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Abstract: COPD and Type 2 diabetes are two highly prevalent global health conditions associated 

with high mortality and morbidity. The connection between these two common diseases is complex, 

and more research is required for further understanding of these conditions. COPD is being 

increasingly recognized as a risk factor for the development of type2 diabetes through different 

mechanisms including systemic inflammation, obesity, hypoxia and use of corticosteroids. Also, 

hyperglycemia in diabetes patients is linked to the adverse impact on lung physiology, and a possible 

increase in the risk of COPD. In this review article, we discuss the studies demonstrating the 

associations between COPD and Type 2 Diabetes, underlying pathophysiology and recommended 

therapeutic approach in the management of patients with coexisting COPD and diabetes. 
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1. INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is 
characterized by chronic airflow obstruction that is 
associated with severe mortality and morbidity globally. 
Bronchial asthma, air pollution, low socio-economic status, 
respiratory infections, and aging are considered common risk 
factors for COPD [1-3]. The estimated global prevalence of 
COPD in 2010 is 11.7% corresponding to 384 million 
affected cases and is projected to be the third leading cause 
of death globally by 2030 [4].  

COPD is increasingly being recognized as a systemic 
inflammatory condition affecting more than just the lung [5]. 
It is known to be associated with several chronic disease 
conditions such as coronary artery disease, hypertension, 
Type 2 diabetes (T2 DM), obesity, and obstructive sleep 
apnea [6-9]. Comorbid chronic health conditions associated 
with COPD have poorer outcomes and require a complex 
personalized therapeutic intervention [10]. 

T2 DM is a metabolic disease associated with hyper-
glycemia, insulin resistance, and relative insulin deficiency 
[11]. The global prevalence of T2 DM has increased 
dramatically in the last two decades, with an estimated 382 
million people diagnosed in 2013 and the incidence, rapidly 
growing, will affect 592 million people by 2035 [12].  

COPD is associated with several chronic conditions [13]. 
T2 DM is one of the common leading comorbidities in  
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patients with COPD (Table 1). About 10-20% of patients 
with T2 DM have a comorbidity of COPD [14, 15]. T2 DM 
and COPD are both expected to be among the top ten leading 
causes of mortality worldwide by 2030. Many studies show 
that T2 DM could worsen the prognosis and progression of 
the COPD [16-18], however, the exact mechanism for this 
outcome is still unclear.  

Table 1. Studies demonstrating higher prevalence of T 2 DM 

in COPD patients. 
 

Study Description 

Te-Wei Ho 

et al. [19] 

In this cohort study, (with data extracted from the 

Taiwan Longitudinal Health Insurance Database 

involving 2,015 subjects) there was a 16% prevalence of 

T2 DM in patients with COPD and 19% of subjects 

without pre-existing diabetes developed incident T2 DM 

within ten years of diagnosis of COPD. 

Cazzola M 

et al. [20] 

In this large population-based retrospective study of 

more than 900,000 subjects from the Italian college of 

general practitioner's health database, there was a higher 

prevalence of T2 DM in COPD patients (18.7%) 

compared to the general population (10.5%). 

Lee et al. 
[21] 

In this retrospective study, data from Taiwan’s National 

Health insurance research database revealed patients 

with COPD have a greater risk of T2 DM (HR 1:4, CI 

1.23-1.63), compared with control subjects after 

adjusting for confounding variables sex, age, residential 

area, insurance premium, steroid use, 

hypertriglyceridemia, hypertension, CAD and 

cerebrovascular disease. 

(Table 1) contd… 
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Study Description 

Eriksson  

et al. [22] 

In this Swedish prospective population-based study of 

middle-aged Caucasian men, poor vital capacity 

predicted new-onset T2 DM. 

Lazarus  

et al. [23] 

In this Prospective cohort study, a large group of initially 

healthy males was followed for >20 years, the risk of 

insulin resistance as measured by either fasting insulin 

level or FIRI (product of fasting insulin and fasting 

glucose levels) was inversely associated with baseline 

ventilatory function. 

Engstorm  

et al. [24] 

In this Swedish prospective cohort study, 382 non-

diabetic men were followed for 13 years. Vital capacity 

was negatively associated with T2 DM. The relationship 

persisted after adjusting for smoking, body mass index 

and weight gain. 

Rana et al. 
[25] 

In the nurses’ health prospective cohort study of 100,000 

women, COPD was associated with a statistically 

significant higher risk of developing T2 DM after 

adjusting for confounders in a multivariate analysis. 

Kwon et al. 
[26] 

In this prospective study involving 9,220 men (mean 

age: 41.4 years) without T2 DM at baseline, the patients 

were followed for five years. Reduced FVC and FEV1 

were associated with the risk of T2 DM after adjusting 

for confounding variables age, BMI, education, smoking, 

exercise, alcohol, and HOMA-IR. 

2. MECHANISMS TO EXPLAIN THE 

RELATIONSHIP BETWEEN COPD AND T2 DM 

Though certain pathophysiologic mechanisms are 
proposed, still we have no clear understanding regarding the 
relationship between COPD and T2 DM, and which disease 
comes first or if they both start simultaneously. Mirrakhimov 
in his review of the literature summarized the underlying 
mechanisms and proposed various hypotheses to explain the 
connection between the T2 DM and COPD [5]. 

2.1. Obesity 

Metabolic syndrome is a significant risk factor for newly 
diagnosed T2 DM [27]. Metabolic syndrome, obesity, and 
insulin resistance are considered important risk factors for 
reduced lung function [28]. A Canadian national health 
survey stated that the prevalence of obesity was significantly 
higher in patients with COPD (24.6%) compared to patients 
without COPD (17.1%) [29]. Another study in the US, 
conducted on early COPD patients noted that 54% of COPD 
subjects had BMI > 30, compared to 24% prevalence in the 
normal population [30]. In a large cross-sectional study 
involving 129,965 subjects, abdominal obesity was the 
strongest predictor of lung function impairment, OR, 1.94 
[CI 1.80-2.09] and OR, 2.11 [1.95-2.29], for FEV 1 and FVC 
respectively [31]. Obesity could cause both pulmonary and 
systemic inflammation by producing excessive inflammatory 
cytokines such as tumor necrosis factor Alfa (TNF-α) and 
interleukin-6 (IL-6), which may contribute to vascular and 
pulmonary damage [32]. In contrast to the above statements, 
some of the studies have demonstrated contradictory findings 
of the role of obesity on lung function. In a study by Paek  
et al., of 4000 subjects, no relationship was found between 
obesity and obstructive lung disease [33].  

2.2. Systemic Inflammation 

COPD is associated with systemic inflammation; the 
exact source of inflammation in COPD is not well 
understood. Systemic inflammation in COPD is proposed as 
a plausible explanation for the increase in the incidence of 
T2 DM [34]. The role of cytokines in the pathogenesis of T2 
DM and COPD is summarized in Table 2 [35-41]. 

Table 2. The role of proinflammatory cytokines and 

adipokines in T2 DM and COPD [5, 35-41]. 

 

Name Role in COPD Role in Type 2 Diabetes 

TNF-α 

COPD is independently 

related to higher levels of 

TNF-α. 

TNF-α is implicated in insulin 

resistance and is likely a risk 

factor for the development of 

new-onset T2 DM 

IL-6 

IL-6 levels are significantly 

higher in patients with COPD 

compared to healthy subjects. 

IL-6 levels are elevated years 

before the onset of T2 DM and 

might be a contributory factor 

for the pathogenesis of T2 DM. 

Leptin 

Leptin levels are elevated in 

COPD patients and may 

contribute to decreased lung 

function 

Leptin may contribute to the 

development of T2 DM and 

diabetic complications. 

Resistin 

Elevated Resistin levels are 

observed in patients with 

COPD 

Resistin may contribute to 

insulin resistance in smokers, 

asthma, and COPD. 

Fibrinogen 

Patients with COPD have 

higher levels fibrinogen and 

it is an independent risk 

factor and predictor for 

COPD exacerbations. 

Some studies have 

demonstrated that elevated 

fibrinogen is associated with a 

higher risk of T2 DM. 

CRP 

COPD is independently 

related to higher levels of 

CRP 

Elevated CRP levels may 

predict the occurrence of new-

onset T2 DM 

2.3. Oxidative Stress 

Oxidative stress has a crucial role in the pathogenesis of 
COPD and T2 DM and could be a probable mechanism for 
linking between COPD and T2 DM [42, 43]. 

2.4. Chronic Hypoxia 

In a euglycemic clamp study conducted by Olrmanns  
et al., healthy volunteers exposed to hypoxia developed 
glucose intolerance, and this was partly secondary to an 
increase in epinephrine levels [44]. Multiple studies showed 
that obstructive sleep apnea is associated with glucose 
intolerance. COPD patients have chronic hypoxia in contrast 
to the acute hypoxia seen in sleep apnea; hence we cannot 
firmly infer hypoxia in COPD patients as a pathogenic factor 
of T2 DM. In one small study of 26 patients, severely 
hypoxemic COPD patients had altered glucose metabolism 
[45]. Long-standing hypoxia, may impact skeletal muscle 
insulin sensitivity causing glucose intolerance [46]. 
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2.5. Muscle dysfunction 

T2 DM also affects general muscle function and causes 
diabetic complications. Diaphragmatic muscles are vital for 
respiratory function, and these can be affected by 
hyperglycemia in the diabetic population [47]. Another study 
noted that diabetic patients had decreased phrenic nerve 
conduction which can lead to diminished respiratory function 
[48]. In a prospective longitudinal study of lung function in 
diabetes, T2 DM patients were noted to have low values of 
FVC and have significant respiratory muscle dysfunction due 
to various pathophysiologic causes [49]. 

2.6. Smoking 

Smoking is a strong risk factor for both COPD and T2 
DM, but in various studies, the association between these 

two disorders was independent of smoking status, suggesting 

that smoking is not the link between COPD and T2 DM [50, 
51]. 

2.7. Corticosteroid Therapy 

Studies assessing the role of steroids on glucose 
metabolism showed discrepant data [52].  

In a large Canadian population health study of 388,584 

COPD patients, inhaled corticosteroid showed a 34% 

increase in the incidence of diabetes, with greater risk for 

higher doses of inhaled steroid [53]. Conversely, in other 

studies, treatment with inhaled steroids was not associated 

with an increase in the incidence of T2 DM. In a pooled 

analysis of double-blind, placebo-controlled trials, the use of 

budesonide/formoterol did not increase the risk of 

hyperglycemia or new-onset T2 DM [54]. Some of the 

negative studies could be due to the smaller study population 

and shorter follow-ups. 

2.8. Genetics 

The β2-adrenergic receptor gene, ADRB2 Arg16Gly 

phenotype is associated with severe COPD [55] and is also 

correlated with impaired glucose tolerance [56], suggesting 

that this is a possible explanation for co-existence of COPD 

and T2 DM [57]. 

2.9. Impact of Hyperglycemia on COPD 

Many studies showed that people with T2 DM 

demonstrate reduced pulmonary function tests compared to 

healthy individuals (Table 3) [58-65]. 

Table 3. Key studies demonstrating the effect of diabetes on 

lung function. 

  

Study 
Brief Description of the Study and 

Principal Findings 

Lim et al. [61] 

A retrospective cohort study of 9,581 healthy 

nonsmoking adult males. 

Systemic inflammation, insulin resistance, 

and metabolic syndrome are important risk 

factors for reduced lung function. 

(Table 3) contd… 

Study 
Brief Description of the Study and 

Principal Findings 

Ehrlich SF et al. [62] 

A retrospective, longitudinal cohort study of 

1,811,228 individuals in the general 

population. 

T2 DM increases the incidence of COPD, 

pulmonary conditions and Asthma. 

Lawlor DA et al. [63] 

A cross-sectional study of 3,911 women aged 

60-79yrs. 

Insulin resistance and T2 DM are inversely 

related to Lung function. 

Shah SH et al. [58] 

Litonjua AA et al. [59] 

Aparna et al. [60] 

T2 DM patients have a significant decrease in 

pulmonary function, compared to healthy 

subjects. 

Makarevich AE et al. 
[64] 

COPD and T2 DM patients have more 

advanced pulmonary hypertension compared 

with patients having only COPD. 

Dennis RJ et al. [65] 

495 T2 DM patients, out of which 352 

patients had uncontrolled diabetes (A1C 

>7%) 

Hyperglycemia decreases pulmonary function 

in T2 DM. 

 

The exact mechanism between hyperglycemia and lung 
function is not clearly elucidated. Reduced pulmonary elastic 

recoil, glycosylation of the connective tissues, increased 

muscle inflammation and weakness have been proposed as 
possible mechanisms for lung hyperglycemia mediated lung 

injury [34]. T2 DM has a direct effect on both large and 

small arteries and causes vascular damage [66] and may 
cause damaging effects of alveolar capillaries [67]. A study 

by Guazzi et al. found that patients with T2 DM had low 

levels of pulmonary diffusion capacity to carbon monoxide 
(DLCO), which is a marker of alveoli functional status [68]. 

Cazzola M et al. reported that the Rho/ROCK signaling 

pathway controls intracellular calcium mobilization and the 
subsequent phosphorylation of MYPT-1 and suggested that 

this pathway is an important factor for reduced lung function 

in patients with T2 DM [69]. 

3. CLINICAL OUTCOMES OF PATIENTS WITH CO-

EXISTING T2 DM AND COPD 

T2 DM was associated with a 70% increase in 3-year 
mortality ((HR 1.7, 95% CI 1.2-2.4) after adjusting for age, 

gender, and smoking pack year history in patients with 

COPD [16]. In a study investigating the survival rates of 
patients with COPD, T2 DM was associated with a 300% 

increased 10-year mortality. (HR 3.02, 95% CI 1.69-5.40) 

[70]. One more recent study showed a higher probability of 
mortality in COPD patients with pre-existing T2 DM compared 

to nondiabetics. (HR 1.244, 95% CI 1.010-1.532) [19]. 

In a single-center prospective trial involving 490 

subjects, Vinay Mahishale et al. studied the impact of 

glycemic control among patients with co-existing COPD and 
T2 DM. This study demonstrated that COPD patients with 
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poor glycemic control (as defined by A1c >7%) had 

increased severity of COPD with increased symptoms; 

greater dyspnea, increased hypoxia, more exacerbations, and 
increased length of hospital stay [71]. Two other studies 

demonstrated that T2 DM was associated with an increase in 

the length of hospital stay and mortality in patients with 
AECOPD [18, 72]. Findings from a small prospective study 

by Chakrabarti et al. concluded that in hospitalized COPD 

patients with severe exacerbations requiring non-mechanical 
ventilation, hyperglycemia was associated with adverse 

outcomes [73]. In a small prospective study by Küpeli et al. 
involving 106 patients with COPD, a positive correlation 
was found between fasting glucose and increased risk of 

COPD exacerbation [74]. 

There is a high prevalence of hyperglycemia in patients 

admitted to hospital for COPD exacerbations [17]. Causative 

factors for hyperglycemia are multifactorial including 
hypoxia [75] acidosis [76], stress-induced change in glucose 

elevating hormones [77, 78] and administration of steroids. 

Baker et al. reported that in hospitalized COPD patients, 
each 1 mmol/l increase in blood glucose level is associated 

with a 15% higher risk of adverse outcomes [17]. However, 

this study had several shortcomings: first, the diagnosis of 
COPD was solely based on ICD-10 codes, second, the study 

did not account for confounding comorbidities like 

pneumonia and finally the peak glucose level during 
hospitalization rather than mean glucose levels, was used as 

a marker for evaluating glycemic status [17]. Our research 

team addressed these shortfalls and we showed the absence 
of the relationship between adverse outcomes with increased 

blood glucose levels, and on the contrary, we found that 

blood sugar level less than 90 mg/dl was associated with an 
increase in the risk of complications [79]. The retrospective 

nature of these studies limits the certainty of the findings and 

would warrant a large prospective study to confirm the true 
impact of hyperglycemia on patients hospitalized for the 

treatment of COPD exacerbations. 

Most studies concluded the adverse impact of T2 DM on 

the COPD outcome measures, but contradicting this finding, 

there are a few studies, which demonstrated T2 DM as a 
protective factor in patients with COPD. Mc Gahn et al. 
studied 51,353 patients admitted with COPD exacerbations 

and found that the diagnosis of T2 DM was associated with a 
decrease in the risk of rehospitalization [80]. Some experts 

suggest that more attention to the medical care of T2 DM 

patients is a possible explanation for this paradoxical 
observation [34]. 

4. MANAGEMENT OF DIABETES IN COPD 

PATIENTS 

There are limited clinical studies addressing the 

management of patients who have T2 DM and COPD. 

Presently, management options are geared towards 
symptomatic management but do not address the underlying 

cause of these diseases. It would be ideal to target treatments 

to address the underlying systemic inflammation, but no such 
therapeutic agents are available yet. An editorial published 

by Dr. Kinney and Dr. Baker reviewed the importance of a 

dual-pronged approach to the management of COPD and T2 
DM [81]. 

In COPD patients, optimal T2 DM management can 

potentially decrease the risk of respiratory infections and 

systemic inflammation, with favorable effects on the 
respiratory physiology with lower disease progression and 

exacerbation rates. Clinicians should be aware of the adverse 

impacts of steroid treatment and should be mindful in using 
the minimum effective dose of systemic and inhaled steroid 

treatments, to prevent hyperglycemia and its associated 

adverse effects [82, 83]. 

There are limited clinical trials published to determine 

the optimal duration of the steroid treatment for COPD 
exacerbations. In the REDUCE Trail, investigators showed 

that 5-day treatment with systemic glucocorticoids for acute 

exacerbation of COPD was noninferior to 14-day treatment 
with regard to recurrence of COPD flare-up at 6 months [84]. 

This study supports the use of a 5-day steroid treatment 

regimen for treating acute COPD exacerbations, with a 
substantial reduction of glucocorticoid exposure. In a meta-

analysis, comparing a high-dose steroid [initial dose ≥80 mg 

prednisone equivalent (PE)/day] and a low-dose steroid 
(initial dose 30-80 mg PE/day) regimen, the high-dose 

regimen was not superior to the low-dose [85]. Given the 

significant risk of hyperglycemia with systemic 
corticosteroid therapy during acute exacerbation of COPD, 

further clinical studies should be conducted to determine the 

optimal dose and duration of steroid treatment regimen. 

Various treatment modalities have been studied in the 
management of T2 DM in COPD patients. 

4.1. Metformin 

Metformin is the first line medication for the 

management of T2 DM; it lowers blood glucose by 

promoting insulin-mediated glucose uptake in skeletal 
muscle and lowers liver glucose output by inhibiting 

gluconeogenesis and glycogenolysis [86]. In addition to 

optimizing glucose control, metformin can inhibit airway 
inflammation [87], diminish oxidative stress [88], boosts 

respiratory muscle strength [89] and lung vital capacity [90]. 

There are theoretical concerns about using metformin in 
patients with severe COPD because of the possible risk of 

lactic acidosis in the setting of hypoxia [91]. Clinical studies 

investigating this concern have offered reassuring results. 
Fu-Shun Yen et al. conducted a large population-based 

cohort study and reported long term metformin use in 

patients with COPD lowers the risk of all-cause mortality, 
with no increase in the risk of metabolic acidosis [92]. 

Hitchings et al. analyzed data of 109 patients, who were 

treated with metformin and found patients with COPD are at 
risk for the minor elevation of lactate, which is of doubtful 

clinical significance and metformin use was associated with 

a survival benefit [93]. In a Medicare utilization study, 
investigators found that in patients with coexisting COPD 

and T2 DM, Metformin use was associated with low COPD-

specific emergency room visits and hospitalizations, 
especially in low-complexity COPD [94]. In a randomized 

controlled trial of non-diabetic patients with COPD 

exacerbations, prophylactic use metformin did not have an 
anti-hyperglycemic effect [95]. Metformin was also 

associated with a decrease in lung cancer risk in a Taiwanese 
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study (HR 0.43, CI 0.29-0.63) [96]. As patients with COPD 

have a high risk of lung cancer, use of metformin for T2 DM 

management in this population will provide additional 
benefit with lung cancer prevention. 

4.2. Thiazolidinediones  

Thiazolidinediones (TZDs) lower glucose levels by 

inhibiting peroxisome proliferator-activated receptor gamma 

(PPAR-γ) in adipocytes to promote adipogenesis and fatty 
acid uptake [97]. PPAR-γ receptors are also expressed on the 

macrophages and monocytes in the lung, and in the animal 

studies, thiazolidinedione use was associated with suppression 
of airway inflammation [98]. Rinne et al. demonstrated in a 

retrospective cohort study, use of TZDs was correlated with 

a small but significant decrease in the risk for COPD 
exacerbation among diabetic patients with COPD [99]. 

4.3. GLP-1 Analogues 

Glucagon like peptide-1 (GLP-1) agonists works by 
binding to GLP-1 receptors on pancreatic islets enhancing 

secretory function. GLP-1 receptors are also present in 

human and rat lung [100, 101]. In experimental animal 
COPD models, GLP-1 use revealed improvement in lung 

function and improved survival [102]. The role of GLP-1 

was evaluated in human isolated airways: GLP receptor 
agonist was able to improve the hyperglycemia induced 

bronchial hyperresponsiveness, by activating the cAMP-

dependent protein kinase A pathway [103]. These studies 
provide promise about the GLP-1 receptor agonists role in 

the management of T2 DM in COPD patients. 

4.4. Insulin  

Insulin has anti-inflammatory properties by suppressing 

pro-inflammatory cytokines and stimulating anti-
inflammatory mediators, and could potentially help improve 

the systemic inflammation in COPD [104]. Inhaled insulin 

has demonstrated increase smooth muscle reactivity through 
the production of contractile prostaglandins, and should be 

avoided in patients with COPD [105].  

4.5. Novel Agents 

The Rho/ROCK signaling pathway was proposed as a 
novel target agent, to manage T2 DM and COPD, and many 
drugs targeting this pathway are in development [57]. 

Large prospective randomized clinical trials are 
warranted to guide clinicians to provide evidence-based care 

for these patients [57]. The Glu Con-COPD study 

(ClinicalTrials.gov Identifier: NCT02253121) was aimed at 
studying the efficacy of dapagliflozin, a sodium/glucose 

cotransporter 2 (SGLT2) inhibitor, in treating steroid-

induced hyperglycemia. The study was completed in May 
2017, but no results are posted to date. 

CONCLUSION 

Given the overwhelming evidence of the association 

between the COPD and T2 DM, their intertwined 

pathologies and the impact on the prognosis, it is important 

for the endocrinologist to measure lung function in T2 DM 

patients and pulmonologists to screen for T2 DM in COPD 
patients. Targeted screening of T2 DM in the clinical care of 

the COPD population is imperative. Pulmonologist and 

endocrinologist should work in collaboration, and the 
partnership will potentially improve outcomes of these two-

common diseases. 

In T2 DM patients, appropriate treatment of COPD, can 

help improve exercise capability and can aid in weight loss. 

[81]. The standard of care respiratory management with 
timely treatment of COPD exacerbations, flu vaccination, 

antibiotic use can result in the reduction of oxidative stress 

and systemic inflammation, which will, in turn, will reduce 
insulin resistance and optimize glucose control in T2 DM 

patients [81]. Additional research is required to improve our 

knowledge about the relationship between COPD and T2 
DM, to help with providing better care with these two 

common disorders. Achieving optimal glucose control is 

crucial in patients with coexistent T2 DM and COPD, to 
prevent adverse outcomes in COPD patients and diabetic 

complications related to T2 DM. 
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