
ALLERGY, ASTHMA & CLINICAL 
IMMUNOLOGY

Rinne et al. Allergy, Asthma & Clinical Immunology 2014, 10:34
http://www.aacijournal.com/content/10/1/34
RESEARCH Open Access
Thiazolidinediones and the risk of asthma
exacerbation among patients with diabetes:
a cohort study
Seppo T Rinne1,2*, Laura C Feemster1,2, Bridget F Collins1,2, David H Au1,2, Mark Perkins1, Christopher L Bryson1,3,
Thomas G O’Riordan4 and Chuan-Fen Liu1,5
Abstract

Background: Thiazolidinediones are oral diabetes medications that selectively activate peroxisome proliferator-
activated receptor gamma and have potent anti-inflammatory properties. While a few studies have found
improvements in pulmonary function with exposure to thiazolidinediones, there are no studies of their impact
on asthma exacerbations. Our objective was to assess whether exposure to thiazolidinediones was associated
with a decreased risk of asthma exacerbation.

Methods: We performed a cohort study of diabetic Veterans who had a diagnosis of asthma and were taking oral
diabetes medications during the period of 10/1/2005 – 9/30/2006. The risk of asthma exacerbations and oral steroid
use during 10/1/2006 – 9/30/2007 was compared between patients who were prescribed thiazolidinediones and
patients who were on alternative oral diabetes medications. Multivariable logistic regression and negative binomial
regression analyses were used to characterize this risk. A sensitivity analysis was performed, restricting our evaluation
to patients who were adherent to diabetes therapy.

Results: We identified 2,178 patients who were on thiazolidinediones and 10,700 who were not. Exposure to
thiazolidinediones was associated with significant reductions in the risk of asthma exacerbation (OR = 0.79, 95% CI,
0.62 – 0.99) and oral steroid prescription (OR = 0.73, 95% CI 0.63 – 0.84). Among patients who were adherent to
diabetes medications, there were more substantial reductions in the risks for asthma exacerbation (OR = 0.64, 95% CI
0.47 – 0.85) and oral steroid prescription (OR = 0.68, 95% CI 0.57 – 0.81).

Conclusions: Thiazolidinediones may provide a novel anti-inflammatory approach to asthma management by
preventing exacerbations and decreasing the use of oral steroids.
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Introduction
Asthma is a major cause of morbidity in the Unites States,
affecting 22 million people and annual costs of $56 billion
[1]. Much of this cost is related to the burden of acute
exacerbations, which leads to approximately 1.8 million
emergency room visits and 497,000 hospitalizations each
year [2]. Prevention of asthma exacerbations typically
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relies on the use of inhaled corticosteroids to reduce
chronic airway inflammation [3]. However, many patients
find inhalers difficult to use and non-adherence to inhaled
corticosteroids is common [4]. Furthermore, 5-10% of
patients with severe asthma receive sub-optimal control
even with proper use of inhaled corticosteroids [5]. There-
fore, a major focus of drug development is discovering
new ways to decrease airway inflammation and prevent
asthma exacerbations.
Thiazolidinediones (TZDs), such as pioglitazone and

rosiglitazone, are oral diabetes medications that have
also been shown to have potent anti-inflammatory proper-
ties [6]. These medications act as selective agonists to the
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peroxisome proliferator-activated receptor gamma (PPARγ)
[7]. PPARγ regulates gene expression by forming a hetero-
dimer with the retinoid X receptor and binding DNA at the
promoter region of targeted genes [8]. PPARγ activation
inhibits inflammatory cytokine production and release [9].
Exposure to TZDs in animal models of asthma is associ-
ated with decreased airway inflammation and improved
physical condition [10-18]. In humans, few studies have
examined the effect of TZDs on asthma, and those that
have been performed have focused on improvements
in pulmonary function and airway hyperresponsiveness
[19-21]. There are no clinical studies on the impact of
TZDs on asthma exacerbations or oral steroid use.
Our primary objective was to examine how exposure

to TZDs is associated with asthma exacerbation among
diabetic patients. We also assessed the relationship between
TZD exposure and oral steroid prescriptions among this
patient population.
Methods
Design
We performed a cohort study of US Veterans receiving
healthcare at Veterans Affairs (VA) medical facilities.
Information was collected from electronic medical re-
cords of all VA service users. Baseline characteristics
and TZD use were assessed during the 2006 fiscal year
(10/1/2005 – 9/30/2006), and outcomes were assessed
during the 2007 fiscal year (10/1/2006 – 9/30/2007). The
study was approved by the VA Puget Sound Institutional
Review Board (#01456).
Study cohort
Study participants were identified by having two or more
ICD-9 diagnoses of diabetes and having received at least
two prescriptions for an oral antihyperglycemic medication
(TZDs, sulfonylurea, or metformin) during the baseline
year. Patients with co-existing asthma were identified
based on outpatient and inpatient criteria. Outpatient
criteria included having two or more outpatient visits
with an ICD-9 code for asthma or having one outpatient
visit with a diagnosis of asthma and a prescription for
albuterol. Inpatient criteria included having a discharge
diagnosis of asthma.
Exposure to TZD was defined as having filled a pre-

scription for TZDs on two or more occasions during the
baseline year. The majority of TZD patients in our study
were prescribed rosiglitazone (96%), which was on the
medication formulary at the VA during the study period;
only 4% of TZD patients were prescribed pioglitazone.
Patients who were exposed to TZDs could have also been
prescribed other oral diabetes medications. The reference
comparison was having filled a prescription for a non-TZD
oral antihyperglycemic medication (either sulfonylurea
or metformin) on two or more occasions during the
baseline year. We chose to use a heterogeneous non-TZD
comparison group in order to emphasize the impact of
TZDs in asthma. We did perform additional analyses
comparing TZDs to metformin use and sulfonylurea
use separately and found similar results. Patients were
excluded from the study if they filled only one prescription
for TZDs during the baseline year.
Covariates included baseline patient characteristics, co-

morbidities, and current respiratory medication use. The
severity of diabetes was measured by the Diabetes Severity
Index score [22]. Overall patient health care burden was
further evaluated using Diagnostic Cost Group scores
[23]. Information on the number of asthma exacerbations
and prescriptions for respiratory medications in the base-
line was also recorded.

Study outcomes
The primary outcome was asthma exacerbation, including
inpatient or outpatient exacerbations during the follow-up
year. Inpatient asthma exacerbations were defined by a
primary ICD-9 discharge diagnosis of asthma or having a
primary ICD-9 discharge diagnosis of acute respiratory
failure and a secondary diagnosis of asthma. Outpatient
asthma exacerbations included a primary clinic diagnosis
of asthma accompanied by a prescription for oral steroids
within 2 days of the visit. Due to the low prevalence of
asthma exacerbations, inpatient and outpatient exacerba-
tions were grouped together for the analysis. A secondary
outcome was any oral steroid prescription. All patients
were monitored for outcomes during the entire follow
up year (10/1/2006 – 9/30/2007). We separated measure-
ments of the exposure (during the baseline year) and the
outcome (during the follow-up year) in order to limit the
potential for immortal time bias [24].

Statistical analysis
All statistical analyses were performed using Stata 11.2
[25]. Logistic regression was used to analyze the odds of
any asthma exacerbation and any prescription of an oral
steroid prescription during the follow-up year. Results
were reported using odds ratios (OR) and 95% confidence
intervals (CI). Negative binomial regression was used
to evaluate the association of TZDs with the expected
number of events. Results were reported as incidence
rate ratios (IRR), which were derived by dividing the
expected number of events among the TZD group by
the expected number of events among the non-TZD
group. For example, an IRR of 0.6 indicates that the TZD
group has a 40% lower number of events than expected in
the non-TZD group.
A sensitivity analysis was performed on patients who

were most adherent to diabetes medications. Adherence
was based on medication possession ratios which were



Table 1 Baseline characteristics of patients in the TZD
and non-TZD groups

Patient characteristics TZD
n = 2,178

Non-TZD
n = 10,700

p-value
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calculated as Refill Compliance (ReComp) scores for the
six months prior to the outcome period [26]. Patients
were only included in the sensitivity analysis if they had
a ReComp score of at least 0.8.
Age (mean/SD) 64.0 (10.4) 64.8 (11.1) <0.01

Female (%) 6.9 7.6 0.28

Race

White (%) 59.9 64.5 <0.01

Nonwhite (%) 21.0 18.7 0.01

Race unknown (%) 19.1 16.8 0.01

VA Freecare (%) 59.0 57.1 0.12

Distance to VA (mean/SD) 24.8 (31.4) 24.7 (30.0) 0.93

Physician encounters (mean/SD) 7.0 (5.7) 6.6 (5.6) 0.01

Prior exacerbations (mean/SD) 0.8 (1.6) 0.9 (1.7) 0.04

Diabetes severity index (mean/SD) 1.5 (1.6) 1.2 (1.4) <0.01

Diagnostic cost group (mean/SD) 1.12 (0.7) 1.07 (0.7) 0.01

Comorbidities

Atrial fibrillation (%) 6.0 8.0 0.02

Congestive heart failure (%) 6.0 7.5 0.01

Coronary artery disease (%) 22.5 20.5 0.05

Drug or alcohol abuse (%) 7.5 11.0 <0.01

Depression (%) 15.3 14.6 0.37

Medications

Short acting β-agonist (mean/SD) 5.6 (6.5) 6.0 (6.6) 0.01

Inhaled corticosteroid (%) 47.0 51.7 <0.01

Leukotriene modifier (%) 28.5 25.9 0.01

Long acting β-agonist (%) 38.0 40.5 0.03
Results
We identified 13,528 diabetic Veterans who had two or
more prescriptions for oral diabetic medications and had
been diagnosed with asthma (Figure 1). Of these, 2,178
patients had received two or more prescriptions for TZDs
during the baseline year, while 10,700 did not receive any
prescription for TZDs. Patient attrition was low in our
study with 94.7% of patients had at least one clinic visit
during the follow-up year (mean = 5.76 visits, SD = 5.73).
Censorship was not different between the two study
groups (5.7% of TZD patients 5.2% of non-TZD patients
were seen in the VA during the follow up year).
Patients in the TZD group were more likely to be

younger, nonwhite, and have more primary care visits
when compared with the non-TZD group (Table 1).
These patients also had more severe diabetes and had a
higher diagnostic cost group score. While patients in the
TZD group had a lower prevalence of atrial fibrillation,
heart failure, and substance abuse, they had a higher
prevalence of coronary artery disease. The TZD group
had fewer asthma exacerbations in the year prior to the
study and were prescribed fewer short-acting beta agonists,
fewer inhaled corticosteroids, and fewer long-acting beta
agonists. In contrast, they had more prescriptions for
leukotriene modifiers.
Figure 1 Study selection.
Asthma exacerbations
In the unadjusted analysis (Table 2), patients in the TZD
group were less likely to experience at least one exacerba-
tion (inpatient or outpatient) compared to those in the
non-TZD group (4.7% versus 5.9%, p = 0.03). There was
no significant difference in the total number of exacerba-
tions between the two groups (0.08 for the TZD group
versus 0.10 for the non-TZD group, p = 0.06).
After controlling for potential confounding factors

(Table 3), there was a significantly decreased risk for any
asthma exacerbations among patients in the TZD group
(adjusted OR of 0.79 (95% CI 0.62 – 0.99), indicating
Table 2 Asthma exacerbations and oral steroid
prescriptions among the TZD and non-TZD groups

Event TZD Non-TZD p-value

Patients with an exacerbation* (%) 4.7 5.9 0.03

# of exacerbations (mean/SD) 0.08 (0.41) 0.10 (0.54) 0.06

Patients with a steroid prescription (%) 15 · 1 19.4 <0.01

# of steroid prescriptions (mean/SD) 0.35 (1.32) 0.50 (1.66) <0.01

*Includes both inpatient and outpatient exacerbations.



Table 3 Association of TZDs with asthma exacerbations
and steroid prescriptions in multivariable models*

Event Any event† Number of events‡

OR 95% CI IRR 95% CI

Asthma exacerbation 0.79 0.62 – 0.99 0.81 0.64 – 1.02

Steroid prescription 0.73 0.63 – 0.84 0.68 0.58 – 0.80

*Adjusted for age, gender, race, free care, distance to VA facility, number of
primary care encounters, Diagnostic Cost Group score, Diabetes Severity Index
score, prior year exacerbations, atrial fibrillation, heart failure, ischemic heart
disease, alcohol or drug abuse, and depression, respiratory medications.
†Logistic regression with outcome being presence of asthma exacerbation or
steroid prescription. Results are presented in odds ratios (OR) and 95%
confidence intervals (CI).
‡Negative binomial regression with outcome being number of asthma
exacerbations or number of steroid prescriptions. Results are presented in
incidence rate ratios (IRR) and 95% confidence intervals.

Table 4 Sensitivity analysis with multivariable models*

to evaluate the association of TZDs with asthma
exacerbations and steroid prescriptions among patients
who were most adherent to oral diabetes therapy
(ReComp scores ≥ 0.8)

Event Risk of any event† Risk of multiple events‡

OR 95% CI IRR 95% CI

Asthma Exacerbation 0.64 0.47 – 0.85 0.65 0.48 – 0.88

Steroid prescription 0.68 0.57 – 0.81 0.65 0.54 – 0.79

*Adjusted for age, gender, race, free care, distance to VA facility, number of
primary care encounters, Diagnostic Cost Group score, Diabetes Severity Index
score, prior year exacerbations, atrial fibrillation, heart failure, ischemic heart
disease, alcohol or drug abuse, and depression, respiratory medications.
†Logistic regression with outcome being presence of asthma exacerbation or
steroid prescription. Results are presented in odds ratios (OR) and 95%
confidence intervals (CI).
‡Negative binomial regression with outcome being number of asthma
exacerbations or number of steroid prescriptions. Results are presented in
incidence rate ratios (IRR) and 95% confidence intervals.
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patients in the TZD group had a 21% decreased odds of
experiencing at least one asthma exacerbation in the
study period. There was no significant difference in the
expected incidence of exacerbations in the TZD group
(adjusted IRR of 0.81, 95% CI 0.64 – 1.02).

Oral steroid prescriptions
In the unadjusted analysis, the TZD group was less likely to
receive a prescription for oral steroids than the non-TZD
group (15.1% versus 19.4%, p < 0.01). On average, the TZD
group also received fewer prescriptions for steroids com-
pared to the non-TZD group (0.35 versus 0.50, p < 0.01).
After controlling for potential confounding, there was

a significantly decreased risk for at least one oral steroid
prescription among the TZD group (adjusted OR = 0.73,
95% CI 0.63 – 0.84). Patients exposed to TZDs also had a
significantly lower expected number of steroid prescriptions
(adjusted IRR = 0.68, 95% CI 0.58 – 0.80). This indicates
that the expected number of oral steroid prescriptions in
the TZD group is 32% lower than the expected number
for the non-TZD group.

Sensitivity analysis
Restricting our analysis only to patients who were adher-
ent to oral diabetes medications (with ReComp scores of
at least 0.8) yielded more pronounced results (Table 4).
There were 1,474 patients who were adherent to therapy
in the TZD group and 8,208 patients who were adherent
to therapy in the non-TZD group. In this analysis,
patients in the TZD group had a significantly lower risk
of an asthma exacerbation (adjusted OR = 0.64, 95% CI
0.47 – 0.85). The expected incidence of asthma exacer-
bations was also significantly lower in the TZD group
(adjusted IRR = 0.65, 95% CI 0.48 – 0.88). Patients in the
TZD group had a lower risk of having been prescribed
any oral steroid (adjusted OR = 0.68, 95% CI 0.57 – 0.81).
Similarly, these patients had a lower expected number
of steroid prescriptions (adjusted IRR = 0.65, 95% CI
0.54 – 0.79).
Discussion
This is the first clinical study examining the association of
TZDs with asthma exacerbations and steroid prescrip-
tions. Consistent with prior studies showing that TZDs
have potent anti-inflammatory effects, we found signifi-
cant reductions in asthma exacerbations and oral steroid
prescriptions among patients who were exposed to TZDs.
This study provides new evidence that TZDs may have a
role in the future treatment of asthma among patients
with diabetes.
Prevention of asthma exacerbations has been a corner-

stone of guidelines on asthma management [3]. First line
therapies target decreasing airway inflammation through
the use of inhaled corticosteroids, which reduce the risk of
asthma exacerbation by more than 50% [27]. However, in-
haled corticosteroids are not always effective, and despite
having less systemic distribution than oral steroids, they
are still associated with multiple adverse effects [28].
While many patients in our study were already on inhaled
corticosteroids, exposure to TZDs was associated with a
further reduction in the risk for exacerbation.
Our findings demonstrating the beneficial effect of TZDs

on asthma have a plausible biological mechanism. TZDs
are agonists to PPARγ and are involved in a variety of
biological functions, including the inflammatory response
[29]. Activation of PPARγ inhibits the production and
release of cytokines and cell survival factors involved in
inflammation [30]. A study on human airway smooth
muscle cells found PPARγ agonists were more effective at
inhibiting inflammatory cytokine release than corticoste-
roids [31]. Animal models of asthma that are exposed to
TZDs have consistently demonstrated reduced airway
inflammation, mucus production, and airway hyperre-
sponsiveness [12-15]. A study of the effect of ciglitazone
on a murine model of asthma further demonstrated inhib-
ition of airway smooth muscle remodeling [14]. This body
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of literature identifies a potential role for TZDs in asthma
management.
Ours is the first large study looking at clinical out-

comes among patients with asthma, and our findings are
consistent with prior studies that showed improvements
in pulmonary function and bronchoconstriction among
asthmatic patients. Case reports of two diabetic patients
with asthma found improvement in respiratory symptoms
after initiation of pioglitazone [32]. In one of the patients,
spirometry was measured before and after starting TZDs,
and there was a significant improvement in both FVC
and FEV1. A placebo controlled randomized study of 32
patients also found a modest decrease in late phase
asthma reactivity to allergen challenge after four weeks
of treatment with rosiglitazone [19]. A separate study of
16 asthmatic patients found a similar decrease in airway
bronchoconstriction with methacholine challenge after
12 weeks of treatment with rosiglitazone [20]. Comparing
rosiglitazone with inhaled corticosteroid treatment, a
randomized trial of 46 patients with asthma showed im-
provement in FEV1 and FEF25–75% among patients treated
with rosiglitazone [21]. Our findings, using a much larger
sample of patients, are consistent with these studies and
demonstrate a positive impact of TZDs on asthmatic
patients.
While there may be a beneficial effect of TZDs in

asthma, it is also important to note TZDs have been
associated with multiple adverse effects, including weight
gain and heart failure, bladder cancer (in the case of
pioglitzone) and possible cardiovascular effects (in the
case of rosiglitazone) [33-35]. These adverse effects would
have to be weighed against any potential gain in asthma
management.
Limitations of this study include the non-randomized

study design. Though it would also be desirable to perform
a new-user study design in order to overcome biases with
prevalent-user studies, we did not have a large enough
sample size to evaluate new users of TZDs [36]. Fur-
thermore, because these are observational analyses, we
cannot infer causality in the association between TZDs
and decreased asthma exacerbations, though this does
add evidence to support their relationship. We attempted
to control for a broad range of potential confounding
factors, though unmeasured variables could have impacted
the outcome. Notably, we did not have data on tobacco
use or obesity, both of which are associated with asthma
development and asthma exacerbations [37,38]. We also
did not have information on spirometry or bronchopro-
vocation testing and could not adjust for the severity of
asthma based on these measures. Prescriptions for respira-
tory medications and prior asthma exacerbations may be a
marker of asthma severity and we included these variables
in our multivariable analyses, though prescriptions for
asthma medications is not a perfect proxy for severity [39].
Our study population comprised mostly elderly, male
veterans, which may limit the generalizability of these
findings. Incidence of asthma exacerbations in our study
was low. This may be partly due to the population that
we studied, as the risk of asthma exacerbation decreases
with increasing age and with male gender [40]. In addition,
our definition of exacerbations may not have adequately
captured all patients experiencing an acute asthma attack.
We broadened our analysis to assess the impact of TZDs
on the risk for any oral steroid prescription and found simi-
lar results, though we could not ascertain the indication for
these prescriptions. Despite these limitations, we were able
to study a large cohort of asthmatic patients who were
taking TZDs and control for a wide variety of potential
confounding factors.

Conclusion
Our findings suggest that TZDs could provide a novel
approach for the prevention of asthma exacerbations
among patients with diabetes. While there have been
clinical studies on the association of TZDs with pulmon-
ary function and allergen challenge, randomized trials are
needed to study the role of TZDs in preventing asthma
exacerbations. This may provide an innovative develop-
ment in asthma management and help alleviate a growing
healthcare burden.

Abbreviations
CI: Confidence interval; IRR: Incidence rate ratio; OR: Odds ratio;
PPARγ: Peroxisome proliferator-activated receptor gamma;
TZD: Thiazolidinedione; VA: Veterans Affairs.

Competing interests
Research funding, in part, was provided to DHA and CLB by Gilead Sciences.
TGO is an employee of Gilead Sciences.

Authors’ contributions
STR, DHA, TGO, CFL, LCF, BFC, and CLB were involved in the conception,
hypotheses, and design of the study. MP, DHA, TGO, CLB, and CFL were
involved in data collection. Data analysis and interpretation was performed
by STR, CFL, DHA, LCF, and MP. All authors assisted with drafting and
revisions. All authors approved the final version.

Acknowledgements
Research funding for this project was from a VA HSR&D grant (IIR 07-068-2)
along with funding from Gilead Sciences Inc. Neither funding source had a
role in the study design, analysis, or interpretation.

Disclaimer
The views expressed in this article are those of the authors and do not
necessarily reflect the position or policy of the Department of Veterans
Affairs or the United States Government.

Author details
1Health Services Research and Development, VA Puget Sound Health Care
System, Department of Veterans Affairs, 1100 Olive Way Suite 1400,
98104-3801 Seattle, WA, USA. 2Department of Pulmonary and Cri Care,
University of Washington, Seattle, WA, USA. 3Division of General Internal
Medicine, Department of Medicine, University of Washington, Seattle, WA,
USA. 4Gilead Sciences, Inc., Seattle, WA, USA. 5Department of Health Services,
University of Washington, Seattle, WA, USA.



Rinne et al. Allergy, Asthma & Clinical Immunology 2014, 10:34 Page 6 of 6
http://www.aacijournal.com/content/10/1/34
Received: 23 January 2014 Accepted: 19 June 2014
Published: 3 July 2014

References
1. Barnett SB, Nurmagambetov TA: Costs of asthma in the United States:

2002–2007. J Allergy Clin Immunol 2011, 127(1):145–152.
2. Akinbami L: Asthma Prevalence, Health Care Use and Mortality: United

States, 2003–05. In NCHS Health E-Stat. CDC; 2005. http://www.cdc.gov/
nchs/data/hestat/asthma03-05/asthma03-05.htm.

3. Expert Panel Report 3 (EPR-3): Guidelines for the diagnosis and
management of asthma-summary report 2007. J Allergy Clin Immunol
2007, 120(5 Suppl):S94–S138.

4. Gamble J, Stevenson M, McClean E, Heaney LG: The prevalence of
nonadherence in difficult asthma. Am J Respir Crit Care Med 2009,
180(9):817–822.

5. Chung KF, Godard P, Adelroth E, Ayres J, Barnes N, Barnes P, Bel E, Burney P,
Chanez P, Connett G, Corrigan C, de Blic J, Fabbri L, Holgate ST, Ind P,
Joos G, Kerstjens H, Leuenberger P, Lofdahl CG, McKenzie S, Magnussen H,
Postma D, Saetta M, Salmeron S, Sterk P: Difficult/therapy-resistant asthma:
the need for an integrated approach to define clinical phenotypes,
evaluate risk factors, understand pathophysiology and find novel therapies:
ERS Task Force on Difficult/Therapy-Resistant Asthma: European
Respiratory Society. Eur Respir J 1999, 13(5):1198–1208.

6. Consoli A, Devangelio E: Thiazolidinediones and inflammation. Lupus 2005,
14(9):794–797.

7. Spiegelman BM: PPAR-gamma: adipogenic regulator and
thiazolidinedione receptor. Diabetes 1998, 47(4):507–514.

8. Dubuquoy L, Dharancy S, Nutten S, Pettersson S, Auwerx J, Desreumaux P:
Role of peroxisome proliferator-activated receptor gamma and retinoid X
receptor heterodimer in hepatogastroenterological diseases. Lancet 2002,
360(9343):1410–1418.

9. Spears M, McSharry C, Thomson NC: Peroxisome proliferator-activated
receptor-gamma agonists as potential anti-inflammatory agents in
asthma and chronic obstructive pulmonary disease. Clin Exp Allergy 2006,
36(12):1494–1504.

10. Hammad H, de Heer HJ, Soullie T, Angeli V, Trottein F, Hoogsteden HC,
Lambrecht BN: Activation of peroxisome proliferator-activated receptor-
gamma in dendritic cells inhibits the development of eosinophilic airway
inflammation in a mouse model of asthma. Am J Pathol 2004, 164(1):263–271.

11. Lee KS, Park SJ, Hwang PH, Yi HK, Song CH, Chai OH, Kim JS, Lee MK, Lee
YC: PPAR-gamma modulates allergic inflammation through up-
regulation of PTEN. FASEB J 2005, 19(8):1033–1035.

12. Mueller C, Weaver V, Vanden Heuvel JP, August A, Cantorna MT: Peroxisome
proliferator-activated receptor gamma ligands attenuate immunological
symptoms of experimental allergic asthma. Arch Biochem Biophys 2003,
418(2):186–196.

13. Narala VR, Ranga R, Smith MR, Berlin AA, Standiford TJ, Lukacs NW, Reddy RC:
Pioglitazone is as effective as dexamethasone in a cockroach
allergen-induced murine model of asthma. Respir Res 2007, 8:90.

14. Rhee CK, Lee SY, Kang JY, Kim SJ, Kwon SS, Kim YK, Park SH: Effect of
peroxisome proliferator-activated receptor-gamma on airway smooth
muscle thickening in a murine model of chronic asthma. Int Arch Allergy
Immunol 2009, 148(4):289–296.

15. Trifilieff A, Bench A, Hanley M, Bayley D, Campbell E, Whittaker P: PPAR-alpha
and -gamma but not -delta agonists inhibit airway inflammation in a
murine model of asthma: in vitro evidence for an NF-kappaB-independent
effect. Br J Pharmacol 2003, 139(1):163–171.

16. Park SJ, Lee KS, Kim SR, Min KH, Choe YH, Moon H, Chae HJ, Yoo WH, Lee YC:
Peroxisome proliferator-activated receptor gamma agonist down-regulates
IL-17 expression in a murine model of allergic airway inflammation.
J Immunol 2009, 183(5):3259–3267.

17. Seidel P, Alkhouri H, Lalor DJ, Burgess JK, Armour CL, Hughes JM:
Thiazolidinediones inhibit airway smooth muscle release of the
chemokine CXCL10: in vitro comparison with current asthma therapies.
Respir Res 2012, 13:90.

18. Woerly G, Honda K, Loyens M, Papin JP, Auwerx J, Staels B, Capron M,
Dombrowicz D: Peroxisome proliferator-activated receptors alpha and
gamma down-regulate allergic inflammation and eosinophil activation.
J Exp Med 2003, 198(3):411–421.

19. Richards DB, Bareille P, Lindo EL, Quinn D, Farrow SN: Treatment with a
peroxisomal proliferator activated receptor gamma agonist has a
modest effect in the allergen challenge model in asthma: a randomised
controlled trial. Respir Med 2010, 104(5):668–674.

20. Sandhu MS, Dimov V, Sandhu AK, Walters RW, Wichman T, Casale T: The
use of the peroxisome proliferator-activated receptors gamma agonist
rosiglitazone to treat airway hyperreactivity. Ann Allergy Asthma Immunol
2012, 109(1):75–77.

21. Spears M, Donnelly I, Jolly L, Brannigan M, Ito K, McSharry C, Lafferty J,
Chaudhuri R, Braganza G, Bareille P, Sweeney L, Adcock IM, Barnes PJ,
Wood S, Thomson NC: Bronchodilatory effect of the PPAR-gamma
agonist rosiglitazone in smokers with asthma. Clin Pharmacol Ther 2009,
86(1):49–53.

22. Joish VN, Malone DC, Wendel C, Draugalis JR, Mohler MJ: Development
and validation of a diabetes mellitus severity index: a risk-adjustment
tool for predicting health care resource use and costs. Pharmacotherapy
2005, 25(5):676–684.

23. Ash AS, Ellis RP, Pope GC, Ayanian JZ, Bates DW, Burstin H, Iezzoni LI,
MacKay E, Yu W: Using diagnoses to describe populations and predict
costs. Health Care Financ Rev 2000, 21(3):7–28.

24. Suissa S: Immortal time bias in pharmaco-epidemiology. Am J Epidemiol
2008, 167(4):492–499.

25. StataCorp: Stata Statistical Software: Release 11.2. In College Station. TX:
StataCorp LP; 2012.

26. Bryson CL, Au DH, Young B, McDonell MB, Fihn SD: A refill adherence
algorithm for multiple short intervals to estimate refill compliance
(ReComp). Med Care 2007, 45(6):497–504.

27. Sin DD, Man J, Sharpe H, Gan WQ, Man SF: Pharmacological management
to reduce exacerbations in adults with asthma: a systematic review and
meta-analysis. JAMA 2004, 292(3):367–376.

28. Hanania NA, Chapman KR, Kesten S: Adverse effects of inhaled
corticosteroids. Am J Med 1995, 98(2):196–208.

29. Blanquart C, Barbier O, Fruchart JC, Staels B, Glineur C: Peroxisome
proliferator-activated receptors: regulation of transcriptional activities and
roles in inflammation. J Steroid Biochem Mol Biol 2003, 85(2–5):267–273.

30. Daynes RA, Jones DC: Emerging roles of PPARs in inflammation and
immunity. Nat Rev Immunol 2002, 2(10):748–759.

31. Patel HJ, Belvisi MG, Bishop-Bailey D, Yacoub MH, Mitchell JA: Activation of
peroxisome proliferator-activated receptors in human airway smooth
muscle cells has a superior anti-inflammatory profile to corticosteroids:
relevance for chronic obstructive pulmonary disease therapy. J Immunol
2003, 170(5):2663–2669.

32. Hashimoto Y, Nakahara K: Improvement of asthma after administration of
pioglitazone. Diabetes Care 2002, 25(2):401.

33. Lipscombe LL, Gomes T, Levesque LE, Hux JE, Juurlink DN, Alter DA:
Thiazolidinediones and cardiovascular outcomes in older patients with
diabetes. JAMA 2007, 298(22):2634–2643.

34. Ferwana M, Firwana B, Hasan R, Al-Mallah MH, Kim S, Montori VM, Murad MH:
Pioglitazone and risk of bladder cancer: a meta-analysis of controlled studies.
Diabet Med 2013, 30(9):1026–1032.

35. Nissen SE, Wolski K: Effect of rosiglitazone on the risk of myocardial
infarction and death from cardiovascular causes. N Engl J Med 2007,
356(24):2457–2471.

36. Ray WA: Evaluating medication effects outside of clinical trials: new-user
designs. Am J Epidemiol 2003, 158(9):915–920.

37. Thomson NC, Chaudhuri R, Livingston E: Asthma and cigarette smoking.
Eur Respir J 2004, 24(5):822–833.

38. Fitzpatrick S, Joks R, Silverberg JI: Obesity is associated with increased
asthma severity and exacerbations, and increased serum
immunoglobulin E in inner-city adults. Clin Exp Allergy 2012, 42(5):747–759.

39. Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, Casale TB,
Chanez P, Enright PL, Gibson PG, de Jongste JC, Kerstjens HA, Lazarus SC,
Levy ML, O'Byrne PM, Partridge MR, Pavord ID, Sears MR, Sterk PJ, Stoloff
SW, Szefler SJ, Sullivan SD, Thomas MD, Wenzel SE, Reddel HK: A new
perspective on concepts of asthma severity and control. Eur Respir J 2008,
32(3):545–554.

40. Johnston NW, Sears MR: Asthma exacerbations: 1: epidemiology. Thorax 2006,
61(8):722–728.

doi:10.1186/1710-1492-10-34
Cite this article as: Rinne et al.: Thiazolidinediones and the risk of asthma
exacerbation among patients with diabetes: a cohort study. Allergy, Asthma &
Clinical Immunology 2014 10:34.

http://www.cdc.gov/nchs/data/hestat/asthma03-05/asthma03-05.htm
http://www.cdc.gov/nchs/data/hestat/asthma03-05/asthma03-05.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Design
	Study cohort
	Study outcomes
	Statistical analysis

	Results
	Asthma exacerbations
	Oral steroid prescriptions
	Sensitivity analysis

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Disclaimer
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


