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there is evidence to support a connection between COPD 
and diabetes, additional research is needed to better under-
stand these relationships and their possible implications. 
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 Introduction 

 Sixty-five million people are estimated to suffer from 
moderate to severe chronic obstructive pulmonary disease 
(COPD), which is predicted to become the third leading 
cause of death worldwide by 2030  [1] . COPD is character-
ized by persistent and usually progressive airflow limita-
tion, which occurs in response to long-term exposure to 
noxious particles or gases (e.g. air pollution or smoking). 
These irritants cause an inflammatory response in the 
lungs, leading to shortness of breath, coughing and sputum 
production. In addition, in the majority of cases, acute ex-
acerbation of COPD (AECOPD) is triggered by respiratory 
tract infections. Diagnosis of COPD severity is based on 
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 Abstract 

 The objective of this systematic review was to discuss our 
current understanding of the complex relationship between 
chronic obstructive pulmonary disease (COPD) and type-2 
diabetes mellitus (T2DM). We performed a systematic search 
of the literature related to both COPD and diabetes using 
PubMed. Relevant data connecting both diseases were com-
piled and discussed. Recent evidence suggests that diabetes 
can worsen the progression and prognosis of COPD; this may 
result from the direct effects of hyperglycemia on lung phys-
iology, inflammation or susceptibility to bacterial infection. 
Conversely, it has also been suggested that COPD increases 
the risk of developing T2DM as a consequence of inflamma-
tory processes and/or therapeutic side effects related to the 
use of high-dose corticosteroids. In conclusion, although 

 Received: August 22, 2014 
 Accepted after revision: November 10, 2014 
 Published online: February 13, 2015 

 Priv.-Doz. Dr. Sven Gläser 
 Department of Internal Medicine B – Cardiology, Intensive Care
Pulmonary Medicine and Infectious Diseases, University of Greifswald 
 Fleischmannstrasse 42–44 ,  DE–17475 Greifswald (Germany) 
 E-Mail sven.glaeser   @   uni-greifswald.de 

 © 2015 S. Karger AG, Basel
0025–7931/15/0893–0253$39.50/0 

 www.karger.com/res 

http://dx.doi.org/10.1159%2F000369863


 Gläser/Krüger/Merkel/Bramlage/Herth   Respiration 2015;89:253–264
DOI: 10.1159/000369863

254

symptoms, exacerbation frequency and the degree of air-
flow limitation as assessed by pulmonary function testing. 
Treatment of COPD involves lifestyle modifications as well 
as the use of pharmacotherapies including bronchodilators 
and corticosteroids for AECOPD. Notably, COPD is 
known to be associated with several important chronic co-
morbid diseases, including hypertension, cardiovascular 
disease, obstructive sleep apnea and type-2 diabetes melli-
tus (T2DM) which are already partially interrelated  [2–6] .

  Diabetes mellitus is also a chronic condition with se-
vere global consequences. Indeed, in 2013, there were an 
estimated 382 million people (8.3% of the adult popula-
tion) suffering from diabetes worldwide. However, ap-
proximately half of those with diabetes remain undiag-
nosed. Moreover, the rate of diabetes has steadily in-
creased, and it is predicted that there will be around 600 
million people with this condition by 2035  [7] . T2DM, 
which represents about 90% of diabetes cases, results 
mainly from a sedentary lifestyle and adiposity, together 
with genetic predisposition. T2DM is characterized by 
the failure of blood glucose control due to a combination 
of insulin resistance and pancreatic beta cells not func-
tioning. As a consequence of its pathogenesis, T2DM is 
commonly associated with diabetic dyslipidemia (i.e. an 
increase in plasma triglycerides, remnant lipoprotein and 
small dense low-density lipoprotein and a decrease in 
high-density lipoprotein), fatty-liver disease and a chron-
ic inflammatory state. Over time, diabetes can lead to se-
rious complications, including macrovascular (cardio-
vascular) and microvascular disease (e.g. diabetic ne-
phropathy, retinopathy and neuropathy).

  Approximately 10% of patients with diabetes also suf-
fer from COPD  [8, 9] ; this is a grey zone, however, and 
there is a need to distinguish COPD from obesity-related 
pulmonary dysfunction. Recent studies have shown that 
T2DM can worsen the progression and prognosis of 
COPD, increasing the odds of COPD-related mortality 
 [10–12] . On the other hand, diabetes-associated adiposity 
has been shown to have a protective effect in patients with 
COPD, even reducing mortality  [13] . Nevertheless, con-
troversy remains as to whether there is a causal relation-
ship between T2DM and COPD, and it is also possible that 
this interaction only occurs in a subset of patients (i.e. di-
abetics with neuropathy)  [14] . Conversely, it has also been 
suggested that COPD constitutes an important risk factor 
for the development and/or progression of T2DM  [2, 15–
17] , a phenomenon that does not apply to type-1 diabetes. 
Thus, although COPD and T2DM represent distinct dis-
ease entities, there might indeed be a pathophysiological 
connection that links these important chronic conditions.

  It is of scientific and clinical importance to obtain an 
understanding of the risk factors that drive the develop-
ment of T2DM and/or COPD and the potential conse-
quences of therapeutic intervention for these diseases. 
Here, we have compiled and reviewed the available data 
on the interaction between COPD and T2DM. We also 
discuss the implications of this research. Taken together, 
this information not only highlights the complex rela-
tionship that might exist between COPD and T2DM, but 
also contributes to our knowledge regarding preventative 
care for patients.

  Methods 

 Systematic Search Strategy 
 In March 2014, an electronic literature search was performed 

via PubMed. The terms ‘diabetes’ and ‘hyperglycemia’ were 
searched in combination with ‘chronic obstructive pulmonary dis-
ease’ and ‘COPD’. This search was then extended by manual 
screening of the references of the included papers to identify ad-
ditional supporting information.

  Study Selection 
 Included studies fulfilled the following criteria: (1) they were 

published as a primary research article in a peer-reviewed journal, 
(2) they reported results that either indirectly or directly yielded 
insight into the relationship between COPD and diabetes and (3) 
they were written in English. A 2-reviewer system was employed. 
One individual performed the PubMed search and screened the 
abstracts to exclude irrelevant articles. The relevant full-text articles 
were then reviewed and discussed by 2 reviewers to assess quality. 
A flow diagram outlining our systematic literature search on the 
interaction between COPD and diabetes is shown in  figure 1 .

  The Adverse Effects of Hyperglycemia on Lung 

Function 

 Although recent evidence seems to indicate that dia-
betes and elevated blood glucose constitute important co-
morbidities that have an impact on lung function, the 
mechanistic explanation for this relationship remains ill-
defined. Nevertheless, it is possible that hyperglycemia 
leads directly to adverse effects on the lungs (i.e. glycosyl-
ation of the connective tissues, reduced pulmonary elastic 
recoil, increased muscle weakness and/or inflammation), 
which can result in restrictive alterations. In this regard, 
studies have demonstrated that pulmonary function tests 
are significantly decreased in subjects with T2DM in 
comparison to healthy controls  [18–20] ; this might be the 
result of direct exposure to elevated blood sugar  [21, 22]  
( table 1 ). In line with this, it was reported that metabolic 
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syndrome, insulin resistance and systemic inflammation 
constitute important risk factors for reduced lung func-
tion in healthy, nonsmoking subjects  [23] , which suggest 
that even in the absence of smoking, diabetes can lead to 
similar effects on pulmonary function. It has also been 
proposed that reduced lung volume and airflow limita-
tion might be considered as chronic complications of 

T2DM  [24] . In fact, diabetic subjects have been found to 
display reduced pulmonary function even after control-
ling for known risk factors, along with significant reduc-
tions in exercise capacity and quality of life across func-
tional stages of airflow limitation  [25] . Notably, even 
though forced expiratory volume in 1 s (FEV 1)  and forced 
vital capacity (FVC) were found to be consistently lower 

 Table 1.  Key studies suggesting that hyperglycemia and T2DM adversely affect lung function

Population Principal findings Ref.

Patients with T2DM vs. nondiabetics significantly decreased pulmonary function tests in T2DM patients [18–20]

495 diabetic patients, 352 of whom showed
inadequate control (HbA1c >7%)

decreased pulmonary function tests in T2DM linked with hyperglycemia [21]

3,911 women (aged 60–79 years) lung function measures were inversely associated with insulin 
resistance and T2DM

[22]

155 patients (55 with AECOPD and T2DM 
and various controls) and 30 healthy subjects

pulmonary hypertension was more severe in patients with COPD 
and T2DM

[33]

9,581 apparently healthy nonsmoking
adult males

metabolic syndrome, systemic inflammation and insulin resistance 
are important risk factors for reduced lung function

[23]

1,811,228 individuals in the general 
population

diabetes increases the risk of developing severe pulmonary conditions,
such as asthma and COPD

[32]

10,129 diabetic and nondiabetic subjects 
with/without COPD and a >10-pack-year
history of smoking

subjects with diabetes displayed reduced pulmonary function along 
with significant reductions in exercise capacity and quality of life 
across the COPD functional stages

[25]

 HbA1c = Glycated hemoglobin.

Total records identified related to COPD and
diabetes in systematic search: 129

Excluded based on
relevancy: 71

Number of studies further
examined: 58

Total included: 86

Excluded based on
quality: 3

Additional supporting
references identified: 31

Relevant articles further
examined: 55

Identification

Screening

Identification

Included
  Fig. 1.  Flow diagram showing our system-
atic literature search on the interaction be-
tween COPD and diabetes. 

http://dx.doi.org/10.1159%2F000369863


 Gläser/Krüger/Merkel/Bramlage/Herth   Respiration 2015;89:253–264
DOI: 10.1159/000369863

256

in diabetic subjects, these deficits did not seem to be pro-
gressive in the long term  [26] .

  With regard to decreased lung function in diabetic pa-
tients, a study in rats confirmed that hyperglycemia has the 
potential to impact the respiratory system by inducing ox-
idative stress, structural changes in the lung tissue and al-
tered gas exchange  [27] . Moreover, postmortem studies in 
humans have indicated that the epithelial and capillary 
basal membranes of the alveoli are significantly thicker in 
diabetic subjects when compared to age-matched controls 
 [28] ; this is consistent with the notion that hyperglycemia 
can lead to structural modifications in the lung. In addi-
tion, an experimental model of hyperglycemia led to in-
creased levels of inflammatory cytokines, including inter-
leukin (IL)-6, tumor necrosis factor alpha (TNFα) and IL-
18  [29] . C-reactive protein levels were also found to be 
elevated in individuals showing impaired glucose toler-
ance  [30, 31] , and the ECLIPSE (Evaluation of COPD Lon-
gitudinally to Identify Predictive Surrogate Endpoints) 
study observed increased systemic inflammation based on 
these levels when diabetes was a comorbidity of COPD 
 [10] . This emerging model suggests that hyperglycemia 
can drive inflammatory responses, which can ultimately 

lead to restrictive changes in the lung tissue and reduced 
pulmonary function. Notably, such alterations would have 
the potential to exacerbate ongoing immune-related pro-
cesses, thereby driving the pathophysiology of COPD.

  The Impact of Diabetes on Patients with COPD 

 Effects of Preexisting Diabetes on the Course of COPD/
AECOPD 
 Several key pieces of evidence have recently suggested 

that preexisting T2DM leads to adverse effects in patients 
suffering from COPD (see  table  2 ). More recently, the 
negative effects of diabetes on COPD were confirmed by 
the ECLIPSE study, a multicenter investigation that eval-
uated 2,164 clinically stable COPD subjects and 582 indi-
viduals with normal lung function (both smokers and 
nonsmokers) in order to identify predictors of disease 
progression. ECLIPSE identified that diabetes increased 
the odds of mortality when coexistent with COPD and 
that it was associated with higher Medical Research 
Council dyspnea scores as well as a reduced 6-min walk 
distance  [10] . In addition to affecting the prognosis of 

 Table 2.  Studies suggesting that T2DM can worsen outcomes in COPD/AECOPD patients

Population Principal findings Ref.

2,164 clinically stable COPD patients and 582
smokers/nonsmokers with normal lung function

diabetes with COPD increased the odds of mortality and was associated with a 
 poorer prognosis

[10]

172 patients admitted for AECOPD
(246 admissions)

patients with diabetes and AECOPD showed increased length of hospitalization
and mortality

[12]

590 patients admitted for AECOPD diabetes was associated with an increased length of hospital stay for AECOPD 
patients

[35]

256 patients admitted for AECOPD a 8.7-year follow-up indicated an increased long-term mortality associated with 
diabetes

[36]

416 patients admitted for AECOPD a 2-year follow-up revealed that diabetic patients displayed an increased 
mortality rate

[37]

47 consecutive patients admitted for AECOPD continuous glucose monitoring indicated that the length of hospital stay after 
AECOPD increased by 10% for each 1-mM increase in mean glucose

[40]

284 patients admitted for AECOPD with a lower
respiratory infection

patients with diabetes and AECOPD showed an increased length of hospital stay
and mortality, and hyperglycemia (blood glucose ≥7) is significantly associated
with adverse events (each 1-mM increment in blood glucose increases the absolute
risk of adverse outcomes by 15%)

[11]

137 patients admitted for AECOPD and showing 
initial success with noninvasive ventilation

hyperglycemia (blood glucose >11 mM) was associated with a late failure
of noninvasive ventilation after initial success

[44]

88 COPD patients admitted with an episode of
hypercapnic respiratory failure and requiring
noninvasive ventilation

hyperglycemia (blood glucose ≥7 mM) within 24 h of admission could be used
to predict clinical outcome

[45]
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COPD patients, it has been suggested that diabetes in-
creases the risk of developing severe pulmonary condi-
tions, such as asthma and COPD  [32] . Furthermore, pul-
monary hypertension has been found to be more severe 
in patients with COPD and T2DM  [33] . The impact on 
the actual daily quality of life in COPD patients, however, 
is a matter of controversy  [25, 34] .

  Diabetic patients with AECOPD, on the other hand, 
were found to frequently (in 50–80% of patients) display 
hyperglycemia during their hospital stay and exhibit an 
increased length of hospitalization and mortality when 
compared to patients without diabetes  [11, 12, 35–39] . A 
blood glucose level of  ≥ 7 m M  has been found to be sig-
nificantly associated with these adverse consequences, 
with the risk for combined outcome (i.e. longer hospital 
stay and death) increasing by 15% for each 1-m M  incre-
ment in blood glucose  [11] . Moreover, it was also report-
ed that the length of hospital stay after AECOPD in-
creased by 10% for each 1-m M  increase in mean glucose 
 [40] . These findings suggest a potentially negative impact 
of the diabetic condition on AECOPD. This is not sur-
prising, as other acute conditions having been shown to 
induce hyperglycemia as a result of stress (e.g. myocar-
dial infarction and stroke), irrespective of baseline glu-
cose tolerance  [41, 42] . Thus, a large proportion of pa-
tients experiencing AECOPD have the potential to expe-
rience the negative effects of hyperglycemia. Nevertheless, 
these results have not been observed in all studies that 
have examined hospitalized AECOPD patients, and it has 
been suggested that hypoglycemia (rather than hypergly-
cemia) may actually be more detrimental for outcome 
(i.e. longer hospitalization)  [43] . In addition, with regard 
to the treatment of AECOPD, it has been reported that 
hyperglycemia (i.e. blood glucose >11 m M ) is indepen-
dently associated with a late failure (i.e. after 48 h) of non-
invasive ventilation following initial success  [44] . Ac-
cordingly, it was demonstrated that hyperglycemia (blood 
glucose  ≥ 7 m M ) within 24 h of admission could be used 
to predict clinical outcome in COPD patients presenting 
with acute hypercapnic respiratory failure and requiring 
noninvasive ventilation  [45] . Nevertheless, it is still not 
known whether acute hyperglycemia occurring during 
AECOPD-related hospitalization is a direct cause of poor 
outcomes or is simply a marker of other adverse factors 
(e.g. treatment modification).

  In spite of the overwhelming findings demonstrating 
the potential deleterious role of diabetes in the treatment, 
prognosis and progression of COPD, there are also some 
data that suggest positive effects related to diabetes in 
COPD. Although a recent systematic review described 

that diabetes was associated with increased long-term 
mortality in patients admitted for AECOPD, the analysis 
also revealed a reduction in short-term COPD-related 
mortality in those with diabetes  [46] . This protective ef-
fect of diabetes was also observed in a study by McGhan 
et al.  [47] , who reported that diabetes was associated with 
a reduction in readmissions for patients who had sur-
vived an episode of AECOPD . So far, it remains unclear 
how diabetes could lead to these types of protective ef-
fects, although preferential care of diabetic patients could 
represent a contributing factor.

  Diabetes, COPD and Infection 
 There is some evidence to support the fact that diabe-

tes and hyperglycemia can augment the ability of bacteria 
to infect the lungs of COPD patients  [11, 48] . Indeed, el-
evated glucose concentrations may directly stimulate 
bacterial growth or promote bacterial interaction with the 
airway epithelium  [49] . It is also possible that certain fac-
ets of the immune system become impaired during hypo-
glycemia-induced immunomodulation, leading to in-
creased susceptibility to bacterial pathogens. Indeed, 
there is a precedence for diminished immunity in dia-
betic patients, including impaired polymorphonuclear 
leukocyte phagocytic functions  [50] . In this regard, a re-
cent study using a mouse model of cystic fibrosis-related 
diabetes suggested that hyperglycemia leads to reduced 
bacterial clearance from the lungs, despite the formation 
of a robust inflammatory response  [51] . Taking these data 
into consideration, it is interesting that Moretti et al.  [44]  
reported that all of the patients admitted for AECOPD, 
who presented with elevated blood glucose levels and 
failed noninvasive ventilation, developed pulmonary in-
fections that may have contributed to poor outcome. 
Therefore, susceptibility to bacterial infection could rep-
resent a life-threatening complication associated with hy-
perglycemia in COPD patients with diabetes.

  The Impact of COPD on Patients with Diabetes 

 The Effect of Preexisting COPD on Diabetes 
Manifestation 
 Even though diabetes has been suggested as a comor-

bidity that can worsen COPD progression and progno-
sis, recent evidence also supports that COPD may repre-
sent a valuable predictor for the development of diabetes 
( table 3 ). Indeed, when considering baseline lung func-
tion, according to the modified Global Initiative for Ob-
structive Lung Disease (GOLD) criteria, subjects with 

http://dx.doi.org/10.1159%2F000369863


 Gläser/Krüger/Merkel/Bramlage/Herth   Respiration 2015;89:253–264
DOI: 10.1159/000369863

258

GOLD stage 3 or 4 COPD had a higher prevalence of 
diabetes  [2] , a result later confirmed by another study 
 [52] . Thus, COPD appears to constitute an important 
risk factor for developing T2DM, and several studies 
have identified that the prevalence of diabetes is higher 
in COPD patients  [15, 16, 53–55] . Over a follow-up pe-
riod of 20.9 years, the Normative Aging Study found that 
FVC, FEV 1  and maximal midexpiratory flow rate 
(MMEF) were associated with insulin resistance  [56] . 
Likewise, 6 other studies, which included follow-ups of 
4–13.9 years, observed that impaired lung function is a 
predictor of diabetes  [57–62] . Nevertheless, although an 
association between reduced pulmonary function and 
the incidence of diabetes was observed by analysis of data 
from the National Health and Nutrition Examination 
Survey Epidemiologic Follow-Up Study, a link between 
COPD and diabetes could not be confirmed  [63] . A later 
report by Wannamethee et al.  [64]  concluded that while 
restrictive impairment of lung function was associated 
with the incidence of T2DM, obstructive impairment 
was not. Notably, 1 study did not observe any increase in 
the incidence of diabetes in COPD patients  [65] ; this 
could have resulted from the large population of under-
weight individuals in the cohort.

  Systemic Inflammation in Metabolic Syndrome and 
the Link to COPD 
 A plausible explanation for the association of COPD 

and T2DM incidence may be that COPD leads to dimin-
ished physical activity and the progressive development of 
metabolic syndrome. In fact, Park and Larson  [66]  recent-
ly reported that over half of the COPD patients in their 
study presented with metabolic syndrome, with greater 
physical activity and less sedentary time being associated 
with lower rates of this comorbidity. Nevertheless, it was 
also proposed that the increased rates of metabolic syn-
drome in COPD patients could be linked to systemic in-
flammation  [67, 68] , supporting a more primary and di-
rect role for COPD pathogenesis in the induction of 
T2DM  [69, 70] . Indeed, insulin resistance has been linked 
to inflammatory mediators (e.g. IL-6 and TNFα soluble 
receptor-I) in patients with COPD  [71] . Moreover, low-
grade systemic inflammation has been shown to predict 
the incidence of T2DM  [72, 73] . Takenaka et al.  [74]  re-
cently developed a mouse model in which IL-18 was ex-
pressed in the lungs to induce COPD-like symptoms. In-
terestingly, these mice developed impaired glucose toler-
ance over time, supporting a direct link between pulmonary 
inflammation and diabetes. Nevertheless, exposure to in-

 Table 3.  Studies suggesting that COPD increases the risk of T2DM

Population Principal findings Ref.

20,296 subjects ≥45 years old stratified by baseline lung 
function data according to the modified GOLD criteria

over 5 years of follow-up, subjects with GOLD stage 3 or 4 COPD 
 displayed a higher prevalence of diabetes

[2]

1,041 COPD patients incidence of diabetes increases with worsening GOLD score [52]

103,614 female nurses after an 8-year follow-up, it was found that COPD was associated with an 
increased risk of T2DM

[15]

16,088 patients, including 8,044 COPD patients and 
8,044 age- and gender-matched controls

during a 5.5-year follow-up, patients with COPD were found to have a 
significantly higher rate of T2DM than the control group

[16]

Danish nationwide study of 7.4 million individuals COPD is associated with higher rates of diabetes [53]

1,204,100 members of the general population aged 
≥35 years

COPD is associated with an increased rate of diabetes, with the greatest 
effect seen in young current smokers and non-smokers of 45–55 years of 
age COPD is  associated with a reduction in diabetes in older age groups

[54]

341,329 individuals (155,970 men and 185,359 
women) aged ≥45 years

increased prevalence of diabetes in COPD patients COPD is a risk factor 
for diabetes

[55]

1,050 nondiabetic males over a 20.9-year follow-up, FVC, FEV1 and MMEF were associated with 
insulin resistance

[56]

Initially nondiabetic men and/or women during follow-ups of 4–13.9 years, it was found that impaired lung 
 function could be used to predict diabetes

[57–62]

56 nonhypoxemic COPD patients and 29 healthy 
 subjects

insulin resistance in COPD patients is linked to inflammatory  mediators 
including IL-6 and TNFα soluble receptor-I

[71]
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flammation occurring during AECOPD has not been 
found to have effects on long-term glycemic control in 
patients with T2DM  [75] . Therefore, future studies on the 
role of inflammation in the pathogenesis of diabetes 
should expand our understanding of the potential interac-
tion of inflammatory processes that occur during COPD 
as well as the development and progression of diabetes.

  The Role of Corticosteroid Therapy in Diabetes 

Onset and Progression 

 Another possible mechanistic explanation for the in-
creased prevalence of diabetes in COPD patients relates 
to therapeutic interventions for AECOPD ( table 4 ). Cur-
rent international guidelines suggest a course of at least 
7 days of systemic glucocorticoid therapy for the manage-
ment of AECOPD, and high doses of inhaled corticoste-
roids are frequently used. Although the short-term ben-
efits of these treatments are clear, it is known that pro-
longed exposure to corticosteroids can lead to substantial 
side effects in COPD patients and even death  [76] . In this 
respect, there is evidence to support the notion that ste-
roid therapy for COPD can lead to the development or 
worsening of diabetes.

  A recent retrospective study of claims data from the 
Australian Government Department of Veterans’ Affairs 
revealed that patients with both diabetes and COPD dis-
play an increased risk of diabetes-related hospitalizations 
upon high-dose corticosteroid therapy  [77] . Therefore, the 

use of corticosteroids might not be recommended in dia-
betic patients due to the potential for a dose-dependent 
augmentation in blood glucose levels and an  increased risk 
of diabetes progression  [78, 79] . The Department’s coop-
erative study group found that hyperglycemia occurred 
significantly more often in glucocorticoid-treated  AECOPD 
patients than in controls, with rehospitalization rates due 
to serious infections being higher in the long-term-steroid 
treatment group  [80] . Burt et al.  [81]  describe that treat-
ment with a corticosteroid (prednisolone) led to a circadian 
cycle in COPD patients, with hyperglycemia occurring in 
the afternoon and evening. Moreover, the use of inhaled 
corticosteroids was associated with a 34% increase in the 
rate of diabetes  [79] . Strikingly, this risk for diabetes onset 
and progression was shown to increase in response to high-
er inhaled-corticosteroid doses, which are similar to those 
currently prescribed for COPD treatment  [79] .

  There is also some conflicting data with regard to cor-
ticosteroid use and diabetes. Although it was reported 
that elderly patients using oral corticosteroids showed an 
increased risk for diabetes, inhaled-corticosteroid users 
did not  [82] . Another investigation involving elderly pa-
tients treated with inhaled-corticosteroids observed no 
link with diabetes  [83] . In addition, in a retrospective 
analysis of double-blind, controlled trials, no connection 
between corticosteroid use and diabetes could be con-
firmed  [84] . Therefore, whether high-dose and/or long-
term steroid use in COPD patients causes T2DM is a top-
ic that will require further investigation. Considering that 
inhaled-steroid use is usually linked to disease severity 

 Table 4.  Studies suggesting that corticosteroid therapy for COPD increases the risk of T2DM onset and progression

Population Principal findings Ref.

18,226 diabetes patients newly initiated on
metformin or sulfonylurea; 5.9% with COPD 
were stratified based on corticosteroid dose

patients with both diabetes and COPD display an increased risk of diabetes- 
related hospitalizations upon high-dose corticosteroid therapy

[77]

1,698 patients with and without diabetes
(approx. 85% with COPD)

dose-dependent effect of inhaled corticosteroid therapy on serum glucose
concentrations in patients with diabetes

[78]

271 cases of AECOPD: 80 received an 8-week 
course of glucocorticoid therapy, 80 received
a 2-week course and 111 received placebo

hyperglycemia occurred more often in AECOPD patients treated with 
glucocorticoids than in controls, with rehospitalization rates due to serious 
infections higher in the long-term-steroid treatment group

[80]

388,584 patients treated for respiratory disease 30,167 patients had diabetes onset during the 5.5-year follow-up; the risk for 
diabetes onset and progression increased with higher inhaled corticosteroid 
doses similar to those currently prescribed for COPD

[79]

31,864 oral-corticosteroid users, 38,441 
inhaled-corticosteroid users and 53,845 
controls (who used proton pump inhibitors)

patients using oral corticosteroids showed an increased risk for diabetes
(inhaled-corticosteroid users did not)

[82]
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and exacerbation frequency, it is possible that medica-
tions as well as disease will be found to account for the 
interaction between inhaled steroids and diabetes in 
COPD. However, the possible role of steroid therapy in 
diabetes development and the dangers of corticosteroid 
use in COPD patients with diabetes as a comorbidity 
must be considered in the clinical setting.

  Although corticosteroids have been well-accepted as 
one option for the treatment of specific COPD phenotypes, 
it has been suggested that the optimal dose and the length 
of the treatment regimen need to be better-defined due to 
the substantial risk of possible side effects, including dia-
betes  [85] . In this regard, a recent randomized clinical trial, 
REDUCE (Reduction in the Use of Corticosteroids in Ex-
acerbated COPD), compared short-term (5-day) systemic 
glucocorticoid treatment with the conventional 14-day 
treatment in patients presenting to the emergency depart-
ment with AECOPD  [86] . It was found that the 5-day reg-
imen was not inferior to the 14-day treatment with regard 
to a reexacerbation within 6 months of follow-up. Investi-
gations have now indicated that lowering steroid doses 
may be appropriate and beneficial in the treatment of 
COPD  [87, 88] . This suggests that the current standard of 
care could be effectively altered to reduce the duration and 
dose of treatment, thereby diminishing the potential for 
therapeutic side effects (e.g. the development of diabetes). 
However, more investigations will be required to verify the 
efficacy of these treatment strategies. Increased selectivity 
with regard to the patients receiving steroid therapy (i.e. 
the best risk-to-benefit ratio) has been encouraged  [89] . 
Overall, a better understanding of how COPD therapies 
can influence the development and progression of T2DM 
as well as the improvement of therapeutic regimens for 
AECOPD can lead to safer and more effective patient care.

  Discussion 

 Principal Findings 
 Our analysis of the current literature concerning the 

interaction between COPD and diabetes has identified 
key evidence to support the existence of a complex inter-
action between these conditions. Indeed, several mecha-
nistic explanations have been proposed to contribute to 
the relationship between COPD and diabetes (see  fig. 2 ). 
Diabetes may worsen the progression and prognosis of 
COPD via the direct consequences of hyperglycemia on 
lung physiology, inflammation and/or susceptibility to 
bacterial infection. Conversely, COPD may increase the 
risk of developing T2DM due to the inflammatory pro-
cesses and/or the therapeutic side effects related to the use 
of corticosteroids. However, future research involving 
collaborations between pneumologists and diabetologists 
will be essential to fully elucidate the interaction between 
COPD and diabetes.

  Strengths and Limitations of the Studies 
 In general, the investigations pertaining to the relation-

ship between COPD and diabetes were well controlled. 
Nevertheless, there were several limitations. For example, 
many of the studies, in particular those that involved anal-
ysis of patients hospitalized for AECOPD, enrolled only a 
small number of participants. In addition, the population 
of patients presenting with diabetes and/or COPD is a 
complex one, often presenting with other important co-
morbidities, which complicates interpretations relating to 
final outcome (e.g. length of hospitalization and death). It 
is also possible that the observed relationship between 
these conditions is attributable to environmental factors 
(e.g. smoking) instead of pathophysiological interactions. 

  Fig. 2.  Proposed mechanisms for the inter-
action between diabetes and COPD. 
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Indeed, in most cases, COPD is the result of smoking, and 
some studies indicate that smoking may be a risk factor 
for diabetes  [90] . Thus, it is not yet entirely clear whether 
the development of diabetes might simply occur in paral-
lel to rather than as a consequence of COPD (i.e. that ther-
apeutic, environmental or common lifestyle factors are 
actually responsible). Moreover, in this respect, the wide 
range of COPD and T2DM patients cannot be overlooked. 
Indeed, COPD represents an umbrella term for similar 
conditions that display diverse etiologies, and the same 
can be said for T2DM (e.g. insulinopenic and insulin-re-
sistant T2DM). As a result, it may be difficult to generalize 
observations regarding the link between COPD and dia-
betes in the absence of well-defined patient groups. Fi-
nally, as to the use of steroids for treating AECOPD, there 
is some controversy regarding the appropriate use of this 
therapeutic intervention due to its side effects. This means 
that the selection of the patients, the doses and the dura-
tion of treatment can all be variable.

  Unanswered Questions and Implications for Future 
Work 
 Although there is evidence to suggest complex interac-

tions between COPD and diabetes, additional research 
will be required in order to better understand these rela-
tionships and their possible implications. For instance, it 
is still not known whether acute hyperglycemia occurring 
during COPD-related hospitalization is a direct cause of 
poor outcomes or is simply a marker of other adverse fac-
tors (e.g. treatment modification or stress). Therefore, the 
exact role of hyperglycemia in pulmonary function and 
inflammation must be elucidated. In addition, it is uncer-
tain whether the inflammatory effects induced by hyper-
glycemia actually exert a direct influence on COPD symp-
toms  [91, 92] . A recent randomized controlled trial sug-
gested no effects of statins (40 mg simvastatin once daily), 
which are frequently administered in T2DM, on the time 
to a first exacerbation in patients with COPD  [93] . It also 
remains unclear which effect mediated by hyperglycemia 
could contribute the strongest influence on COPD pro-
gression. Indeed, any one of the proposed diabetes-asso-
ciated complications discussed here (i.e. lung physiology, 
inflammation or enhanced susceptibility to infection) has 
the potential to be detrimental to patients suffering from 
COPD. Therefore, despite the fact that recent studies 
have not been particularly promising  [94] , continued ex-
amination of possible strategies for maintaining strict 
glycemic control in COPD patients could shed light on 
the adverse effects of hyperglycemia on pulmonary func-
tion. It is also important to identify which antidiabetic 

treatments might interact with COPD (i.e. augment risk 
and/or symptoms) in order to determine the most favor-
able therapeutic options.

  Although a link has been established between reduced 
lung function and the development of diabetes, it has not 
been clearly demonstrated that this translates into a con-
crete causal relationship between COPD and diabetes. In-
deed, it is possible that reduced lung function and im-
paired airway resistance simply represent chronic symp-
toms that are associated with developing diabetes, a topic 
that needs to be more carefully addressed. In addition, the 
factors that might contribute to the development of meta-
bolic syndrome in COPD patients need to be more thor-
oughly examined. Elucidating the potential role of inflam-
matory conditions in the initiation of metabolic syndrome 
is of key interest. Cardiovascular disease is also an impor-
tant comorbidity of both diabetes and COPD  [2, 95] , and 
investigation of the role that its coexistence could play in 
the observed interaction between COPD and diabetes 
would be interesting. Finally, it is not clear what specific 
effects are induced by corticosteroids that could influence 
the progression and development of diabetes. Identifying 
the mechanistic explanations for important side effects 
could lead to the development of more efficient therapeu-
tic options for patients with COPD in the future.

  Clinical Implications of the COPD-Diabetes 

Connection 

 The relationship between T2DM and COPD has sig-
nificant implications with regard to the clinical manage-
ment of patients presenting with these morbidities (either 
alone or in combination). Indeed, both pneumologists 
and diabetologists must take into account the risks and 
consequences associated with this potentially important 
pathophysiological interaction.

  Considering our current understanding of the link be-
tween COPD and T2DM, pneumologists should actively 
perform screening for T2DM as a frequent comorbidity of 
COPD. Indeed, COPD patients can be thought of as being 
at an increased risk for developing diabetes. With regard to 
treatment, therapeutic options should be carefully and 
critically contemplated, taking into account the risk-to-
benefit ratios associated with the indication for steroid use. 
It might be beneficial to consider the reduction of diabetes 
risk as an objective during the selection of therapeutic ap-
proaches for COPD. Furthermore, from the point of view 
of diabetologists, the influence of hyperglycemia on lung 
function (i.e. lung physiology, inflammatory processes and 
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infection) should be considered in patients with diabetes. 
Indeed, patients could be routinely screened for lung func-
tion as a preliminary measure for determining COPD risk.

  In patients with COPD and T2DM, pneumologists 
and diabetologists should also consider potential treat-
ment interactions associated with the coexistence of these 
conditions. However, since there is not yet any clear sci-
entific evidence to support general therapeutic recom-
mendations, treatment may be complicated. In this re-
gard, current treatment strategies may need to be based, 
first and foremost, on ongoing diabetes care. In particu-
lar, special attention should be given to the contraindica-
tion to metformin for hypoxic (or imminent) respiratory 
insufficiency. There is a current need to develop specific 
guidelines that relate to the effective treatment and thera-
peutic objectives in patients with COPD and diabetes. For 
this reason, clinical studies comparing the reciprocal ef-
ficacy and safety of existing therapies are warranted. Tak-
en together, considering the interaction of COPD and 
T2DM, a collaboration between pneumologists and dia-
betologists is fundamental for enhancing patient care.
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