascular accident (CVA)).

Most laboratory data were obtained from the patients’ local clinical laboratories,
which all used the same Diabetes Control and Complications Trial/Epidemiology of Dia-
betes Interventions and Complications high-performance liquid chromatography (HPLC)
method for the determination of glycosylated hemoglobin (A1C). Less than 1% of A1C
tests were performed using the Bayer DCA 2000 immunoassay point of care instrument,
which compares favorably with the HPLC method [21].

The research protocol was approved by the Committee on Human Research of the
University of Vermont. The interviewed subjects provided written informed consent. The
full study protocol and variables, and the medication profiles of the subjects have been
previously reported [19,22].

Statistical Approach

We used logistic regression to assess the univariate relationship of obstructive lung
disease as the outcome variable with CVD as the predictor. We then adjusted for possi-
ble confounding by social and clinical factors. Potential confounders tested were gender
(male/female), age (years), race (white/other), body mass index (BMI) (kg/m2), glyco-
sylated hemoglobin level (A1C; %), insulin use (yes/no), self-reported history of alcohol
problems (yes/no), cigarettes (per day), low annual income (<USD 30,000 per year), dura-
tion of diabetes in years, and high comorbidity (>2), not including chronic lung obstructive
diseases and cardiovascular diseases. To reduce the number of variables in the final model,
we excluded potential confounders that were associated with the outcome in univariate
analyses with P > 0.15. Such a weak association implies that the variable is unlikely to be a
confounder. We also performed separate multivariate analyses on the different components
of CVD, including CAD, CHF, PVD, and CVA. We used Stata/SE v.16 (StataCorp, College
Station, TX, USA) for all analyses.
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3. Results

The characteristics of the study population are described in Table 1. The study pop-
ulation was representative of adults with diabetes in primary care practices in northern
New England, USA. Because many of the subjects were over retirement age or suffered
disabilities from chronic conditions, their income was lower than that of healthy younger
Americans. The prevalence of obstructive lung disease was 203 (20.2%). A total of 310
(30.9%) of the subjects reported CVD (Table 1).

Table 1. Baseline characteristics of 1003 adults with diabetes.

Characteristic N (%) or Mean (SD)

Age, years 64.8 (12.0)
Female gender 547 (54.5%)

White race 973 (97.3%)
Income, median USD/year 15,000–29,999
Income below <USD 30,000 548 (59.1%)

Body mass index (BMI) kg/m2 33.8 (7.4)
Obese (BMI > 30 kg/m2) 666 (67.3%)

Cigarettes per day 2.8 (7.8)
Alcohol problem 78 (7.9%)

Duration of diabetes, years 10.2 (10.3)
Glycosylated hemoglobin A1C 7.1 (1.3)

Insulin use 186 (18.5%)
Obstructive lung disease prevalence 203 (20.2%)

Cardiovascular disease, all types 310 (30.9%)
Coronary artery disease 193 (19.2%)
Congestive heart failure 172 (17.2%)

Peripheral vascular disease 88 (8.8%)
Cerebrovascular accident 118 (11.8%)

High comorbidity (>2) 91 (9.0%)
SD, standard deviation; N, number of subjects with the characteristic.

Table 2 presents univariate associations between obstructive lung disease and the other
study variables that had the potential of being significantly associated with obstructive
lung disease prevalence.

Next, potential confounding variables associated with obstructive lung disease with
P ≤ 0.15 were included in a logistic regression model using obstructive lung disease as
the outcome. These included gender (male), obesity (kg/m2), alcohol problems, cigarettes
per day, low annual income (<USD 30,000/year), and high comorbidity (>2). This model
showed that the odds of having obstructive lung disease among those with CVD were
nearly twice as high as among those without CVD (OR = 1.96; 95% confidence inter-
val = 1.37, 2.81; P < 0.01). Other variables that were positively and significantly associated
with obstructive lung disease included obesity, low annual income, and cigarettes per day.
Male gender was protective (Table 3).
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Table 2. Univariate associations between obstructive lung disease and other patient characteristics.

Characteristic
Obstructive Lung

Disease
Patients

Non-Obstructive
Lung Disease

Patients
OR P

% or Mean (SD) % or Mean (SD)

Number of subjects 203 800
Age, years 64.3 (11.4) 64.9 (12.1) 1.00 0.54

Male 33.5% 48.6% 0.53 <0.01
White race 96.1% 97.6% 0.60 0.23

Low annual income 75.7% 54.8% 2.57 <0.01
Obese (BMI > 30 kg/m2) 77% 64.8% 1.82 <0.01

Cigarettes per day 4.5 (10.2) 2.3 (7.0) 1.03 <0.01
Alcohol problem 12.1% 6.8% 1.88 0.02

Duration of diabetes, years 11.1 (10.6) 10.0 (10.3) 1.01 0.20
A1C, mg 7.2 (1.3) 7.1 (1.3) 1.03 0.67

Insulin use 27.2% 22.8% 1.27 0.19
Cardiovascular disease, all types 43.4% 27.8% 1.99 <0.01

Coronary artery disease 27.6% 17.1% 1.84 <0.01
Congestive heart failure 28.6% 14.3% 2.41 <0.01

Peripheral vascular disease 12.3% 7.9% 1.64 0.05
Cerebrovascular accident 18.7% 10.0% 2.07 <0.01

High comorbidity (>2) 16.3% 6.8% 2.68 <0.01
Each cell contains either % or mean (standard deviation).

Table 3. Multivariate logistic regression: obstructive lung disease vs. CVD and potential confounders
(N = 903).

Characteristic OR P 95% CI

Cardiovascular disease, all types 1.96 <0.01 1.37–2.81
Gender (male) 0.48 <0.01 0.33–0.70

Obesity 1.81 <0.01 1.21–2.71
Low annual income 2.08 <0.01 1.40–3.08
Cigarettes per day 1.03 0.01 1.01–1.05
Alcohol problem 1.71 0.07 0.96–3.04

High Comorbidity 1.70 0.05 1.01–2.86

To determine the contribution of each component of CVD, namely CAD, CHF, PVD,
and CVA, to the association with obstructive lung disease, we performed individual
multiple regressions (Table 4).

Table 4. Multivariate logistic regression of dependent variable, obstructive lung disease, vs. CAD,
CHF, PVD, and CVA.

Characteristic OR P 95% CI

Coronary artery disease 1.67 0.01 1.12–2.51

Gender (male) 0.49 <0.01 0.34–0.72
Obesity 1.76 0.01 1.18–2.63

Low income 2.17 <0.01 1.47–3.22
Cigarettes per day 1.02 0.01 1.00–1.04
Alcohol problem 1.61 0.10 0.91–2.86
High comorbidity 1.84 0.02 1.10–3.09

Congestive heart failure 2.06 <0.01 1.35–3.13

Gender (male) 0.49 <0.01 0.34–0.71
Obesity 1.77 0.01 1.18–2.65
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Table 4. Cont.

Characteristic OR P 95% CI

Low income 2.09 <0.01 1.41–3.09
Cigarettes per day 1.03 0.01 1.01–1.05
Alcohol problem 1.50 0.17 0.84–2.68
High comorbidity 1.83 0.02 1.09–3.08

Peripheral vascular disease 1.77 0.04 1.01–3.09

Gender (male) 0.51 <0.01 0.35–0.73
Obesity 1.82 <0.01 1.22–2.73

Low income 2.23 <0.01 1.51–3.30
Cigarettes per day 1.02 0.02 1.00–1.04
Alcohol problem 1.65 0.09 0.93–2.93
High comorbidity 1.86 0.02 1.11–3.12

Cerebrovascular accident 1.88 0.01 1.17–3.01

Gender (male) 0.52 <0.01 0.36–0.76
Obesity 1.80 <0.01 1.20–2.68

Low income 2.24 <0.01 1.51–3.30
Cigarettes per day 1.03 0.01 1.01–1.05
Alcohol problem 1.52 0.16 0.85–2.70
High comorbidity 1.72 0.04 1.02–2.90

4. Discussion

Comorbid conditions are commonly associated with obstructive lung disease and
increase the risk of hospitalization, increase the levels of polypharmacy, and are associated
with higher mortality [23]. In the literature, estimates of the prevalence of individual
comorbidities associated with obstructive lung disease vary substantially depending on
the patient population evaluated, the methods for patient evaluation used, and the def-
initions of diseases [24]. In a retrospective observational study from the Truven Health
MarketScan Commercial Claims and Encounters and the MarketScan Medicare Supple-
mental Databases, it was found that among 183,681 patients with COPD, the most common
comorbidities were CVD (34.8%), diabetes (22.8%), asthma (14.7%), and anemia (14.2%) [25].

Similar to our study, the association between obstructive lung disease and an increased
risk of CVD has been described in both asthma and COPD [26–30]. Studies on asthma and
its associations with CVD suggest this association is dependent on the age of asthma onset
and allergies [16,31–33]. The concomitant occurrence of COPD and CVD suggests that
COPD could be a driving force of CVD or vice versa, but it could also reflect the shared
risk factors, such as cigarette smoking and obesity [34].

The prevalence of CVD in our diabetic population (31%) is similar to those found
in other studies [35]. The prevalence of obstructive lung disease in our diabetic cohort
was 20.2%, but results in other studies varied between 2 and 37% [36]. The association
between obstructive lung disease and CVD in the diabetic population has been less studied,
although asthma and COPD have been individually and independently associated with
an increased risk of type 2 diabetes in women [37]. Here, we showed that CVD and
obstructive lung disease were significantly associated in this diabetic cohort. Furthermore,
this association was also true for the components of CVD, including CAD, PVD, and CVA,
with the strongest association found between obstructive lung disease and CHF.

The multivariate regression logistic model also showed a negative association between
gender (male) and obstructive lung disease. Women are 37% more likely to have COPD
than men [38]. Furthermore, there is a higher prevalence of asthma in boys than girls before
puberty, but a higher prevalence in women than men in adulthood [39]. The association
between gender and obstructive lung disease may be further confounded by CVD. The
mean age in this cohort was 64.8 years of age, and menopause is a risk factor for CVD
because estrogen withdrawal has a detrimental effect on cardiovascular function and
metabolism [40]. Furthermore, the model shows a positive association that was significant
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with potentially confounding variables that have similar results in other studies, including
obesity [41–43], low income [44], cigarette smoking [45], and high comorbidities [2,46].

This study has several limitations, including the self-reporting of obstructive lung
disease, lack of confirmation of obstructive lung disease and CVD diagnoses, inability
to distinguish between asthma and COPD patients, and lack of information on the time
relation between the onset of obstructive lung disease and CVD. As in any cross-sectional
study, unmeasured confounders could be responsible for the apparent associations found.
Generalizability beyond those patients represented in nonacademic primary care practices
in the US may be limited.

5. Conclusions

These findings suggest a possible association between obstructive lung disease and
CVD and all its components (CAD, CHF, PVD, and CVA) in diabetes. More research is
needed to identify the mechanisms at work.
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