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Abstract

Background—Chronic airway inflammation in asthma or chronic obstructive pulmonary disease
(COPD) may be involved in the pathogenesis of type 2 diabetes; however, prospective data have
been limited.

Methods—A prospective cohort of 38,570 women who were aged > 45 years, free of
cardiovascular disease and cancer at baseline, and free of diabetes at baseline and in the first 12
month were analyzed. We classified all women into three groups according to the presence and
absence of self-reported asthma or COPD (including emphysema, chronic bronchitis, and
bronchiectasis).

Results—During a median follow-up of 12.2 years, 2,472 incident type 2 diabetes events were
documented. Women who had ever reported asthma or COPD were associated with an increased
diabetes risk; the multivariate RRs were 1.37 (95% ClI, 1.20-1.57) for women who had asthma
alone and 1.38 (95% CI, 1.14-1.67) for COPD without asthmatic symptoms. Furthermore, these
associations were not significantly modified by age, smoking status, physical activity, BMI,
alcohol intake, hormone replacement therapy, menopausal status or randomized treatment.

Conclusions—Asthma and COPD were individually and independently associated with an
increased risk of type 2 diabetes in women, indicating that chronic airway inflammation may
contribute to diabetes pathogenesis.
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1. Introduction

Asthma and COPD are inflammatory lung disorders associated with significant morbidity
and mortality worldwide [1]. Their commonly reported comorbidities include cardiovascular
disease, diabetes mellitus, hypertension, osteoporosis, and other chronic medical conditions
[2]. Respiratory viral and bacterial infections, tobacco smoking, and pollutants are important
factors in triggering a plethora of inflammatory pathways that may mediate the relation of
chronic lung diseases and their comorbid diseases [1,2]. Although the inflammatory process
in COPD is different from that in asthma in terms of inflammatory cells, mediators, and
inflammatory response to therapy [3], there is growing evidence to show a role of several
common inflammatory signaling pathways in the pathogenesis of both asthma [4] and
COPD [5]. Low-grade inflammation as reflected by elevated levels of many
proinflammatory biomarkers such as interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a),
C-reactive protein (CRP), and adhesion molecules has been recognized as a major
contributor to the development of type 2 diabetes [6,7]. It thus seems reasonable to speculate
that elevated circulating levels of certain inflammatory cytokines caused by chronic airway
inflammation may also contribute to the development of insulin resistance in the liver,
skeletal muscle, and vascular endothelium, ultimately leading to the clinical expression of
type 2 diabetes.

In epidemiologic studies, several cross-sectional studies have suggested that lung function
impairment was associated with high prevalence of the metabolic syndrome [8] and type 2
diabetes, even after adjusting for adiposity [2]. Several prospective studies have shown
inverse associations between lung functions and risk for developing insulin resistance or
type 2 diabetes in nondiabetic individuals from diverse populations [9-11]. One recent
prospective cohort study from the Nurses’ Health Study reported increased risk of type 2
diabetes associated with patients with COPD but not among asthma patients [12]. Although
the differences in the diabetes risk between patients with COPD and those with asthma may
reflect the different underlying inflammatory processes in asthma and COPD, no other
independent studies have confirmed this relationship.

We therefore prospectively examined the association of asthma and COPD with risk of type
2 diabetes in a large cohort of women with over 12 years of follow-up. In addition, we
investigated whether the associations would vary for the presence of asthma and/or COPD
when examined separately and whether they would differ according to levels of potential
factors, including age, BMI, smoking status, physical activity, alcohol intake,
postmenopausal hormone use, and menopausal status.

2. Subjects and Methods

2.1. Study Population

The Women’s Health Study (WHS) was a randomized, double-blind, placebo-controlled
trial designed to evaluate the balance of benefits and risks of low-dose aspirin and vitamin E
in the primary prevention of cardiovascular disease (CVD) and cancer [13]. As described
previously, participants provided detailed information on behavioral, lifestyle, and
demographic risk factors at baseline [14]. In total, 39,876 female health professionals aged >
45 years who were free of coronary heart disease (CHD), stroke, and cancer (except for non-
melanoma skin cancer) have been followed up. We excluded individuals with self-reported
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diabetes at baseline and the first 12 months, which left 38,570 women for the analysis. All
participants in the WHS provided written informed consent and the study protocol was
approved by the institutional review board of the Brigham and Women’s Hospital (Boston,
Mass).

2.2. Data collection

On the baseline questionnaire, we collected detailed information on demographics, medical
history, and lifestyle factors [14]. In the enrollment questionnaire and annually thereafter,
participants provided information on lifestyle exposures including cigarette smoking status,
physical activity, total intakes of beer, wine, and liquor, use of multivitamin, use of
postmenopausal hormone therapy, and menopausal status. Moreover, participants reported
their medical history characteristics such as age, height, weight, history of type 2 diabetes,
and family history of diabetes in first-degree relatives. Total calorie intake and dietary
intakes were assessed using a 131-item semiquantitative food frequency questionnaire at
baseline [14].

2.3. Ascertainment of asthma and COPD

During the follow-up, all participants were specifically asked about a physician diagnosis of
asthma and other chronic obstructive lung disease (i.e. COPD, including emphysema,
chronic bronchitis, and bronchiectasis) and the date of diagnosis of these diseases. Although
we lacked detailed information on lung function to confirm all self-reported COPD cases,
our study population is a cohort of U.S. female health professionals, who are likely to report
more accurate diagnostic information of clinical diseases than a general population. Among
38,570 women participants free of prior CVD, cancer, or diabetes, we identified 6,322
women (16.4% of the total participants), who had developed asthma, COPD or both. Of
them, there were 1,808 women (4.7% of the total participants) with COPD, 1,733 (4.5 %) of
the participants with COPD without any asthma, and 3,368 (8.7 %) women, who had
reported asthma or asthmatic symptoms only.

2.4. Ascertainment of incident type 2 diabetes

Details regarding ascertainment of incident type 2 diabetes in our cohorts have been reported
previously [6,15]. After excluding those with diabetes at baseline, all participants were
asked annually whether and when they had been diagnosed with diabetes since baseline.
Using the diagnostic criteria by the American Diabetes Association [16], all self-reported
cases of type 2 diabetes were confirmed by a supplemental questionnaire. In populations of
health professionals such as WHS, self-reported diabetes diagnosis yields high validity in
identifying true cases. As confirmation, a small validation study (n=473) was conducted,
where self-reported diabetes in WHS was validated via physician-led telephone interviews,
supplementary questionnaires, and medical record reviews, all yielding positive predictive
values >91% [6,15].

2.5. Statistical Analysis

Participants with a prior history of CHD, stroke, cancer, or diabetes in the first 12 months
were excluded from analysis. To minimize potential time-varying confounding effect, we
took into account the information from all follow-up questionnaires on covariates and pre-
existing chronic lung disease status and incident diabetes. For each women, we calculated
person-years of follow-up from the date of return of the earliest questionnaire to date of first
diabetes diagnosis, death, or to the last questionnaire received, whichever came first.
Participants were divided into three groups according to the presence of asthma and/or
COPD, asthma alone, or COPD alone without asthmatic symptoms, respectively, and were
compared to women without asthma and/or COPD. We used time-varying Cox proportional
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hazards models to estimate the rate ratios (described as relative risks, RRs) and 95%
confidence interval (Cl) of incident type 2 diabetes for women with chronic lung diseases
versus those without. Using information from all follow-up questionnaire, our Cox
proportional hazard models with time-varying covariates accounted for time-varying
changes in covariates and the presence of chronic lung diseases over the follow-up period.

The first model was adjusted for age and randomized treatment assignment (vitamin E and
aspirin). The second model additionally controlled for BMI The first multivariable model
(multivariable model 1) further adjusted for smoking (never, past, and current smokers [<25
cigarettes/day and >25 cigarettes/day]), physical activity (METS, quintiles), alcohol intake
(rarely/never, 1-3 drinks/month, 1-6 drinks/week, and >1 drink/day), postmenopausal
hormone use (never, past, and current), family history of diabetes (yes/no), history of
hypertension (yes/no), and high cholesterol (yes/no); The second multivariate-adjusted
model (multivariable model 2) included the variables in model 1, with the addition of dietary
factors including total calorie intake (continuous), intakes of trans fatty acids,
polyunsaturated fat, glycemic load, and caffeine intake (all categorized as quintiles). The
same analytic approach as above was used for women with asthma alone, or women with
COPD alone without asthmatic symptoms.

Furthermore, we used prespecified stratified analysis to assess the potential effect
modifications by age (39-50, 51-56, >56 years), BMI (<25, 25-29.9, and >30), current
smoking status (yes or no), alcohol intake (rarely/never, 1-3 drinks/month, 1-6 drinks/week,
and >1 drink/day), physical activity (< 600 Kcal and 2600 Kcal), postmenopausal hormone
use (never and current users), menopausal status (premenopausal or postmenopausal status),
and randomized treatment of aspirin and vitamin E (yes or no). The log likelihood ratio test
was used to test the significance of the interactions by comparing models with and without
the interaction terms.

All statistical analyses were conducted using SAS (version 9.1; SAS Institute Inc., Cary,
NC). All reported P values were two-tailed.

3.1. Characteristics of women with and without chronic lung diseases

The prevalence of patients with COPD or asthma was 16.4% (n=6,322) among all
participants. There were 1,808 women with COPD without asthmatic component, among
whom, 32.7 % were never smokers, 32.6% were past smokers, and 35.7% were current
smokers. The prevalence of patients with asthma alone (n=3,368) was 8.73%, among whom,
52.6 % were never smokers, 38.9% were past smokers, and 8.5% were current smokers.

Overall, women with self-reported asthma or COPD were older and heavier, were less likely
to drink alcohol and exercise, and were more likely to smoke cigarettes and take
postmenopausal hormones than those without (Table 1). Women with these chronic lung
diseases also had a higher likelihood of having a family history of diabetes, history of
hypertension, or history of hyperlipidemia than those without.

3.2. Associations between asthma, COPD, and risk of type 2 diabetes

During a median of 12.2 years of follow-up (441,496 person-years), we identified 2,472
incident cases of type 2 diabetes. Table 2 displays the association between COPD with and
without asthma and risk of type 2 diabetes. In the age and randomized treatment-adjusted
model, the presence of asthma and/or COPD was associated with a 1.75-fold increased risk
of type 2 diabetes as compared with those without (Table 2). After additional adjustment for
BMI, the positive association was attenuated but persisted; the multivariate-adjusted RR was
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1.49 (95% Cl, 1.34-1.64) for women with these chronic lung diseases compared with those
without. The excess risk of type 2 diabetes remained significant even after further
controlling for other traditional diabetes risk factors including physical activity, cigarette
smoking, alcohol intake, postmenopausal hormone use, family history of diabetes, history of
hypertension, and history of hypercholesterolemia (Multivariate-adjusted Model 1) or
dietary factors (Model 2). After excluding those with asthmatic symptoms, women with
COPD alone also had a higher risk of type 2 diabetes than those with neither COPD nor
asthma (multivariate-adjusted RR, 1.38; 95% Cl, 1.14-1.67). Similarly, patients with
preexisting asthma alone were at substantially higher risk of type 2 diabetes than those in the
same control group (the multivariate-adjusted RR, 1.37; 95% CI, 1.20-1.57).

When further stratified by potential effect modifiers such as age, cigarette smoking, BMI,
alcohol intake, physical activity, hormone replacement therapy, menopausal status,
randomized treatment assignment of aspirin and vitamin E (Table 3), the positive
associations of asthma and/or COPD with type 2 diabetes were not substantially altered.
Although the magnitude of the RRs and their 95% Cls varied in different subgroups, we
found no evidence for any significant interactions (all P values for interactions >0.05).

4. Discussion

In this large prospective study of middle-aged and older US women followed over 12 years,
we found that patients with pre-existing asthma and/or COPD had a higher risk of
developing subsequent type 2 diabetes than those without. The positive associations between
these chronic lung diseases and type 2 diabetes were independent of cigarette smoking and
other diabetes risk factors and also persisted after excluding all COPD cases with asthmatic
symptoms. We further investigated any potential modifiers and found no evidence that the
association differed by smoking status and other risk factors.

Previous prospective studies have consistently shown the inverse associations between lung
functions and risk for developing insulin resistance or type 2 diabetes in nondiabetic
individuals [9-11], indicating that nonspecific chronic inflammation associated with
pulmonary disorders may play a role in the development of type 2 diabetes. However,
prospective data on the link of chronic lung disease to type 2 diabetes are relatively limited.
In our study, we focused on COPD, including emphysema, chronic bronchitis, and
bronchiectasis, which may reflect a chronic inflammatory state. Our study estimated that the
presence of COPD was associated with an approximately 1.50-fold increased risk of type 2
diabetes. The association was unchanged when we excluded all cases with asthmatic
symptoms. This finding is supported by a previous prospective study in the Nurses’ Health
Study (NHS) with 8 years of follow-up, which found a similar association [12]. In the NHS,
Rana et al. reported that patients with COPD were at an approximately 1.8-fold increased
risk of type 2 diabetes relative to those without COPD [12]. Our similar findings strongly
support the hypothesis linking chronic airway inflammation to type 2 diabetes.

We found that the presence of asthma alone was independently associated with a 1.50-fold
increased risk of type 2 diabetes whereas the NHS found no such a significant association
between asthma and type 2 diabetes [12]. It has been speculated that differences in the
inflammatory cells and cytokine profile between COPD and asthma might explain why
COPD, but not asthma, is associated with increased risk of type 2 diabetes. However, there
is a lack of experimental or observational evidence to support the notion. Existing
differences in our follow-up duration, demographic characteristics and lifestyle variables
could explain the different results for asthma.
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We investigated several other population subgroups of women with asthma and/or COPD in
order to determine if the association was modified by those prespecified factors including
cigarette smoking, BMI, age, physical activity, alcohol intake, postmenopausal hormone
use, and menopausal status. Overall, there were similar trends for positive associations
between these chronic lung diseases and type 2 diabetes in all subgroups. Although the
associations tended to be weaker among women with lower BMI (<25 kg/m?2), higher
alcohol intake (=1 drink/day), high levels of physical activity (=600 Kcal), or cigarette
smoking, the interactions were not significant and the numbers of diabetes cases were small.
Thus, different RRs with varying Cls in subgroups could be caused due to small sample
sizes. Of note, cigarette smoking is a strong factor for COPD but a moderate risk factor for
type 2 diabetes. Smoking status could be both a confounder and effect modifier for the
observed association. Our study did not find significant effect modification by cigarette
smoking status. Systemic inflammation and oxidative stress has been implicated to be
involved in the adverse consequences of cigarette smoking, but it seems plausible that
chronic inflammation elicited by smoking could attenuate the observed association between
chronic airway inflammation and type 2 diabetes.

The mechanisms by which asthma and COPD may increase a woman’s risk of type 2
diabetes are not fully understood. The most plausible explanation is that these diseases may
share a common inflammatory basis with type 2 diabetes. Asthma and COPD are
inflammatory lung disorders involving multiple inflammatory pathways [1,2]. For example,
the nuclear factor-xB (NF-xB) signaling pathway may play a central role in the pathogenesis
of both asthma and chronic obstructive pulmonary disease (COPD) [1]. NF-xB is
transcription factor that induces the expression of a variety of pro-inflammatory genes,
including IL-6, TNF-o, and adhesion molecules. Elevated circulating levels of these
inflammatory cytokines have been associated with the development of prediabetic insulin
resistance and the progression into overt type 2 diabetes [6,17,18]. The etiology of type 2
diabetes is complex and multifactorial involving multiple genetic and environmental factors.
The associations of asthma and COPD with type 2 diabetes appeared to be robust, indicating
that a common inflammation pathway might exist and largely reflect the underlying
proinflammatory mechanisms for both diseases.

The strengths of our study include the prospective study design, large sample size, high
follow-up rate, long follow-up duration, and the updated assessment of lifestyle variables
and chronic disease status at baseline and during the follow-up. Several limitations,
however, warrant consideration. First, our study did not collect detailed data on physician
diagnosis of chronic lung diseases and clinical lung function testing, which cannot allow us
to confirm all self-reported diagnosis of asthma and COPD. We acknowledge that our cases
of asthma and COPD might have been misclassified using questionnaires. However, such
misclassification should lead to an underestimate of the true association between chronic
lung disease and diabetes, rather than to produce spurious associations. It is hoteworthy that
our study population is a cohort of U.S. female health professionals, who are likely to report
more accurate diagnostic information than a general population. Second, medication use,
especially corticosteroid use, could have, at least partially, accounted for our results, and we
lacked detailed information on dose and duration. Third, our observed associations might be
explained by residual confounding due to uncontrolled factors. Our findings, however,
seemed robust after adjustment for traditional diabetes risk factors including those that may
potentially influence inflammatory status. Fourth, the lack of information on lung function
or specific inflammatory biomarkers at baseline did not allow for quantifying the relation
between impaired lung function or inflammatory states and risk of type 2 diabetes. Finally,
because our study population included solely female health professionals who were mostly
white, results from the present study may not be generalizable to men or to other ethnic
groups.
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In conclusion, in a large prospective study of middle-aged and older US women followed
over 12 years, we found that women with pre-existing asthma or COPD had a higher risk of
developing type 2 diabetes, independently of traditional diabetes risk factors including
cigarette smoking. Our findings support the hypothesis that chronic airway inflammation
may increase the risk of type 2 diabetes through underlying proinflammatory mechanisms.
Our study provides clear information on the relation of asthma and COPD with their
comorbid diabetes mellitus, indicating the importance of increasing awareness and
promotion of diabetes risk reduction for patients with these chronic lung diseases. Future
evidence-based preventive strategies should be developed and implemented to improve the
overall health burden in adults with asthma and/or COPD who are also at high risk for other
chronic comorbidities.
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