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ROSIGLITAZONE AND PIOGLIT-
azone are the only thiazoli-
dinediones currently mar-
keted in the United States. In

mid-2007, a meta-analysis of 42 ran-
domized controlled trials involving rosi-
glitazone reported a 1.4-fold increase
in risk of acute myocardial infarction
(AMI) compared with non-thiazoli-
dinedione therapies.1 Subsequently, a
meta-analysis of 19 randomized con-
trolled trials with pioglitazone found a
statistically significant reduction in the
composite outcome of nonfatal AMI,
stroke, and all-cause mortality and a
nearly statistically significant reduc-
tion in nonfatal AMI alone,2 thereby
suggesting a potential difference in car-
diovascular risk between the 2 thiazo-
lidinediones.

The cardiovascular risks of rosiglita-
zone and pioglitazone have been com-
pared with one another in several ob-
servational studies.3-11 Rosiglitazone
increased AMI risk in 7 studies,3-6,8-10

statistically significantly so in 3.3,9,10

Stroke risk was examined in 2 studies,

both of which reported a statistically
nonsignificant increase with rosiglita-
zone compared with pioglitazone.5,7 The

risk of heart failure was statistically sig-
nificantly increased with rosiglitazone
compared with pioglitazone in 3 stud-
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Context Studies have suggested that the use of rosiglitazone may be associated with
an increased risk of serious cardiovascular events compared with other treatments for
type 2 diabetes.

Objective To determine if the risk of serious cardiovascular harm is increased by rosi-
glitazone compared with pioglitazone, the other thiazolidinedione marketed in the United
States.

Design, Setting, and Patients Nationwide, observational, retrospective, incep-
tion cohort of 227 571 Medicare beneficiaries aged 65 years or older (mean age, 74.4
years) who initiated treatment with rosiglitazone or pioglitazone through a Medicare
Part D prescription drug plan from July 2006-June 2009 and who underwent fol-
low-up for up to 3 years after thiazolidinedione initiation.

Main Outcome Measures Individual end points of acute myocardial infarction (AMI),
stroke, heart failure, and all-cause mortality (death), and composite end point of AMI,
stroke, heart failure, or death, assessed using incidence rates by thiazolidinedione, at-
tributable risk, number needed to harm, Kaplan-Meier plots of time to event, and Cox
proportional hazard ratios for time to event, adjusted for potential confounding fac-
tors, with pioglitazone as reference.

Results A total of 8667 end points were observed during the study period. The ad-
justed hazard ratio for rosiglitazone compared with pioglitazone was 1.06 (95% confi-
dence interval [CI], 0.96-1.18) for AMI; 1.27 (95% CI, 1.12-1.45) for stroke; 1.25 (95%
CI, 1.16-1.34) for heart failure; 1.14 (95% CI, 1.05-1.24) for death; and 1.18 (95% CI,
1.12-1.23) for the composite of AMI, stroke, heart failure, or death. The attributable risk
for this composite end point was 1.68 (95% CI, 1.27-2.08) excess events per 100 person-
years of treatment with rosiglitazone compared with pioglitazone. The corresponding num-
ber needed to harm was 60 (95% CI, 48-79) treated for 1 year.

Conclusion Compared with prescription of pioglitazone, prescription of rosiglita-
zone was associated with an increased risk of stroke, heart failure, and all-cause mor-
tality and an increased risk of the composite of AMI, stroke, heart failure, or all-cause
mortality in patients 65 years or older.
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ies,5,7,8 with a nonsignificant increase
in one other.11 Lastly, the risk of all-
cause mortality was statistically signifi-
cantly increased with rosiglitazone com-
pared with pioglitazone in 2 studies.5,8

The availability of prescription
drug data for Medicare beneficiaries,
beginning with introduction of the
Part D benefit in January 2006, pro-
vided an opportunity to investigate
whether rosiglitazone increases car-
diovascular and mortality risks using
a large, nationally representative
population of elderly patients with
type 2 diabetes newly treated with a
thiazolidinedione.

METHODS
Medicare Database

Medicare is the largest health insur-
ance program in the United States, pro-
viding coverage to persons 65 years or
older, as well as to persons younger than
65 years, who have end-stage renal dis-

ease or are disabled.12,13 Eligibility for
Medicare Part A, which covers hospi-
talization expenses, begins automati-
cally at age 65 years, whereas coverage
for outpatient medical care (Part B) and
prescription drugs (Part D) must be pur-
chased.13,14 Computerized data for Parts
A and B are available from the 1990s,
while data for Part D are available since
January 2006, when the Medicare pre-
scription drug benefit took effect.

Claims for Parts A, B, and D are
evaluated for data quality and entered
into an analyzable database, where they
are linked with the Medicare Enroll-
ment Database. Together, these pro-
vide information about demographic
and enrollment characteristics, diag-
noses, procedures, prescription drugs,
and medical equipment use for each
beneficiary. Prescription claims in-
clude days of supply and quantities dis-
pensed and are mapped against refer-
ence databases to identify drug name

and strength using the National Drug
Code number.

We restricted the Medicare popula-
tion to persons enrolled in Parts A and
B fee-for-service and Part D, because
claims from these sources provide the
data needed for research purposes. We
linked these claims across all settings of
care for each beneficiary, using a unique
identifier to create a longitudinal rec-
ord of each patient’s health care utiliza-
tion and related diagnoses.

Design

This study used a new-user inception
cohort design. Patients with at least 6
months of continuous Part D enroll-
ment and at least 12 months of con-
tinuous Parts A and B enrollment prior
to the date of their first thiazolidinedi-
one prescription and who were 65 years
or older on that date were identified;
those not resident in a hospital or long-
term care facility or receiving hospice
care formed the rosiglitazone and pio-
glitazone inception cohorts.

During the year prior to thiazoli-
dinedione initiation, data were col-
lected for each cohort member on
the presence of cardiovascular or cere-
brovascular disease, diabetes-related
complications, lipid disorders, and
other chronic medical conditions. The
Charlson comorbidity score was calcu-
lated using claims from inpatient hos-
pitalizations.15,16 Data on use of medi-
cations prescribed for the treatment of
cardiovascular disease, diabetes, and
other chronic medical conditions were
collected for the 6-month period pre-
ceding cohort entry. For purposes of
analysis, these baseline variables were
separated into 2 categories: core (vari-
ables frequently included in analyses
of cardiovascular end points) (TABLE 1
and TABLE 2) and additional (variables
more indicative of general health or
that represent medical conditions
already captured by prescription drug
use included as core variables)
(TABLE 3). Data on race/ethnicity were
based on self-declaration at the time
of Medicare enrollment and were
included to provide an additional mea-
sure of cohort comparability.

Table 1. Baseline Characteristics of Cohort Members at Initiation of Thiazolidinedione
Therapy

Characteristic

No. (%)
Standardized

Mean
Difference

Rosiglitazone
(n = 67 593)

Pioglitazone
(n = 159 978)

Women 41 072 (60.8) 95 125 (59.5) 0.03

Age, y
65-69 19 605 (29.0) 46 359 (29.0) 0.00

70-74 18 359 (27.2) 43 871 (27.4) 0.01

75-79 14 411 (21.3) 33 600 (21.0) 0.01

�80 15 218 (22.5) 36 148 (22.6) 0.00

Race/ethnicity
Asian 3813 (5.6) 7630 (4.8) 0.04

Black 7993 (11.8) 17 267 (10.8) 0.03

Hispanic 4231 (6.3) 8603 (5.4) 0.04

White, non-Hispanic 49 519 (73.3) 120 749 (75.5) 0.05

Other 2037 (3.0) 5729 (3.5) 0.03

Low-income subsidy 34 776 (51.4) 73 041 (45.7) 0.12

Extended carea 3134 (4.6) 6747 (4.2) 0.02

Charlson scoreb

0 50 466 (74.7) 121 067 (75.7) 0.02

1 5429 (8.0) 12 316 (7.7) 0.01

2 4632 (6.9) 10 551 (6.6) 0.01

�3 7066 (10.5) 16 044 (10.0) 0.01

Medication classes
1-6 28 712 (42.5) 67 549 (42.2) 0.01

7-9 19 639 (29.1) 47 555 (29.7) 0.02

�10 19 242 (28.5) 44 874 (28.1) 0.01
aNursing home or skilled nursing facility residence during year before cohort entry.
bThe Charlson comorbidity score was developed to predict the probability of death in the year following admission to

a hospital. The score is a weighted sum derived from a count of hospitalizations for selected diagnoses during the
preceding year. The score ranges from 0 to a theoretical maximum of 29.15,16
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Study End Points
Acute myocardial infarction was de-
fined by International Classification of
Diseases, Ninth Revision (ICD-9) code410
in the first or second position of the hos-
pital discharge diagnosis. In recent stud-
ies, code 410 had a positive predictive
value (PPV) between 89% and 97% in a
variety of US and Canadian administra-
tive claims databases.17-21 Of note, code
410 in the first or second position had a
PPV of 94% in a recent study using Medi-
care Part A data.20 Out-of-hospital death
occurring within 1 day of an emer-
gency department visit for acute ische-
mic heart disease was also classified as
fatal AMI.22

Stroke was identified by ICD-9 hos-
pital discharge diagnosis codes 430, 431,
433.x1, 434.x1, and 436, located in the
first position only. When listed as the first
discharge diagnosis, these codes have a
PPV of 92% to 100%.23-25

Heart failure was identified by ICD-9
hospital discharge diagnosis codes
402.x1, 404.x3, and 428 in the first po-
sition only. These codes have a PPV of
85% to 96%.26-28

All-cause mortality (referred to as
“death” herein) was ascertained by link-
age to the Social Security Master Benefi-
ciary Record database, which provides
the date, but not cause, of death and cap-
tures more than 95% of deaths for per-
sons 65 years or older in the United
States.29

Because cardiovascular disease ac-
counts for nearly 70% of deaths in pa-
tients with diabetes,30 all-cause mortal-
ity may be an indicator of cardiovascular
mortality in this study. For this reason,
in addition to evaluating the time to event
for the individual end points of AMI,
stroke, heart failure, and death, we also
evaluated the time to event for the com-
posite endpointofAMI, stroke,heart fail-
ure, or death.

Follow-up and Analysis

New users of rosiglitazone and piogl-
itazone underwent follow-up from
cohort entry until the earliest occur-
rence of a study end point, a gap in
continuous thiazolidinedione treat-
ment exceeding 7 days, a prescription

fill for a different thiazolidinedione, a
non–end-point hospitalization, or end
of the study period (June 30, 2009).
To guard against bias arising from
informative censoring, most impor-
tantly by events leading to death, any
end point events occurring within 14
days following a gap in continuous
treatment or admission to a hospital
were counted in the analysis. This
14-day period of extended follow-up
was not applied to thiazolidinedione
switching, because it would not be
possible to distinguish effects attribut-
able to rosiglitazone from those attrib-
utable to pioglitazone, nor was it
applied to censoring at the end of the

study window because no data were
collected after that date.

Baseline characteristics of the thia-
zolidinedione cohorts were compared
using standardized mean differences,
calculated as the difference in means or
proportions of a variable divided by a
pooled estimate of the standard devia-
tion of the variable.31 This measure is
not influenced by sample size and is
useful for comparing cohorts in large
observational studies. A value of 0.1 SD
or less indicates a negligible differ-
ence in means between groups.31

Kaplan-Meier cumulative incidence
plots were generated showing time to
event for all end points. Unadjusted in-

Table 2. Core Cardiovascular Medical Conditions and Medications Used Among Cohort
Members During the 12-Month (Medical Conditions) or 6-Month (Medications) Period
Preceding Initiation of Thiazolidinedione Therapy

Condition

No. (%)
Standardized

Mean
Difference

Rosiglitazone
(n = 67 593)

Pioglitazone
(n = 159 978)

Cardiovascular disease
Acute myocardial infarctiona 743 (1.1) 1646 (1.0) 0.01

Coronary revascularization 5498 (8.1) 12 760 (8.0) 0.01

Heart failurea 4690 (6.9) 9634 (6.0) 0.04

Other ischemic heart disease 14 228 (21.0) 33 235 (20.8) 0.01

Strokea 895 (1.3) 1801 (1.1) 0.02

Diabetes-related disorders
Microvascular disease 24 660 (36.5) 59 646 (37.3) 0.02

Peripheral vascular disease 3951 (5.8) 9024 (5.6) 0.01

Cardiovascular medications
ACE inhibitors and ARBs 44 838 (66.3) 107 762 (67.4) 0.02

Antiarrhythmics 1270 (1.9) 2895 (1.8) 0.01

Anticoagulants 5601 (8.3) 13 693 (8.6) 0.01

Antiplatelet drugs 9681 (14.3) 22 804 (14.3) 0.00

�-Blockers 28 327 (41.9) 68 752 (43.0) 0.02

Calcium channel blockers 21 948 (32.5) 52 696 (32.9) 0.01

Digoxin 4800 (7.1) 11 012 (6.9) 0.01

Diuretics
Loop 14 671 (21.7) 34 243 (21.4) 0.01

Potassium-sparing 1953 (2.9) 4677 (2.9) 0.00

Thiazide 23 847 (35.3) 57 148 (35.7) 0.01

Nitrates 7516 (11.1) 16 695 (10.4) 0.02

Diabetes-related medications
Insulin 9281 (13.7) 21 952 (13.7) 0.00

Oral
Metformin 32 989 (48.8) 83 716 (52.3) 0.07

Sulfonylureas 32 566 (48.2) 79 696 (49.8) 0.03

Other 4107 (6.1) 13 526 (8.5) 0.09

Lipid-lowering medications
Fibrates 5061 (7.5) 13 146 (8.2) 0.03

Statins 38 807 (57.4) 94 759 (59.2) 0.04
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker.
aHospitalized events only.
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cidence rates and rate differences (at-
tributable risk) with 95% confidence in-
tervals (CIs) were calculated using
cumulative cohort follow-up time. Haz-
ard ratios (HRs) with 95% CIs were cal-
culated using Cox proportional haz-
ards models, stratified by prior history
of a cardiovascular end point and can-
cer, with adjustment for all remaining
covariates (Tables 1, 2, and 3). The pro-
portional hazards assumption was as-
sessed using a test of weighted Schoen-
feld residuals.32 The number needed to
harm was estimated using the attribut-
able risk.

Preplanned sensitivity analyses in-
cluded repetition of the main analysis
with zero days of follow-up after a gap
in thiazolidinedione therapy or hospi-
talization to identify evidence of infor-

mative censoring and repetition of the
main analysis restricted to strata de-
fined by baseline treatment with insu-
lin, metformin, sulfonylureas, ni-
trates, or statins. Several unplanned,
post hoc analyses were performed to
evaluate the failure of some Cox pro-
portional hazards models to meet the
proportional hazards assumption. These
unplanned analyses included those re-
stricted to patients who entered the
study before or after publication of a
widely publicized meta-analysis of rosi-
glitazone randomized trials on May 21,
2007,1 and partitioning of follow-up
time into intervals of 0 through 2
months, more than 2 through 4 months,
and more than 4 months.

This study was performed as part of
the SafeRx Project, a joint initiative of

the Centers for Medicare & Medicaid
Services, the US Food and Drug Ad-
ministration, and the Office of the
Assistant Secretary for Planning and
Evaluation. It was approved by the Re-
search in Human Subjects Committee
of the Food and Drug Administra-
tion’s Center for Drug Evaluation and
Research. Analyses were performed
using Stata version 11 (StataCorp, Col-
lege Station, Texas).

RESULTS
During the study period, 227 571 pa-
tients initiated thiazolidinedione therapy
and contributed 101 126 to 101 323 per-
son-years of follow-up, depending on the
end point analyzed. The mean age was
74.4 years in both cohorts, with a me-
dian follow-up of 105 days (range,
1-1093). The cohorts were similar with
respect to background characteristics,
with the exception of a slight imbal-
ance in the proportion receiving a pre-
scription co-payment subsidy (Table 1).
They were also similar with respect to
prior medical conditions and medica-
tion use (Tables 2 and 3).

During follow-up, there were 1746
AMIs (21.7% fatal), 1052 strokes (7.3%
fatal), 3307 hospitalizations for heart
failure (2.6% fatal), and 2562 deaths
from all causes among cohort mem-
bers (TABLE 4). For the composite of
AMI, stroke, heart failure, or death, the
attributable risk was 1.68 (95% CI,
1.27-2.08) excess events per 100 per-
son-years of rosiglitazone compared
with pioglitazone treatment. The cor-
responding number needed to harm for
this composite end point was 60 (95%
CI, 48-79) persons treated for 1 year to
generate 1 excess event.

Kaplan-Meier cumulative inci-
dence plots showed no differences in
risk for AMI between rosiglitazone and
pioglitazone but did show evidence of
increased risk of stroke, heart failure,
and death and for the composite of all
events with rosiglitazone compared
with pioglitazone (FIGURE 1 and
FIGURE 2).

The adjusted HRs for stroke, heart
failure, death, and the composite of
AMI, stroke, heart failure, or death were

Table 3. Additional Medical Conditions and Medications Used Among Cohort Members
During the 12-Month (Medical Conditions) and 6-Month (Medications) Period Preceding
Initiation of Thiazolidinedione Therapy

Characteristic

No. (%)
Standardized

Mean
Difference

Rosiglitazone
(n = 67 593)

Pioglitazone
(n = 159 978)

Medical condition
Alcohol abuse 658 (1.0) 1316 (0.8) 0.02

Chronic liver disease 827 (1.2) 2150 (1.3) 0.01

COPD 15 158 (22.4) 34 481 (21.6) 0.02

Dementia 2610 (3.9) 5636 (3.5) 0.02

Gout 3598 (5.3) 8593 (5.4) 0.00

Hypercholesterolemia 32 671 (48.3) 78 140 (48.8) 0.01

Hypertension 61 042 (90.3) 144 989 (90.6) 0.01

Hypertriglyceridemia 20 300 (30.0) 51 299 (32.1) 0.04

Hypothyroidism 14 580 (21.6) 35 062 (21.9) 0.01

Inflammatory arthritis 2794 (4.1) 6138 (3.8) 0.02

Kidney failure 6244 (9.2) 16 850 (10.5) 0.04

Malignancya 7387 (10.9) 18 282 (11.4) 0.02

Obesity 5978 (8.8) 15 069 (9.4) 0.02

Organ transplantation 275 (0.4) 715 (0.4) 0.01

Peptic ulcer disease 894 (1.3) 2024 (1.3) 0.01

Smoking 4700 (7.0) 11 547 (7.2) 0.01

Medications
Antidepressants 14 686 (21.7) 34 899 (21.8) 0.00

Bisphosphonates 6798 (10.1) 15 315 (9.6) 0.02

Estrogen 1336 (2.0) 3097 (1.9) 0.00

H2 antagonists 4087 (6.0) 8844 (5.5) 0.02

NSAIDs 13 005 (19.2) 28 744 (18.0) 0.03

Proton pump
inhibitors

16 490 (24.4) 39 687 (24.8) 0.01

Thyroid hormone
replacement

10 259 (15.2) 26 040 (16.3) 0.03

Abbreviations: COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug.
aExcluding nonmelanoma skin cancer.
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increased for rosiglitazone compared
with pioglitazone (Table 4). The ad-
justed HR for AMI was not signifi-
cantly increased. The proportional haz-
ards assumption was met for AMI,
stroke, and heart failure but not for
death or the composite of AMI, stroke,
heart failure, or death.

To evaluate the nature and impor-
tance of this nonproportionality, we per-

formed a series of unplanned, post hoc
analyses. We restricted the cohorts to the
110 950 patients who entered the study
prior to the May 21, 2007, publication
of the rosiglitazone meta-analysis by
Nissen and Wolski.1 Nearly identical re-
sults were obtained for the main analy-
sis (eTable 1, available at http://www
.jama.com), and the proportional
hazards assumption was now also met

for death. An analysis restricted to pa-
tients who entered the study after the
May 2007 publication date produced re-
sults similar to those for the prepubli-
cation period (eTable 1). Of note, there
were only 15 009 patients receiving
rosiglitazone during this latter period,
who contributed 5400 person-years of
exposed observation time, compared
with 101 612 patients receiving pio-

Table 4. Incidence Rates, Attributable Risks (Rate Differences), and Numbers Needed to Harm for AMI, Stroke, Heart Failure, All-Cause
Mortality, and a Composite Individual End Point in Elderly Medicare Patients Treated With Rosiglitazone vs Pioglitazone

End Point

Events, No.
Incidence Rate

per 100 Person-Years Attributable Risk
(95% CI) per 100

Person-Years

No. Needed to
Harm (95% CI),
Person-Years

HR (95% CI)

Rosiglitazone Pioglitazone Rosiglitazone Pioglitazone Unadjusted Adjusteda

AMI 523 1223 1.83 1.68 0.15 (−0.03 to 0.33) NAb 1.07 (0.97-1.19) 1.06 (0.96-1.18)

Stroke 363 689 1.27 0.95 0.32 (0.17-0.47) 313 (213-588) 1.31 (1.15-1.49) 1.27 (1.12-1.45)

Heart failure 1125 2182 3.94 3.00 0.94 (0.68-1.20) 106 (83-147) 1.27 (1.18-1.37) 1.25 (1.16-1.34)

All-cause mortality 814 1748 2.85 2.40 0.45 (0.22-0.67) 222 (149-455) 1.17 (1.07-1.27) 1.14 (1.05-1.24)c

AMI, stroke, heart
failure, or
all-cause
mortality

2593 5386 9.10 7.42 1.68 (1.27-2.08) 60 (48-79) 1.20 (1.14-1.26) 1.18 (1.12-1.23)c

Abbreviations: AMI, acute myocardial infarction; CI, confidence interval; HR, hazard ratio; NA, not applicable.
aCox proportional hazards model stratified by history of cardiovascular end point and cancer and adjusted for variables in Tables 1-3.
bAttributable risk was not statistically significant.
cTest of proportional hazards assumption not met.

Figure 1. Kaplan-Meier Cumulative Incidence of Time to Event for Acute Myocardial Infarction, Stroke, Heart Failure, and All-Cause Mortality
in Elderly Medicare Patients Treated With Rosiglitazone or Pioglitazone

0.04

0.02

0

No. at risk
Rosiglitazone
Pioglitazone

67 593
159 978

3

36 615
86 417

6

19 267
47 981

9

11 177
31 122

12

6614
21 102

15

4265
14 497

18

3066
10 140

Months Since Initial Treatment

Acute myocardial infarction

P
ro

po
rt

io
n 

E
xp

er
ie

nc
in

g
O

ut
co

m
e

Rosiglitazone
Pioglitazone

Log-rank P  = .18

0.02

0

67 593
159 978

3

36 621
86 429

6

19 268
47 984

9

11 180
31 132

12

6611
21 113

15

4264
14 497

18

3068
10 143

Months Since Initial Treatment

Stroke

Log-rank P<.001

0.06

0.04

0.02

0.02

0

No. at risk
Rosiglitazone
Pioglitazone

67 593
159 978

3

36 584
86 636

6

19 256
47 958

9

11 173
31 115

12

6613
21 102

15

4264
14 492

18

3065
10 141

Months Since Initial Treatment

Heart failure

P
ro

po
rt

io
n 

E
xp

er
ie

nc
in

g
O

ut
co

m
e

P
ro

po
rt

io
n 

E
xp

er
ie

nc
in

g
O

ut
co

m
e

P
ro

po
rt

io
n 

E
xp

er
ie

nc
in

g
O

ut
co

m
e

Log-rank P<.001

0.04

0

67 593
159 978

3

36 638
86 466

6

19 277
47 998

9

11 183
31 137

12

6616
21 117

15

4266
14 500

18

3068
10 146

Months Since Initial Treatment

All-cause mortality

Log-rank P<.001

Segment of y-axes shown in blue indicates the range of 0 to 0.02 cumulative proportion.

CARDIOVASCULAR EVENTS WITH ROSIGLITAZONE

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, July 28, 2010—Vol 304, No. 4 415

Downloaded From: https://jamanetwork.com/ on 05/22/2023



glitazone who underwent follow-up for
40 400 person-years.

We also partitioned follow-up time
into 3 periods and repeated the main
analysis for death-related end points
using the entire (prepublication and
postpublication) study population
(eTable 2). The HRs for death and for
the composite of AMI, stroke, heart fail-
ure, or death were increased with rosi-
glitazone compared with pioglitazone
during the first interval (0 through 2
months), somewhat lower but still in-
creased during the second interval (�2
through 4 months), and were in-
creased to a greater degree during the
third interval (�4 months) than dur-
ing the first. The proportional hazards
assumption was met during each fol-
low-up interval for both death-related
end points, and the HRs for rosiglitazone
compared with pioglitazone were sta-
tistically significantly increased during
the third and final interval (HR for death,
1.21 [95% CI, 1.05-1.39]; HR for the
composite of AMI, stroke, heart failure,
or death, 1.23 [95% CI, 1.14-1.34]).

Several preplanned sensitivity analy-
ses were performed. We repeated the
main analyses on the entire study popu-
lation without allowing for the 14-day
follow-up after hospital admission or
a break in thiazolidinedione use. In this
analysis, patients dying after hospital
admission or experiencing any study
end point shortly after stopping thia-
zolidinedione were not counted. The
risk of stroke and heart failure with rosi-

glitazone compared with pioglitazone
remained statistically significantly in-
creased, as did risk for the composite
end point of AMI, stroke, heart fail-
ure, or death (eTable 3). With no ex-
tended follow-up, the HR for all-cause
mortality was no longer increased (1.07
[95% CI, 0.95-1.22]).

We also examined the effect of rosi-
glitazone compared with pioglitazone
on risk of study end points within sepa-
rate subpopulations defined by base-
line use or nonuse of insulin, metfor-
min, sulfonylureas, nitrates, and statins.
The HRs for each end point were simi-
lar in patients with and without base-
line use of these agents (eTable 4).

COMMENT
Use of rosiglitazone was associated with
an increased risk of stroke, heart fail-
ure, and death and the composite of
AMI, stroke, heart failure, or death com-
pared with pioglitazone among Medi-
care beneficiaries 65 years or older. Both
thiazolidinediones have been shown to
increase the risk of heart failure com-
pared with treatment with placebo or
other antidiabetes medications.33,34 Our
study found that rosiglitazone was as-
sociated with a 1.25-fold (95% CI, 1.16-
1.34) increase in risk of heart failure
compared with pioglitazone, similar to
the risk increase reported in 2 other
studies conducted among elderly
persons.5,8 Of note, a differentially in-
creased risk of heart failure with rosi-
glitazone was also suggested by a meta-

analysis of randomized trials for both
drugs.35 Heart failure is associated with
increased 1-year and 4-year mortality,
and this mortality effect is greater in
patients with diabetes,36 an effect that
would not be captured by our study be-
cause follow-up did not continue be-
yond the acute episode.

We were unable to determine
whether one or both thiazolidine-
diones increase or decrease the abso-
lute risk of any outcome, because we
did not have a reference group treated
with non-thiazolidinedione medica-
tions only. However, these data sug-
gest that rosiglitazone was associated
with a 1.27-fold (95% CI, 1.12-1.45) in-
creased risk of stroke and a 1.14-fold
(95% CI, 1.05-1.24) increased risk of
death compared with pioglitazone. In-
creased mortality in elderly patients
treated with rosiglitazone compared
with pioglitazone, of a magnitude simi-
lar to that described here, has also been
reported in other studies.5,8

The risk of AMI was not different be-
tween the 2 thiazolidinediones in this
study of elderly Medicare patients. Two
other studies conducted in elderly per-
sons (mean age, 72-76 years) also found
no difference in AMI risk between the
2 thiazolidinediones.5,8 In contrast, most
studies that have reported an in-
creased risk of AMI with rosiglitazone
were conducted in younger popula-
tions (mean age, 54-65 years), and most
required that patients survive to hos-
pitalization to be counted.1,3,4,9,10 There
may be no difference in AMI risk be-
tween the 2 drugs in elderly persons.
However, it is also possible that the
pattern of cardiovascular outcomes
for rosiglitazone compared with
pioglitazone changes with advancing
age. The incidence of sudden cardiac
death increases nearly 6-fold between
the sixth and eighth decades of life,37

perhaps contributing to a shift toward
fatal AMI that does not reach hospital
to be counted. In an older population
of patients with diabetes, in which
nearly 70% of deaths have an underly-
ing cardiovascular cause,30 the effect of
an increase in sudden cardiac death
might be even greater. While the rea-

Figure 2. Kaplan-Meier Cumulative Incidence of Time to Event for the Composite of Acute
Myocardial Infarction, Stroke, Heart Failure, and All-Cause Mortality in Elderly Medicare
Patients Treated With Rosiglitazone or Pioglitazone
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son for the increased risk of death with
rosiglitazone compared with pioglit-
azone seen in the elderly patients in our
study and others is not known,5,8 it is
plausibly attributable to an increase in
a specific cause rather than to a dif-
fuse increase in all causes of death. We
believe that this specific cause is most
likely cardiovascular.

The incidence rates of AMI, stroke,
heart failure, and death observed for
the pioglitazone cohort in our study
were similar to those that can be cal-
culated for the pioglitazone group of the
PROactive trial, a large cardiovascular
end point trial that compared pioglit-
azone with other diabetes therapies (cal-
culated incidence rates from PROactive,
per 100 person-years, were 1.6 for AMI;
1.2 for stroke; 2.8 for heart failure; and
2.4 for death).38 Although the mean age
of patients in PROactive was younger
than in our cohort (61.1 years vs 74.4
years), the PROactive cohort was rich
in patients with established macrovas-
cular disease, thereby making it more
similar to an older population with
longer-standing diabetes. This similar-
ity in rates suggests that event capture
in our study was relatively complete.
The event rates in our study were also
similar to those obtained by Juurlink et
al8 in a study of elderly patients with
diabetes from Ontario, Canada.

Based on commercially available drug
usage data purchased by the US Food
and Drug Administration (SDI, Vector
One [VONA]. US national prescrip-
tion use of rosiglitazone and pioglit-
azone, 1999-2009. Provided to the Food
and Drug Administration under con-
tract), there were an estimated 2.84 mil-
lion person-years of rosiglitazone use
in patients 65 years or older in the
United States from 1999-2009. With a
number needed to harm of 60 persons
treated for 1 year to produce 1 excess
event of the composite of AMI, stroke,
heart failure, or death attributable to use
of rosiglitazone rather than pioglit-
azone, the negative population effect of
rosiglitazone may have been great.

Our study had a number of limita-
tions. This was an observational study,
not a randomized trial, and so could be

subject to biases arising from confound-
ing. To guard against this, we col-
lected data on a wide array of vari-
ables known or suspected to be
associated with the outcomes under
study, as well as many variables re-
lated to general health. The 2 cohorts
were virtually indistinguishable with re-
spect to these numerous baseline char-
acteristics. In this regard, other obser-
vational studies that directly compared
rosiglitazone with pioglitazone also
noted a marked similarity between drug
groups with respect to baseline char-
acteristics and risk factors,3-9 suggest-
ing that the thiazolidinediones are prob-
ably prescribed to comparable types of
patients. Misclassification of exposure
or outcome is another potential limi-
tation of observational studies but usu-
ally acts to reduce the strength of as-
sociations. We did not independently
validate the diagnoses of AMI, stroke,
or heart failure. There is currently no
mechanism in place under the SafeRx
Project to obtain medical record data.
However, the ICD-9 diagnosis–coded
case definitions that we adhered to in
this study have been consistently well-
validated in previous studies using the
same or similar hospitalization claims
data.17-28 Lastly, because prescription
drug data from Medicare Part D have
not been used extensively for pur-
poses of comparative safety, issues re-
lated to data quality must be consid-
ered. The Medicare Part D data are
collected and processed by the Cen-
ters for Medicare & Medicaid Services
in exactly the same manner as prescrip-
tion data from Medicaid, which have
been shown to be complete and of high
quality.39

In conclusion, in a population of
more than 227 000 patients 65 years or
older who initiated treatment with a
thiazolidinedione, we found that, com-
pared with pioglitazone, rosiglitazone
was associated with an increased risk
of stroke, heart failure, and death and
an increased risk of the composite of
AMI, stroke, heart failure, or death.
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