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Few studies have investigated the effects of various antidiabetic agents on individuals

with both type 2 diabetes mellitus (T2DM) and Chronic obstructive pulmonary

disease (COPD). This study compared mortality, cardiovascular events and respiratory

outcomes in individuals with both T2DM and COPD taking TZD vs. those not

taking TZD. From Taiwan’s National Health Insurance Research Database, 12 856

propensity-score-matched TZD users and non-users were selected between January 1,

2000, and December 31, 2012. Cox proportional hazards models were used to calculate

the risks of investigated outcomes. Compared with non-use of TZD, the adjusted hazard

ratios (95% CI) of TZD use were stroke 1.63 (1.21–2.18), coronary artery disease 1.55

(1.15–2.10), heart failure 1.61 (1.06–2.46), non-invasive positive pressure ventilation

1.82 (1.46–2.27), invasive mechanical ventilation 1.23 (1.09–1.37), bacterial pneumonia

1.55 (1.42–1.70), and lung cancer 1.71 (1.32–2.22), respectively. The stratified analysis

disclosed that rosiglitazone, not pioglitazone, was associated with significantly higher

risk of major cardiovascular events than TZD non-users. In patients with concomitant

T2DM and COPD, TZD use was associated with higher risks of cardiovascular events,

ventilation use, pneumonia, and lung cancer. Use of TZD in these patients should be

supported by monitoring for cardiovascular and respiratory complications.

Keywords: mortality, stroke, coronary artery disease, heart failure, non-invasive positive pressure ventilation,

invasive mechanical ventilation, bacterial pneumonia, lung cancer

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) involves persistent inflammation of the airways
and pulmonary microvasculature, leading to partially reversible airflow limitation (1). Inadequate
treatment of acute COPD exacerbation can lead to hospital admission, respiratory failure, and even
death (2). Approximately 10.1% of people in the world have COPD, and the prevalence of COPD
continues to rise; this may be due to increased smoking and air pollution (3). COPD is the fourth
leading cause of death in the world, causing approximately 3.2 million deaths in 2017 (2).
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COPD often coexists with type 2 diabetes mellitus (T2DM)
perhaps due to common pathogenic factors (4). Additionally, due
to inflammatory processes or the use of high-dose steroids for its
treatment, COPD may contribute to the development of T2DM
(4). T2DM reduces lung function, aggravates bacterial infection,
accelerates COPD progression, and increases mortality risk (4).
The 2020 GOLD reports emphasizing that COPD often coexists
with other diseases, through the related mechanisms such as
chronic inflammation and smoking, which may have significant
influences on disease course (5). Therefore, patients with both
COPD and T2DMmust be appropriately and carefully managed.

Few studies have evaluated the antidiabetic management in
individuals with coexisted T2DM and COPD (6). Metformin
use has been reported to be associated with a lower mortality
risk in these patients (7, 8); but the long-term results of
other anti-diabetic medications for these patients have not been
carefully analyzed (6). Considerable efforts have been made to
find new therapies that target inflammation in COPD but with
little success.

TZDs are the ligands of peroxisome proliferator-activated
receptor-γ (PPAR-γ) and are used as insulin sensitizers in T2DM
treatment. Their use in individuals with diabetes also reduces
systemic inflammation (6). Animal studies have discovered that
TZD can attenuate airway inflammation and lung injury (6).
Clinical studies have also revealed that TZD was associated with
lower risks of COPD exacerbations (9) and lung cancer (6).
However, one meta-analysis indicated that TZD increased the
risk of pneumonia or lower respiratory tract infection (10). Thus,
the effects of TZD use on patients with COPD remain uncertain.
We therefore hypothesize that subjects with COPD and T2DM
who are treated with TZD would demonstrate reduced risk of
COPD exacerbation, major adverse cardiac events, andmortality.

RESULTS

Participants
Between January 1, 2000, and December 31, 2012, 402 153
patients were diagnosed as having T2DM and COPD. After
applying the exclusion criteria, we identified 13 125 TZD
users and 111 850 non-users during the study period. Figure 1
presented the patient selection flowchart.

Before propensity score matching, we observed some
differences between TZD users and non-users (Table 1). After
matching, 12 856 paired patients with T2DM and COPD were
selected. In the matched cohorts, the mean (SD) age was 60.95
(9.96) years, and the mean T2DM duration was 8.81 (3.43) years.

Main Outcomes
In the matched cohorts, 17 (0.13%) TZD users and 19 (0.15%)
non-users died during follow-up (incidence rate: 0.29 vs. 0.20
per 1000 patient-years). The multivariable-adjusted hazard ratio
(aHR) of TZD users compared with non-users was 1.57 (95% CI
= 0.78–3.15; Table 2).

As presented in Table 2, compared with non-users, TZD users
had significantly higher risks of stroke (aHR 1.63, 95% CI 1.21–
2.18), coronary artery disease (CAD; aHR 1.55, 95% CI 1.15–
2.10), heart failure (aHR 1.61, 95% CI 1.06–2.46), non-invasive

positive pressure ventilation (NIPPV; aHR 1.82, 95% CI 1.46–
2.27), invasive mechanical ventilation (IMV; aHR 1.23, 95% CI
1.09–1.37), bacterial pneumonia (aHR 1.55, 95% CI 1.42–1.70),
and lung cancer (aHR 1.71, 95% CI 1.32–2.22). The cumulative
incidences of IMV, bacterial pneumonia, and lung cancer were
higher in TZD users than in non-users (Figure 2).

Additional Analyses
Supplementary Tables S1–S3 online presented the results of
stratified analyses of IMV, bacterial pneumonia and lung cancer
between TZD users and non-users. Higher risks in TZD
users than in TZD non-users were observed in patients with
the following characteristics: use of rosiglitazone, men, lower
Charlson Comorbidity Index (CCI) or Diabetes Complication
Severity Index (DCSI) scores, less COPD exacerbation, and use
of medications. Supplementary Table S4 presented the results of
stratified analyses of stroke, CAD and heart failure between TZD
non-users, users, rosiglitazone and pioglitazone. Rosiglitazone
users were associated with higher risks of stroke, CAD and
heart failure. Supplementary Tables S5–S7 presented the results
of dose response effects of TZD use in the risks of bacterial,
pneumonia, IMV and lung cancer; which disclosed that most
of cumulative durations and defined daily doses (DDDs) of
TZD use had significantly higher aHRs than TZD no-use.
Supplementary Table S8 presented the main outcomes after
excluding patients with major cardiovascular events, lung cancer
or death within 365 days after the index date, and adding
smoking status as a covariate for propensity score matching;
which revealed that TZD users were associated with significantly
higher risks of NIPPV 1.49(1.20–1.86), IMV 1.17(1.05–1.32),
bacterial pneumonia 1.58(1.44–1.73), and lung cancer 1.56(1.19–
2.05) than TZD non-users.

DISCUSSION

Our study demonstrated that TZD use in patients with
T2DM and COPD was associated with significantly higher
risks of cardiovascular diseases, ventilation support, bacterial
pneumonia, and lung cancer as compared with TZD non-
users. Moreover, the results of stratified analysis revealed the
association of TZD use with higher risks of IMV, bacterial
pneumonia, and lung cancer in different subgroups of patients,
with rosiglitazone use seeming to have higher risks than
pioglitazone use.

Cardiovascular complications are the main cause of death
in individuals with T2DM (11), and patients with COPD
often develop cardiovascular diseases (12). One randomized
trial demonstrated that in individuals with insulin resistance
and stroke, pioglitazone use can reduce the risks of stroke or
myocardial infarction compared with pioglitazone non-use (13).
One cohort study using the Taiwan’s National Health Insurance
Database disclosed that TZD added on to metformin was
associated with lower major cardiovascular risk when compared
with sulfonylurea added to metformin (14). However, TZD use
is generally associated with body weight increase and heart
failure (15). In our study, compared with TZD non-use, TZD
use was associated with significantly higher risks of stroke,
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FIGURE 1 | Patient selection flowchart.
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TABLE 1 | Patients’ baseline clinical and demographic characteristics.

Variable Original population SD§ P-S matching population SD§

TZD users Non-users TZD users Non-users

(n = 13,125) (n = 1,11,850) (n = 12,856) (n = 12,856)

n % n % n % n %

Gender

Female 5,963 45.4 51,649 46.2 0.015 5,839 45.4 5,759 44.8 0.013

Male 7,162 54.6 60,201 53.8 0.015 7,017 54.6 7,097 55.2 0.013

Age

40–64 8,011 61.1 61,706 55.2 0.119 7,792 60.6 9,115 70.9 0.218

≧65 5,114 38.9 50,144 44.8 0.119 5,064 39.4 3,741 29.1 0.218

Obesity 363 2.77 2,615 2.34 0.027 352 2.74 359 2.79 0.003

Comorbidity

CAD 5,169 39.4 38,085 34.1 0.111 4,980 38.7 4,896 38.1 0.013

Stroke 2,712 20.7 22,864 20.4 0.005 2,618 20.3 2,627 20.4 0.002

Heart failure 968 7.38 7,335 6.56 0.032 935 7.27 919 7.15 0.005

PAOD 1,248 9.51 8,683 7.76 0.062 1,183 9.2 1,137 8.84 0.012

Atrial fibrillation 235 1.79 1,977 1.77 0.002 229 1.78 228 1.77 0.001

Charlson comorbidity index

0 7,231 55.1 72,665 65 0.203 7,113 55.3 8,463 65.8 0.216

1 2,633 20 16,140 14.4 0.149 2,568 20.0 1,950 15.2 0.127

≧2 3,261 24.9 23,045 20.6 0.101 3,175 24.7 2,443 19.0 0.138

Moderate exacerbation of COPD

0–1/previous year 10,997 83.8 93,330 83.4 0.009 10,761 83.7 10,777 83.8 0.003

≧2/previous year 2,128 16.2 18,520 16.6 0.009 2,095 16.3 2,079 16.2 0.003

Severe exacerbation of COPD

0 13,052 99.4 1,11,146 99.4 0.01 12,875 99.4 12,783 99.4 0.002

≧1/previous year 73 0.56 704 0.63 0.01 71 0.55 73 0.57 0.002

DCSI score

0 9,696 73.9 87653 78.4 0.106 9,519 74.0 9,559 74.3 0.007

1 1,814 13.8 11736 10.5 0.102 1,764 13.7 1,747 13.6 0.004

≧2 1,615 12.3 12461 11.1 0.036 1,573 12.2 1,550 12.1 0.005

Respiratory drugs

β2 inhalants 4,307 32.8 42175 37.7 0.103 4,243 33.0 4,218 32.8 0.004

Anticholinergic inhalants 2,062 15.7 23201 20.7 0.131 2,041 15.8 2,022 15.7 0.004

Corticosteroid inhalants 1,301 9.91 11879 10.6 0.023 1,286 10.0 1,295 10.0 0.002

Oral corticosteroid 12,480 95.1 105986 94.7 0.015 12,223 95.1 12,194 94.8 0.01

Methylxanthine 12,188 92.8 103052 92.1 0.028 11,933 92.8 11,879 92.4 0.016

Antidiabetic drugs

Metformin 12,493 95.1 58786 52.5 1.11 12,224 95.1 12,174 94.7 0.018

Sulfonylureas 12,241 93.2 49338 44.1 1.25 11,972 93.1 11,915 92.7 0.017

DPP4-inhibitors 5,338 40.7 10381 9.28 0.778 5,075 39.5 5,121 39.8 0.007

Insulin 5,906 45.0 20482 18.3 0.599 5,688 44.2 5,537 43.1 0.024

Cardiovascular drugs

ACEI/ARB 8,945 68.1 61284 54.8 0.277 8,727 67.8 8,766 68.2 0.007

β-blockers 5,162 39.3 48366 43.2 0.08 5,100 39.7 5,126 39.9 0.004

CCBs 7,236 55.1 63298 56.6 0.029 7,141 55.6 7,135 55.5 0.001

Diuretics 3,725 28.4 32124 28.7 0.008 3,677 28.6 3,661 28.5 0.003

Statin 8,239 62.7 48089 42.9 0.404 8,005 62.3 7,989 62.1 0.003

Aspirin 5,560 42.3 43346 38.7 0.074 5,465 42.5 5,512 42.9 0.007

DM duration, mean(SD) 9.09 (3.27) 6.90 (3.80) 0.618 9.04 (3.27) 8.58 (3.59) 0.132

SD, standardized difference; P-S, propensity score; TZD, thiazolidinedione; CAD, coronary artery disease; PAOD, peripheral arterial occlusion disease; COPD, chronic obstructive

pulmonary disease; DCSI, Diabetes Complications Severity Index; DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin

receptor blocker; CCBs, Calcium-channel blockers. §A standardized mean difference of ≤0.10 indicates a negligible difference between the 2 cohorts.
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TABLE 2 | Outcomes of thiazolidinedione users and non-users.

TZD non-users TZD users Crude Adjusted*

Events PY IR Events PY IR HR (95% CI) p value HR (95% CI) p value

Death 19 95,547 0.20 17 57,686 0.29 1.74 (0.88–3.45) 0.1 1.57 (0.78–3.15) 0.19

MACE 101 94,933 1.06 96 57,220 1.68 1.28 (0.96–1.70) 0.08 1.30 (0.97–1.73) 0.07

Stroke 101 95,114 1.06 96 57,335 1.67 1.63 (1.23–2.18) 0.0007 1.63 (1.21–2.18) 0.001

Coronary artery disease 98 95,116 1.03 88 57,361 1.53 1.54 (1.14–2.07) 0.004 1.55 (1.15–2.10) 0.003

Heart failure 52 95,358 0.55 44 57,556 0.76 1.60 (1.06–2.43) 0.02 1.61 (1.06–2.46) 0.02

Hospitalization for COPD 627 93,609 6.70 433 56,719 7.63 1.20 (1.06–1.36) 0.003 1.02 (0.89–1.16) 0.74

NIPPV 181 95,346 1.90 180 57,434 3.13 2.02 (1.62–2.51) <0.0001 1.82 (1.46–2.27) <0.0001

IMV 762 94,673 8.05 556 57,112 9.74 1.33 (1.19–1.49) <0.0001 1.23 (1.09–1.37) 0.0004

Bacterial pneumonia 1205 92,596 13.01 1040 55,505 18.74 1.59 (1.46–1.74) <0.0001 1.55 (1.42–1.70) <0.0001

Lung cancer 127 95,380 1.33 125 57,521 2.17 1.76 (1.36–2.28) <0.0001 1.71 (1.32–2.22) <0.0001

TZD, thiazolidinedione; PY, person-years; IR, incidence rate, per 1000 person-years; HR, hazard ratio; MACE, major adverse cardiovascular events; COPD, chronic obstructive

pulmonary disease; NIPPV, non-invasive positive pressure ventilation; IMV, invasive mechanical ventilation. *Models adjusted by sex, age, obesity, Charlson Comorbidity Index, moderate

exacerbation of COPD, severe exacerbation of COPD, DCSI score, DM duration, and medications listed in Table 1.

CAD, and heart failure and a non-significantly higher risk of
composite major adverse cardiovascular events (MACEs). The
stratified analysis of our study disclosed that rosiglitazone, not
pioglitazone, was associated with significantly higher risks of
major cardiovascular events than TZD non-users. The different
results between ours and the abovementioned two studies may
be due to TZD use in different population (our study was
for patients with T2DM and COPD, the randomized trial
was for individuals with insulin resistance and stroke, the
cohort study was for persons with T2DM and metformin
failure). Taken together, the findings imply that individuals with
T2DM and COPD taking rosiglitazone should be monitored for
cardiovascular complications.

People with COPD have limited airway patency, mucus
hypersecretion, and impaired pulmonary function, which
increases their susceptibility to acute exacerbation or
hospitalization (16). T2DM accelerates COPD progression
and worsens its prognosis (4). One cohort study revealed that
TZD use in patients with coexistent COPD and T2DM was
associated with a small but significantly lower risk of COPD
exacerbation (9). A disease risk score matched nested case–
control study in Taiwan disclosed that current TZD use for
more than 181 days yielded about 40% reduced risk of COPD
exacerbation in patients with comorbid T2DM and COPD (17).
By contrast, we found that TZD use in patients with T2DM and
COPD was not significantly associated with the risk of COPD
hospitalization, probably due to differences in the methods and
demographics of these studies.

Acute exacerbations in patients with COPD are frequently
accompanied by bacterial infections (2, 18), or necessitating
systemic corticosteroids, both of which may increase the risk
of pneumonia (19). T2DM impairs patients’ immune responses
and increases the risk of respiratory infections (4), which further
enhances the propensity of patients with concomitant COPD and
T2DM to develop bacterial pneumonia. A meta-analysis on TZD
use in individuals with COPD demonstrated that TZD use may
increase the risk of bacterial pneumonia and lower respiratory

tract infection (10), which was consistent with our finding that
TZDusers had a higher risk of bacterial pneumonia than did non-
users. The plausible mechanisms for this result may be that TZDs
are PPAR-γ agonists, and TZD-mediated PPAR-γ activation has
anti-inflammatory and immunomodulatory effects on the lungs
(20). TZDs can also activate glucocorticoid receptors, increase
glucocorticoid-like peptide secretion, and reduce host immune
function (21, 22).

Oxygen therapy improves survival in patients with COPD
with hypoxemia (19). Patients have hypoxemia with persistent
hypercapnia benefit from non-invasive ventilation, but those who
have hypercapnia with unstable condition require conventional
mechanical ventilation (23). Our study revealed that TZD use
might increase the risks of NIPPV and IMV. This may be
because the higher risk of bacterial pneumonia and lung cancer
associated with TZD use may increase the risks of hypoxia and
respiratory failure.

Because most patients with COPD have a history of smoking,
they are also more likely to develop lung cancer (24). Diabetes
has been associated with a higher risk of lung cancer (6). TZDs
bind to PPAR and have antitumor properties (6). Some studies
have shown that TZDs may reduce the risk of lung cancer
(6), whereas others have reported the opposite effect (25). Our
study demonstrated that TZD use may increase the risk of lung
cancers, and this result was persistent among different subgroups
of patients with T2DM and COPD.

TZDs combined with DPP-4 inhibitors seemed to
cause a higher risk [aHR 1.74 (1.28–2.36)] of IMV
(Supplementary Table S1) than with the other antidiabetic
agents. TZD use in patients with greater DSCI [DSCI≧2, aHR
2.46 (1.25–4.82)] and DPP-4 inhibitors [aHR 2.24 (1.18–4.25)]
had a higher risk of lung cancer (Supplementary Table S3).
Patients who took TZD combined with DPP-4 inhibitor may
indicate suboptimal control of blood glucose. Patients with
higher DSCI may indicate higher severity of T2DM. These may
suggest that TZD use in patients with more severe T2DM, their
worsening effects of IMV and lung cancer are greater. Besides,
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FIGURE 2 | Cumulative incidence of (A) invasive mechanical ventilation (IMV),

(B) bacterial pneumonia, and (C) lung cancer in thiazolidinedione users and

nonusers.

in patients with severe exacerbation of COPD, TZDs seem to
have higher aHRs of IMV [3.06 (0.87–10.7)] and pneumonia
[1.75 (0.49–6.26)]; which may indicate that in patients with
more severe COPD, TZD use may confer worse effects of IMV
and pneumonia.

In our cohort, rosiglitazone appeared to have higher risks
of IMV, pneumonia, and lung cancer than pioglitazone.
Rosiglitazone is a PPAR-γ agonist, but pioglitazone is both
PPAR-α and -γ agonist (10); as a result, they have different
anti-inflammatory, immunomodulatory, and antitumor effects.
Compared with pioglitazone, rosiglitazone has more potent renal
PPAR-γ agonistic effect (26) and a higher risk of cardiovascular
diseases (27). Taken together, these findings may explain the
higher risks of respiratory outcomes of rosiglitazone use in
our study.

Diabetes can worsen the clinical course of COPD, including
death risk (6). Clinical trials involving patients with T2DM have
not revealed an effect of TZD use on mortality (28). Although
our study revealed that TZD use may increase the risks of NIPPV,
IMV, bacterial pneumonia, and lung cancer, it was not associated
with an increased risk of COPD hospitalization or mortality.

This study has several limitations. First, the National Health
Insurance Research Database (NHIRD) does not have complete
information on family history, dietary patterns, and physical
activity; accurate population data for alcohol drinking and
smoking habits also are difficult to obtain from this database. The
lack of these data may have influenced the results of TZD use and
outcome analyses. However, we used propensity score matching
to balance clinically relevant variables between the 2 groups to
minimize the bias of the known confounding factors. Second, the
NHIRD lacked biochemical and pulmonary function test results,
precluding the calculation of COPD severity scores. Instead, we
used clinical records to evaluate the number of moderate and
severe exacerbations of COPD. Third, this study only included
people with Chinese ethnicity; thus, the results may not be
applied to other ethnicities. Finally, the retrospective study design
precludes causal determination, matching, and investigation of
underlying mechanism, and randomized controlled trials are
warranted to verify our results.

In this nationwide cohort study, patients with T2DM
and COPD using TZDs might be associated with higher
risks of cardiovascular complications (mainly rosiglitazone),
respiratory support, bacterial pneumonia, and lung cancer than
did those not using TZDs. When prescribing TZDs, to these
patients, cardiovascular (especially rosiglitazone) and respiratory
complications should be closely monitored.

METHODS

Study Population
Taiwan’s National Health Insurance (NHI) program was
implemented in 1995 and has included >99% of the 23
million Taiwan residents since 2000 (29). The NHIRD contains
information on the insured’s sex, age, residence, salary, drug
prescriptions, medical procedures, and diagnosis according to the
International Classification of Diseases, Ninth Revision, Clinical
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Modification (ICD-9-CM). The Longitudinal Cohort of Diabetes
Patients (LHDB) is part of the NHIRD, which selected 120 000
newly diagnosed patients with T2DM yearly from 1999 to 2012,
and their medical records from 1996 to 2013 are included in
this dataset. All methods were performed in accordance with the
Declaration of Helsinki. All identifiable information of patients
and caregivers was encrypted before database release. This study
was approved by the Research Ethics Committee of China
Medical University and Hospital (CMUH104-REC2-115-CR4),
and the need for informed consent was waived.

Study Design
We recruited patients who had received diagnoses of T2DM and
COPD in the LHDB between January 1, 2000, and December
31, 2012; they were followed up until December 31, 2013. The
diagnosis of T2DM was considered using the ICD-9-CM code
250.xx for at least 2 outpatient visits or one hospitalization in
1 year. The primary diagnosis of COPD was considered using
the ICD-9-CM codes 491, 492, and 496 for at least 2 outpatient
claims or one hospitalization in 1 year. The algorithms for
these diagnostic definitions have been validated with acceptable
accuracy (30–32). Moderate COPD exacerbation was defined
by the prescription of systemic corticosteroids or antibiotics,
and it was managed in the outpatient setting; severe COPD
exacerbation was considered in the event of hospitalization or
an emergency room (ER) visit (33). Patients were excluded if
they (1) were not aged between 40 and 100 years; (2) were not
using antidiabetic drugs; (3) had missing age or sex data; (4)
were diagnosed as having type 1 DM (250.1x), hepatic failure
(570, 572.2. 572.4, 572.8), or undergoing dialysis (V56.0, V56.8,
V45.1); (5) had stroke (430–438), CAD (410–414), heart failure
(428), COPD hospitalization, NIPPV (93.90, 93.91), IMV (96.7),
bacterial pneumonia (481, 486, 482.41, 482.8), or lung cancer

(162.0, 162.2, 162.3, 162.4, 162.5, 162.8, 162.9) before the index
date; (6) had admitted stroke, CAD or heart failure, COPD
hospitalization, NIPPV, IMV, bacterial pneumonia, lung cancers,
or death within 180 days after the index date to exclude latent
diseases; or (7) had been diagnosed as having T2DM or COPD
before January 1, 2000, to exclude prevalent diseases.

Procedures
The second date of the concurrent diagnosis of T2DM and
COPD was defined as the comorbid date (Figure 3). Patients
who had used TZDs for at least 28 days after the comorbid
date were defined as TZD users, whereas those who were not
prescribed TZDs during the study period were defined as TZD
non-users. We regarded the first date of TZD use as the index
date; the index dates of TZD non-users were randomly assigned
after the comorbid date and within the follow-up period. Several
variables were matched and adjusted in this study; they included
age, sex, overweight [278.02, 783.1, V85.2], obesity [278.00,
V77.8, 649.1, V85.3], severe obesity [278.01, 649.2, V45.86,
V85.4]), comorbidities (CAD, stroke, heart failure, peripheral
artery obstructive disease [PAOD; 440.0, 440.20, 440.21, 440.22,
440.23, 440.24, 440.3, 440.4, 443.9, 443.81, and 443.89], and atrial
fibrillation [427.3]) diagnosed within 1 year before the index
date, medications (respiratory drugs, antidiabetic medications,
cardiovascular drugs), and T2DM duration. To accurately reflect
the characteristics of our patients with T2DM and COPD, we
used the CCI to assess patients’ comorbidity profiles (34), the
DCSI score (35) to evaluate T2DM severity, and the number of
moderate or severe exacerbations of COPD to investigate the
stability of COPD.

Main Outcomes
All-cause mortality, MACEs, respiratory support, bacterial
pneumonia, and lung cancers were the main outcomes of

FIGURE 3 | The concurrent diagnosis of T2DM and COPD was defined as the comorbid date. The first date of TZD use after the comorbid date was the index date.
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this study. Mortality was defined as discharge from hospital
with the diagnosis of death. We calculated the incidence rates
of composite MACEs and individual cardiovascular diseases,
such as stroke, CAD, and heart failure. We scrutinized the
incidence rates of hospitalization for COPD, NIPPV, IMV,
bacterial pneumonia, and lung cancer to evaluate the progression
of COPD.

Statistical Analyses
We applied propensity score matching to optimize the
comparability between TZD users and non-users (36). The
propensity score was estimated for every patient by using a
non-parsimonious multivariable logistic regression, with TZD
use as the dependent variable. We included 36 clinically
relevant covariates as independent variables (Table 1).
The nearest-neighbor algorithm was used to constitute
matched pairs, assuming that the standardized difference
of ≤0.10 as a negligible difference between the study and
control cohorts.

Crude and multivariable-adjusted Cox proportional hazards
models were used to compare outcomes between TZD users
and non-users. The results were presented as HRs and 95%
CIs of TZD users compared with non-users. To calculate the
mortality risk, we censored patients at the time of defined
death or at the end of the study, whichever occurred first.
For other investigated outcomes, we censored patients on the
date of death, the date of respective outcomes, or at the end
of the follow-up on December 31, 2013, whichever occurred
first. We compared the cumulative incidence of IMV, bacterial
pneumonia, and lung cancer over time between TZD users and
non-users by using the Fine and Gray’s subdistribution hazard
model. We also performed stratified analyses in the risks of
IMV, bacterial pneumonia, cardiovascular events and lung cancer
among rosiglitazone, pioglitazone, and different subgroups of
TZD users and non-users. To assess the dose response effects,
we analyzed the risks of bacterial, pneumonia, IMV and lung
cancer according to 3 cumulative equally distributed durations
of TZD use (<100, 100–300, or >300 days) and 3 cumulative
mean defined daily doses (DDDs) of TZD therapy (<5, 5–10,
or >10 DDD/month), relative to non-use of TZD. DDD is a
technical unit of measurement and is defined as the assumed
average daily maintenance dose of a drug. The cumulative mean
DDD was calculated by dividing the cumulative DDD by the
duration of TZD use in months. According to the WHO, DDD
for rosiglitazone is 6mg, for pioglitazone is 30mg, respectively.
We have conducted a sensitivity analysis by excluding patients
with major cardiovascular events, lung cancer or death within
365 days after the index date, and by adding smoking status
(ICD-9-CM code: 305.1, 649.0, V15.82) as a covariate; we
then went to compare the main outcomes of TZD use vs.
TZD no-use using the multivariable-adjusted Cox proportional
hazards model.

A two-tailed P value of < 0.05 was considered as significant.
SAS (version 9.4; SAS Institute, Cary, NC, USA) was used
for analyses.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Research Ethics Committee of
China Medical University and Hospital (CMUH104-
REC2-115-CR4). Written informed consent for
participation was not required for this study in
accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

F-SY: study concept and design, drafting of the manuscript,
revision of the manuscript for crucial intellectual content,
and study supervision. JW: revision of the manuscript for
crucial intellectual content, technical or material support,
and study supervision. Y-CY: data acquisition, analysis
and interpretation, and statistical analysis. C-CH: analysis
and interpretation of data, drafting of the manuscript, and
revision of the manuscript for crucial intellectual content.
C-MH: study concept and design, data acquisition, analysis
and interpretation, drafting of the manuscript, revision of
the manuscript for crucial intellectual content, statistical
analysis, obtained funding, technical or material support, and
study supervision.

FUNDING

This study was supported in part by grants from the
Taipei Veterans General Hospital (V105C-204 and V110C-
175) and the Ministry of Science and Technology, R.O.C
(MOST 110-2314-B-075-027-MY3), the Ministry of Health
and Welfare Clinical Trial Center, Taiwan (MOHW109-
TDU-B-212-114004), MOST Clinical Trial Consortium
for Stroke, Taiwan (MOST 108-2321-B-039-003-), and
Tseng-Lien Lin Foundation, Taichung, Taiwan. These
funding agencies did not influence the study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

ACKNOWLEDGMENTS

This manuscript was edited by Wallace Academic Editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.729518/full#supplementary-material

Frontiers in Medicine | www.frontiersin.org 8 December 2021 | Volume 8 | Article 729518

https://www.frontiersin.org/articles/10.3389/fmed.2021.729518/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yen et al. Thiazolidinedione in T2DM and COPD

REFERENCES

1. Rabe KF, Watz H. Chronic obstructive pulmonary disease.

Lancet. (2017) 389:1931–40. doi: 10.1016/S0140-6736(17)

31222-9

2. Rabe KF, Wedzicha JA. Controversies in treatment of chronic

obstructive pulmonary disease. Lancet. (2011) 378:1038–

47. doi: 10.1016/S0140-6736(11)61295-6

3. GBD 2015 Chronic Respiratory Disease Collaborators. Global, regional, and

national deaths, prevalence, disability-adjusted life years, and years lived with

disability for chronic obstructive pulmonary disease and asthma, 1990–2015: a

systematic analysis for the Global Burden of Disease Study 2015. Lancet Respir

Med. (2017). 5:691–706. doi: 10.1016/S2213-2600(17)30293-X

4. Gläser S, Krüger S, Merkel M, Bramlage P, Herth FJ. Chronic

obstructive pulmonary disease and diabetes mellitus: a systematic

review of the literature. Respiration. (2015) 89:253–64. doi: 10.1159/0003

69863

5. GOLD REPORTS. (2020). Available online at: https://goldcopd.org/wp-

content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf.

(accessed April 09, 2021).

6. Khateeb J, Fuchs E, KhamaisiM. Diabetes and lung disease: an underestimated

relationship. Rev Diabet Stud. (2019) 15:1–15. doi: 10.1900/RDS.

2019.15.1

7. Yen FS, Chen W, Wei JC, Hsu CC, Hwu CM. Effects of metformin

use on total mortality in patients with type 2 diabetes and

chronic obstructive pulmonary disease: a matched-subject design.

PLoS ONE. (2018) 13:e0204859. doi: 10.1371/journal.pone.02

04859

8. Mendy A, Gopal R, Alcorn JF, Forno E. Reduced mortality from

lower respiratory tract disease in adult diabetic patients treated

with metformin. Respirology. (2019) 24:646–51. doi: 10.1111/resp.

13486

9. Rinne ST, Liu CF, Feemster LC, Collins BF, Bryson CL, O’Riordon

TG, et al. Thiazolidinediones are associated with a reduced risk of

COPD exacerbations. Int J Chron Obstruct Pulmon Dis. (2015) 10:1591–

7. doi: 10.2147/COPD.S82643

10. Singh S, Loke YK, Furberg CD. Long-term use of thiazolidinediones

and the associated risk of pneumonia or lower respiratory tract

infection: systematic review and meta-analysis. Thorax. (2011)

66:383–8. doi: 10.1136/thx.2010.152777

11. Matheus AS, Tannus LR, Cobas RA, Palma CC, Negrato CA,

Gomes MB. Impact of diabetes on cardiovascular disease: an

update. Int J Hypertens. (2013) 2013:653789. doi: 10.1155/2013/

653789

12. Wang M, Lin EP, Huang LC, Li CY, Shyr Y, Lai CH. Mortality of

cardiovascular events in patients with COPD and preceding hospitalization

for acute exacerbation. Chest. (2000) 158:973–85. doi: 10.1016/j.chest.2020.

02.046

13. Kernan WN, Viscoli CM, Furie KL, Young LH, Inzucchi SE, Gorman

M, et al. Pioglitazone after ischemic stroke or transient ischemic

attack. N Engl J Med. (2016) 374:1321–31. doi: 10.1056/NEJMoa15

06930

14. Chan CW, Yu CL, Lin JC, Hsieh YC, Lin CC, Hung CY, et al.

Glitazones and alpha-glucosidase inhibitors as the second-line oral

anti-diabetic agents added to metformin reduce cardiovascular risk

in Type 2 diabetes patients: a nationwide cohort observational

study. Cardiovasc Diabetol. (2018) 17:20. doi: 10.1186/s12933-01

8-0663-6

15. Lago RM, Singh PP, Nesto RW. Congestive heart failure and

cardiovascular death in patients with prediabetes and type 2 diabetes

given thiazolidinediones: a meta-analysis of randomised clinical

trials. Lancet. (2007) 370:1129–36. doi: 10.1016/S0140-6736(07)

61514-1

16. Agustí A, Hogg JC. Update on the pathogenesis of chronic

obstructive pulmonary disease. N Engl J Med. (2019) 381:1248–

56. doi: 10.1056/NEJMra1900475

17. Wang MT, Lai JH, Huang YL, Kuo FC, Wang YH, Tsai CL, et al.

Use of antidiabetic medications and risk of chronic obstructive

pulmonary disease exacerbation requiring hospitalization: a disease

risk score-matched nested case-control study. Respir Res. (2020)

21:319. doi: 10.1186/s12931-020-01547-1

18. Wedzicha JA, Seemungal TA. COPD exacerbations: defining their cause

and prevention. Lancet. (2007) 370:786–96. doi: 10.1016/S0140-6736(07)

61382-8

19. Quon BS, Gan WQ, Sin DD. Contemporary management of acute

exacerbations of COPD: a systematic review and meta-analysis. Chest. (2008)

133:756–66. doi: 10.1378/chest.07-1207

20. Belvisi MG, Mitchell JA. Targeting PPAR receptors in the airway for the

treatment of inflammatory lung disease. Br J Pharmaco. (2009) 158:994–

1003. doi: 10.1111/j.1476-5381.2009.00373.x

21. Matthews L, Berry A, Tersigni M, D’Acquisto F, Ianaro A, Ray

D. Thiazolidinediones are partial agonists for the glucocorticoid

receptor. Endocrinology. (2009) 150:75–86. doi: 10.1210/en.200

8-0196

22. Narala VR, Ranga R, Smith MR, Berlin AA, Standiford TJ, Lukacs NW, et al.

Pioglitazone is as effective as dexamethasone in a cockroach allergen-induced

murine model of asthma. Respir Res. (2007) 8:90. doi: 10.1186/1465-99

21-8-90

23. Celli BR, Wedzicha JA. Update on clinical aspects of chronic

obstructive pulmonary disease. N Engl J Med. (2019) 381:1257–

66. doi: 10.1056/NEJMra1900500

24. Young RP, Duan F, Chiles C, Hopkins RJ, Gamble GD, Greco EM, et al.

Airflow limitation and histology shift in the National lung screening trial: the

NLST-ACRIN cohort substudy. Am J Respir Crit Care Med. (2015) 192:1060–

7. doi: 10.1164/rccm.201505-0894OC

25. Wu L, Zhu J, Prokop LJ, Murad MH. Pharmacologic therapy of diabetes and

overall cancer risk and mortality: a meta-analysis of 265 studies. Sci Rep.

(2015) 5:10147. doi: 10.1038/srep10147

26. Young PW, Buckle DR, Cantello BC, Chapman H, Clapham JC, Coyle

PJ, et al. Identification of high-affinity binding sites for the insulin

sensitizer rosiglitazone (BRL-49653) in rodent and human adipocytes using a

radioiodinated ligand for peroxisomal proliferator-activated receptor gamma.

J Pharmacol Exp Ther. (1998) 284:751–9.

27. Loke YK, Kwok CS, Singh S. Comparative cardiovascular effects

of thiazolidinediones: systematic review and meta-analysis of

observational studies. BMJ. (2011) 342:d1309. doi: 10.1136/bmj.

d1309

28. Kung J, Henry RR. Thiazolidinedione safety. Expert Opin Drug Saf. (2012)

11:565–79. doi: 10.1517/14740338.2012.691963

29. Cheng TM. Taiwan’s new national health insurance program: genesis

and experience so far. Health Aff. (2003) 22:61–76. doi: 10.1377/hlthaff.

22.3.61

30. Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes

diagnosis in health insurance claims data in Taiwan. J Formos Med Assoc.

(2005) 104:157–63.

31. Su VY, Yang YH, Perng DW, Tsai YH, Chou KT, Su KC, et al. Real-

world effectiveness of medications on survival in patients with COPD-heart

failure overlap. Aging (Albany NY). (2019) 11:3650–67. doi: 10.18632/aging.

102004

32. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto

L, To T. Identifying individuals with physcian diagnosed

COPD in health administrative databases. COPD. (2009)

6:388–94. doi: 10.1080/15412550903140865

33. Rodriguez-Roisin R. Towards a consensus definition for COPD

exacerbations. Chest. (2000) 117:398S−401S. doi: 10.1378/chest.117.5_suppl_

2.398S

34. Meduru P, Helmer D, Rajan M, Tseng CL, Pogach L, Sambamoorthi

U. Chronic illness with complexity: implications for performance

measurement of optimal glycemic control. J Gen Intern Med. (2007)

22:408–18. doi: 10.1007/s11606-007-0310-5

35. Young BA, Lin E, Von Korff M, Simon G, Ciechanowski P, Ludman

EJ, et al. Diabetes complications severity index and risk of mortality,

hospitalization, and health care utilization. Am J Manag Care. (2008)

14:15–23.

36. D’Agostino RB Jr. Propensity score methods for bias reduction

in the comparison of a treatment to a non-randomized control

Frontiers in Medicine | www.frontiersin.org 9 December 2021 | Volume 8 | Article 729518

https://doi.org/10.1016/S0140-6736(17)31222-9
https://doi.org/10.1016/S0140-6736(11)61295-6
https://doi.org/10.1016/S2213-2600(17)30293-X
https://doi.org/10.1159/000369863
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://doi.org/10.1900/RDS.2019.15.1
https://doi.org/10.1371/journal.pone.0204859
https://doi.org/10.1111/resp.13486
https://doi.org/10.2147/COPD.S82643
https://doi.org/10.1136/thx.2010.152777
https://doi.org/10.1155/2013/653789
https://doi.org/10.1016/j.chest.2020.02.046
https://doi.org/10.1056/NEJMoa1506930
https://doi.org/10.1186/s12933-018-0663-6
https://doi.org/10.1016/S0140-6736(07)61514-1
https://doi.org/10.1056/NEJMra1900475
https://doi.org/10.1186/s12931-020-01547-1
https://doi.org/10.1016/S0140-6736(07)61382-8
https://doi.org/10.1378/chest.07-1207
https://doi.org/10.1111/j.1476-5381.2009.00373.x
https://doi.org/10.1210/en.2008-0196
https://doi.org/10.1186/1465-9921-8-90
https://doi.org/10.1056/NEJMra1900500
https://doi.org/10.1164/rccm.201505-0894OC
https://doi.org/10.1038/srep10147
https://doi.org/10.1136/bmj.d1309
https://doi.org/10.1517/14740338.2012.691963
https://doi.org/10.1377/hlthaff.22.3.61
https://doi.org/10.18632/aging.102004
https://doi.org/10.1080/15412550903140865
https://doi.org/10.1378/chest.117.5_suppl_2.398S
https://doi.org/10.1007/s11606-007-0310-5
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yen et al. Thiazolidinedione in T2DM and COPD

group. Stat Med. (1998) 17:2265–81. doi: 10.1002/(SICI)1097-

0258(19981015)17:19&lt;2265::AID-SIM918&gt;3.0.CO;2-B

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Yen, Wei, Yang, Hsu and Hwu. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 10 December 2021 | Volume 8 | Article 729518

https://doi.org/10.1002/(SICI)1097-0258(19981015)17:19&lt;2265::AID-SIM918&gt;3.0.CO;2-B
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Thiazolidinedione Use in Individuals With Type 2 Diabetes and Chronic Obstructive Pulmonary Disease
	Introduction
	Results
	Participants
	Main Outcomes
	Additional Analyses

	Discussion
	Methods
	Study Population
	Study Design
	Procedures
	Main Outcomes
	Statistical Analyses

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


