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Abstract Type 2 diabetes mellitus is a common comor-

bidity of COPD, but there are still many doubts about the

relation among diabetes and COPD. We retrospectively

collected data from patients afferent to our Respiratory

Diseases outpatient clinic at the Tor Vergata University

Hospital between 2010 and 2012. The study population

was analyzed by clusters of age, gender, body mass index

(BMI), smoking status, lung function, concomitant phar-

macologic therapies and comorbidities. The values of the

association between variables were expressed as odds ratio.

Data were adjusted for gender, age and possible con-

founding variables by Mantel–Haenszel method. We

identified 493 patients with COPD. Ninety-two (18.7 %)

patients were affected by type 2 diabetes mellitus, with no

significant gender differences. The prevalence distribution

was similar among the different age clusters, but the

association was stronger in patients younger than 65 years.

The association was present only in obese subjects in

whom it was significant only in patients with moderate-to-

severe COPD, but not mild COPD. The presence of car-

diovascular diseases was significantly associated with

diabetes mellitus in patients with COPD. There was a slight

association of inhaled corticosteroid (ICS) use with the

presence of diabetes mellitus in COPD, but the combina-

tion of an ICS with a b2-agonist apparently reduced this

association. The association with type 2 diabetes mellitus

was greater in patients with COPD respect to general

population, and correlated with the increase in BMI and the

presence of other comorbidities, suggesting that both dis-

eases may be targets of systemic inflammation.

Keywords Diabetes mellitus � COPD � Comorbidities �
Systemic inflammation

Introduction

Type 2 diabetes mellitus is a common comorbidity of

COPD. Epidemiological data suggest that diabetes mellitus

is much more common in patients with COPD than in

controls [1–3]. A population-based retrospective study

using information obtained from the Health Search Data-

base, owned by the Italian College of General Practitioners,

which contains data on more than 900,000 subjects, doc-

umented that compared to the non-COPD people, in

patients with COPD, there is a higher prevalence of dia-

betes mellitus (10.5 % in the general population vs. 18.7 %

in patients with COPD) [4]. Moreover, a recent study

conducted in Taiwan has shown that patients with COPD

have a higher risk of type 2 diabetes compared with control

subjects after adjusting for confounding factors such as sex,

age, residential area, insurance premium, steroid use, hy-

pertriglycemia, hypertension, coronary artery disease and

cerebrovascular disease [5]. In contrast to these findings,

Korean researchers did not find any association between

COPD and higher prevalence of diabetes mellitus, which

may be related to high percentage of underweight subjects

in the studied population [6]. These differences in results

may be due to differences in race and environmental and

nutritional factors, and in any case, there may have been
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misclassification when general practitioners have used

specific diagnostic categories, mainly COPD [5].

Since diabetes affects 2–37 % of people with COPD,

depending on the patient subgroup studied [7], and in

addition, even more important, there are many doubts

about the relation among diabetes and COPD [8], we have

investigated the association between type 2 diabetes mel-

litus and COPD, considering the role of further comor-

bidities, concomitant therapies and morphometric

characteristics, by collecting the information recorded in

the database of Respiratory Diseases outpatient clinic of a

large Italian university hospital.

Materials and methods

Characteristics of the study population

We retrospectively collected data from 830 patients

afferent to our Respiratory Diseases outpatient clinic at

the Tor Vergata University Hospital between 2010 and

2012.

The data were entered into a spreadsheet consisting of a

unique code for patient and aspects of medical history [age,

gender, weight, height and body mass index (BMI)],

diagnosis of obstructive airway disease (asthma, COPD)

and diabetes mellitus, smoking habit and drug therapies

prescribed for the respiratory system [b2 agonists, anti-

cholinergic agents, inhaled corticosteroids (ICS), and the-

ophylline] and diabetes mellitus (insulin and hypoglycemic

agents) were recorded. Data for cardiovascular and meta-

bolic comorbidities, together with the presence of gastro-

esophageal reflux disease, osteoporosis, psychiatric

disorders and depression were also added as well as all the

functional parameters of spirometric tests performed. A

total of 785 records passed the quality tests to be used for

the epidemiological study.

Statistical analysis

The study was carried out by a cross-sectional and

observational field method. It permitted to describe the

situation at the time of data collection, at the end of

February 2013, and it allowed determining the prevalence

of investigated outcomes.

The study population was analyzed by clusters of age

(45–54, 55–64, 65–74, 75–84, and older than 84 year),

gender, BMI (underweight, normal weight, overweight, and

obese), smoking status (current smokers, former smokers

and never-smokers), lung function (GOLD criteria), con-

comitant pharmacologic therapies and comorbidities (single

or multiple comorbidities). The primary objective of the

present epidemiological study was to evaluate the

prevalence of type 2 diabetes mellitus in patients affected by

COPD and to compare the observed prevalence to expected

prevalence in general population according to 2009 data of

the Italian National Institute of Statistics (ISTAT) [8].

The values of the association between variables were

expressed as odds ratio (OR) and 95 % confidence interval

(95 % CI). Positive or negative OR means a co-relative

positive or negative association between evaluated vari-

ables. Data were adjusted for gender, age and possible

confounding variables by Mantel–Haenszel method, which

allows a precision-based estimate of the OR. Furthermore,

if the prevalence of variables was[10 %, and the value of

the OR was greater or less than 2.5 or 0.05, correction of

the OR was carried out [9, 10].

In order to calculate statistical and epidemiological

values, computer software GraphPad Prism (CA, USA)

and OpenEpi (Dean AG, Sullivan KM, Soe MM. Open

Source Epidemiologic Statistics for Public Health) were

used.

Results

Demographic characteristics

Four hundred ninety-three patients with COPD repre-

sented the study population. These patients had a mean

age of 72.1 years (95 % CI 71.2–72.9), 336 (68.1 %)

were males and 157 (31.8 %) females, and 30.2 % were

current smokers and 59.7 % former smokers. Demo-

graphic characteristics and smoking habits are reported in

Table 1.

Prevalence of diabetes mellitus in patients with COPD

Ninety-two (18.7 %) patients were affected by diabetes

mellitus. There was no difference in the prevalence of

diabetes mellitus between men and women (men 19.3 %,

Table 1 Demographic characteristics and smoking habit of study

population

Total Men Women

Patients (n) 493 336 (68.15 %) 157 (31.85 %)

Age (average and

95 % CI)

72.09

(71.22,

72.95)

73.83

(72.78–74.89)

71.62

(70.11–73.12)

Current smokers

(%)

30.18 28.70 33.33

Never-smokers

(%)

10.06 4.53 21.79

Former smokers

(%)

59.75 66.77 44.87
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women 17.2 %), and the prevalence distribution was sim-

ilar among the different age clusters (Table 2). The stan-

dardized prevalence ratio (SPR) between the observed

(study population) and the expected (general population by

ISTAT data) prevalence of diabetes mellitus was signifi-

cantly increased in patients with COPD, in particular in the

age clusters from 45 to 64 years (P \ 0.001) (Table 2).

With regards to the therapy of diabetes mellitus, 27.5 %

of patients were treated with insulin, 63.8 % were receiv-

ing oral hypoglycemic agents and 8.7 % were receiving

both classes of these drugs. The therapy for type 2 diabetes

mellitus, including oral hypoglycemic agents, was not

correlated (P [ 0.05) with the severity of COPD.

Analysis of the association between COPD and diabetes

mellitus

The association between diabetes mellitus and COPD

was not influenced (P [ 0.05) by age, COPD severity

(GOLD classification) and smoking habits, but it was

significantly (P \ 0.001) modulated by BMI (OR 2.3

and 95 % CI 1.6–3.4). The subset data analysis of BMI

categories indicated that the association with diabetes

mellitus was detected in obese (P \ 0.01), but not in

the overweight patients (P [ 0.05), independently by

the age cluster. In obese subjects, a significant associ-

ation was detected from moderate-to-severe COPD

(P \ 0.01), but not in mild COPD (P [ 0.05) (Fig. 1;

Table 3).

The presence of comorbidities was significantly

(P \ 0.001) associated with diabetes mellitus in

patients with COPD. In particular, cardiovascular dis-

eases, with the exception of cardiac arrhythmia and

pulmonary embolism, had significant OR (P \ 0.05)

ranging from 1.7 to 2.9, and also, the variable dysli-

pidemia was significantly (P \ 0.05) associated with

the presence of diabetes mellitus in COPD subjects.

The subset analysis of other comorbidities, such as

gastroesophageal reflux, osteoporosis, psychiatric dis-

eases and depression, did not indicate statistically sig-

nificant (P [ 0.05) association with diabetes mellitus

(Fig. 2; Table 3).

Splitting the study population by respiratory therapy

clusters (single-, double- and triple-therapy), we observed

that the association between COPD and diabetes was

regardless of the use of concomitant medications, although

there was a slight association of ICS use with the presence

of diabetes mellitus in COPD, but surprisingly, the com-

bination of an ICS with a b2-agonist apparently reduced

this association (Fig. 3; Table 3).

Table 2 Prevalence of diabetes mellitus in study population and

observed/expected prevalence ratio for diabetes (expected prevalence

of diabetes in the general population by Istat, 2009)

Age Prevalence % Age Observed/expected prevalence

45–54 19.05 45–54 2.9***

55–64 23.33 55–64 2.6***

65–74 15.54 65–74 1.2

75–84 20.11 [75 1.1

[85 13.95 Total 1.5*

* P \ 0.05; *** P \ 0.001 by Standardized Prevalence Ratio (SPR)

Fig. 1 Adjusted odds ratios and

95 % confidence limits of

diabetes in patients with COPD

through age, GOLD stages,

smoking habits and BMI

clusters and subset data

analyses. ** and *** mean a

positive association between

diabetes and the relative cluster

into the subset strata of COPD

population. BMI body mass

index
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Discussion

In the present study, 18.7 % of patients with COPD were

affected by type 2 diabetes mellitus, with no significant

gender differences. The observed prevalence was higher

than the expected prevalence in general Italian population,

although the association between COPD and diabetes

mellitus was stronger in patients younger than 65 years.

This finding confirms what already reported by Feary et al.

[3].

It is unknown why people with COPD are affected with

type 2 diabetes mellitus more often than controls. Several

mechanisms, such as increased obesity, reduced physical

activity, increased cigarette smoke and corticosteroid

exposure and disease-related inflammation, oxidative stress

and hypoxia, may contribute to the increased prevalence of

diabetes in COPD [11].

At the best of our knowledge, this is the first study that

specifically investigated in patients with COPD the asso-

ciation between type 2 diabetes mellitus and comorbidities.

Our data showed that the association of type 2 diabetes

mellitus with COPD was present only in obese, but not in

the overweight patients, and that in subjects with obesity,

there was a significant association with moderate-to-

severe.COPD, but not with mild COPD. Obesity has been

identified as an important risk factor for diabetes mellitus,

and a potential link between obesity and COPD is also

increasingly recognized [12]. Recently, we have docu-

mented a significant effect size association between BMI

and COPD regardless the smoking habit [13]. Adipose

tissue is a potent producer of inflammatory mediators and

may contribute to systemic inflammation in COPD, possi-

bly via hypoxia [14], but mild-to-moderate COPD, per se,

does not enhance adipose tissue inflammation or its con-

tribution to systemic inflammation compared with in well-

matched healthy control subjects [15].

Although this is a cross-sectional study, that in its nature

cannot identify the real cause of the relationship between

variables, systemic inflammation may explain why patients

with COPD have an increased risk of developing diabetes

mellitus [16]. This is an intriguing hypothesis considering

that cigarette smoking can increase the risk of insulin

resistance and diabetes by triggering systemic inflamma-

tion [17, 18] and oxidative stress [19], both of which are

Table 3 Subset OR analyses of clusters in patients with COPD

(stratified for Mantel–Haenszel analysis)

Age

45–54 1.02 (0.34–3.11)

55–64 1.42 (0.81–2.46)

65–74 0.73 (0.44–1.23)

75–84 1.16 (0.73–1.83)

[85 1.09 (0.44–2.69)

GOLD

Mild 0.81 (0.51–1.29)

Moderate 1.20 (0.75–1.90)

Severe 1.28 (0.68–2.40)

BMI

Overweight 1.66 (0.74–3.73)

Obese 3.71 (1.73–7.96)**

BMI and GOLD

Overweight

Mild 1.36 (.40–4.61)

Moderate 1.61 (0.41–6.31)

Severe 2.64 (0.45–15.37)

Obese

Mild 2.05 (0.63–6.61)

Moderate 5.01 (1.42–17.69)**

Severe 6.91 (1.24–38.51)**

Therapy

Single

b2-agonists 0.83 (0.51–1.35)

Inhaled CS 1.27 (0.81–2.00)

Systemic CS 0.79 (0.17–3.62)

Anticholinergics 0.99 (0.63–1.56)

b2-agonists 0.83 (0.51–1.35)

Double

b2-agonists ? inhaled CS 0.83 (0.38–1.83)

Anticholinergics ? inhaled CS 0.79 (0.17–3.62)

Triple

b2-agonists ? inhaled

CS ? anticholinergics

1.11 (0.61–2-01)

Cardiopathies

Ischemic cardiopathy 1.72 (0.99–2.99)*

Myocardial infarction 1.96 (0.93–4.14)*

Cardiac arrhythmia 1.53 (0.76–3.06)

Heart failure 2.94 (1.29–6.72)**

Others heart diseases 2.59 (1.43–4.69)***

Vasculopathies

Hypertension 4.58 (2.51–8.37)***

Cerebrovascular disease 2.93 (1.29–6.70)***

Pulmonary embolism 1.08 (0.12–9.76)

Metabolics

Dyslipidemia 2.24 (1.37–3.68)***

Other comorbidities

Gastroesophageal reflux 1.25 (0.21–1.85)

Table 3 continued

Osteoporosis 1.25 (0.26–6.14)

Psychiatric disorders 0.64 (0.19–2.21)

Depression 1.46 (0.15–14.21)

BMI body mass index, CS corticosteroids

*, **, and *** mean a positive association between diabetes and the

relative cluster into the subset strata of COPD population
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common in COPD [20]. Interestingly, compared to healthy

subjects, non-hypoxemic patients with COPD have higher

insulin levels, which are related to inflammatory markers

such as CRP, IL-6 and soluble receptors for TNF-a [21].

The approach of our study did not allow us to confirm or

deny this hypothesis. Nonetheless, it showed that cigarette

smoking is not a link between diabetes mellitus and COPD.

This is significant information because tobacco smokes

exposure is central to the development of COPD [22] and

an independent and modifiable determinant of diabetes

mellitus [23]. Smoking generates oxidative stress that can

activate local and systemic inflammation [24]. If cigarette

smoking is not a link, it is possible that other mechanisms

beyond systemic inflammation may explain the link

between diabetes mellitus and COPD.

The Third National Health and Nutrition Examination

Survey (NHANES III) [25] found that previously diag-

nosed diabetics have an FEV1 lower than that of non-dia-

betics. Impaired lung function was also greater in patients

with poorly controlled diabetes, a finding that is not

Fig. 2 Adjusted odds ratios and

95 % confidence limits of

diabetes in patients with COPD

through comorbidities clusters

and subset data analyses. *, **,

and *** mean a positive

association between diabetes

and the relative cluster into the

subset strata of COPD

population

Fig. 3 Adjusted odds ratios and

95 % confidence limits of

diabetes in patients with COPD

through therapy clusters and

subset data analyses. CS

corticosteroids
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explained by either obesity or increasing age. The mech-

anisms involved in the reduction in pulmonary function in

patients affected by diabetes are still unclear. Several

studies have proposed different mechanisms, such as gly-

cosylation of chest wall and bronchial tree [26], thickening

of the pulmonary basal lamina [27] and increased suscep-

tibility to respiratory infections [28]. It has also been

demonstrated that increased serum osmolality, which the

hyperglycemia contributes to an important part, is associ-

ated with a reduction in pulmonary function [29]. Recently,

we demonstrated that high glucose concentrations could

lead to an enhanced responsiveness of human airway

smooth muscle [30]. In particular, results of this study

suggested that the Rho/ROCK pathway, together with the

mobilization of the intracellular calcium and the phos-

phorylation of MYPT-1, might play a crucial role in the

reduced lung function observed in patients with diabetes

[30].

On the other hand, several prospective studies have

demonstrated that reduced lung function is an independent

predictor of type 2 diabetes [31–33]. In particular, a cross-

sectional and prospective study of lung function in adults

with type 2 diabetes has suggested the notion that abnor-

malities in lung function precede diabetes and then con-

tinues after the onset of diabetes [34]. Also in this case, our

study did not allow us to confirm or deny this hypothesis

because the information available to us did not include lung

function data collected before the onset of diabetes.

However, the prevalence distribution of diabetes mellitus

was similar among the various age clusters and there was a

significant increase in OR between observed and expected

prevalence of diabetes mellitus in clusters of age comprised

between 45 and 64. This feature might indicate that COPD

and diabetes tend to develop simultaneously and indirectly

support the hypothesis that COPD and diabetes mellitus

could be two different expressions of a systemic inflam-

matory syndrome [35].

Another indirect evidence of the possible development

of COPD and type 2 diabetes mellitus in the context of a

‘‘chronic systemic’’ inflammatory state lies, in our opinion,

in the fact that our study documented that the presence of

cardiovascular or metabolic diseases, which have been

related to systemic inflammation [36], increased the asso-

ciation between COPD and diabetes mellitus. These results

support the evidence that this study has been developed in

the context of integrated systems medicine for the study of

chronic non-communicable diseases (NCDs) such as type 2

diabetes, COPD and their related comorbidities. This

strategy allowed collecting complex data from every

patient, useful for a holistic approach to NCDs [37].

In susceptible individuals, hyperglycemia may occur

after administration of corticosteroids. Among diabetic

patients, ICS use has been reported to be associated with an

increased serum glucose concentration in a dose–response

manner [36]. Moreover, in a small, prospective, crossover

study in patients with established type 2 diabetes mellitus,

glycosylated hemoglobin levels rose significantly after

6 weeks of treatment with inhaled fluticasone [38]. How-

ever, a recent retrospective analysis that evaluated all

double-blind, placebo-controlled trials in patients C4 years

of age involving budesonide or budesonide/formoterol in

COPD (eight trials; budesonide: n = 4,616; non-ICS:

n = 3,643) documented that treatment with ICSs in

patients with COPD was not associated with increased risk

of new onset diabetes mellitus or hyperglycemia [39]. Our

data showed a slight association of ICS use with the pre-

sence of diabetes mellitus in COPD, but surprisingly, the

combination of an ICS with a b2-agonist, but not with an

anticholinergic agent, was able to reduce this association.

A pooled clinical trial analysis of tiotropium safety showed

that there was no apparent increased risk of diabetes overall

in patients receiving tiotropium compared with patients

receiving placebo, but the relative risk of hyperglycemic

events was 1.69 [40]. This finding fits well with our data,

but we are unable to explain why the combination of an

ICS with a b2-agonist could decrease the OR of diabetes in

patients with COPD. In fact, b-adrenoceptors stimulation in

the liver induces glycogenolysis and raises blood sugar

level [41, 42].

In conclusion, in the present retrospective epidemio-

logical study, we obtained data from a single clinical

database, conferring to the study objective features of

homogeneity. The association with type 2 diabetes mel-

litus was greater in patients with COPD respect to general

population, and correlated with the increase in BMI and

the presence of other comorbidities, suggesting that both

diseases may be targets of systemic inflammation. In

terms of prognostic implications, there is the need to

better understand the link between COPD and type 2

diabetes mellitus, and in particular, whether the center of

therapy should be shifted to the systemic inflammatory

state. We should also understand whether treatment of

COPD influences the course of diabetes mellitus or is

altered by the presence of the concomitant comorbid

disease. It is also important to know whether treatment of

type 2 diabetes mellitus can alter the natural history of

concomitant COPD.
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