(2021) 21:141
Chen et al. BMC Pulm Med
https://doi.org/10.1186/s12890-021-01505-7

RESEARCH ARTICLE

Open Access

Combination therapies
with thiazolidinediones are associated
with a lower risk of acute exacerbations
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Abstract
Background: The effects of oral antihyperglycaemic drugs (OADs) for type 2 diabetes mellitus (T2DM) on the
outcomes of co-existing chronic obstructive pulmonary disease (COPD) patients are not well studied. We examined
the association of combinational OADs and the risk of acute exacerbations of COPD (AECOPD) in T2DM patients with
co-existing COPD.
Methods: A cohort-based case–control study was conducted using data from the National Health Insurance
Research Database of Taiwan. Among new-onset COPD-T2DM patients, 65,370 were prescribed metformin and 2ndline OADs before the date of COPD onset. Each AECOPD case was matched to 4 randomly selected controls according
to the propensity score estimated by the patient’s baseline characteristics. Conditional logistic regression analysis was
performed to estimate the association between AECOPD risk and OAD use.
Results: Among COPD-T2DM patients, 3355 AECOPD cases and 13,420 matched controls were selected. Of
the patients treated with a double combination of oral OADs (n = 12,916), those treated with sulfonylurea (SU) and
thiazolidinediones (TZD) had a lower AECOPD risk than the patients who received metformin (MET) and SU, with
an adjusted odds ratio (OR) of 0.69 (95% confidence interval [CI] 0.51–0.94, P = 0.02). Of the patients with a triple
combination of oral OADs (n = 3859), we found that those treated with MET, SU and TZD had a lower risk of AECOPD
(adjusted OR 0.81 (0.68–0.96, P = 0.01) than a combination of MET, SU and α-glucosidase inhibitors (AGIs) regardless of
the level of COPD complexity.
Conclusion: Combination therapies with TZD were associated with a reduced risk of AECOPD in advanced T2DM
patients with co-existing COPD.
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Background
Multiple comorbidities of type 2 diabetes (T2DM) are
common, and only 14% of patients may have no other
comorbidities [1]. When considering the impact of
different classes of drugs on comorbidities, the complexity of choosing therapeutic drugs for glycaemic
control increases. Chronic obstructive pulmonary disease (COPD) is a common comorbidity in patients with
T2DM, and approximately 10% of T2DM patients have
COPD [2, 3]. Recent studies have shown that pre-existing diabetes or incident diabetes may worsen the risk of
death in patients with COPD or acute exacerbations of
COPD (AECOPD) [4, 5]. Therefore, optimizing DM care
in the COPD population is imperative.
The recently updated guideline from the American Diabetes Association (ADA) recommends metformin, if not
contraindicated and if tolerated, as the preferred initial
oral antihyperglycaemic drug (OAD) for the treatment of
T2DM [6]. As the progressive natural course of T2DM,
when metformin monotherapy is no longer effective, the
majority of advanced T2DM patients require a combination of different 2nd OADs or insulin therapy to achieve
and maintain optimal glycaemic control. The ADA does
not prioritize specific 2nd drugs based on their efficacy,
side effects and impact on comorbidities except for cardiovascular and renal effects [6].
Whether strict blood glucose control in COPD-T2DM
patients can improve the outcomes of COPD is unclear,
but poor sugar control worsens the severity and clinical course of COPD based on previous studies [7, 8].
Although previous studies have demonstrated the impact
of OADs on the clinical outcomes of COPD, such as
metformin (MET) and thiazolidinediones (TZDs) [9–
11], relatively few studies have focused on the effect of
glucose-lowering agents on COPD outcomes in T2DM
patients, particularly in patients with poor glycaemic
control requiring add-on therapy to MET. At present, a
knowledge gap remains in choosing the best drugs that
are conducive to glycaemic control and can improve the
clinical efficacy of new-onset COPD in patients with
advanced T2DM. Therefore, the aim of this study was to
examine the impact of add-on OADs on AECOPD risk
in new-onset COPD patients with advanced T2DM who
required combinational therapy. We conducted a cohortbased case–control study using data from the National
Health Insurance Research Database (NHIRD) of Taiwan.

Methods
Data source

The NHIRD is a nationwide claim-based database of
the National Health Insurance (NHI) programme provided by the National Health Insurance Administration
(NHIA) of Taiwan. The NHI programme was launched
in 1995 and is a compulsory insurance programme that
provides reimbursement for most medical services and
more than 30,000 prescription drugs. The data used in
this study were collected between 2000 and 2015 and
were maintained by the Health and Welfare Data Science Center (HWDC), Ministry of Health and Welfare,
Executive Yuan, Taiwan. The NHIRD database includes
information on inpatient, outpatient and drug prescription claims and uses the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD9-CM) and the Anatomical Therapeutic Chemical (ATC)
system to define whether the patients had a specific disease diagnosis or drug prescription. To validate the accuracy of the diagnosis and the rationality of the treatment,
the NHIA also routinely took samples and reviewed
some of the NHI claims. Moreover, hospitals and clinics are penalized if patients receive unnecessary treatment. Each patient also has a unique encrypted identifier
linked to the National Death Registry under the provisions of HWDC. This study was approved by the Joint
Institutional Review Board of Taipei Medical University
(approval no. N201808075).
Study cohort

The initial cohort included new-onset COPD patients
with diabetes between 2003 and 2014. If a patient had
at least three disease diagnosis requirements within one
year of follow-up, a washout period of at least three years
was used to ensure that the patient was newly diagnosed
with COPD. Then, we excluded patients (1) whose sex
was unknown, who were not Taiwanese citizens or who
were younger than 40 years old; (2) had no COPD prescription requirements within one year after the first
diagnosis of COPD; (3) had a disease history of malignant
tumour, asthma, chronic kidney disease, and renal dialysis; and (4) were diagnosed with type 1 diabetes before
the first COPD diagnosis or no antidiabetic prescription
statement or received MET monotherapy and received
insulin therapy. The subsequent exclusion was to increase
the homogeneity of the study population.
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Case and control patient selection

A general consensus on the definition of AECOPD is
lacking. Generally, the definition of AECOPD is based
on increased symptoms and/or increased utilization of
health care. Based on previous studies [12, 13], we used
the following approach in this claim-based study to
identify patients with AECOPD as those that (1) had a
hospital admission or an emergency visit due to COPD
and required oral or injection corticosteroid (CS) or
(2) received oral or injection CS therapy at a new visit.
To increase the comparability, matched controls were
selected based on incidence density sampling, which
involved matching each AECOPD case with a sample of
those potential controls at the time of case occurrence.
Before matching, we additionally excluded patients who
received monotherapy and then included subjects with
double or triple combination OAD therapy whose regimen has been validated by clinical trials and meta-analyses [14]. Finally, each case was matched to 4 randomly
selected controls according to the propensity score estimation by sex, age, year of COPD diagnosis, initial year
of DM status, previous and coexisting disease conditions,
Charlson comorbidity index (CCI), level complexity of
COPD and COPD medication use three months prior to
the date of AECOPD. The initial year of DM status was
defined based on the first claim year of the patient initially receiving 2nd-line OADs continuously for at least
3 months. Because AECOPD did not occur in the control
patients, we randomly assigned the surrogate event dates,
which corresponded to the index date of their matched
cases. We used this method to create a basis for the comparison of OAD exposure between the case and control
patients.
Exposure to oral antihyperglycaemic drugs (OADs)

We examined all OAD prescription records within three
months before the index date of AECOPD in cases and
pseudo-AECOPD in controls. We investigated the types
of OAD, including MET, sulfonylurea (SU), α-glucosidase
inhibitors (AGIs), TZDs and dipeptidyl peptidase-4
inhibitors (DPP-4i). The aim of our study was to determine the best drug as an add-on OAD to monotherapy
for progressive T2DM in the context of considering the
impact on the outcome of COPD. Then, we further categorized T2DM-COPD patients using a double or triple
combination of OADs.
Potential confounding variables

Previous or coexisting medical conditions were recorded
if patients were diagnosed with chronic artery disease
(CAD), hypertension (HTN), congestive heart failure
(CHF), atrial fibrillation (AF), pneumonia, chronic liver
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disease (CLD), dementia/Parkinson’s disease and osteoporosis. Additionally, CCI is also considered a major risk,
which represents the severity of comorbid conditions.
The CCI in this study was modified because all patients
were diagnosed with diabetes and COPD but had no
history of malignancy. According to a previous study
[15], we categorized the patients into low, moderate
and high complexity by adjusting the severity of COPD
and further divided the patients into low and moderate/high complexity groups due to a small sample size
of high complexity. In addition, we also considered the
history of COPD medication use in AECOPD cases and
non-AECOPD controls [15], including short-acting beta
agonists (SABAs), short-acting muscarinic antagonists
(SAMAs), long-acting beta agonists (LABAs), long-acting muscarinic antagonists (LAMAs) and inhaled corticosteroids (ICSs).
Statistical analysis

The baseline differences between case and control
patients were measured by standardized mean difference
(SMD) as previously described [16]. Conditional logistic
regression was used to estimate the odds ratios (ORs),
adjusted odds ratios (aORs), and 95% confidence intervals (CIs) for the association of AECOPD risk and OAD
treatment. The statistical analyses were performed using
SAS/STAT, Version 9.4, (SAS Institute, Cary, NC, USA)
and STATA 13 (Stata Corp, College Station, TX, USA). A
P value < 0.05 and SMD > 0.1 were set as the level of statistical significance.

Results
Baseline characteristics

Of new-onset COPD patients with advanced T2DM,
3355 AECOPD cases and 13,420 non-AECOPD matched
controls were selected using an incidence density sampling method (Fig. 1). The baseline characteristics of the
case and control patients are shown in Table 1. In the
COPD-T2DM cohort, two-thirds of AECOPD cases were
male, and the mean age was 72 years old (SD: 10.5). The 3
most common previous or coexisting disease conditions
were HTN (65.0%), CAD (20.8%) and pneumonia (12.9%),
and 42.1% had a modified CCI between 1 and 2. In terms
of the level of COPD complexity at initial diagnosis, the
AECOPD patients were divided into low-level (51.3%)
and moderate/high-level (48.7%) groups and the nonAECOPD controls were classified into low-level (49.8%)
and medium/high-level groups (50.2%). For COPD medication three months before the index date of AECOPD,
the majority of patients had received ICS or steroids, and
only 3% of the patients received either SABA, SAMA,
LABA or LAMA. Because we used the propensity
score approach to adjust the baseline characteristics of
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Fig. 1 Patient selection process. AECOPD acute of exacerbations chronic obstructive pulmonary disease, CKD chronic kidney disease, COPD chronic
obstructive pulmonary disease, DM diabetes mellitus, OADs oral antihyperglycemic drugs, T1DM type 1 diabetes mellitus, T2DM type 2 diabetes
mellitus

AECOPD cases and non-AECOPD controls, the groups
did not differ in the variables listed in Table 1.
OADs use and the risk of AECOPD

Among the COPD-T2DM patients treated with a combination of oral OADs (n = 12,916), compared to patients
who had received both MET and SU, AECOPD patients
were less likely to be treated with a combination of
SU and TZD within three months before the date of
AECOPD, with an adjusted odds ratio (OR) of 0.69 (95%
confidence interval [CI] 0.51–0.94, P = 0.02) (Table 2).
When further dividing the patients into low and moderate/high levels of COPD at the initial COPD diagnosis,
we still found that a combination of SU and TZD was
associated with a reduced risk of AECOPD in patients
with lower COPD complexity (adjusted OR 0.20, 95% CI
of 0.32–0.80).
For the patients treated with a triple combination of
OADs (n = 3859), we found that AECOPD patients were

less likely to have been treated with MET, SU and TZD,
compared to MET, SU and AGI, with an adjusted OR
of 0.81 (95% CI 0.68–0.96, P = 0.01) (Table 3). Similar
results were found at different levels of COPD complexity; however, the finding was significant for patients with
a moderate/high level.

Discussion
In the present study, we showed that COPD-T2DM
patients with OAD use were treated only for glycaemic
sugar control, while a double combination of SU and
TZDs and a triple combination of MET, SU, and TZDs
were correlated with a decreased risk of AECOPD. The
results were fairly consistent in patients with moderate or
high complexity COPD.
In the COPD-T2DM cohorts, our analysis results
revealed that add-on TZDs could decrease the risk of
AECOPD in patients receiving double and triple OAD
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Table 1 Baseline difference between AECOPD case patients and non-AECOPD control T2DM patients
Variables

Non-AECOPD controls

AECOPD cases

n

n

(%)

Sample size

13,420

Male, yes

8956

Age, [mean, SD]

[72.2, 10.4]

40–49

350

(2.6)

50–59

1437

(10.7)

60–69

2902

70–79

SMD
(%)

3355
(66.7)

2239

(66.7)

0.000

92

(2.7)

0.008

357

(10.6)

0.002

(21.6)

759

(22.6)

0.024

5318

(39.6)

1266

(37.7)

0.039

≥ 80

3413

(25.4)

881

(26.3)

0.019

2000–2002

8059

(60.1)

2035

(60.7)

0.012

2003–2006

3114

(23.2)

769

(22.9)

0.007

2007–2010

1681

(12.5)

418

(12.5)

0.002

2011–2014

566

(4.2)

133

(4.0)

0.013

2003–2006

4411

(32.9)

1121

(33.4)

0.012

2007–2010

4906

(36.6)

1228

(36.6)

0.001

2011–2014

4103

(30.6)

1006

(30.0)

0.013

HTN

8671

(64.6)

2182

(65.0)

0.009

CAD

2867

(21.4)

698

(20.8)

0.014

CHF

1109

(8.3)

282

(8.4)

0.005

AF

581

(4.3)

154

(4.6)

0.013

Pneumonia

1761

(13.1)

433

(12.9)

0.006

CLD

849

(6.3)

216

(6.4)

0.005

Dementia/Parkinson

1425

(10.6)

364

(10.8)

0.007

Osteoporosis

447

(3.3)

114

(3.4)

0.004

CCI, [mean, SD]

[1.5, 1.5]

0

4294

(32.0)

1078

(32.1)

0.003

1–2

5893

(43.9)

1412

(42.1)

0.037

≥3

3233

(24.1)

865

(25.8)

0.039

Low

6689

(49.8)

1,722

(51.3)

0.030

Moderate/high

6731

(50.2)

1633

(48.7)

0.030

SABA or SAMA

169

(1.3)

39

(1.2)

0.009

LABA or LAMA

417

(3.1)

60

(1.8)

0.085

ICS or Steroid

12682

(94.5)

3210

(95.7)

0.054

Others

152

(1.1)

46

(1.4)

0.021

[72.1, 10.5]

Year of the first DM claim

Year of COPD diagnosis

Previous or coexisting disease conditions, yes

[1.6, 1.5]

Level of COPD complexity at initial diagnosis

COPD medication use 3 month prior to index date, yes

AECOPD acute exacerbations of chronic obstructive pulmonary disease, AF atrial fibrillation, CAD coronary artery disease, CCI Charlson comorbidity index, CHF
congestive heart failure, CLD chronic liver disease, COPD chronic obstructive pulmonary disease, DM diabetes mellitus, HTN hypertension, SMD standardized mean
difference, SABA short-acting beta agonists, SAMA short-acting muscarinic antagonist, LABA long-acting beta agonists, LAMA long-acting muscarinic antagonist, ICS
Inhaled corticosteroids
*

SMD = difference in means or proportions divided by standard error; imbalance defined as absolute value greater than 0.1

combinations. The results are consistent with previous
findings that TZDs are associated with a reduced risk
of AECOPD after adjusting for the severity of DM itself,
which may have a significant effect on AECOPD [11].

Here, we further considered the effect of COPD severity
on AECOPD using COPD complexity classification. To
rule out the effect of COPD medications on AECOPD,
we found that TZD has a similar effect on reducing the
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Table 2 The association between double oral OADs use and risk of AECOPD in T2DM patients with COPD (n = 12,916)
Level of COPD complexity Combination of OADs NonAECOPD
controls
n

(%)

AECOPD
cases

Odds ratio

n

Crude (95% CI)

(%)

P

Adjusted* (95% CI)

P

Overall
SU + AGI

SU + DPP-4i

SU + TZD

MET + AGI

MET + DPP-4i

MET + TZD

Moderate/high

MET + SU
SU + AGI

0.87

(0.72–1.05)

0.15 0.87

(0.72–1.05)

0.14

89 (3.5)

0.92

(0.74–1.14)

0.43 0.93

(0.75–1.15)

0.50

247 (2.4)

41 (1.6)

0.71

(0.52–0.97)

0.03 0.69

(0.51–0.94)

0.02

348 (3.4)

79 (3.1)

0.92

(0.74–1.16)

0.48 0.92

(0.73–1.15)

0.45

816 (7.9)

190 (7.5)

0.94

(0.81–1.09)

0.43 0.95

(0.82–1.11)

0.51

238 (2.3)

60 (2.4)

1.00

(0.78–1.30)

0.98 1.01

(0.78–1.30)

0.96

7816 (75.3) 1961 (77.5) 1.00

(Ref.)

1.00

(Ref.)

290 (5.5)

49 (4.0)

0.75

(0.56–1.00)

0.05 0.77

(0.58–1.03)

0.08

232 (4.4)

40 (3.3)

0.76

(0.55–1.04)

0.09 0.78

(0.57–1.07)

0.13

95 (1.8)

23 (1.9)

1.01

(0.67–1.53)

0.97 0.99

(0.66–1.51)

0.98

MET + AGI

172 (3.3)

47 (3.8)

1.11

(0.83–1.49)

0.48 1.16

(0.86–1.56)

0.32

MET + DPP-4i

MET + TZD

MET + SU
SU + AGI

SU + DPP-4i

SU + TZD

MET + AGI

MET + DPP-4i

MET + TZD

*

111 (4.4)

SU + DPP-4i

SU + TZD

Low

526 (5.1)
394 (3.8)

MET + SU

375 (7.1)

78 (6.4)

0.89

(0.71–1.12)

0.33 0.89

(0.70–1.13)

0.34

92 (1.7)

26 (2.1)

1.14

(0.77–1.68)

0.51 1.15

(0.78–1.70)

0.48

4004 (76.1)

959 (78.5) 1.00

(Ref.)

1.00

(Ref.)

236 (4.6)

62 (4.7)

1.00

(0.77–1.29)

1.00 0.96

(0.74–1.24)

0.76

162 (3.2)

49 (3.7)

1.12

(0.84–1.49)

0.45 1.11

(0.83–1.47)

0.49
< 0.01

152 (3.0)

18 (1.4)

0.51

(0.32–0.81)

< 0.01 0.50

(0.32–0.80)

176 (3.4)

32 (2.4)

0.74

(0.52–1.05)

0.09 0.74

(0.52–1.05)

0.10

441 (8.6)

112 (8.6)

0.97

(0.80–1.18)

0.78 0.99

(0.81–1.21)

0.90

146 (2.8)

34 (2.6)

0.91

(0.64–1.28)

0.58 0.93

(0.66–1.32)

0.70

3812 (74.4) 1002 (76.5) 1.00

(Ref.)

1.00

(Ref.)

Adjusted for age, sex, DM status, previous and coexisting disease conditions, modified CCI, complexity of COPD and COPD medications listed in Table 1

AECOPD acute exacerbations of chronic obstructive pulmonary disease, AGI α-glucosidase inhibitors, CCI Charlson comorbidity index, CI confidence interval,
DPP‐4i dipeptidyl peptidase‐4 inhibitor, DM diabetes, MET metformin, OADs oral antihyperglycemic drugs, OR odd ratio, Ref. reference group, SU sulfonylurea, TZD
thiazolidinediones

frequency of AECOPD after adjusting for confounding
factors.
COPD-T2DM is considered a syndrome that can share
risk factors (such as smoking) [17], genes (such as β2adrenergic receptor gene, ADRB2) [18], proteins (such as
Nod-like receptor containing a pyrin domain 3, NLRP3)
[19, 20] and pathways (such as systemic inflammation
and oxidative stress) [21–23]. Although the underlying
mechanism of these shared components is complex and
has not been fully elucidated, the important common
approach for concurrently treating COPD and T2DM to
target systemic inflammation would be a reasonable therapeutic strategy [24].
In addition to the function of lowering glycaemic
sugar, some OADs may also have anti-inflammatory
activity due to their pleiotropic effects [25, 26]. TZD
is an OAD with anti-inflammatory activity. Since the
late 1990s, TZD has been studied and has been used in

combination with MET to treat T2DM [27]. The antiinflammatory effects of TZD occur through cellular
mechanisms that activate the nuclear transcription factor peroxisome proliferator-activated receptor gamma
(PPAR-γ) and, at least in part, glucocorticoid nuclear
translocation [28, 29]. AECOPD patients with frequent
exacerbations have more inflamed existing airways and
systemic inflammation and poor inflammation resolution [30–34]. Therefore, TZDs may exert anti-inflammatory effects that prevent the pro-inflammatory status
of AECOPD. Additionally, the major comorbidities of
COPD-T2DM, such as CVD, may induce or worsen
AECOPD [35]. TZDs also exert important functions
in regulating vascular inflammation through PPAR-γ
activation and inhibit vascular smooth muscle proliferation, thereby having an effect against atherosclerosis
[36–38]. The protective role of TZDs on cardiovascular
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Table 3 The association between triple oral OADs use and risk of AECOPD in T2DM patients with COPD (n = 3859)
Level of COPD complexity

Combination of OADs

NonAECOPD
controls

AECOPD
cases

Odds ratio

n

(%)

n

(%)

Crude

(95% CI)

P

Adjusted*

(95% CI)

P

MET + SU + TZD

1074

(35.4)

243

(29.5)

0.81

(0.68–0.95)

0.01

0.81

(0.68–0.96)

0.01

933

(30.7)

276

(33.5)

1.00

(0.85–1.17)

0.98

1.02

(0.87–1.21)

0.78

MET + SU + AGI

1028

(33.9)

305

(37.0)

1.00

(Ref.)

1.00

(Ref.)

MET + SU + TZD

479

(32.6)

104

(25.3)

0.76

(0.60–0.97)

0.03

0.75

(0.58–0.96)

0.02

440

(29.9)

138

(33.6)

1.02

(0.81–1.28)

0.87

1.06

(0.84–1.34)

0.63

MET + SU + AGI

552

(37.5)

169

(41.1)

1.00

(Ref.)

1.00

(Ref.)

MET + SU + TZD

595

(38.0)

139

(33.7)

0.85

(0.67–1.08)

0.18

0.88

(0.79–1.28)

0.28

493

(31.5)

138

(33.4)

0.98

(0.78–1.25)

0.89

1.00

(0.69–1.11)

0.97

MET + SU + AGI

476

(30.4)

136

(32.9)

1.00

(Ref.)

1.00

(Ref.)

Overall
MET + SU + DPP-4i
Moderate/high

MET + SU + DPP-4i
Low

MET + SU + DPP-4i
*

Adjusted for age, sex, DM status, previous and coexisting disease conditions, modified CCI, complexity of COPD and COPD medications listed in Table 1

AECOPD acute exacerbations of chronic obstructive pulmonary disease, AGI α-glucosidase inhibitors, CCI Charlson comorbidity index, CI confidence interval,
DPP‐4i dipeptidyl peptidase‐4 inhibitor, DM diabetes, MET metformin, OADs oral antihyperglycemic drugs, OR odd ratio, Ref. reference group, SU sulfonylurea, TZD
thiazolidinediones

outcomes may contribute to reducing CVD-related
AECOPD, particularly pioglitazone [39, 40].
Previous studies have shown that MET use can reduce
the utilization of health care in COPD-T2DM patients
and reduce its adverse prognostic effects [9, 10]; however, no significant beneficial effect of combination
therapy with MET use was found in our research. The
major causes of the different results can be attributed to
the enrolled and analysed patients. The favourable effect
of MET on reducing COPD-specific health care utilization was only presented in COPD patients with lower
complexity but not moderate to high complexities, and
the study did not show the effect of mono- or combinational therapy with MET. In our study, we clearly defined
patients treated with combination therapy including,
MET and the data demonstrated no effect on reducing
the risk of AECOPD in all COPD complexities. COPDT2DM patients may have better survival outcomes with
MET treatment; however, the consequence may be confounded by COPD severity and the medication regimen
for COPD.
DPP-4 is another target of OAD that can drive the T
helper type 1 (Th1) immune response and is also considered to be involved in COPD pathogenesis [41]. Additionally, the active protease DDP-4/CD26 may act on
CXCL12, which is associated with exacerbating tissue
damage in COPD [42]. Therefore, COPD may be better
controlled using an inhibitor of DDP-4 (DDP-4i); however, our results did not show significant differences in

the risk of AECOPD when therapy was combined with
DDP-4i.
Our study suggests that TZDs are a better choice for
combinational therapy when glycaemic control deteriorates from initial control in COPD-T2DM patients. This
recommendation was based on a more strictly defined
patient population, controlled for important clinical
confounders and considering the impact of OADs on
AECOPD. Our study does have some limitations. The
use of ICS in COPD plays an important role in glycaemic level control. No statistically significant change in
the HbA1c level was found in a small prospective randomized, double-blind placebo-control, 42-day short-term
study [43]; however, a large retrospective study showed
that long-term use of ICS for the treatment of COPD or
asthma was correlated with the progression of diabetes
[44]. In addition, the effect of ICS on the deterioration
of glycaemic control may be related to the dose [45]. The
efficacy and safety between the two more frequently used
ICSs (fluticasone and budesonide) have been reported;
but, only fluticasone showed a dose-related increase in
the risk of pneumonia in COPD and may induce stress
hyperglycaemia [46]. In general, ICS is usually prescribed
to patients with more severe and frequent exacerbations of COPD, and systemic inflammation might also
be related to elevated glycaemic levels [21]. The role of
ICS and specifically the different types of ICS used on
AECOPD in the different classes of OADs is important
to evaluate. Unfortunately, in the current study, we only
analysed ICS use as a confounding factor when assessing
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the association between TZD and AECOPD. Thus, the
assessment of ICS remains to be further investigated.
Second, data on drug exposure were obtained from prescription records, which may not reflect actual usage.
According to the 2017 GOLD guidelines, a fixed combination of LAMA/LABA is recommended as the firstline treatment for COPD, and ICS is recommended as
an additional treatment under specific conditions [47].
Moreover, ICS is considered to be the first-line treatment for COPD patients with severe airflow limitation
[48]. In this study, there was a low use of bronchodilators and a high use of ICS alone in COPD from 2003 to
2014, which may be because the dual bronchodilator was
first approved in Taiwan in 2014. ICS alone may not truly
be used alone because different combinational inhaler
therapies were difficult to recognize from our database.
Moreover, the trend was consistent with the higher use
of ICS/LABA treatment for COPD in real-world data
before the change in the GOLD guidelines in 2017 [49].
Third, the NHIRD database lacks other important clinical information, such as smoking, certain vaccinations,
and medication compliance, which may lead to AECOPD
occurrence. Fourth, the administrative claims database
from which the NHIRD sample was derived did not consider certain clinical characteristics, such as the severity
of COPD. Thus, we chose new-onset COPD patients to
decrease the bias due to COPD severity. In addition, we
applied the cross-sectional analysis developed by Mapel
et al. [15] to adjust the potential effect of the level of
COPD severity on AECOPD risk. We recognized that
some uncontrolled influences remain that may affect the
results of our study. Finally, this study included a cohort
of Taiwanese patients and therefore may not be generalizable to other populations due to variations in genetics
and treatment guidelines for both diseases in other areas.
Future prospective studies on the effects of TZDs are
warranted to confirm our findings.

Conclusion
These results showed that combination therapy with
TZDs is associated with a reduced risk of AECOPD
regardless of double or triple combinational regimens
in COPD-T2DM patients, particularly in moderate to
severe complexity COPD populations. The number of
T2DM patients with co-existing COPD may increase in
the future. TZDs play different protective roles for both
diseases and are suggested to be used in these patients,
but prospective randomized controlled trials are needed
to verify our results.

Page 8 of 9

Abbreviations
COPD: Chronic obstructive pulmonary disease; OADs: Oral antihyperglycemic
drugs; TZDs: Thiazolidinediones; CCI: Charlson comorbidity index; DPP-4i:
Dipeptidyl peptidase-4 inhibitor; T2DM: Type 2 diabetes mellitus; AECOPD:
Acute exacerbations of chronic obstructive pulmonary disease; MET: Met‑
formin; SU: Sulfonylurea; OR: Odds ratio; aOR: Adjusted odds ratios; CI: Confi‑
dence interval; AGI: α-Glucosidase inhibitors; CAD: Chronic artery disease; HTN:
Hypertension; CHF: Congestive heart failure; CLD: Chronic liver disease; SABA:
Short-acting beta-agonists; SAMA: Short-acting muscarinic antagonists; LABAs:
Long-acting beta-agonists; LAMAs: Long-acting muscarinic antagonists; ICS:
Inhaled corticosteroids; NLRP3: Nod-like receptor containing a pyrin domain;
PPAR-γ: Peroxisome proliferator-activated receptor gamma; Th1: T helper type
1; CXCL12: C-X-C motif chemokine ligand 12.
Acknowledgements
Not applicable.
Authors’ contributions
K.Y.C. designed the research and wrote the manuscript. S.M.W. and C.H.T.
supervised the analyses of statistics and patient information and reviewed
the manuscript. Y.H.L and H.Y.L performed the analysis of statistics and patient
information. K.Y.L. and L.N.C. supervised and reviewed the entire project and
the manuscript. All authors contributed to data analysis, drafting or revising
the article, gave final approval of the version to be published, and agree to be
accountable for all aspects of the work.
Funding
This work was supported by grants from the Ministry of Science and Tech‑
nology of the Republic of China (MOST 108-2314-B-038-111-MY3; MOST
108-2314-B-038-063-MY3), Taipei Medical University (TMU107-AE1-B04), and
Data of Office, Taipei Medical University. The funder had no role in the study
design, data collection, analysis and discussion to publish or preparation of
the manuscript.
Availability of data and materials
The dataset used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol was approved by the Taipei Medical University-Joint Insti‑
tutional Review Board (TMU-JIRB N201808075). All analyzes were performed
in accordance with the relevant guidelines and regulations. Since all data
were anonymously used, the TMU-IRB ethics committee approved a waiver
of the requirement for informed consent. Individual patients consent was not
obtained since all data used in this study were acquired retrospectively from
the National Health Insurance Research Database of Taiwan.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Graduate Institute of Clinical Medicine, College of Medicine, Taipei Medical
University, Taipei, Taiwan. 2 Division of Pulmonary Medicine, Department
of Internal Medicine, Shuang Ho Hospital, Taipei Medical University, New Taipei
City, Taiwan. 3 Division of Pulmonary Medicine, Department of Internal Medi‑
cine, School of Medicine, College of Medicine, Taipei Medical University, Taipei,
Taiwan. 4 Institute of Epidemiology and Preventive Medicine, College of Public
Health, National Taiwan University, Taipei, Taiwan. 5 Post‑Baccalaureate Program
in Nursing, College of Nursing, Taipei Medical University, Taipei, Taiwan. 6 Office
of Data, Taipei Medical University, No. 250 Wuxing St., Taipei 11031, Taiwan.
7
School of Health Care Administration, College of Management, Taipei Medical
University, Taipei, Taiwan.
Received: 18 August 2020 Accepted: 19 April 2021

Chen et al. BMC Pulm Med

(2021) 21:141

References:
1. Suh DC, et al. Impact of comorbid conditions and race/ethnicity on gly‑
cemic control among the US population with type 2 diabetes, 1988–1994
to 1999–2004. J Diabetes Complicat. 2010;24(6):382–91.
2. Caughey GE, et al. Comorbidity in the elderly with diabetes: identifica‑
tion of areas of potential treatment conflicts. Diabetes Res Clin Pract.
2010;87(3):385–93.
3. Kerr EA, et al. Beyond comorbidity counts: how do comorbidity type and
severity influence diabetes patients’ treatment priorities and self-man‑
agement? J Gen Intern Med. 2007;22(12):1635–40.
4. Ho TW, et al. Diabetes mellitus in patients with chronic obstructive pul‑
monary disease-The impact on mortality. PLoS ONE. 2017;12(4):e0175794.
5. Parappil A, et al. Effect of comorbid diabetes on length of stay and risk of
death in patients admitted with acute exacerbations of COPD. Respirol‑
ogy. 2010;15(6):918–22.
6. Association.8., A.D., Pharmacologic Approaches to Glycemic Treatment.
Diabetes Care, 2018. 41(Supplement 1): p. S73–85.
7. Chatila WM, et al. Comorbidities in chronic obstructive pulmonary dis‑
ease. Proc Am Thorac Soc. 2008;5(4):549–55.
8. Mahishale V, Patil B, Lolly M, Khan S. Impact of poor glycemic control on
severity and clinical course of chronic obstructive pulmonary disease in
patients with co existing type 2 diabetes mellitus—one year prospective
study. SM J Pulm Med. 2015;1(2):1009.
9. Bishwakarma R, et al. Metformin use and health care utilization in patients
with coexisting chronic obstructive pulmonary disease and diabetes mel‑
litus. Int J Chron Obstruct Pulmon Dis. 2018;13:793–800.
10. Ho TW, et al. Metformin use mitigates the adverse prognostic effect of
diabetes mellitus in chronic obstructive pulmonary disease. Respir Res.
2019;20(1):69.
11. Rinne ST, et al. Thiazolidinediones are associated with a reduced risk of
COPD exacerbations. Int J Chron Obstruct Pulmon Dis. 2015;10:1591–7.
12. Paggiaro PL, et al. Multicentre randomised placebo-controlled trial
of inhaled fluticasone propionate in patients with chronic obstruc‑
tive pulmonary disease. International COPD Study Group . Lancet.
1998;351(9105):773–80.
13. Burge PS, et al. Randomised, double blind, placebo controlled
study of fluticasone propionate in patients with moderate to severe
chronic obstructive pulmonary disease: the ISOLDE trial. BMJ.
2000;320(7245):1297–303.
14. Moon MK, et al. Combination therapy of oral hypoglycemic agents
in patients with type 2 diabetes mellitus. Korean J Intern Med.
2017;32(6):974–83.
15. Mapel DW, et al. Identifying and characterizing COPD patients in US
managed care. A retrospective, cross-sectional analysis of administrative
claims data. BMC Health Serv Res. 2011;11:43.
16. Lin CF, et al. Risk of arteriovenous fistula failure associated with hypnotic
use in hemodialysis patients: a nested case-control study. Pharmacoepi‑
demiol Drug Saf. 2016;25(8):889–97.
17. Oh JY, Sin DD. Lung inflammation in COPD: why does it matter? F1000
Med Rep. 2012;4:23.
18. Grosdidier S, et al. Network medicine analysis of COPD multimorbidities.
Respir Res. 2014;15:111.
19. Yang W, et al. NLRP3 inflammasome is essential for the develop‑
ment of chronic obstructive pulmonary disease. Int J Clin Exp Pathol.
2015;8(10):13209–16.
20. Vandanmagsar B, et al. The NLRP3 inflammasome instigates obesityinduced inflammation and insulin resistance. Nat Med. 2011;17(2):179–88.
21. Mirrakhimov AE. Chronic obstructive pulmonary disease and glucose
metabolism: a bitter sweet symphony. Cardiovasc Diabetol. 2012;11:132.
22. Kirkham PA, Barnes PJ. Oxidative stress in COPD. Chest.
2013;144(1):266–73.
23. Rains JL, Jain SK. Oxidative stress, insulin signaling, and diabetes. Free
Radic Biol Med. 2011;50(5):567–75.
24. Cazzola M, et al. Targeting mechanisms linking COPD to type 2 diabetes
mellitus. Trends Pharmacol Sci. 2017;38(10):940–51.
25. Rogliani P, et al. Pleiotropic effects of hypoglycemic agents: implications
in asthma and COPD. Curr Opin Pharmacol. 2018;40:34–8.
26. Kothari V, Galdo JA, Mathews ST. Hypoglycemic agents and potential
anti-inflammatory activity. J Inflamm Res. 2016;9:27–38.

Page 9 of 9

27. Consoli A, Formoso G. Do thiazolidinediones still have a role in treatment
of type 2 diabetes mellitus? Diabetes Obes Metab. 2013;15(11):967–77.
28. Barnett AH. Redefining the role of thiazolidinediones in the management
of type 2 diabetes. Vasc Health Risk Manag. 2009;5(1):141–51.
29. Ialenti A, et al. Mechanism of the anti-inflammatory effect of thiazolidin‑
ediones: relationship with the glucocorticoid pathway. Mol Pharmacol.
2005;67(5):1620–8.
30. Bhowmik A, et al. Relation of sputum inflammatory markers to
symptoms and lung function changes in COPD exacerbations. Thorax.
2000;55(2):114–20.
31. Donaldson GC, et al. Airway and systemic inflammation and decline in
lung function in patients with COPD. Chest. 2005;128(4):1995–2004.
32. Perera WR, et al. Inflammatory changes, recovery and recurrence at COPD
exacerbation. Eur Respir J. 2007;29(3):527–34.
33. Wedzicha JA, et al. Acute exacerbations of chronic obstructive pulmonary
disease are accompanied by elevations of plasma fibrinogen and serum
IL-6 levels. Thromb Haemost. 2000;84(2):210–5.
34. Chang C, Yao W. Time course of inflammation resolution in patients with
frequent exacerbations of chronic obstructive pulmonary disease. Med
Sci Monit. 2014;20:311–20.
35. Choi J, Min KH, Chung S, Oh JY, Sim JK, Hur GY, et al. Prevalence of
bacterial and viral infections in acute exacerbation of chronic obstruc‑
tive pulmonary disease in single center in South Korea. Am Thorac Soc.
2016;193:A5178.
36. Glass CK, Saijo K. Nuclear receptor transrepression pathways that
regulate inflammation in macrophages and T cells. Nat Rev Immunol.
2010;10(5):365–76.
37. Law RE, et al. Expression and function of PPARgamma in rat and human
vascular smooth muscle cells. Circulation. 2000;101(11):1311–8.
38. Sugawara A, et al. Transcriptional suppression of type 1 angiotensin
II receptor gene expression by peroxisome proliferator-activated
receptor-gamma in vascular smooth muscle cells. Endocrinology.
2001;142(7):3125–34.
39. Mannucci E, et al. Pioglitazone and cardiovascular risk. A comprehen‑
sive meta-analysis of randomized clinical trials. Diabetes Obes Metab.
2008;10(12):1221–38.
40. Selvin E, et al. Cardiovascular outcomes in trials of oral diabetes medica‑
tions: a systematic review. Arch Intern Med. 2008;168(19):2070–80.
41. Willheim M, et al. Cell surface characterization of T lymphocytes and
allergen-specific T cell clones: correlation of CD26 expression with T(H1)
subsets. J Allergy Clin Immunol. 1997;100(3):348–55.
42. Metzemaekers M, et al. Regulation of chemokine activity—a focus on the
role of dipeptidyl peptidase IV/CD26. Front Immunol. 2016;7:483.
43. Faul JL, et al. The effect of an inhaled corticosteroid on glucose control in
type 2 diabetes. Clin Med Res. 2009;7(1–2):14–20.
44. Suissa S, Kezouh A, Ernst P. Inhaled corticosteroids and the risks of diabe‑
tes onset and progression. Am J Med. 2010;123(11):1001–6.
45. Slatore CG, Bryson CL, Au DH. The association of inhaled corticosteroid
use with serum glucose concentration in a large cohort. Am J Med.
2009;122(5):472–8.
46. Latorre M, et al. Differences in the efficacy and safety among inhaled
corticosteroids (ICS)/long-acting beta2-agonists (LABA) combinations in
the treatment of chronic obstructive pulmonary disease (COPD): role of
ICS. Pulm Pharmacol Ther. 2015;30:44–50.
47. Vogelmeier CF, et al. Global strategy for the diagnosis, management, and
prevention of chronic obstructive lung disease 2017 report. GOLD execu‑
tive summary. Am J Respir Crit Care Med. 2017;195(5):557–82.
48. Lung Health Study Research Group, et al. Effect of inhaled triamcinolone on
the decline in pulmonary function in chronic obstructive pulmonary disease.
N Engl J Med. 2000;343(26), 1902–9.
49. Lee SH, et al. Change in inhaled corticosteroid treatment and COPD exac‑
erbations: an analysis of real-world data from the KOLD/KOCOSS cohorts.
Respir Res. 2019;20(1):62.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

