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Chapterr 6 

Abstract t 

Objective: : 

Inflammationn plavs a key role in chronic obstructive pulmonary disease (COPD) and 

asthma.. Increasing evidence points towards a role of inflammation in the pathogenesis 

off  type 2 diabetes mellitus. We wanted to determine the relation of COPD and asthma 

withh the development of type 2 diabetes. 

Researchh Design and Methods: 
Thee Nurses' Health Study is a prospective cohort study. From 1988 to 1996, 103,614 

femalee nurses were asked biennially about a physician diagnosis of emphysema, chronic 

bronchitis,, asthma and diabetes. 

Results: : 
Duringg 8 years of follow-up, we documented a total of 2,959 new cases of type 2 diabetes. 

Thee risk of type 2 diabetes was significantly higher for patients with COPD than those 

withoutt (multivariate RR, 1.8; 95% CI, 1.1 to 2.8). By contrast, the risk of type 2 diabetes 

amongg asthmatic patients was not increased (multivariate RR, 1.0; 95% CI, 0.8 to 1.2). 

Thee asthma results remained non-significant even when we evaluated diabetes risk by 

durationn of asthma exposure. 

Conclusions: : 
Ourr findings suggest that COPD may be a risk factor for developing type 2 diabetes. 

Differencess in the inflammation and cytokine profile between COPD and asthma might 

explainn why COPD, but not asthma, is associated with increased risk of type 2 diabetes. 
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Objective e 

Chronicc inflammation has emerged as a new risk factor for the development of type 2 

diabetess (1-3). Increasing evidence now points towards a role of pro-inflammatory 

cytokiness such as C- reactive protein (CRP), interleukin (IL)-6, and tumor necrosis factor-

alphaa {TNF-00 in the pathogenesis of insulin resistance and type 2 diabetes (1-4). Due 

too the up-regulation of pro-inflammatory cytokines in both asthma and chronic 

obstructivee pulmonary disease (COPD) (5,6), one might hypothesize that these chronic 

inflammatoryy diseases would increase risk for type 2 diabetes. 

However,, the pattern of inflammation for asthma and C O PD differs (7). The cellular 

infiltratee in asthma contains prominent numbers of eosinophils and type 2 helper 

(Th2)) CD4 T cells and associated cytokines (IL-4, IL-5, IL-13) (5). By contrast, the 

cellularr infiltrate in COPD is dominated by neutrophils, macrophages, and an increased 

numberss of lymphocytes thought to be type 1 helper T cells (Thl) or C D 8T cells (8), 

andd the neutrophil-associated cytokines (TNF-OC, IL-6, IL-8) predominate (9). A recent 

reportt from Third National Health and Nutrit ion Examination Survey demonstrated 

thatt increasing severity of C O PD was associated with increasing levels of CRP (10-). 

Moreoverr systemic inflammation in C O PD is associatedd with increased muscle wasting 

andd a continuous hypoxemic state due to destruction of lung tissue (11). Because of 

thesee inflammatory differences, the relationship of C O PD or asthma with the 

developmentt of another condition with an inflammatory component, such as type 2 

diabetes,, may vary. 

Wee therefore evaluated the association between a history of physician-diagnosed C O PD 

orr asthma and incidence of type 2 diabetes among almost 100,000 participants in the 

Nurses'' Health Study. We focused on potential differences in the diabetes risk conferred 

byy C O PD compared to asthma. 
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Researchh design and methods 

Studyy Population 

Thee Nurses' Health Study cohort was established in 1976 when 121,700 female registered 

nurses,, aged 30 to 55 years and residing in 11 populous states, completed a mailed 

questionnairee about their medical history and lifestyle. Every 2 years, follow-up 

questionnairess have been sent to update information on potential risk factors and to 

identifyy newly diagnosed cases of cancer, coronary heart disease, diabetes and other 

medicall  conditions. The baseline year for this analysis was 1988 when all participants 

weree first asked about a physician diagnosis of emphysema, chronic bronchitis and 

asthma.. A total of 103,614 participants answered the supplementary questionnaire 

forr asthma and COPD. For this analysis, we excluded women with type 1 diabetes, 

womenn classified as having only gestational diabetes, and those who had pre-existing 

typee 2 diabetes before 1988. We also excluded participants that lacked diabetes 

confirmationn and were missing date of birth Therefore, our baseline cohort for incident 

typee 2 diabetes between 1988 to 1996 included 97,618 women. 

Theree were a total of 5,986 participants with respiratory disease consistent with 

diagnosiss of asthma, C O PD or components of C O PD but not meeting the diagnostic 

criteria.. Of these, 1715 had C O PD but date of onset of COPD was not available for 

373,, leaving 1342 participants for inclusion in the study. Thus the C O PD cohort 

includedd 97,245 participants; 1342 with C O PD and 95,903 free of COPD. 

Forr the analyses of asthma, we excluded subjects with COPD (n=1715) and also those 

participantss that had components of C O PD but not meeting the diagnostic criteria 

(n=1371)) from the baseline cohort. Date of onset of asthma was missing in 21 patients, 

leavingg 2,879 participants with asthma for inclusion in the study. Thus the asthma cohort 

includedd 94,511 participants; 2,879 with asthma and 91,632 free of asthma. 

Att baseline, participants provided data on demographic, lifestyle, and biological factors, 

includingg age, race, current weight and height, smoking status, physical activity, dietary 

intake,, and comorbid conditions. Participants also were asked if they had recently 

undergonee a health screening examination, or if thev currently used any nutritional 

supplements.. The participants contributed person-time until the end of follow-up or 

thee time of type 2 diabetes diagnosis. 
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Ascertainmentt of Respiratory Disease 

Fromm 1988 to 1996, all participants were asked biennially about a physician diagnosis 

off  emphysema, chronic bronchitis and asthma. A supplementary questionnaire was 

sentt in 1998 to all living nurses who reported a physician diagnosis of emphysema, 

chronicc bronchitis or asthma through 1996. This supplemental questionnaire requested 

informationn confirming a physician diagnosis of emphysema, chronic bronchitis, COPD, 

orr asthma; dates of symptom onset and diagnosis; tests performed to confirm the 

diagnosis;; and symptoms consistent with a diagnosis of chronic bronchitis (i.e., two or 

moree months of productive cough for more than two years). 

Thee supplemental questionnaires also included items on recent medication use, respirator)1 

symptoms,, health care utilization (hospital visits, emergency department visits, urgent 

officee visits), and results of spirometry in the preceding year. The questionnaire-based 

definitionss of COPD and asthma have been validated in prior publications (12,13). 

Casess of COPD 

Thee contemporary clinical definition of C O PD was used: a diagnosis of COPD, 

emphysema,, or chronic bronchitis with evidence of airflow obstruction that is not 

fullyy reversible (14). Definitions were established independent of smoking status. Since 

C O PDD is rarely diagnosed before age 35 years (14), cases were excluded if their reported 

agee at C O PD diagnosis was 35 years or less.. Of the participants with C O PD that 

weree included in the study 605 (45%) had some asthmatic component. 

Casess of Asthma 

Usingg information from supplementary questionnaires, and the special mailing to all 

asthmaticc (and COPD) participants in 1998, each participant reporting asthma was 

categorizedd using two case definitions. Case definition 1 required both of the following: 

(1)) reiterated on second questionnaire that a physician had diagnosed her as having 

asthma,, and (2) reported using an asthma medication (e.g., inhaled steroids, oral or 

intravenouss steroids, theophylline, cromolyn or nedocromil, leukotriene modifiers, 

salmeterol)) since diagnosis. 7b meet case definition 2, participants had to fulfil l the criteria 

off  case definition 1 and report use of a prescribed long-term preventive medication 

(e.g.,, inhaled steroids) in the past year. 
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Ascertainmentt of Type 2 Diabetes 

Thee outcome in this analysis was newly diagnosed type 2 diabetes between 1988 and 

1996.. We mailed a supplementary questionnaire regarding symptoms, diagnostic tests, 

andd hyperglycemic treatments to all women who reported a diagnosis of diabetes on any 

bienniall  follow-up questionnaire. The diagnosis of diabetes was established when at least 

onee of the following criteria was reported on the supplementary questionnaire: (1) One 

orr more classic symptoms (excessive thirst, polyuria, weight loss, hunger, or coma) plus a 

fastingg plasma glucose concentration of 140 mg/dL (7.8 mmol/L) or higher or a random 

plasmaa glucose concentration of 200 mg/dL (11.1 mmol/L) or higher; or (2) at least two 

elevatedd plasma glucose concentrations on different occasions (fasting, >140 mg/dL [7.8 

mmol/L|;; random, > 200 mg/dL [11.1 mmol/L]; or random, > 2000 mg/dL [11.1 mmol/ 

L]]  after at least 2 hours of oral glucose tolerance testing) in the absence of symptoms; or 

(3)(3) treatment with hypoglycemic medication (insulin or oral hypoglycemic agents). The 

diagnosticc criteria for type 2 diabetes were changed in 1997 (15). However, we used the 

criteriaa proposed by the National Diabetes Data Group (16) because all our cases were 

diagnosedd before June 1996. The questionnaire-based definition of type 2 diabetes has 

beenn validated in a sample by medical record review (17). 

Statisticall Analysis 

Person-timee for each participant was calculated from the date of return of the 1988 

questionnairess to the date of confirmed type 2 diabetes between 1988 and 1996. 

Exposuree status was updated every 2 years. We calculated rates of incident type 2 

diabetess for women with prior COPD or asthma by dividing the number of incident 

casess by the number of person-years of follow-up contributed by women with COPD 

orr asthma, respectively. The relative risk (RR) was computed as the rate among women 

withh prior COPD or asthma divided by the rate among women without COPD or 

asthma,, with adjustment for 5-year age categories. Risk of type 2 diabetes also was 

calculatedd for varying duration of asthma (i.e., years since first diagnosis of asthma, 

withh categories of <10, 10-20, and >20 years). A test for trend across the categories 

off  asthma duration was calculated by treating the categories as an ordinal variable in 

proportionall  hazards model. Duration of COPD was not evaluated because it is a 

moree slowly progressive disease, and, by the time of diagnosis, the patient may alreadv 
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havee had the disease for unknown and variable amounts of time (18). 

Multivariatee Cox regression models were used to control for potential confounding by 

otherr risk factors for type 2 diabetes. The multivariate model adjusted age (in five-year 

categories),, time periods (in 4 categories), BMI (in seven categories), family history of 

diabetes,, menopausal status, use of postmenopausal hormone therapy, weekly frequency 

off  moderate-to-vigorous exercise (<0.5 hour, 0.5 to 3.9 hours, 4.0 to 6.9 hours, or > 

7.00 hours), smoking status (never smoked; former smoker; current smoker (<25 cig/ 

day);; current smoker (> 25 cig/day), daily alcohol intake and a dietary score variable. 

Ourr choice of > 25 cigarettes/day as a cut point was based on previously published 

dataa (19) from the Nurses' Health Study, that showed that there was 1.42 fold increased 

riskk of diabetes associated with smoking >25 or more cigarettes/day. Relative risk 

estimatess were much lower and not statistically significant for lower levels of smoking 

althoughh the overall test for trend suggested a dose response relationship. 

Thee dietary score variable included information on dietary predictors of type 2 diabetes 

(20)) including cereal fiber, trans-fat, glycemic load and the ratio of polyunsaturated/ 

saturatedd fat; these data were derived from a 120 item, semi-quantitative food frequency 

questionnaire.. Each woman was assigned a score of each nutrient on the basis of 

quintiless of intake (a higher score represented a lower risk), then the four scores were 

summed,, and the total score was categorized into quintiles. 

Results s 

Tablee 1 shows the general characteristics of cohort of 97,245 women. In 1988, the 

meann age of participants was 54 years. The median BMI of our participants was 25.4 

kg/mm and 34% were overweight or obese (BMI > 25.0 kg/m ). Approximately 20% 

off  the participants had a family history of diabetes, and 44% of the women were 

neverr smokers. 

Duringg 8 years of follow-up, we documented 2,959 new cases of type 2 diabetes in the 

COPDD cohort, with 19 cases of incident type 2 diabetes among the participants that 

hadd COPD. In the asthma cohort we documented 2,827 new cases of type 2 diabetes, 
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Tablee 1. Baseline characteristics of the 97,245 participants of the Nurses' Health Study in 1988. 

COPD D Noo COPD 

1,342 2 
58(7) ) 

93 3 
3 3 
4 4 

24.1 1 
(21.6,27.3) ) 

24 4 
19 9 

24 4 
9 9 
6 6 
20 0 

122 (18) 

16 6 
31 1 
28 8 
25 5 

500 (37, 67) 
9(14) ) 
4(3) ) 
3(1) ) 

10,923(4,183) ) 
0.55 (0.2) 

Asthma a 

2,879 9 
52(7) ) 

92 2 
5 5 
3 3 

25.5 5 
(22.8,, 29.2) 

20 0 
20 0 

29 9 
12 2 
7 7 
17 7 

14(17) ) 

48 8 
41 1 
8 8 
3 3 

200 (8,35) 
66 (10) 
5(3) ) 
3(1) ) 

11,129(4,118) ) 
0.55 (0.2) 

Noo Asthma* 

93,024 4 
54(7) ) 

87 7 
5 5 
8 8 

24.4 4 
(22.1,27.5) ) 

20 0 
16 6 

29 9 
8 8 
5 5 
20 0 

166 (22) 

44 4 
36 6 
14 4 
6 6 

255 (12,43) 
7(10) ) 
5(3) ) 
3(1) ) 

11,044(4,094) ) 
0.55 (0.2) 

Agee (mean, std) 
Racee (%) 
White e 
Non-White e 
Missing g 

BMII (median, IQR) 

Familyy History of Diabetes (%) 
Hypertensionn (%) 
Hormonee Replacement Therapy (%) 
Pre-Menopausal l 
Currentt User of Estrogen Only 
Currentt User of Estrogen + Progesterone 
Missing g 

Activityy Level METS/week 
Smokingg Status (%) 
Neverr Smoker 
Pastt Smoker 
Currentt Light Smoker (<25 cig/day) 
Currentt Heavy Smoker (e"25 cig/day) 

Packk Years (median for smokers, ÏQR) 
Dailyy Alcohol Intake gm/day(mean, std) 
Cereall  Fiber Intake gm/day (mean, std) 
Transs Fat Intake gm/day (mean, std) 
Glycemicc Load Index (mean, std) 
Poly/Satt Ration (mean, std) 

COPDD denotes chronic obstructive pulmonary disease; BMI , body mass index. * Includes 1,371 
participantss with component of COPD not reaching diagnostic criteria and. 21 subjects with asthma, 
butt without date of onset. 

withh 69 cases among the participants that had asthma. We calculated the age-, BM1-

andd fully-adjusted RR of type 2 diabetes for participants with COPD or asthma, 

comparedd to participants who did not have COPD or asthma, respectively (Table 2). 

Thee age-adjusted risk of type 2 diabetes was higher for patients with COPD than 

thosee without (RR, 1.8). After adjusting for potential confounders, the RR of diabetes 

mellituss for patients with COPD did not change (RR 1.8). In order to further control 

forr potential confounding, we also ran an expanded model adjusting for potential 

confoundingg factors including age (in five-year categories), time periods (in 4 categories), 

100 0 



COPD,, Asthma and type 2 diabetes 

1.0 0 
1.8(1.1-2.8) ) 

1.0 0 
1.1(0.9-1.5) ) 

1.0 0 
1.9(1.2-3.0) ) 

1.0 0 
0.9(0.7-1.2) ) 

1.0 0 
1.8(1.1-2.8) ) 

1.0 0 
1.0(0.8-1.2) ) 

Tablee 2. Risk of type 2 diabetes from 1988-1996 according to COPD or asthma status 

Personn Incident Age Adjusted Age- and BMI- Multivariate 
Yearss Diabetes RR (95% CI) Adjusted RR RR(95% CI)* 

A.. COPD Cohort N = 97,245 
Noo COPD 726,840 2,940 
COPDD 2,505 19 

B.. Asthma Cohort N = 94,511 
Noo asthma 693,066 2,758 
Asthmaa 15,389 69 

COPDD denotes chronic obstructive pulmonary disease; BMI , body mass index. * Adjusted for age, 
BMII  (in 4 categories), sedentary (weekly frequency of moderate-to-vigorous exercise <0.5 hour), 
smokingg status (never smoked; former smoker; current smoker (<25 cig/day); current smoker (>25 
cig/day),, daily alcohol intake and a dietary score variable. 

BMII  (in seven categories), family history of diabetes, menopausal status, use of 

postmenopausall  hormone therapy, weekly frequency of moderate-to-vigorous exercise 

(<0.55 hour, 0.5 to 3.9 hours, 4.0 to 6.9 hours, or 7.0 hours), smoking status (never 

smoked;; former smoker; current smoker (<25 cig/day); current smoker (>25 cig/ 

day),, daily alcohol intake and a dietary score variable. The results of this expanded 

modell  were similar (RR 1.8, 95% CI, 1.1 to 2.8) to our primary result. 

Byy contrast, the age-adjusted risk of diabetes mellitus was not significantly higher for 

patientss with asthma than those without (RR 1.1). Furthermore, after adjusting for potential 

confounders,, the RR of type 2 diabetes for asthmatic patients was null (RR 1.0; 95% CI, 

0.88 to 1.2). Additional variables, as listed above, were included in an expanded model to 

furtherr adjust for potential confounding and the asthma result did not change (RR 1.0; 

95%% CI, 0.8 to 1.2). To further explore the relation of asthma to diabetes risk, we 

examinedd whether the duration of asthma exposure was associated with risk of developing 

typee 2 diabetes. Compared to women without asthma, those with asthma for less than 10 

years,, 10-20 vears and more than 20 years, all showed no significant association with 

incidencee of diabetes (hazard ratios 0.6,1.2 and 1.1 respectively). 

Too explore the effect of smoking on the association between C O PD and asthma and 

riskk of diabetes, we performed stratified analyses according to smoking status (Table 3). 

Althoughh there was limited statistical power, there was a trend in never smoker C O PD 

patientss for higher risk of type 2 diabetes (RR 1.4,95%) CI, 0.46-4.5). There was no 

associationn between asthma (0.98, 95% CI 0.69-1.38) and risk of diabetes. When we 
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Tablee 3. Riskk of txpe 2 diabetes associated with COPD or Asthma stratified by smoking status. 

COPDD Asthma 

NN (%) RR (95% CI) N (%) RR (95% CI) 

Alll  patients 1342(100) 1.8(1.1-2.8) 2879(100) 1.0(0.8-1.2) 
Neverr Smokers 215(16) 1.4(0.46-4.5) 1382(48) 0.98(0.69-1.4) 
PastSmokcrss 416(31) 2.2(1.1-4.4) 1180(41) 1.05(0.73-1.5) 
Currentt Smokers 711(53) 1.7(0.84-3.4) 317(11) 0.79(0.32-1.9) 
Al ll  Smokers 1127(84) 2.0(1.2-3.2) 1497(52) 1.01(0.72-1.4) 

COPDD denotes chronic obstructive pulmonary disease. * Adjusted for age, BMI (in 4 categories), 
sedentarvv (weekly frequency of moderate-to-vigorous exercise <0.5 hour), smoking status (never 
smoked;; former smoker; current smoker (<25 cig/dav); current smoker (>25 cig/day), daily alcohol 
intakee and a dietary score variable. 

consideredd all smokers (past and current), the risk of diabetes remained higher in 

COPDD patients (RR 2.0, 95% CI, 1.2-3.2), when compared to asthma (RR 1.01, 95% 

CI,, 0.72-1.4). In a sensitivity analysis, we also controlled for physician visits, and this 

factorr did not alter our results (data not shown). 

Too address the possibility that surveillance may have varied according to COPD, we 

performedd an analysis restricted to cases reporting at least one symptom of diabetes 

att diagnosis (n = 1,554 cases, 52% of all cases). Results from this subgroup were not 

appreciablyy different from those for the entire cohort (RR 1.8; 95% CI, 1.0-3.4). For 

asthma,, the results also did not change (n = 1,532 cases, 54% of all cases; RR 1.1; 95% 

CI,, 0.8 to 1.6). 

Inn a separate analysis, we examined potential differences in oral steroid use among 

womenn with COPD compared to women with asthma. On a question about usual 

medicationss between 1992 and 1994, oral steroids were reported by 9% of participants 

withh COPD and 9% of participants with asthma (p = 0.81). Similarly, use of oral 

steroidss "in the past year" wras asked on the 1998 supplementary questionnaire and 

yieldedd values of 30% among women with COPD and 32% among women with asthma 

(p=0.27). . 
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Discussion n 

InIn this prospective cohort study involving almost 100,000 women, we found that subjects 

withh COPD had a statistically significant, increased risk of developing type 2 diabetes 

thatt persisted after multivariate adjustment for potential confounders. By contrast, 

suchh an association was not found among women with asthma. Glucose metabolism 

hass not been studied extensively in COPD patients and the available studies are 

inconclusive,, perhaps due to differences in BMI and the hypoxemic state of this patient 

populationn (22-24). Our prospective study extends these earlier physiologic observations. 

Somee studies have suggested that a reduced lung function could be a risk factor for the 

developmentt of insulin resistance or diabetes (25-27. However, these studies only 

focusedd on impaired lung function (25,26) or forced vital capacity (27) and did not 

lookk into any association between physician-diagnosed COPD or asthma and risk of 

developingg diabetes. 

Althoughh both asthma and COPD are chronic inflammatory conditions, we found no 

significantt association between asthma and risk of type 2 diabetes. This could be due 

too differences in the type of inflammation in asthma versus COPD. The cellular infiltrate 

inn asthma contains prominent numbers of eosinophils and Th2 cells (5). By contrast, 

thee cellular infiltrate of COPD is dominated by neutrophils, macrophages, and Thl cells 

(8),, with associated cytokines such as TNF-CX, IL-6 and IL-8 (9), which are also believed 

too play a major role in the development of type 2 diabetes (28). 

Theree are a number of ways in which COPD might lead to the development of type 2 

diabetes.. Inflammatory markers that are increased in patients with type 2 diabetes have 

beenn observed to be upregulated in patients with COPD (9), suggesting that inflammation 

mayy be the common link. Elevated levels of CRP, IL-6 and TNF-CX have been shown to 

predictt the development of the insulin resistance syndrome and type 2 diabetes, supporting 

aa role for inflammation in the pathogenesis of diabetes (1-4, ,29,30). 

Thee chronic state of inflammation in COPD patients is believed to shift the metabolism 

off  the patients towards net protein catabolism, in turn increasing the resting energy 

expendituree (30). As a result fat-free mass (FFM) of such patients is depleted (32-33), 

whichh is accompanied by an increase in systemic markers of inflammation. (35,36). 
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Otherr studies have also shown a link between systemic inflammation and skeletal muscle 

losss in COPD, even when weight loss is not apparent (37,38). Circulating TNF-OC levels 

havee been found to be elevated in cachectic C O PD patients with chronic hypoxemia, a 

potentiall  stimulus for activation of the proinflammatory cytokine system (39) in such 

patients.. TNF-Ot, a central inflammatory mediator in the process of muscle wasting, 

promotess cachexia by reducing peripheral insulin action (30,40). Muscle loss, decreased 

fatt oxidative capacity, along with low physical activity, leads to further muscle loss and 

fatt gain. Fat gain in turn elevates circulating T N F - a, escalating insulin resistance and 

musclee loss. 

Oxidativee stress as seen in patient with C O PD results in injury to airspace epithelium, 

increasedd influx of neutrophils into the lungs, and activation of transcription factors, 

includingg NF-kappa P, which switches on the genes for TNF-CX, IL- 8 and other 

inflammatoryy mediators. (6, 41,42). Such oxidative stress has been implicated in insulin 

resistancee (43). Reactive oxygen species interfere with insulin signaling at various levels, 

andd are able to inhibit the translocation of GLUT4 in the plasma membrane, leading to 

insulinn resistance (43). Moreover, an increase in insulin or glucose levels further increases 

reactivee oxygen species production and oxidative stress, impairing both insulin action 

andd secretion and accelerating the progression to overt type 2 diabetes. 

Thee current study has some potential limitations. Our subjects included only women, 

thee vast majority Caucasian, and had a similar socioeconomic status. Although the 

homogeneityy in the sample would reduce confounding, it may also reduce the 

generalizabilityy of our findings. Currently, we have no reason to suspect that men or 

non-Caucasianss would differ in terms of the effects of COPD on diabetes. Future 

studiess to evaluate this association in other populations would be informative. Women 

inn our cohort who did not report diabetes were not uniformly screened for glucose 

intolerance.. This may have misclassified some participants with unrecognized diabetes. 

Ourr epidemiologic definition of asthma and C O PD also may have resulted in some 

misclassificationn of participants. There also might have been some misclassification 

off  other covariates and we cannot exclude a component of uncontrolled or residual 

confounding.. We did, however, adjust for the major risk factors for diabetes (20). 

Wee can not rule out the possibility of that some or all of the effect of COPD on the risk 

off  diabetes incidence that we observed was a result of residual confounding by cigarette 
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smoking.. In our analyses, we attempted to control for smoking in the multivariable models 

andd through stratified analyses, dividing the population into four categories. Interestingly, 

wee observed a 40% higher risk among subjects with COPD who reported being life-long 

non-smokers,, although this finding did not reach statistical significance. 

Ourr observation that 16% of the COPD patients reported being lifelong non-smokers 

iss consistent with prior epidemiological studies that have reported that 5-12% of 

patientss with prevalent COPD report having never smoked (44).Whether this reflects 

reportingg bias, effects of second hand smoke or other exposures is unknown. 

Anotherr potential limitation is that the higher risk of type 2 diabetes among individuals 

withh COPD may have been mediated, at least in part, by the use of systemic 

corticosteroidss (45). We did not have data on the dosage or frequency of the steroid 

use,, so were unable to control for it. The risk of developing corticosteroid-induced 

diabetess has only been seen with use of systemic steroids (46,47), whereas there is no 

evidencee for an association with the use of inhaled corticosteroids (47). In our cohort, 

att two different time points, there was no significant difference in the use of oral 

steroidss between participants with asthma and COPD. If corticosteroid use was 

responsiblee for the development of type 2 diabetes, we would have expected to see a 

similarr increased risk of type 2 diabetes among subjects with asthma. There remains a 

potentiall  for detection bias as an explanation for these findings (e.g., adults with the 

diagnosiss of COPD or asthma were more likely to be screened for diabetes). If that 

weree the case, however, we would have expected to see similar increases in the diagnosis 

off  diabetes among both the COPD and asthma groups. 

Inn summary, our findings suggest that COPD but not asthma may be associated with 

aa higher risk of developing type 2 diabetes. Further prospective studies are needed to 

testt this hypothesis , and to examine cytokine profiles (both Thl and Th2) in COPD 

orr asthma patients who go on to develop type 2 diabetes. Moreover, future prospective 

studiess might examine whether COPD or asthma are associated with increased risk of 

otherr diseases with an inflammatory component, such as atherosclerosis. 
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