International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/

For personal use only.

International Journal of COPD Dove

3

ORIGINAL RESEARCH

Thiazolidinediones are associated with a reduced
risk of COPD exacerbations

Seppo T Rinne'?
Chuan-Fen Liu3“*

Laura C Feemster3”®
Bridget F Collins®®
Christopher L Bryson3*
Thomas G O’Riordan’
David H Au3*

'Department of Veterans Affairs, VA
Connecticut Healthcare System, West
Haven, 2Division of Pulmonary and
Critical Care,Yale University, New
Haven, CT, USA; 3VA Puget Sound
Health Care System, Department
of Veterans Affairs, ‘Department

of Health Services, University of
Washington, *Division of Pulmonary
and Critical Care, University of
Washington, *Division of General
Internal Medicine, University of
Washington, 'Gilead Sciences, Inc.,
Seattle, WA, USA

Correspondence: Seppo T Rinne
Department of Veterans Affairs, VA
Connecticut Healthcare System, 950
Campbell Avenue, Building 35a, Room
2-234, West Haven, CT 06516, USA
Tel +1 203 932 571 Ix3541

Email seppo.rinne@va.gov

This article was published in the following Dove Press journal:
International Journal of COPD

10 August 2015
Number of times this article has been viewed

Background: Thiazolidinediones (TZDs) are oral antihyperglycemic medications that are
selective agonists to peroxisome proliferator-activated receptor gamma and have been shown
to have potent anti-inflammatory effects in the lung.

Obijective: The purpose of this study was to assess whether exposure to TZDs is associated
with a decreased risk of chronic obstructive pulmonary disease (COPD) exacerbation.
Methods: A cohort study was performed by collecting data on all US veterans with diabetes
and COPD who were prescribed oral antihyperglycemic medications during from period of
October 1, 2005 to September 30, 2007. Patients who had two or more prescriptions for TZDs
were compared with patients who had two or more prescriptions for an alternative oral anti-
hyperglycemic medication. Multivariable negative binomial regression was performed with
adjustment for potential confounding factors. The primary outcome was COPD exacerbations,
including both inpatient and outpatient exacerbations.

Results: We identified 7,887 veterans who were exposed to TZD and 42,347 veterans who
were exposed to non-TZD oral diabetes medications. COPD exacerbations occurred in 1,258
(16%) of the TZD group and 7,789 (18%) of the non-TZD group. In multivariable negative
binomial regression, there was a significant reduction in the expected number of COPD exac-
erbations among patients who were exposed to TZDs with an incidence rate ratio of 0.86 (95%
CI10.81-0.92).

Conclusion: Exposure to TZDs was associated with a small but significant reduction in risk
for COPD exacerbation among diabetic patients with COPD.

Keywords: peroxisome proliferator-activated receptors, glitazones, COPD exacerbation,
inflammation, cohort study

Introduction

Recent estimates suggest that up to 10% of the world’s population has moderate-to-
severe chronic obstructive pulmonary disease (COPD).! In the US, COPD has risen
to be the third leading cause of death and costs up to $38.8 billion annually in indi-
rect and direct costs.>* Much of the cost of COPD is related to the burden of acute
exacerbations.’

COPD exacerbations are characterized by a precipitous increase in airway
inflammation, smooth muscle contraction, and mucus hypersecretion.® A major
focus of current COPD management is to prevent exacerbations by inhibiting these
underlying physiological changes. This approach typically relies on treatment with
long-acting bronchodilators and inhaled corticosteroids; however, these interventions
are not always effective.” One clinical trial found that despite therapy with inhaled
bronchodilators (tiotropium and salmeterol) and inhaled corticosteroids (fluticasone
propionate), 60% of patients with COPD had an exacerbation during the study year.?
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Therefore, the major emphasis in drug development is to
find novel pathways to decrease airway inflammation and
prevent COPD exacerbations.’

Thiazolidinediones (TZDs) are a class of oral antihyper-
glycemic medications that include ciglitazone, pioglitazone,
rosiglitazone, and troglitazone. A growing body of evidence
demonstrates that these medications have anti-inflammatory
effects through selective stimulation of peroxisome prolif-
erator-activated receptor gamma (PPARY).!* Activation of
PPARYinhibits the production and release of pro-inflamma-
tory cytokines and impairs the function of immune cells.!!
The anti-inflammatory effects of TZDs on human airway
smooth muscle cells have been shown to be more potent than
corticosteroids.'”> We have previously shown that asthmatic
patients who are exposed to TZDs have a decreased risk for
asthma exacerbations." These findings could also provide a
novel approach for the prevention of COPD exacerbations.’
The purpose of this study therefore was to assess whether the
use of TZDs was associated with a decreased risk of COPD
exacerbation and mortality.

Methods

Design

We performed a cohort study on US veterans receiving medi-
cal care at Veterans Affairs (VA) medical facilities during
October 1, 2005—September 30, 2007 (2006 and 2007 fiscal
years). All baseline characteristics and underlying diagnoses
were identified in the 2006 fiscal year, and outcomes were
compared in the 2007 fiscal year. Data were collected from
electronic medical records of all diabetic VA service users.
COPD exacerbations were compared between patients who
were prescribed TZDs and those who were prescribed non-
TZD oral antihyperglycemic medications. The study was
approved by the institutional review board at the VA Puget
Sound Health Care System.

Study cohort

Patients were included in the study if they had two or more
ICD-9 diagnoses of diabetes (250.xx, 357.2, 362.0-362.02,
or 366.41), received at least two =30-day prescriptions for
an oral antihyperglycemic medication, and had a coexisting
diagnosis of COPD identified in the baseline year (fiscal year
2006). Patients with COPD were identified using previously
verified diagnostic criteria with ICD-9 codes (491, 492,
493.2, or 496).' Patients were excluded from the study if they
only received one prescription for TZDs in the baseline year
to clearly delineate TZD from non-TZD exposures. Because
patients who have bronchodilator-responsive COPD are often

also classified as asthmatics, we did not exclude patients
who had a concurrent diagnosis of asthma in this analysis.'
We performed a separate analysis excluding patients with
asthma, and our results were similar.

Exposure to TZDs was defined as having filled two or
more TZD prescriptions. During the study period, the vast
majority of prescriptions for TZDs (97.1%) were rosiglita-
zone, which was a part of the pharmacy formulary for the
VA. Only 2.9% of prescriptions had pioglitazone. Patients
who were prescribed TZDs could also have been prescribed
additional antihyperglycemic medications. The reference
comparison was having filled two or more prescriptions for
a non-TZD oral antihyperglycemic medication, including
sulfonylureas (62.6% of study patients) and/or metformin
(54.8% of study patients). We intentionally separated the
exposure in the baseline year from the outcome in the
follow-up year to avoid an immortal time bias.'®

Covariates included patient demographics (age, sex, mari-
tal status, race), access to VA care (free care, distance to VA),
health care utilization (number of primary care visits), and
comorbidities (asthma, atrial fibrillation/flutter, congestive
heart failure, ischemic heart disease, alcohol use, drug abuse,
schizophrenia, and depression). The severity of diabetes was
measured by the Diabetes Severity Index score, a compos-
ite measure of hemoglobin Alc and end organ damage.'”
Overall patient health care burden was further evaluated
using Diagnostic Cost Group scores.'® The number of COPD
exacerbations and prescriptions for respiratory medications
during the baseline year was also documented.

Study outcomes

The primary outcome was COPD exacerbation, defined
as either inpatient or outpatient exacerbation, during the
follow-up year (October 1, 2006—September 31, 2007).
Inpatient COPD exacerbations included a primary ICD-9
discharge diagnosis of COPD (491, 492, 493.2, or 496), or
a primary discharge diagnosis of acute respiratory failure
and a secondary discharge diagnosis of COPD (518.8).
Outpatient COPD exacerbations included a primary clinic
diagnosis of COPD accompanied by a prescription for oral
steroids or an appropriate antibiotic within 2 days of the
visit. A secondary outcome was all-cause mortality, which
was assessed by using vital status from the VA Information
Resource Center."

Statistical analysis
All statistical analyses were performed using Stata 11.2.2°
Negative binomial regression analysis was used to assess
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the risk of COPD exacerbation. Results were reported as
incidence rate ratios (IRRs), which were derived by divid-
ing the expected number of exacerbations among the TZD
group by the expected number of exacerbations among the
non-TZD group. It was decided a priori to perform two mul-
tivariable models, one that did not control for exacerbations
and respiratory medications in the baseline year (Model 1)
and one that does control for them (Model 2). We performed
these two models because it was unclear whether differences
in these factors were a disease-modifying effect of TZDs
in the baseline year or reflected the underlying severity of
COPD. We repeated the analysis with proportional hazards
models to evaluate the time to exacerbation, and the results
were similar (results not shown).

A sensitivity analysis was done to evaluate only those
patients who were adherent to diabetic therapy. To do this,
medication possession ratios were created using Recomp

scores for the 6 months prior to the study (which also incor-
porated a run-in period to account for previously dispensed
medications).?! Recomp scores are a composite algorithm with
arange between 0 and 1 representing the proportion of days in
which a drug is available. Adherence was defined as a Recomp
score of 0.8 or greater. Lastly, we used logistic regression to
assess the risk of mortality with exposure to TZDs.

Results
We evaluated 51,216 diabetic veterans who had two or more
prescriptions for an oral hypoglycemic agent and a diagnosis
of COPD (Figure 1). After excluding patients who received
only one prescription for TZDs, we identified 7,887 patients
who were exposed to TZDs and 42,347 who were exposed
to non-TZD oral diabetes therapy.

As seen in Table 1, patients exposed to TZDs were
younger, more likely to be married, and less likely to be white.

Veterans receiving medical
care during fiscal year 2006—2007
N=5.6 million

No diabetes

n=926,423

Diagnosis of diabetes

No oral diabetes

medication

n=618,503

2+ prescription for an oral
diabetes medication

No COPD

n=51,216

Diagnosis of COPD

1 TZD prescription

2+ prescriptions for
TZDs medication
n=7,887

2+ prescriptions for
non-TZDs oral diabetes-medication
n=42,347

Figure | Cohort selection.

Abbreviations: COPD, chronic obstructive pulmonary disease; TZD, thiazolidinedione.
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Table | Baseline characteristics of TZD and non-TZD patients

Characteristic TZD Non-TZD
Number of patients (n) 7,887 42,347
Age (SD)* 68.6 (9.0) 69.2 (9.4)
Female (%) 1.5 1.7
Married (%)* 64.5 6l.1
Race: white (%)* 76.2 79.8
Free care

Due to disability (%)* 393 37.6

Due to low income (%)* 132 14.5
Number of baseline primary care visits (SD)* 6.9 (7.7) 6.5 (5.6)
Distance to the VA (miles) (SD) 28.1 (31.2) 27.6 (32.0)
Diagnostic Cost Group score (SD)* 1.5 (0.8) 1.4 (0.8)
Diabetes Severity Index (SD)* 2.0 (1.8) 1.8 (1.7)
Baseline number of exacerbations (SD)* 0.17 (0.78) 0.23 (1.1)
Comorbidities in prior year

Asthma (%) 838 9.3

Atrial fibrillation/flutter (%)* 9.3 12.2

Congestive heart failure (%)* 13.1 14.5

Ischemic heart disease (%)* 33.1 31.8

Alcohol abuse (%)* 1.9 3.1

Other drug abuse (%)* 15.7 17.4

Schizophrenia (%)* 1.6 22

Depression (%) 12.4 12.3
Concurrent therapy

Inhaled corticosteroid (%)* 29.6 33.1

Inhaled long-acting beta agonist (%)* 28.2 29.9

Inhaled tiotropium (%)* 37 4.4

Nebulized beta agonist/ipratropium (%)* 18.3 20.8

No of short-acting beta agonist canisters (SD)* 5.8 (7.0) 6.1 (7.0)

No of ipratropium canisters (SD) 4.3 (6.0) 44 (6.2)

Any diuretic therapy (%) 56.3 55.0

Note: *P<<0.05.

Abbreviations: TZD, thiazolidinedione; SD, standard deviation; VA, Veterans Affairs.

Diabetes Severity Index scores and Diagnostic Cost Group
scores were higher among patients who were exposed
to TZDs. Comorbidities also differed between the two
groups. Patients who were exposed to TZDs had a lower
prevalence of heart failure, atrial fibrillation, alcohol
abuse, drug abuse, and schizophrenia, but had a higher
prevalence of ischemic heart disease. In addition, patients
exposed to TZDs had fewer prescriptions for respiratory
medications, including short-acting beta agonists, long-
acting beta agonists, inhaled corticosteroids, and nebulized
bronchodilators. They also had fewer COPD exacerbations
during the baseline year.

COPD exacerbations

There were 1,258 patients who were exposed to TZDs and
had a COPD exacerbation during the study (16% of the TZD
group). In contrast, 7,789 patients exposed to non-TZD oral
diabetes therapy had an exacerbation (18% of the non-TZD
group). The unadjusted IRR for any COPD exacerbation was

0.77 (95% CI 0.73-0.83), which indicates that the expected
number of COPD exacerbations was 23% lower among the
TZD group than the non-TZD group (Table 2). This benefit
of TZD exposure remained statistically significant even
after controlling for potential confounding factors, including
baseline exacerbations and prescriptions for respiratory medi-
cations. In the multivariable model that included baseline
exacerbations and respiratory medications (Model 2), the IRR
for any COPD exacerbation was 0.85 (95% CI 0.80-0.91),
while the model excluding these factors (Model 1) yielded
an IRR of 0.77 (95% CI1 0.72-0.82).

Similar results were found in the sensitivity analysis,
evaluating only patients who were adherent to therapy
(Recomp scores greater than or equal to 0.8). There were
5,644 patients (71.5%) who were adherent to TZDs and
32,970 patients (77.9%) who were adherent to non-TZD dia-
betic medications. Unadjusted IRR for TZD exposure in this
sensitivity analysis was 0.79 (95% CI 0.73—0.86), and after
controlling for potential confounders (including respiratory
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Table 2 Risk of COPD exacerbation with exposure to TZDs

Event Exposure Mean (SD) Regression IRR 95% CI
Outpatient exacerbation TZD 0.22 (0.68) Unadjusted 0.79 0.74-0.85
Non-TZD 0.28 (0.84) Model I* 0.78 0.73-0.83
Model 21 0.85 0.80-0.91
Inpatient exacerbation TZD 0.03 (0.23) Unadjusted 0.70 0.58-0.84
Non-TZD 0.04 (0.27) Model I* 0.69 0.57-0.82
Model 2t 0.8l 0.68-0.97
Outpatient or inpatient TZD 0.25 (0.76) Unadjusted 0.77 0.73-0.83
exacerbation Non-TZD 0.32 (0.95) Model I* 0.77 0.72-0.82
Model 21 0.85 0.80-0.91

Notes: *Adjusted for age, sex, marital status, race, free care, distance to VA facility, number of primary care encounters, Diagnostic Cost Group score, Diabetes Severity
Index score, asthma, atrial fibrillation, heart failure, ischemic heart disease, alcohol abuse, drug abuse, schizophrenia, depression, and diuretic medications. fAdjusted for above

variables as well as baseline year exacerbations and respiratory medication prescriptions.
Abbreviations: COPD, chronic obstructive pulmonary disease; TZDs, thiazolidinediones; IRR, incidence rate ratio; Cl, confidence interval; VA, Veterans Affairs.

medications and baseline exacerbations), the IRR was 0.88
(95% C1 0.82-0.95).

Mortality

In unadjusted analysis, there was a significant decrease in all-
cause mortality among patients who were prescribed TZDs
(OR =0.90, 95% CI 0.81-0.99); however, in multivariable
analyses, there were no significant differences between the
two groups (OR =0.90, 95% CI 0.81-1.00) (Table 3).

Discussion

We found a small, but significant reduction in COPD exac-
erbations among diabetic patients who were exposed to
TZDs. There was no difference in mortality between COPD
exposed and unexposed patients. Although these data are
observational in nature, our results suggest a potential benefit
of TZDs among patients with diabetes and COPD.

The reduced risk for COPD exacerbations that we
observed with TZDs is similar to what has been reported for
other COPD medications, including inhaled corticosteroids
and long-acting bronchodilators, although the absolute risk
difference that we observed was small.**** Given the high
prevalence of COPD and substantial morbidity related to
COPD exacerbations, even a small risk reduction in exacer-
bation could have important contributions to COPD therapy.

Table 3 Risk for mortality with exposure to TZD

While many patients in our study were already on COPD
therapy, taking TZDs was associated with a further reduction
in risk for COPD exacerbation. Further studies, including
randomized controlled trials, are needed to examine the exact
impact of TZDs on COPD exacerbations and determine their
clinical utility.

TZDs are selective agonists to PPARY, a ligand-activated
transcription factor that belongs to the steroid receptor
superfamily.? Though the clinical utility of TZDs was ini-
tially focused on adipose and glucose regulation, they are
also involved in a variety of biological pathways, including
cellular proliferation, metabolism, and inflammation.? In the
lungs, PPARY is found in airway epithelium, submucosa,
and airway smooth muscle.”” PPARY activation inhibits
the production and release of proinflammatory cytokines
from macrophages and airway epithelial cells.?®* TZDs
also have anti-inflammatory properties that extend beyond
the PPARY pathway.* In a study on human airway smooth
muscle cells, TZDs inhibited inflammatory cytokine release
more effectively than corticosteroids.!? Recent clinical tri-
als of asthmatic patients demonstrate a consistent benefit
of TZDs on pulmonary function and response to allergen
challenge.’'*> We have also demonstrated a significant
reduction in asthma exacerbations among patients who
are exposed to TZDs." These findings open the door for

Event Exposure Number of patients (%) Regression OR 95% CI
Mortality TZD 452 (5.7) Unadjusted 0.90 0.81-0.99
Non-TZD 2,684 (6.3) Model I* 0.92 0.83-1.03
Model 21 0.90 0.81-1.00

Notes: *Adjusted for age, sex, marital status, race, free care, distance to VA facility, number of primary care encounters, Diagnostic Cost Group score, Diabetes Severity
Index score, asthma, atrial fibrillation, heart failure, ischemic heart disease, alcohol abuse, drug abuse, schizophrenia, depression, and diuretic medications. "Adjusted for above
variables as well as baseline year exacerbations and respiratory medication prescriptions.

Abbreviations: TZD, thiazolidinedione; OR, odds ratio; Cl, confidence interval.
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possible therapy in other inflammatory respiratory condi-
tions, including COPD.’

While there is biological plausibility for how the anti-
inflammatory effects of TZDs could lead to fewer COPD
exacerbations, non-biological mechanisms could also have
influenced the outcome. It is notable that the two groups
that we studied differed at baseline. We controlled for a
broad range of potential confounding factors, including
demographics, health care utilization, comorbidities, baseline
exacerbations, and respiratory medications. Unmeasured
confounding variables could have impacted the results. Obese
patients are more likely to have severe diabetes and require
more intensive antihyperglycemic therapy. Among patients
with COPD, obesity is also associated with less severe dis-
ease and improved mortality.>* This could have created an
indication bias for less severe COPD patients being exposed
to TZDs. We were unable to control for body mass index
in our study and could not evaluate this relationship closer.
Patients who were prescribed TZDs may have also had
better access to health care or other behaviors that could be
associated with reduced COPD exacerbations. We attempted
to control for access to care and frequency of primary care
visits, although additional variables related to health behavior
could have influenced our findings.

Concerns have been raised about the safety of TZDs.
TZDs increase fluid retention by acting on PPARYy receptors
in the distal collecting tubule of the kidney.** Among patients
who have underlying cardiac disease, TZDs can exacerbate
heart failure.*® In addition, rosiglitazone has been associated
with an increased risk for myocardial infarction.’ Owing to
the small number of new starters of TZDs, we were unable
to assess the adverse effects among patients who recently
started TZDs. Clinicians may have avoided starting TZDs
in patients who had a history of heart disease, and patients
with heart failure may not have tolerated being on TZDs. This
potential selection bias limits our ability to effectively assess
the safety of TZDs in all patients with COPD. Any potential
benefit of TZDs for patients with COPD would have to be
weighed against the adverse effects of the medication.

This study had a number of additional limitations. Though
it would be ideal to study patients who are newly started on
TZDs, there were insufficient numbers of new starters in our
cohort to do this analysis. Because of the observational design,
no cause and effect inferences can be made. Although we
attempted to control for a broad range of potential confounding
factors, unmeasured variables that differed between the two
groups could have impacted the outcome. While we used a
validated approach to identify patients with COPD, we did not
have spirometric confirmation of COPD and we were also not

able to control patients’ physiologic severity.’” We also did not
have access to information on smoking status or oxygen use.
We did collect other important measures of COPD severity,
including previous COPD exacerbations and prescriptions for
respiratory medications, but it was unclear whether fewer base-
line exacerbations and respiratory medications among the TZD
group indicated less severe COPD at baseline or were related
to the disease-modifying effects of TZDs during the baseline
year. We presented our data with and without controlling for
these measures, and there was no change in our interpretation
of'the results. Controlling for prior exacerbations and baseline
respiratory medications may still not fully control for differ-
ences in baseline disease severity. Despite the limitations of our
study, we analyzed one of the largest sample sizes of COPD
patients who were taking TZDs in the US and were able to
control for a wide variety of potential confounders.

Conclusion

In summary, these findings suggest that TZDs could provide
a new pathway for the prevention of COPD exacerbations.
We saw a significant reduction in exacerbations among
diabetic patients with COPD who were exposed to TZDs.
Randomized controlled trials would be needed to further
evaluate the benefit of TZDs among patients with COPD
and to assess appropriate dosing and frequency of therapy.
With a growing burden of COPD on patients and health care
systems throughout the world, TZDs may provide a novel
approach for COPD management.
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