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Association Between Chronic Obstructive Pulmonary Disease and Type 2
Diabetes: A Systematic Review and Meta-Analysis

Søren Malte Rasmussena, Jesper Brokb, Vibeke Backera, Simon Francis Thomsenc,d, and Howraman Meterana

aRespiratory Research Unit, Bispebjerg University Hospital, Copenhagen, Denmark; bDepartment of Paediatric and Adolescent Medicine,
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; cDepartment of Dermatology, Bispebjerg Hospital, Copenhagen, Denmark;
dDepartment of Biomedical Sciences, University of Copenhagen, Copenhagen, Denmark

ABSTRACT
Background: Chronic obstructive pulmonary disease (COPD) has been associated with an increased risk of
type 2 diabetes (T2D). However, the mechanisms linking COPD and T2D is not fully understood and contra-
dicting results are reported in the literature.
Aim: The aim of this study is to investigate whether COPD is associated with an increased risk of T2D.
Methods: A systematic review and meta-analysis of cohort and case-control studies were performed.
Search for studies and data extraction was carried out by two authors independently. Study quality was
assessed by NOS. Adjusted data were pooled using the random effects model to calculate summary odds
ratios (ORs) with corresponding 95% confidence intervals (CIs).
Results: We identified four cohort studies and three case-control studies with a total of 1,369,560 partici-
pants of whom 42,716 were COPD patients. The quality of the studies was acceptable, with an average on
7.7 indicating overall good study quality. The meta-analysis on adjusted data from all seven studies showed
that the COPD group had a higher risk of T2D compared with the non-COPD group: random effect
OR¼ 1.17 (1.01–1.35), p¼ 0.03. No heterogeneity was found I2¼ 0%. When including only studies diagnos-
ing both COPD and T2D according to recommended guidelines the association did not remain statistically
significant, OR ¼1.17 (0.96–1.42), p¼ 0.12.
Conclusion: This systemic review and meta-analyses showed that the association between COPD and T2D
might be influenced by the diagnostic method and should be further investigated in studies using diagnos-
tic definition according to guidelines. Nevertheless, physicians should be aware of comorbidities in
COPD patients.

Abbreviations: ATS: American Thoracic Society; BTS: British Thoracic Society; CI: Confidence intervals;
COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; ERS: European Respiratory Society;
GOLD: Global Initiative for Chronic Obstructive Lung Disease; HR: Hazard ratio; ICD: International
Classification of Diseases; IL-6: Interleukin 6; IL-1b: Interleukin 1 beta; NOS: Newcastle–Ottawa Scale; OR:
Odds ratio; PRISMA-P: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RR: 6-minute
walking test; TNF: Tumor necrosis factor; T2D: Type 2 diabetes
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Introduction

Definition of COPD

Chronic obstructive pulmonary disease (COPD) is a chronic
inflammatory lung disease characterised by chronic airway
obstruction that interferes with normal breathing (1). The car-
dinal symptoms of COPD are shortness of breath and cough
with or without sputum. The COPD diagnosis is based on a
spirometry test with an irreversible obstructive pattern and the
presence of symptoms (2, 3). In the majority of patients
COPD is caused by inhalation of pollutants – particularly
long-term tobacco smoking (4), but also by chemical fumes or
dust encountered in patients’ work environment (5, 6).

Burden of COPD

A systematic review and meta-analysis from 2015 showed
that the global prevalence of COPD was increased from
10.7% in 1990 to 11.7% in 2010 (7). COPD was the fifth
leading cause of death in 2002 (8), but has been estimated
to become the third leading cause of death by 2030 (8).
COPD is associated with both impaired physical and mental
functioning (9). COPD poses a great burden in terms of
mortality and healthcare-related expenses. A report from the
World Economic Forum in 2011 showed that the global eco-
nomic cost of COPD was estimated to be 2.1 trillion US
dollars. The expected increase in the number of patients
with COPD will double the expenses by 2030 (10), and this
might be explained by the prevalence of comorbidities in
COPD-patients (11, 12).
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Comorbidities in COPD

COPD is associated with other systemic, metabolic and
comorbid diseases, including cardiovascular diseases (13),
osteoporosis (14), skeletal muscle dysfunction, lung cancer
and type 2 diabetes (T2D) (15, 16). These associations may
be due to common underlying factors (17, 18) such as age-
ing, smoking, physical inactivity and genetics. Exposure to
toxic substances such as tobacco smoke and inhaled pollu-
tants induces an ongoing inflammatory response in the
lungs, which accumulate neutrophil granulocytes, macro-
phages and lymphocytes. The consequences of long-term
smoking are well-known and it has been suggested that the
association between COPD and these comorbidities can be
explained by an induced effect from the lungs that causes
pulmonary and systemic low-grade inflammation (19).

Definition of T2D

Type 2 diabetes is a chronic disease (20) characterised by
ineffective use or production of insulin and a relative or
absolute insulin secretory defect resulting in elevated blood
glucose (21). Uncontrolled blood glucose concentration in
diabetes is a major factor leading to serious vascular compli-
cations (20). According to current guidelines, the diagnosis

should be based on a blood measurement of glycated
haemoglobin (HbA1c) above 48mmol/mol (6.5%) (21).

Burden of T2D

Obesity and physical inactivity are known to be the most
important risk factors that drive the development of T2D,
which has evolved into a major, global disease that affects
more than 451 million people worldwide (both T1D and
T2D) in the age of 18–99 and is projected to affect 693 mil-
lion people by 2045 with huge social costs (22, 23). The
increase in diabetic patients within the last decades has
occurred in all countries and in rural as well as urban areas
(23). In 2015, the number of deaths due to diabetes was esti-
mated to be around 5 million (23, 24) and by the increasing
risk of developing cardiovascular and other diseases, T2D is
estimated to be the seventh leading cause of death in 2030
(25). Due to the serious effects on health, diabetes also
imposes an economic burden on individuals and healthcare
systems (26). These financial costs are described in the
report by The International Diabetes Federation (IDF) from
2017, who found that the global healthcare expenditures due
to diabetes for people aged between 20 and 79 years was
estimated to 673 billion USD in 2015. This number is
expected to increase to 802 billion USD by 2040 (23).

Figure 1. Study flow chart
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Systemic inflammation in COPD and T2D

The inflammatory state characterised by elevated biomarkers
such as C-reactive protein (CRP), tumor necrosis factor
(TNF) and interleukin 6 (IL-6) observed in COPD patients
may be a mediator of subsequent development of type 2 dia-
betes (T2D) (22, 27). It is well described that the same
inflammatory cytokines related to low-grade systemic
inflammation are elevated in both T2D and COPD. Even
though COPD and T2D are different clinical, immunological
and pathophysiological diseases, they still possibly share
underlying etiological mechanisms that can explain the rela-
tionship between these diseases. Previous studies have
reported contradicting results on the association between
COPD and T2D (19, 28–31), and might be explained by het-
erogeneous methodology. The current literature is in lack of
a sufficient number of homogeneous studies in terms of
methodology. A previous systematic review (20) has dis-
cussed possible explanations for the association between
T2D and COPD. However, no previous meta-analyses have
been conducted to examine the association. Thus, the aim of
this study was to systematically review the literature and
perform meta-analyses to investigate whether COPD is asso-
ciated with an increased risk of T2D.

Methods

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P) guide-
lines, and quality assessment of the included studies was
done according to the Newcastle–Ottawa Scale (NOS)
(32, 33).

Data source and search strategy

Two biomedical databases, PUBMED and EMBASE were
used in our search for published studies from inception to
December 7, 2017, using MeSH terms for “chronic obstruct-
ive pulmonary disease” combined with MeSH terms for
“type 2 diabetes mellitus.” The detailed search strategy is
provided as Supporting Information Appendix A.

The search was subsequently supplemented by a manual
screening of references of the selected and included papers.
Searches were limited to human studies reported in English,
Danish, Swedish or Norwegian. In addition, well-known
studies that were unexpectedly found in the PUBMED and
EMBASE search were manually included. An updated

literature search was performed prior to submission
(December 2017) to ensure that all significant new studies
would be included in the meta-analyses. A study flow chart
is shown in Figure 1.

Study eligibility, inclusion and exclusion criteria

Studies were selected if they fulfilled our inclusion criteria:
1) RCTs, case–control, cohort, and cross-sectional with
quantitative outcomes assessing the association between
COPD and T2D; 2) human studies; 3) studies reporting
results as odds ratios (OR), relative-risk (RR) or hazard ratio
(HR) with 95% confidence intervals (CIs) or available data
enabling calculations of the above; 4) full text in English,
Danish, Swedish or Norwegian; and 5) hospital-diagnoses
(the diagnosis given by a physician when admitted or dis-
charged from the hospital) or self-reported physician diag-
noses (patient confirming that the diagnosis was given by a
physician) of COPD and T2D.

The following types of manuscripts were excluded: 1)
Editorials, comments, qualitative studies, annual reports, sys-
tematic reviews; 2) studies with other than humans (e.g. ani-
mals); 3) studies reporting other than odds ratio (OR),
relative risk (RR) or hazard ratio (HR); 4) any other diagno-
ses than hospital-diagnosed or self-reported physician; 5)
full text in languages other than English, Danish,
Norwegian, Swedish; 6) All eligibility inclusion and exclu-
sion criteria are listed in Table 1.

Selection process

The selection of included studies was conducted initially by
reviewing titles and abstracts, which resulted in 26 potential
studies for inclusion (SMR; Figure 1). A second reviewer
(HM) repeated this process independently of the first
reviewer (SMR). The first (SMR) and last (HM) author set-
tled any disagreements before any studies were included in
or excluded from the systematic review.

Data extraction

The following information from each study was extracted:
first author’s name, year of publication, country of study,
study design, ascertainment of COPD, ascertainment of
T2D, number of participants/patients in both the non-
COPD group and the COPD group, mean age, mean BMI,

Table 1. Full eligibility criteria used in the search strategy.

Inclusion Exclusion

Study design Original studies: RCTs, case–control, cohort, and cross-sectional
with quantitative outcomes

Editorials, comments, qualitative studies, annual reports, sys-
tematic reviews

Species Only human Study with other than humans (e.g. animals)
Reporting results Odds ratio (OD) or relative risk (RR) or hazard ratio (HR) with 95%

confidence intervals (CIs)
Other than odds ratio (OR) or relative risk (RR) or hazard

ratio (HR)
Diagnoses Hospital-diagnosed or self-reported physician diagnoses Any other than hospital-diagnosed or self-reported phys-

ician diagnoses
Language English, Danish, Norwegian, Swedish Languages other than English, Danish, Norwegian, Swedish
Text Abstract & full-text available Abstract & full-text not available
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sex and quality assessment score. All information from the
included studies is shown in Table 2.

Quality assessment of included studies

The NOS (32) was used to evaluate the study quality by
classifying it into three domains: selection, comparability
and exposure or outcome for included case-control studies
and included cohort studies. Each study was assigned from
0 to 9 stars to judge its quality. A study was awarded a max-
imum of one star for each numbered item within the selec-
tion and exposure categories. A maximum of two stars were
awarded for comparability. The total number of stars deter-
mines the quality of the included study. Scores from 0 to 3
stars indicate poor study quality, 4 to 6 stars indicate accept-
able study quality and 7 to 9 stars indicate good study qual-
ity. Any disagreements on quality assessment between the
first (SMR) and last (HM) author were discussed until a
consensus was reached. Studies awarded from 0 to 3 stars
were excluded from the meta-analysis due to poor
study quality.

Statistical analysis

Data were pooled using the software programme RevMan to
calculate summary adjusted odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs). A
Mantel–Haenszel analysis with random effect model was
performed and forest plots were graphically displayed. To
strengthen the liability of the results, the meta-analyses was
based on adjusted data by conducting a generic inverse vari-
ance outcome analysis using RevMan (34). In this method,
the study estimates and calculated standard error for each
study are entered in the software. The weight given to each
study is the inverse of the variance of the effect estimate.
This method gives larger studies more weight than smaller
studies and thereby reduces the uncertainty of the pooled
effect result.

In addition, we conducted several subgroup analyses; 1)
comparing cohort and case-control studies, 2) comparing
studies using COPD diagnoses according to current

recommendations and studies using questionnaire-based
COPD diagnoses, 3) studies using diagnostic methods
according to guidelines for both COPD and T2D. If any
results were significant, we estimated the difference between
the estimates of the subgroups according to tests of inter-
action. A p-value <0.05 indicates a significant difference
between the subgroups (35). To examine both clinical and
statistical heterogeneity, the I2 statistic was used. The risk of
publication bias was assessed graphically by means of a fun-
nel plot (36). Sensitivity analyses were performed to by
excluding one study at a time to see if there were any sig-
nificant changes in the estimated results in the forest plot.
The sensitivity analyses were made using the software pro-
gramme Comprehensive Meta-Analysis. Technical details on
the software programme used in this article are found in
Supporting Information Appendix B.

Results

Through database searches we identified 383 articles (Figure
1). After exclusion of nonrelevant studies, we identified 26
potentially relevant studies. After reading the full text of
these studies, 19 studies were excluded, as they did not meet
the eligibility criteria (Table 1). Excluded studies were either
reviews (n¼ 8), assessed other risk factors than COPD
(n¼ 1), or T2D was not a reported outcome (n¼ 10).
Subsequently, 7 studies (19, 28–31, 37, 38) were included for
the meta-analyses (or included in the review; Figure 1).

Characteristics of included studies

All relevant characteristics of the included studies in the
meta-analysis are shown in Table 2. The quality assessment
of included studies did not result in exclusion of any studies
due to poor quality. Quality scores ranged from 7 to 9. The
included studies were either case-control (n¼ 3) or cohort
(n¼ 4) studies with a total number of 1,369,560 individuals
and published between 2004 and 2015. They included data
from different populations, that is, Europeans (19, 29, 37),
Americans (30, 31) and Asians (28, 38).

Figure 2. Forest-plot showing the association between COPD and T2D. Generic inverse variance outcome analysis with random effect on outcome of all included
studies with adjusted data.
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The included cohort studies are both prospective (n¼ 2)
and retrospective (n¼ 2) studies with COPD patients
(n¼ 12,112) and non-COPD patients (n¼ 137,188), with a
total of 149,300 patients. Case-control studies (n¼ 3)
included a total of 1,220,260 patients distributed as
COPD (n¼ 30,604 patients) and non-COPD
(n¼ 1,189,656 patients).

Most studies (19, 28, 29, 37, 38) used guidelines or rec-
ommendations from BTS, ATS/ERS, ICD-10 codes or
GOLD to ascertain COPD. Rana et al. (30) used a question-
naire for the assessment of respiratory status, followed by
spirometry to confirm the diagnosis according to GOLD
recommdations. One study (31) used a questionnaire-based
definition for the ascertainment of COPD. Determination of

T2D was defined as either prescription for glucose-lowering
medicine as oral hypoglycemic agents or insulin (37, 38) or
fasting blood glucose >7.0mmol/L (38). Rana et al. (30)
used a questionnaire-based definition of T2D or symptoms
combined with fasting glucose >7.8mmol/L or random glu-
cose >11.1mmol/L. Two studies (29, 31) used a question-
naire survey to ascertain T2D.

Association between COPD and T2D

The association between COPD and T2D is illustrated in a
Forest-plot in Figure 2.

Results from a meta-analysis including all seven studies
using adjusted data showed that the COPD group had a

Figure 3. Funnel plot of standard error by log odds ratio of all included studies in the meta-analysis.

Figure 4. Forest plot showing the association between COPD and T2D. Generic inverse variance outcome analysis with random effect on the outcome of subgroup
analysis comparing studies using COPD diagnosis according to guidelines versus studies with COPD diagnosis based on questionnaire.
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higher risk of T2D compared with the non-COPD group:
random effect OR ¼1.17 (1.01–1.35), p¼ 0.03. The I2 was
low ¼0%.

Visual inspection of the funnel plot did not indicate bias
(Figure 3) and statistical tests were not applied as there were
only few (<10) studies included. Results from the sensitivity
analysis (figure not included) showed that the risk of T2D
was not significantly affected by the exclusion of any of the
seven included studies.

A subgroup analysis comparing studies diagnosing COPD
according to current recommendations (19, 28, 29, 37, 38)
and studies using questionnaire-based diagnoses (30, 31)
(Figure 4) showed no significant association between COPD
and T2D in neither group.

Another subgroup analysis including only studies using
diagnostic methods for both COPD and T2D according to
recommended guidelines showed an increased risk of T2D
in patients with COPD, however, the result was not statistic-
ally significant, random effect OR ¼1.17 (0.96–1.42),
p¼ 0.12 (Figure 5).

Lastly, a subgroup analysis separating cohort studies
(28–31) and case-control studies (19, 37, 38) did not find
any association between COPD and T2D (figure
not included).

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis to investigate whether COPD is
associated with an increased risk of T2D. The overall result
from the seven included studies on adjusted data showed
that patients with COPD have a 17% increased risk of T2D
compared to patients without COPD. A sensitivity analysis
showed that the pooled odds ratio was not significantly
altered when excluding any of the examined studies, which
indicates a robust analysis. The increased risk of COPD in
T2D was also observed in subgroup analyses comparing
studies using different methodology to diagnose COPD and
T2D, however, the association did not remain statistically
significant.

Strengths and limitations

The major strength of this study is the systematic review
and meta-analyses conducted according to international
guidelines plus the very large sample size allowing us to
quantitatively evaluate the association between COPD and
T2D. The validity of the main meta-analysis was tested by

subgroup analyses comparing case-control and cohort stud-
ies. Further, the association between COPD and T2D was
also examined comparing studies using different methods to
diagnose COPD and T2D. In addition, this review has
adhered to a very thorough and broad search strategy only
excluding non-English and non-Scandinavian studies. The
included studies represent individuals from an extended
geographical area, and the included seven studies were pub-
lished within the last 13 years. Finally, the results seem
robust as any of the sensitivity analysis did not change the
overall result.

Nevertheless, this study has limitations. The total number
of included studies is relatively small with a low level of het-
erogeneity (I2¼0%). As a rule of thumb, tests for funnel plot
asymmetry according to the Cochrane Handbook for
Systematic Reviews of Interventions, should be used only,
when there are at least 10 studies included in the meta-ana-
lysis, because when there are fewer studies, the power of the
tests is too low to distinguish chance from real asym-
metry (39).

The use of self-reported diseases in research has been
met with skepticism. The use of self-reported diabetes seems
to be reasonably accurate (40) and for COPD in a selected
population (health professionals). However, some of the
authors of this study, have recently shown that the overlap
between self-reported COPD and clinical COPD (according
to ERS/ATS recommendations) was lower than one third in
a large population-based study (41). These possible misclas-
sifications may have had an impact on the overall outcome
of this meta-analysis and might explain the difference
between the outcome in studies using questionnaire-based
diagnoses and studies using diagnoses according
to guidelines.

We used The NOS for quality assessment (32). The qual-
ity assessment of the included studies was acceptable, with
an average of 7.7, indicating good overall study quality
when rated based on the NOS. Nonetheless, there are no
official guidelines for distinguishing between high and low
ratings of study quality.

Association between COPD and T2D

Chronic obstructive pulmonary disease has been associated
with many comorbid diseases (13–16, 42). Among these
comorbid diseases, type 2 diabetes is suggested as being
much more frequent in patients with COPD compared with
non-COPD patients (43). The underlying mechanism that
links these two diseases is still not fully established, but

Figure 5. Forest plot showing the association between COPD and T2D. Generic inverse variance outcome analysis on studies using diagnostic methods according
to guidelines for both COPD and T2D.
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there are some possible explanations in the literature. One
suggests that, as in many other chronic medical conditions,
local and systemic inflammation may play a key role. Both
COPD and T2D are associated with systemic inflammation
indicated by increased levels of e.g. CRP (44) and cytokines
such as TNF, IL-6, IL-1b (45, 46), and ongoing systematic
inflammation can lead to oxidative stress with an increased
risk of developing subsequent diseases.

Oxidative stress is another potential factor that is sug-
gested to contribute to the association between COPD and
T2D. Oxidative stress reflects a disturbance between the pro-
duction of reactive oxygen species (free radicals) and anti-
oxidant defences. Studies suggest that increased oxidative
stress can be a risk factor for the onset of T2D (47). In add-
ition, most patients with COPD are known to have hypoxia,
which is also associated with an excessive oxidative state
(48), which may result in dysfunctional beta-cells in pan-
creas causing T2D, but this is only shown in studies with
focus on obstructive sleep apnea (49). Even though an asso-
ciation between COPD and T2D may exist, these conclu-
sions are based on biomarkers and there could be several
other pathological pathways of which we are not yet aware.

Another suggested risk factor to explain the association
between COPD and T2D is the use of corticosteroids in the
medical treatment of COPD (50, 51). The treatment of
COPD involves lifestyle modifications as well as various
pharmacotherapies (52). Suissa et al. conducted a popula-
tion-based cohort study to examine whether the use and dos-
age of inhaled corticosteroids (ICS) were associated with an
increased risk of developing diabetes in COPD patients. They
found a 34% increased risk of diabetes onset with ICS and a
64% increased risk with high-dose ICS (fluticasone-equiva-
lent doses �1,000lg/day) (53). In addition, studies have
shown that patients with both COPD and T2D and who are
prescribed with ICS have a significantly higher increase in
HbA1c values compared with those who have been pre-
scribed non-ICS therapies (54). Furthermore, patients with
COPD and comorbid T2D displayed a 94% increase in dia-
betes-related hospitalisation when treated with a total cor-
ticosteroid-defined daily dose of �0.83/day. Lower
corticosteroid dosages (DDD <0.83/day) were not associated
with an increased risk of diabetes-related hospitalisation (55).

Lifestyle factors have also been suggested as common risk
factors for both diseases. While most studies have adjusted for
smoking, few, if any, studies have adjusted for intake of alcohol
and physical activity, but used BMI as an indicator of health
status. It is well known that COPD patients are markedly
inactive compared to healthy elderly individuals (47). While
the association between BMI and COPD is not fully elucidated,
a high BMI is associated with an increased risk of T2D (19).

Another plausible explanation for the comorbidity
between COPD and T2D is genetic factors. Specifically, it
has been shown that CRP levels in COPD patients are con-
trolled by genetic factors (56). Meteran et al. (20) examined
the relationship between COPD and T2D and showed that
genetic factors can explain 43% of the relationship between
COPD and T2D. These results did not reach statistical sig-
nificance, but this was most likely due to a small sample size.

A larger study with twin pairs discordant for T2D will
shed light on the role of genetic pleiotropy.

Ascertainment of COPD and T2D using current
recommandations versus questionnaires

In the main finding of these meta-analyses we have distin-
guished between studies using questionnaire-based diagnoses
and studies using diagnostic methods according to guide-
lines for both COPD and T2D. A Subgroup analysis com-
paring studies using COPD diagnosis according to current
recommendations versus studies with COPD diagnosis based
on questionnaire did not reach statistical significance. The
results indicate that the diagnostic methods used to diagnose
both COPD and T2D might influence on the possible asso-
ciation between COPD and T2D.

The most ideal analysis for assessing association between
COPD and T2D will include studies using objective meas-
urements in the diagnostic methods according to guidelines
for both COPD and T2D. With these criteria our meta-ana-
lysis are left with only two comparable studies, where no
statistical significance was found.

Conclusion

In conclusion, the meta-analysis based on adjusted data
from seven studies showed that patients with COPD have a
17% increased risk of T2D compared with non-COPD
patients. However, the association did not remain statistic-
ally significant in a subgroup analysis including only studies
using diagnostic methods for both COPD and T2D accord-
ing to guidelines. Based on the current studies, the associ-
ation between COPD and T2D seems to be influenced by
the diagnostic tool used in the respective studies. We were
only able to identify two studies diagnosing COPD and T2D
according to recommended guidelines. Therefore, further
studies using guideline-recommended disease definitions for
both disease will bring new insight.
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