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Background—This study directly compares risk of acute myocardial infarction (AMI), acute heart failure (AHF), or
all-cause death among pioglitazone- and rosiglitazone-treated patients in a managed-care population.
Methods and Results—Patients ⱖ18 years of age, newly initiated on rosiglitazone or pioglitazone between January 1,
2001, and December 12, 2005, were included. The date of the first pharmacy claim for rosiglitazone or pioglitazone was
defined as index date. Patients were excluded if they had ⬍1 year continuous eligibility preindex or a preindex insulin
claim. Primary outcome measure was time to composite event of AMI, AHF or death among pioglitazone- and
rosiglitazone-treated patients. The National Death Index database was accessed to obtain date of death for patients who
died during the study period. Propensity score matching was used to control for potential confounders. The Cox
proportional hazards model was used to evaluate effects of exposure to rosiglitazone and pioglitazone on time to event.
A total of 36 628 patients (58% male; mean age, 54 years) were identified. Of the rosiglitazone-treated patients, 602
(4.16%) had an AMI, AHF, or death compared with 599 (4.14%) propensity score–matched pioglitazone-treated
patients. No significant difference was observed between matched groups for risk of composite event (hazard ratio, 1.03;
95% confidence interval, 0.91 to 1.15; P⫽0.666) when patients were followed from index date until end of study period,
termination of enrollment status, or diagnosis of AMI/AHF/death.
Conclusions—In this retrospective cohort study directly comparing rosiglitazone and pioglitazone with a propensity
score–matched population that includes mortality data, no significant differences were found in the risk of AMI, AHF
or death. (Circ Cardiovasc Qual Outcomes. 2010;3:538-545.)
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D

included in the US product labeling for both drugs.2,3 Neither
drug has been studied in an individual randomized, doubleblind, clinical trial sufficiently populated or designed to
definitively evaluate the effect of treatment on CV morbidity
and mortality.
In 2007, a Food and Drug Administration (FDA) Advisory
Committee discussed the risk of myocardial infarction (MI)
in patients treated with TZDs, with emphasis on rosiglitazone. The committee reviewed results of long-term randomized, controlled outcomes studies,8 –11 meta-analyses, data
from GlaxoSmithKline, and results from large observational
studies provided by WellPoint and Tricare.12 The committee
agreed that rosiglitazone was associated with greater risk of
MI when compared with placebo, metformin, or sulfonylureas; however, the final assessment was that overall riskbenefit did not justify removal from the market.13,14
Subsequent to the FDA advisory committee meeting, a
retrospective study by Gerritus et al15 directly compared
pioglitazone and rosiglitazone on CV events in T2DM pa-

iabetes mellitus (DM) is a chronic disease of growing
prevalence and is currently the sixth leading cause of
death in the United States.1 Currently, there are 2 thiazolidinediones (TZDs), rosiglitazone (Avandia, GlaxoSmithKline)2 and pioglitazone (Actos, Takeda),3 approved in the
United States for treatment of type 2 diabetes mellitus
(T2DM). These drugs treat T2DM by reducing insulin resistance; however, they have differing effects on lipid levels.4,5
Prior evidence suggests that treatment with pioglitazone
results in significant improvements in total cholesterol, lowdensity lipoprotein cholesterol (LDL-C), and triglycerides4;
whereas treatment with rosiglitazone is associated with an
increase in LDL-C and high-density lipoprotein cholesterol
(HDL-C).5 Both T2DM and elevated LDL-C are considered
primary cardiovascular (CV) risk factors for acute myocardial
infarction (AMI).6,7 The association of rosiglitazone with
increased risk of AMI is controversial.7 Furthermore, fluid
retention (which can lead to or exacerbate heart failure) is a
known side effect of TZDs, and a black box warning is
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tients using the Ingenix Research Database. This study found
28% increased relative risk in MI with rosiglitazone compared with pioglitazone. More recently, studies examining the
relationship between TZDs and AMI, acute heart failure
(AHF), and all-cause mortality in the elderly were published
and found an increased risk of AHF and all-cause mortality in
rosiglitazone-treated versus pioglitazone-treated patients.16,17
With inconsistent findings from prior research, the regulatory
and health care community continues to lack definitive
information about the CV safety of TZDs.
The current study directly compares risk of AMI, AHF, or
all-cause death among pioglitazone- and rosiglitazone-treated
patients using the HealthCore Integrated Research Database
(HIRD). The study population is similar to that of the Gerritus
study but improves on the existing observational research by
using a propensity score–matched population of new rosiglitazone and pioglitazone users and examines the aforementioned composite end point. This study represents an enhanced version of the WellPoint data that was previously
presented to the FDA in 2007.

WHAT IS KNOWN
●

●

Long-term head-to-head trials comparing rosiglitazone and pioglitazone with respect to cardiovascular
safety outcomes do not exist; however, meta-analyses have identified increased cardiovascular risk with
rosiglitazone compared with pioglitazone.
Some observational studies have similarly suggested
an increased risk of cardiovascular events with
rosiglitazone.

WHAT THE STUDY ADDS
●

●

●

This study directly compared the risk of acute
myocardial infarction, acute heart failure hospitalization, and all-cause mortality among rosiglitazoneand pioglitazone-treated patients using a propensity
score–matched population of nearly 40 000 new
users enrolled in a commercial health plan.
This study found no significant differences in risk of
acute myocardial infarction, acute heart failure hospitalization, and all-cause mortality among
rosiglitazone-treated patients.
These findings contrast with observational data in
similarly aged patient populations in suggesting that
at least within the power of the study, rosiglitazone
does not increase cardiovascular risk.

Methods
Study Design and Setting
This was a retrospective cohort study that used available administrative medical/pharmacy data and national mortality data from
January 1, 2000, to December 31, 2005. The HIRD consists of claims
data collected from WellPoint members. The database includes dates
of eligibility, benefit design, medical/pharmacy claims, and diagnostic laboratory results. Data for this study were collected from US
health plans located in California, Georgia, Virginia, and Missouri.
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Study Participants/Cohort Identification
Patients ⱖ18 years of age with a new rosiglitazone or pioglitazone
claim between January 1, 2001, and December 31, 2005, were
included. The first rosiglitazone or pioglitazone claim during the
study period was defined as the index date regardless of other
antidiabetic medication claims in the patients’ history. Patients were
excluded if they did not have continuous health plan eligibility for
ⱖ365 days before their index date (preindex period) or had a
preindex pharmacy claim for insulin. Previous CV events were not
criteria for exclusion.

Exposure Assessment
New users of TZDs were identified from members’ pharmacy
records. Two exposure groups were formed, based on the prescribed
TZD on index date. Patients were considered to be on continuous
therapy if the period between prescription refills was ⬍1.5 times the
days supply of the preceding TZD claim.18 The end of continuous
therapy with TZD was the number of days after the last TZD refill,
as indicted in the days supply field. Patients were also excluded if
they were exposed to both rosiglitazone and pioglitazone during
follow-up because there is no clear evidence showing how long the
pharmacological effect would remain when patients discontinue their
first therapy. Furthermore, if patients switched medication within 60
days after discontinuing the first drug, they were censored after the
first period of continuous therapy.
A primary analysis and 2 sensitivity analyses were conducted to
explore the impact of TZD exposure on composite CV event risk (see
Outcome Definition Section). In the primary analysis, TZD exposure
was measured from index date until the earliest of: end of study
period (December 31, 2005), termination from health plan, occurrence of AMI or AHF, or death. In the 2 sensitivity analyses, the
period of risk was varied. In the first sensitivity analysis, patients
were followed from index date until end of continuous therapy plus
60 days, occurrence of an AMI/AHF/death, or end of health plan
enrollment, whichever occurred first. In the second sensitivity
analysis, patients were followed from index date until end of
continuous therapy (most stringent criteria), occurrence of an AMI,
AHF or death, or end of health plan enrollment, whichever occurred
first. In addition, an analysis was also conducted to explore the
impact of TZD exposure on a subpopulation of patients ⱖ65 years of
age. Impact of TZD exposure on individual outcomes of AMI, AHF,
and death was also assessed.

Outcome Definition
The primary outcome measure was time to diagnosis of AMI, AHF,
or all-cause death among newly treated pioglitazone or rosiglitazone
patients regardless of history of AMI or AHF. Inpatient and
emergency room medical claims were searched for diagnosis codes
that indicated occurrence of AMI or AHF; no length of stay
requirement was imposed. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9) code 410.xx for
AMI19,20 and 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93 for AHF were used to identify events.
The National Death Index (NDI) Plus database21 was linked to
obtain information about death date for patients who died during the
study period. Depending on the type of identifiers used and methods
for matching patients (social security numbers, name/sex/date of
birth matching, etc) accuracy of the NDI ranges from 83% to
98%.22,23 Patients with any cause of death recorded were included.
A Waiver of Health Insurance Portability and Accountability Act
of 1996 (HIPAA) Authorization was obtained from an institutional
review board to allow researchers to access identifying information
about patients who had died. Approval was obtained by the National
Center for Health Statistics for access to the NDI. All study materials
were handled in compliance with HIPAA.

Statistical Analysis
Descriptive Statistics
Demographic and baseline characteristics of each cohort were
compared. 2 tests were used to compare categorical variables.
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Student t test tests were used to compare continuous variables. Point
estimates of event rates and differences were computed with 95%
confidence intervals.

Table 1. Baseline Characteristics of the Study Cohort by
Treatment Group Before Matching

Multivariate Analyses
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Propensity Score Matching

Age, y, mean⫾SD

Propensity score matching was used to control for measured potential confounders. A logistic regression model was developed to
estimate the probability of receiving rosiglitazone or pioglitazone on
index date. Demographic/clinical variables were identified in the
12-month preindex period for inclusion as covariates in the propensity score model. The final list of variables included in the logistic
regression model were based on previous research by Graham et al24
and included age, sex, health plan, preindex Deyo-Charlson comorbidity index score,25,26 index year, preindex CV disease conditions
(ischemic heart disease, congestive heart failure, diabetes, transient
ischemic attack/stroke, other cerebrovascular disease, arrhythmia,
peripheral vascular disease), preindex CV-related medication (loop
diuretics, calcium channel blockers, thiazide diuretics, nitrates,
platelet aggregation inhibitors, warfarin, ␤-blockers, digoxin, antiarrhythmics, lipid-lowering agents, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers), preindex medications (biguanides, sulfonylurea, other antidiabetic drugs, preindex cyclooxygenase-2 inhibitors), preindex obesity, preindex smoking status, and
preindex diabetes complications (nephropathy, retinopathy, neuropathy, unspecified diabetic complications). Once the propensity scores
were obtained, patients in each cohort were matched with Parsons
1:1 greedy 431 digit matching algorithm.27 The quality of the match
was determined by comparing baseline characteristics on the
matched sample and standardized differences.28
Cox proportional hazards models were used to evaluate independent effects of exposure to rosiglitazone and pioglitazone on time to
CV event and mortality. The matched cohort model was adjusted for
exposure to rosiglitazone or pioglitazone. Exposure to rosiglitazone
or pioglitazone was handled as a categorical (dummy) variable in the
primary analysis regression model. Hazard ratios and 95% confidence intervals are presented.
For the subpopulation analysis, all patients ⱖ65 years of age in the
original cohort of rosiglitazone and pioglitazone users were identified, and a Cox proportional hazards model was developed adjusting
for potential confounders including age, sex, exposure to rosiglitazone or pioglitazone, preindex CV disease conditions, preindex
CV-related medication, and index year. Hazard ratios and 95%
confidence intervals are presented. All statistical analyses were
generated using SAS software (Version 9.1, Copyright 2006, SAS
Institute Inc, Cary, NC) and STATA (Version 10, Copyright 2009
StataCorp LP, College Station, Tex).

Deyo-Charlson score, mean⫾SD

Results
From the HIRD database, 36 628 newly initiated TZD patients with 1 year of eligibility before start of therapy were
identified. Before matching (Table 1), mean age of the full
sample was 54 years with 58% male in both groups; there was
slightly higher use of lipid-altering medications in the pioglitazone compared with the rosiglitazone cohort (41.3% versus
38.6%, respectively) and slight differences in the index year
that patients initiated therapy. In the subpopulation of patients
ⱖ65 years of age, mean age was 72 years; no significant
differences in baseline demographics were found between
groups except for slight differences in the year patients
initiated index therapy. There were 3475 patients excluded
because of exposure to both rosiglitazone and pioglitazone
during the study period. After matching by propensity score,
14 469 patients were included in each cohort; the C-statistic
for logistic regression in the propensity score matching was
0.56 and probability value for Hosmer and Lemeshow

Preindex eligibility, mo,
mean⫾SD
Male, n (%)

Rosiglitazone
(n⫽18 319)

Pioglitazone
(n⫽18 309)

53.58⫾11.58†

54.27⫾11.65

1.13⫾1.38

1.16⫾1.39

40.27⫾18.39

40.35⫾18.32

10 559 (57.64%)*

10 740 (58.66%)

Preindex CV events, n (%)
AMI

99 (0.54%)

109 (0.60%)

Ischemic heart disease

421 (2.30%)

414 (2.26%)

Stroke/transient ischemic attack

121 (0.66%)

117 (0.64%)

Congestive heart failure

160 (0.87%)

144 (0.79%)

Angiotensin-converting enzyme
inhibitors

5214 (28.46%)*

5390 (29.44%)

Angiotensin receptor blockers

1660 (9.06%)†

1806 (9.86%)

Preindex medications, n (%)

Anticoagulants

501 (2.73%)

547 (2.99%)

␤-blockers

3188 (17.40%)†

3434 (18.76%)

Calcium channel blockers

2535 (13.84%)*

2692 (14.70%)

Digitalis-glycoside

516 (2.82%)

541 (2.95%)

Lipid-altering drug

7075 (38.62%)

7561 (41.30%)

Loop diuretics

1212 (6.62%)

1255 (6.85%)

Nitrates

816 (4.45%)*

Platelet inhibitors

676 (3.69%)

906 (4.95%)
686 (3.75%)

Thiazide diuretics

1584 (8.65%)

1592 (8.70%)

1103 (6.02%)

1044 (5.70%)

Preindex diabetes severity
indicators, n (%)
Diabetic hospitalizations
Nephropathy

202 (1.10%)*

253 (1.38%)

Retinopathy

417 (2.28%)

373 (2.04%)

Neuropathy

441 (2.41%)†

536 (2.93%)

Metformin

7408 (40.44%)

7528 (41.12%)

Sulfonylurea

5483 (29.93%)†

5761 (31.47%)

Sulfonylurea/metformin combo

1084 (5.92%)†

1259 (6.88%)

2001

3063 (16.73%)†

2785 (15.21%)

2002

4041 (22.07%)†

3377 (18.43%)

2003

3321 (18.14%)†

3440 (18.78%)

2004

3470 (18.95%)†

4599 (25.11%)

2005

4414 (24.11%)†

4117 (22.47%)

Preindex antidiabetic medication
use, n (%)

Index year

*Significant at P⬍0.05 between rosiglitazone and pioglitazone.
†Significant at P⬍0.01 between rosiglitazone and pioglitazone.

goodness-of-fit test was 0.57. Table 2 describes the demographic/baseline characteristics of the cohorts after matching.
Mean age was 54 years with 58% male in both groups.
Demographics were not significantly different between
groups. Mean duration of follow-up was 19.4⫾15.4 months
for rosiglitazone and 19.8⫾15.6 months for pioglitazone.
Therapy duration was 14.4⫾14.4 months for rosiglitazone
and 14.7⫾14.8 months for pioglitazone.
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Baseline Characteristics of the Study Cohort by Treatment Group After Matching
Matched

Unmatched
Standardized
Difference‡
(d)

Rosiglitazone
(n⫽14 469)

Pioglitazone
(n⫽14 469)

53.89⫾11.51

53.84⫾11.47

1.12⫾1.38

1.12⫾1.34

Preindex eligibility, mo, mean⫾SD

40.26⫾18.38

40.43⫾18.42

⫺0.0093

Male, n (%)

8439 (58.32%)

8472 (58.55%)

0.0000

Age, y, mean⫾SD
Deyo-Charlson score, mean⫾SD

Rosiglitazone
(n⫽3850)

Pioglitazone
(n⫽3840)

0.0037

52.44†⫾11.76

55.86⫾12.14

0.0018

1.17†⫾1.41

1.31⫾1.56

40.31⫾18.44

40.03⫾17.91

2120† (55.06%)

2268 (59.06%)

Preindex CV events, n (%)
AMI
Ischemic heart disease
Stroke/transient ischemic attack

72 (0.5%)

89 (0.62%)

⫺0.0158

27 (0.7%)

20 (0.52%)

321 (2.22%)

315 (2.18%)

0.0028

100 (2.6%)

99 (2.58%)

98 (0.68%)

91 (0.63%)

0.0060

115 (0.79%)

117 (0.81%)

⫺0.0016

Angiotensin-converting enzyme inhibitors

4221 (29.17%)

4185 (28.92%)

Angiotensin receptor blockers

1331 (9.2%)

Congestive heart failure

23 (0.6%)

26 (0.68%)

45* (1.17%)

27 (0.7%)

993† (25.79%)

1205 (31.38%)
424 (11.04%)

Preindex medications, n (%)
0.0055
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1382 (9.55%)

⫺0.0121

329† (8.55%)

404 (2.79%)

419 (2.9%)

⫺0.0062

97* (2.52%)

128 (3.33%)

␤-blockers

2511 (17.35%)

2581 (17.84%)

⫺0.0127

677† (17.58%)

853 (22.21%)

Calcium channel blockers

2022 (13.97%)

2079 (14.37%)

⫺0.0113

513† (13.32%)

613 (15.96%)

Anticoagulants

Digitalis-glycoside

409 (2.83%)

423 (2.92%)

⫺0.0058

107 (2.78%)

118 (3.07%)

Lipid-altering drug

5699 (39.39%)

5722 (39.55%)

⫺0.0033

1376† (35.74%)

1839 (47.89%)

Loop diuretics

948 (6.55%)

976 (6.75%)

⫺0.0078

264 (6.86%)

279 (7.27%)

Nitrates

644 (4.45%)

658 (4.55%)

⫺0.0047

172† (4.47%)

248 (6.46%)

Platelet inhibitors

529 (3.66%)

532 (3.68%)

⫺0.0011

147 (3.82%)

154 (4.01%)

Thiazide diuretics

1241 (8.58%)

1240 (8.57%)

0.0002

343 (8.91%)

352 (9.17%)

834 (5.76%)

822 (5.68%)

0.0036

269* (6.99%)

222 (5.78%)

Preindex diabetes severity indicators, n (%)
Diabetic hospitalizations
Nephropathy

147 (1.02%)

159 (1.1%)

⫺0.0081

55† (1.43%)

94 (2.45%)

Neuropathy

345 (2.38%)

343 (2.37%)

0.0009

96† (2.49%)

193 (5.03%)

Retinopathy

301 (2.08%)

301 (2.08%)

0.0000

116† (3.01%)

8 (1.88%)

Metformin

5893 (40.73%)

5913 (40.87%)

⫺0.0028

1515* (39.35%)

1615 (42.06%)

Sulfonylurea

4470 (30.89%)

4464 (30.85%)

0.0009

1013† (26.31%)

1297 (33.78%)

890 (6.15%)

875 (6.05%)

0.0043

194† (5.04%)

2001

2371 (16.39%)

2384 (16.48%)

⫺0.0024

415† (10.78%)

679 (17.68%)

2002

2899 (20.04%)

2946 (20.36%)

⫺0.0081

478† (12.42%)

1095 (28.52%)

Preindex antidiabetic medications use, n (%)

Sulfonylurea/metformin combo

384 (10%)

Index year

2003

2771 (19.15%)

2732 (18.88%)

0.0069

669† (17.38%)

589 (15.34%)

2004

2871 (19.84%)

2915 (20.15%)

⫺0.0076

1728† (44.88%)

555 (14.45%)

2005

3557 (24.58%)

3492 (24.13%)

0.0105

560† (14.55%)

922 (24.01%)

*Significant at P⬍0.05 between rosiglitazone and pioglitazone.
†Significant at P⬍0.01 between rosiglitazone and pioglitazone.
‡d values ⬎0.1 represent meaningful imbalance in given covariate between groups.

Preindex comorbidities were similar after propensity score
matching between groups (Table 2). Less than 1% of matched
patients in each cohort had a preindex AMI (0.50% versus
0.62%, respectively) or congestive heart failure (0.79% versus 0.81%, respectively) diagnosis. In both groups, approximately 2.2% of patients had a preindex ischemic heart disease
diagnosis. The most commonly prescribed types of preindex
CV medication for the cohorts were lipid-altering medications (39.4% versus 39.6%, respectively) and angiotensinconverting enzyme inhibitors (29.2% versus 28.9%, respec-

tively). No significant differences were observed between
groups for preindex diabetes severity indicators.
For patients unable to be matched, a higher percent were
male in the pioglitazone compared with rosiglitazone cohort
(59.1% versus 55.1%, respectively), as shown in Table 2. In
addition, a higher portion of pioglitazone compared with
rosiglitazone patients used specific preindex CV and
diabetes-related medications, particularly lipid-altering medications. Diabetic nephropathy and retinopathy were significantly lower in the rosiglitazone cohort compared with
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Table 3. Event Rates of CV Outcomes and All-Cause Death in
Matched Patients

Table 4. Crude Event Rates of CV Outcomes or All-Cause
Death in Patients >65 Years of Age

Matched

Age 65⫹y

Event Rates of AMI
or AHF or Death

Rosiglitazone

Pioglitazone

No. of patients

14 469

14 469

28 938

No. of patients

No. of patients with
AMI/AHF/death, n (%)

602 (4.16%)

599 (4.14%)

1201 (4.15%)

No. of patients with
AMI/AHF/death, n (%)

Total

Crude Event Rates of
AMI or AHF or Death

Rosiglitazone

Pioglitazone

2558

2819

355 (13.88)

393 (13.94)

Total
5377
748 (13.91)

No. of AMI

96

121

217

No. of AMI

37

42

79

No. of AHF

265

243

508

No. of AHF

158

170

328

No. of AMI and AHF
No. of deaths

24

18

42

217

217

434
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Event rate of AMI
or AHF or death per
1000 person-years

26.38

25.76

26.07

Event rate of AMI per
1000 person-years

6.18

6.74

Event rate of AHF per
1000 person-years

13.23

Event rate of death per
1000 person-years

11.44

No. of AMI and AHF
No. of deaths

17

13

30

143

168

311

Event rate of AMI or AHF
or death per
1000 person-years

86.21

86.1

86.15

6.46

Event rate of AMI per
1000 person-years

16.45

15.22

15.81

11.86

12.54

Event rate of AHF per
1000 person-years

43.88

42.43

43.11

11.22

11.33

Event rate of death per
1000 person-years

42.9

44.75

43.88

AHF indicates acute heart failure.

pioglizatone, whereas diabetic neuropathy and diabetic hospitalizations were higher in the rosiglitazone cohort.
In the postindex period, risk of AMI or AHF or death was
similar between groups regardless of history of AMI or
congestive heart failure (Table 3). In the rosiglitazone group,
602 (4.16%) patients had an event compared with 599
(4.14%) in the matched pioglitazone group (Table 3). The
event rate for rosiglitazone was 26.38 per 1000 person-years
and 25.76 per 1000 person-years for pioglitazone.
When evaluating a subpopulation of patients ⱖ65 years of
age, 355 (13.88%) of the 2558 rosiglitazone patients had an
event compared with 393 (13.94%) of the 2819 pioglitazone
patients (Table 4). Crude event rates for the subpopulation
were much higher than the full population. In the rosiglitazone group, the crude event rate was 86.21 per 1000 personyears compared with 86.10 per 1000 person-years among
patients of the same age in the pioglitazone group.
Using a Cox proportional hazards model, no significant
difference was observed between the matched groups for risk
of composite event in the primary analysis (hazard ratio [HR],
1.03; 95% CI, 0.91 to 1.15; P⫽0.666), as shown in Table 5.
Furthermore, there were no significant differences in individual risk for AMI, AHF, or death between groups. No
significant difference was observed for composite event risk
when censoring patients 60 days after they discontinued their
index therapy (HR, 0.97; 95% CI, 0.74 to 1.26; P⫽0.823) or
when censoring patients on the date they discontinued their
index therapy (HR, 0.88; 95% CI, 0.64 to 1.20; P⫽0.413).
When using a Cox proportional hazards model in the subpopulation of patients ⱖ65 years of age, there were still no
significant differences found between groups after adjusting
for relevant covariates in the rate of composite event (HR,
0.97; 95% CI, 0.83 to 1.12; P⫽0.643) as well as in the rate of
individual AMI, AHF, or death outcomes. This was true even
when censoring patients 60 days after they discontinued their

AHF indicates acute heart failure.

index therapy (HR, 0.86; 95% CI, 0.61 to 1.21; P⫽0.390) and
when censoring patients on the date they discontinued their
index therapy (HR, 0.69; 95% CI, 0.46 to 1.02; P⫽0.072).
Furthermore, no significant difference was observed in the
rate of composite event in the full sample after adjusting for
relevant covariates in the primary analysis (HR, 1.00; 95%
CI, 0.90 to 1.11; P⫽0.981) and in both sensitivity analyses.

Discussion
The results of this cohort study suggest that patients exposed
to rosiglitazone and pioglitazone in this population are at
similar risk of AMI, AHF, or all-cause death. Our findings are
Table 5. Cox Proportional Hazards Models for Risk of
Composite Event of Interest (AMI or Acute Heart Failure or
All-Cause Mortality)
Hazard Ratio
(95% CI)

P
Value

Primary analysis
Matched patients

1.03 (0.91–1.15)

0.666

Age 65⫹y

0.97 (0.83–1.12)

0.643

All patients

1.00 (0.90–1.11)

0.981

Matched patients

0.97 (0.74–1.26)

0.823

Age 65⫹y

0.86 (0.61–1.21)

0.390

All patients

0.87 (0.68–1.11)

0.264

Patients were excluded 60 days after
the end of index therapy

Patients were excluded at the
end of index therapy
Matched patients

0.88 (0.64–1.20)

0.413

Age 65⫹y

0.69 (0.46–1.02)

0.072

All patients

0.75 (0.57–1.00)

0.053

Pioglitazone was the reference group.
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similar to a recent retrospective study by Habib et al,29 which
found no difference in AMI between TZDs; however, they
contrast another retrospective analysis of a younger, healthier
insured population receiving rosiglitazone or pioglitazone by
Gerritus et al.15 In review of administrative claims from US
health plans, Gerritus et al15 found that pioglitazone was
associated with 22% relative risk reduction of MI (HR, 0.78,
95% CI, 0.63 to 0.96) compared with rosiglitazone after
adjusting for baseline covariates. In both the Gerritus study
and current analysis, baseline demographics/comorbidities
were similar between groups that included results on all
patients (including ⬍65 years of age), and both studies
included relevant covariates in their multivariate analyses;
however, the current study used propensity score matching to
ensure similarity at baseline between groups. Furthermore,
administrative claim databases do not identify mortality, but
the current study matched patient records with mortality data
from the NDI to improve the accuracy of the results by
potentially capturing deaths that occurred outside the hospital
and utilized a composite end point of AMI, AHF, and
all-cause mortality. The Gerritus study did not supplement
their data with NDI data, and AHF was not included as an end
point. Furthermore, mean duration of follow-up was 1.2 years
in the Gerritus study and 1.6 years in the current study.
Because events were very low in both studies, we believe
additional follow-up time was important. In addition, statin
use was higher in the pioglitazone compared with the rosiglitazone group in the Gerritus study. Differing levels of LDL-C
and other lipid fraction level achievement over time is
important when considering CV outcomes.3,4 Neither study
evaluated lipid levels; however, the current study had equal
use of statin therapies across groups.
After the publication of the Gerritus study, Winkelmayer et
al16 found a 13% greater risk of AHF (incident rate ratio,
1.13; 95% CI, 1.01 to 1.26) and 15% greater risk (incident
rate ratio, 1.15; 95% CI, 1.05 to 1.26) of mortality associated
with rosiglitazone compared with pioglitazone for patients
who initiated therapy between January 1, 2000, and December 31, 2005, in a large study of Medicare patients ⬎65 years
of age. No significant differences were found in rates of MI.
The current study evaluated risk of AMI, AHF, and death in
a subpopulation of patients ⱖ65 years of age and found no
significant differences between rosiglitazone or pioglitazone
use during the period January 1, 2001, to December 31, 2005.
Although the Winkelmayer study evaluated incidence relative
rates, our study population had very few preindex events of
interest, making the populations somewhat comparable
though overall sample in the Winkelmayer study was much
larger. Mean age was similar between the 2 studies, though
preindex CV and diabetes-related comorbidities were higher
in the Winkelmayer study. Mean duration of index therapy
was approximately 3 months longer in the current study. Both
studies included relevant covariates in their multivariate
analyses; however, the current study used propensity score
matching in the full sample to ensure similarity at baseline
between groups. Propensity score matching was not used in
the subsample of patients ⱖ65 years of age because of the
small sample size; however, no significant differences were
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observed in baseline characteristics between groups except
index year.
Juurlink et al17 evaluated time to composite of death, AMI,
or AHF in patients ⬎65 years of age who initiated rosiglitazone or pioglitazone between April 1, 2002, and March 31,
2008, and found 17% greater risk associated with
rosiglitazone-treated patients (HR, 0.83; 95% CI, 0.76 to
0.90). When evaluating each outcome individually, rosiglitazone was associated with a 23% significantly greater risk for
AHF and a 14% significantly greater risk of death. Similar to
the Winkelmayer study, no significant differences were found
in risk of AMI. Age, sex, and preindex comorbidities were
similar between the Juurlink and current study, though higher
use of metformin and sulfonylureas were noted in the
Juurlink study. The Juurlink study censored patients at 3
years total observation or until end of the study, whichever
occurred first. Mean therapy duration was approximately 6
months longer in the current study compared with the
Juurlink study. Last, the Juurlink study evaluated patients
with the use of an Ontario health insurance plan database,
which may reflect differences in treatment between study
populations. It is important to note that both the Winkelmayer
and Juurlink studies included only elderly patients. The
current study included younger patients enrolled in commercial health plans and could potentially reflect a healthier
population; even elderly patients in the current study have full
health coverage and may still be employed; thus they may be
healthier than other older study populations. Furthermore, the
number of elderly patients in the current study is small and
unlikely to detect small differences between cohorts.
There are several possible explanations for the absence of
an elevated risk for rosiglitazone in the present analysis. As
discussed, one is the possibility that the commercially insured, relatively young population studied was less susceptible to an increased risk, and/or that there were too few events
to document such risk, especially among the elderly. We did
attempt to test the latter assumption by performing the same
analyses in a subpopulation of older patients (ie, patients who
were ⱖ65 years of age). Although event rate in this population dramatically increased, there was no significant difference in risk between groups. Last, another explanation for
absence of elevated risk is that both rosiglitazone and
pioglitazone confer an additional CV risk and that this would
result in lack of difference between drugs when they were
compared with one another.

Study Limitations
Administrative claim analyses are likely to be affected by
channeling bias because patients may be more or less likely to
receive a newer treatment if they had a poor response or an
adverse event associated with an existing treatment.30 To
address this potential bias, propensity score matching was
used to help control channeling bias.31 Comparison of the
data shows there were few differences between groups before
matching. After matching, no statistically significant differences were observed in the variables of interest between
patients in the preindex period.
A large database study provides greater number of patients
and more statistical power to detect small differences; how-
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ever, the study’s statistical power is limited by the rarity of
events in the population and the ability to detect small
differences in cohorts. In addition, because the current study
database encompasses a commercially-insured population,
elderly patients and those with substantial chronic illness who
are at highest risk are underrepresented relative to the overall
US population.
The majority of deaths in diabetic population are CVrelated; thus, disease duration is a strong predictor of CVD. In
this study, we could not assess length of time patients had
diabetes because the preindex period was only 1 year;
however, diabetes severity was accounted for in the multivariate model by identifying claims for diabetes-related
complications. Furthermore, this study excluded patients who
used insulin before TZD use because this may imply the
disease has progressed to become a confounding factor
related to AMI. However, because only a small subset of
patients had electronic laboratory values available, no laboratory values (HbA1c, glucose) were evaluated to assess
degree of diabetes control. Nonetheless, there was no reason
to expect that glycemic control would differ between rosiglitazone and pioglitazone users.
In addition, claims for obesity and smoking status are
likely to be undercoded, though it is assumed that it is
nondifferential between cohorts. Last, the possibility remains
that results were affected by unmeasured confounders (eg,
body mass index, exercise, family history of CV disease,
aspirin use) that have no surrogate in claims data. As a result,
if these were differentially distributed across groups, comparisons between groups might miss the independent effect of
treatment on CV event risk.
Despite these limitations, results of this study are particularly important to consider in light of the recent US Senate
Finance Committee report32 regarding potential risks of
rosiglitazone and the ongoing TIDE (Thiazolidinedione Intervention With Vitamin D Evaluation) CV safety trial
comparing rosiglitazone to pioglitazone. Given that rosiglitazone is scheduled for review with the FDA later this year, it
will be important for the FDA to have available all evidence
for consideration at that time.

Conclusion
In the present retrospective study directly comparing rosiglitazone and pioglitazone with a propensity score–matched
population, no significant differences were found in risk of
AMI, AHF, or all-cause death. Previous meta-analysis, prospective studies, and observational studies have provided
inconsistent results that make evaluating the safety and
effectiveness of TZDs challenging. Further research to refine
methodology, identify population segments potentially at
elevated risk, and validate events/exposure using additional
data elements such as medical charts and/or surveys is
essential. Nevertheless, this study provides valuable results
that contrast previously published observational data and
adds to the body of evidence available for risk-benefit profile
assessment of TZDs in the treatment of diabetes.

Acknowledgments
We acknowledge Gregory Daniel and Sebastian Schneeweiss for
review of the manuscript.

Sources of Funding
This study was funded by WellPoint, Inc.

Disclosures
D.A. Wertz, Dr Chang, C.A. Sarawate, V.J. Willey, M.J. Cziraky,
and R.L. Bohn were employees of HealthCore, a fully owned
subsidiary of WellPoint, Inc, at the time this study was conducted.
V.J. Willey is now an Associate Professor of Pharmacy at The
University of the Sciences, R.L. Bohn is an independent consultant
in Pharmacoepidemiology, and C.A. Sarawate is an employee of Mu
Sigma Inc. This was an internally funded study (data from HealthCore/WellPoint) with no external support.

References
1. CDC. National diabetes fact sheet: United States, 2005. Available at:
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2005.pdf. Accessed October
27, 2008.
2. Third Report of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III) final report. Circulation. 2002;106:
3143–3421.
3. Grundy SM, Cleeman JI, Merz CN, Brewer HB, Clark LT, Hunninghake
DB, Pasternak RC, Smith SC, Stone NJ; Coordinating Committee of the
National Cholesterol Education Program. Implications of recent clinical
trials for the National Cholesterol Education Program Adult Treatment
Panel III Guidelines. Circulation. 2004;110:227–239.
4. Avandia (rosigilitazone maleate) prescribing information [package
insert]. Research Triangle Park, NC: GlaxoSmithKline; July 2008.
Available at: http://us.gsk.com/products/assets/us_avandia.pdf. Accessed
October 27, 2008.
5. Actos (pioglitazone hydrochlorate prescribing information [package
insert]. Osaka, Japan: Takeda Pharmaceutical Company Limited; Revised
2007. Available at: http://www.actos.com/actospro/prescribinginfo.aspx.
Accessed October 27, 2008.
6. University Group Diabetes Program. Effects of hypoglycemic agents on
vascular complications in patients with adult-onset diabetes, VII: mortality and selected nonfatal events with insulin treatment. JAMA. 1978;
240:37– 42.
7. Yki-Jarvinen H. Thiazolidinediones. N Engl J Med. 2004;351:
1106 –1118.
8. Home P, Pocock S, Beck-Nielsen H, Gomis R, Hanefeld M, Jones N,
Komajda M, McMurray MD, for the RECORD Study Group. Rosiglitazone evaluated for cardiovascular outcomes: an interim analysis. N Engl
J Med. 2007;357:28 –38.
9. Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones NP,
Kravitz BG, Lachin JM, O’Neill MC, Zinman B, Viberti G, for the
ADOPT Study Group. Glycemic durability of rosiglitazone, metformin,
or glyburide monotherapy. N Engl J Med. 2006;355:2427–2443.
10. DREAM (Diabetes REduction Assessment with ramipril and rosiglitazone Medication) Trial Investigators, Gerstein HC, Yusuf S, Bosch J,
Pogue J, Sheridan P, Dinccag N, Hanefeld M, Hoogwerf B, Laakso M,
Mohan V, Shaw J, Zinman B, Holman RR. Effect of rosiglitazone on the
frequency of diabetes in patients with impaired glucose tolerance or
impaired fasting glucose: a randomised controlled trial. Lancet. 2006;
368:1096 –1105.
11. Dormandy J, Charbonnel B, Eckland D, Erdmann E, Massi-Benedetti M,
Moules IK, Skene AM, Tan MH, Lefebve PJ, Murray GD, Standl E,
Wilcox RG, Wilhelmsen L, Betteridge J, Birkeland K, Golay A, Heine
RJ, Korany L, Laakso M, Mokan M, Norkus A, Pirags V, Podar T,
Scheen A, Scherbaum W, Schernthaner G, Schmitz O, Skrha J, Smith U,
Taton J, on behalf of PROactive Investigators. Secondary prevention of
macrovascular events in patients with type 2 diabetes in the PROactive
study (PROspective pioglitAzone Clinical Trial In macrovascular
Events): a randomized controlled trial. Lancet. 2005;366:1279 –1289.
12. Department of Health and Human Services Food and Drug Administration Center for Drug Evaluation and Research (CDER). Joint meeting
of the Endocrinologic and Metabolic Drugs Advisory Committee and the
Drug Safety Management Advisory Committee. July 30, 2007, Gaithersburg, Md. Available at: http://www.fda.gov/ohrms/dockets/ac/07/
transcripts/2007-4308t1-Part4.pdf.
13. Department of Health and Human Services Food and Drug Administration Center for Drug Evaluation and Research (CDER). Joint meeting
of the Endocrinologic and Metabolic Drugs Advisory Committee and the

Wertz et al

14.
15.

16.

17.

18.
19.

Downloaded from http://circoutcomes.ahajournals.org/ by guest on July 24, 2017

20.

21.

22.

Risk of Cardiovascular Event/Death in TZD Patients

Drug Safety Management Advisory Committee. July 30, 2007, Gaithersburg, Md. Available at: http://www.fda.gov/ohrms/dockets/ac/07/
transcripts/2007-4308t1-Part5.pdf.
Rosen CJ. The Rosiglitazone story: lessons from an FDA Advisory
Committee Meeting. N Engl J Med. 2007;357:844 – 846.
Gerrits C, Bhattacharya M, Manthena S, Baran R, Perez A, Kupfer S. A
comparison of pioglitazone and rosiglitazone for hospitalization for acute
myocardial infarction in type 2 diabetes. Pharmacoepidemiol Drug Saf.
2007;16:1065–1071.
Winkelmayer WC, Setoguchi S, Levin R, Solomon DH. Comparison of
cardiovascular outcomes in elderly patients with diabetes who initiated
rosiglitazone vs pioglitazone therapy. Arch Intern Med. 2008;168:
2368 –2375.
Juurlink DN, Gomes T, Lipscome LL, Austin PC, Hux JE, Mamdani
MM. Adverse cardiovascular events during treatment with pioglitazone and rosiglitazone: population based cohort study. BMJ. 2009:
339:b2942.
Sikka R, Xia F, Aubert R. Estimating medication persistency using
administrative claims data. Am J Manag Care. 2005;11:449 – 457.
Pladevall M, Goff DC, Nichaman MC, Chan F, Ramsey D, Ortiz C,
Labarthe DR. An assessment of the validity of ICD code 410 to identify
hospital admissions for myocardial infarction: the Corpus Christi heart
project. Int J Epidemiol. 1996;25:948 –952.
Graham D, Campen D, Hui R, Spence M, Cheetham C, Levy G, Shoor S,
Ray W. Risk of acute myocardial infarction and sudden cardiac death in
patients treated with cyclo-oxygenase 2 selective and non-selective nonsteriodial anti-inflammatory drugs: nested case-control study. Lancet.
2005;365:475– 481.
Centers for Disease Control and Prevention, National Center for Health
Statistics: National Death Index (NDI). 2007. Available at http://
www.cdc.gov/nchs/ndi.htm. Accessed August 4, 2010.
Cowper D, Kubal J, Maynard C, Hynes D. A primer and comparative
review of major US mortality databases. Ann Epidemiol. 2002;12:
462– 468.

545

23. Williams B, Demitrack L, Fries B. The accuracy of the National Death
Index when personal identifiers other than Social Security number are
used. Am J Public Health. 1992;82:1145–1147.
24. Graham DJ, Campen D, Hui R, Spence M, Cheetham C, Levy G, Shoor
S, Ray W. Risk of acute myocardial infarction and sudden cardiac death
in patients treated with COX-2 selective and non-selective NSAIDs.
Lancet. 2005;365:475– 481.
25. Deyo R, Cherkin D, Ciol M. Adapting a clinical comorbidity index for
use with ICD-9-CM administrative databases. J Clin Epidemiol. 1992;
45:613– 619.
26. Charlson M, Pompei P, Ales K, MacKensie C. A new method of classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chron Dis. 1987;40:373–383.
27. Parsons L. Reducing bias in a propensity score matched-pair sample using
greedy matching techniques. Proceedings of the 26th Annual SAS Users
Group International Conference. Cary, NC: SAS Institute Inc; 2001.
28. Austin PC. Some methods of propensity-score matching had superior
performance to others: results of an empirical investigation and Monte
Carlo simulations. Biom J. 2009;51:171–184.
29. Habib ZA, Tzogias L, Havstad SL, Wells K, Divine G, Lanfear DE, Tang J,
Krajenta R, Pladevall M, Williams LK. Relationship between thiazolidinedione use and cardiovascular outcomes and all-cause mortality among
patients with diabetes: a time-updated propensity analysis. Pharmacoepidemiol Drug Saf. 2009;18:437–447.
30. H Petri JU. Channeling bias in the interpretation of drug effects. Stat Med.
1991;10:577–581.
31. Lobo F, Wagner S, Gross C, Schommer J. Addressing the issue of
channeling bias in observational studies with propensity scores analysis.
Res Soc Admin Pharmacy. 2006;2:143–151.
32. Backus M, Grassley C. The US Senate Committee on Finance Senate.
Staff Report on GlaxoSmithKline and the diabetes drug Avandia. 111th
Congress, 2nd Session. January 2010.

Risk of Cardiovascular Events and All-Cause Mortality in Patients Treated With
Thiazolidinediones in a Managed-Care Population
Debra A. Wertz, Chun-Lan Chang, Chaitanya A. Sarawate, Vincent J. Willey, Mark J. Cziraky
and Rhonda L. Bohn
Downloaded from http://circoutcomes.ahajournals.org/ by guest on July 24, 2017

Circ Cardiovasc Qual Outcomes. published online August 24, 2010;
Circulation: Cardiovascular Quality and Outcomes is published by the American Heart Association, 7272
Greenville Avenue, Dallas, TX 75231
Copyright © 2010 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-7705. Online ISSN: 1941-7713

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circoutcomes.ahajournals.org/content/early/2010/08/24/CIRCOUTCOMES.109.911461

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Cardiovascular Quality and Outcomes can be obtained via RightsLink, a service of the
Copyright Clearance Center, not the Editorial Office. Once the online version of the published article for
which permission is being requested is located, click Request Permissions in the middle column of the Web
page under Services. Further information about this process is available in the Permissions and Rights
Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Cardiovascular Quality and Outcomes is online
at:
http://circoutcomes.ahajournals.org//subscriptions/

