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ABSTRACT

BACKGROUND
Rosiglitazone is widely used to treat patients with type 2 diabetes mellitus, but its
effect on cardiovascular morbidity and mortality has not been determined.

METHODS

We conducted searches of the published literature, the Web site of the Food and
Drug Administration, and a clinical-trials registry maintained by the drug manu-
facturer (GlaxoSmithKline). Criteria for inclusion in our meta-analysis included a
study duration of more than 24 weeks, the use of a randomized control group not
receiving rosiglitazone, and the availability of outcome data for myocardial infarc-
tion and death from cardiovascular causes. Of 116 potentially relevant studies, 42
trials met the inclusion criteria. We tabulated all occurrences of myocardial infarc-
tion and death from cardiovascular causes.

RESULTS

Data were combined by means of a fixed-effects model. In the 42 trials, the mean
age of the subjects was approximately 56 years, and the mean baseline glycated
hemoglobin level was approximately 8.2%. In the rosiglitazone group, as compared
with the control group, the odds ratio for myocardial infarction was 1.43 (95%
confidence interval [CI], 1.03 to 1.98; P=0.03), and the odds ratio for death from
cardiovascular causes was 1.64 (95% CI, 0.98 to 2.74; P=0.006).

CONCLUSIONS
Rosiglitazone was associated with a significant increase in the risk of myocardial
infarction and with an increase in the risk of death from cardiovascular causes that
had borderline significance. Our study was limited by a lack of access to original
source data, which would have enabled time-to-event analysis. Despite these limita-
tions, patients and providers should consider the potential for serious adverse car-
diovascular effects of treatment with rosiglitazone for type 2 diabetes.

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

From the Cleveland Clinic, Cleveland. Ad-
dress reprint requests to Dr. Nissen at
the Department of Cardiovascular Medi-
cine, Cleveland Clinic, 9500 Euclid Ave.,
Cleveland, OH 44195, or at nissens@ccf.
org.

This article (10.1056/NEJMo0a072761) was
published at www.nejm.org on May 21,

2007.

N Engl ) Med 2007;356:2457-71.
Copyright © 2007 Massachusetts Medical Society.

2457

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



2458

The NEW ENGLAND JOURNAL of MEDICINE

HIAZOLIDINEDIONE DRUGS ARE WIDE-
ly used to lower blood glucose levels in pa-
tients with type 2 diabetes mellitus. In the
United States, three such agents have been intro-
duced: troglitazone, which was removed from the
market because of hepatotoxicity, and two current-
ly available agents, rosiglitazone (Avandia, Glaxo-
SmithKline) and pioglitazone (Actos, Takeda). The
thiazolidinediones are agonists for peroxisome-
proliferator—activated receptor y (PPAR-vy). PPAR-y
receptors are ligand-activated nuclear transcrip-
tion factors that modulate gene expression, lower-
ing blood glucose primarily by increasing insulin
sensitivity in peripheral tissues.»? Rosiglitazone
was introduced in 1999 and is widely used as
monotherapy or in fixed-dose combinations with
either metformin (Avandamet, GlaxoSmithKline)
or glimepiride (Avandaryl, GlaxoSmithKline).
The original approval of rosiglitazone was
based on the ability of the drug to reduce blood
glucose and glycated hemoglobin levels.? Initial
studies were not adequately powered to deter-
mine the effects of this agent on microvascular
or macrovascular complications of diabetes, in-
cluding cardiovascular morbidity and mortality.3
However, the effect of any antidiabetic therapy
on cardiovascular outcomes is particularly im-
portant, because more than 65% of deaths in
patients with diabetes are from cardiovascular
causes.* Therefore, we performed a meta-analy-
sis of trials comparing rosiglitazone with placebo
or active comparators to assess the effect of this
agent on cardiovascular outcomes. The source
material for this analysis consisted of publicly
available data from the original registration pack-
age submitted to the Food and Drug Administra-
tion (FDA), another series of trials performed by
the sponsor after approval, and two large, prospec-
tive, randomized trials designed to study addition-
al indications for the drug.

METHODS

ANALYZED STUDIES

Table 1 lists the 42 trials included in this meta-
analysis. We screened 116 phase 2, 3, and 4 trials
for inclusion. Of these, 48 trials met the pre-
defined inclusion criteria of having a randomized
comparator group, a similar duration of treat-
ment in all groups, and more than 24 weeks of
drug exposure. Six of the 48 trials did not report

any myocardial infarctions or deaths from cardio-
vascular causes and therefore were not included
in the analysis because the effect measure could
not be calculated. Of the remaining 42 studies,
38 reported at least one myocardial infarction,
and 23 reported at least one death from cardio-
vascular causes. In these trials, 15,565 patients
were randomly assigned to regimens that includ-
ed rosiglitazone, and 12,282 were assigned to
comparator groups with regimens that did not
include rosiglitazone.

Multiple groups of patients who received rosig-
litazone within a single trial were pooled togeth-
er, when applicable. The control group was de-
fined as patients receiving any drug regimen
other than rosiglitazone. The trials fall into three
categories. One group includes five of the stud-
ies submitted to the FDA for the March 22, 1999,
advisory board hearing that recommended ap-
proval of rosiglitazone. Group-level data from
these five studies are available in publicly dis-
closed briefing documents archived on the FDA
Web site.® Data from these same trials are also
reported in a summary fashion on a clinical-
trial registry Web site maintained by the drug
manufacturer, GlaxoSmithKline.> Reports of four
of these five trials were also published in peer-
reviewed journals.”® In these five trials, 1967 pa-
tients were randomly assigned to receive rosiglit-
azone, and 793 patients were assigned to receive
various comparator drugs (Table 1).

Other studies that we included in the meta-
analysis were initially identified in the Glaxo-
SmithKline clinical-trial registry.> As noted in
Table 1, we included 35 studies in this category,
9 of which were published in peer-reviewed jour-
nals and 26 of which remain unpublished.1°-18
Whenever possible, the results obtained on the
GlaxoSmithKline Web site were cross-checked
with the publication. In cases of disagreement
between published and unpublished data, data
derived from the manufacturer’s Web site were
used. In this group of 35 trials, 9507 patients
were randomly assigned to receive rosiglitazone,
and 5960 patients were assigned to receive vari-
ous comparator drugs.

A third data source consisted of two large,
recently published trials, the Diabetes Reduction
Assessment with Ramipiril and Rosiglitazone
Medication (DREAM) NCT00095654 trial2° and
the A Diabetes Outcome Prevention Trial (ADOPT)
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(ClinicalTrials.gov number, NCT00279045).2* In
the DREAM study, 2635 patients were randomly
assigned to receive rosiglitazone and 2634 patients
were assigned to receive placebo. The DREAM
study was designed to determine whether rosigli-
tazone could prevent the development of type 2
diabetes in patients at high risk for this disorder.
In the ADOPT trial, 1456 patients were random-
ly assigned to receive rosiglitazone and 2895 pa-
tients were assigned to receive either metformin
or glyburide. The ADOPT study was designed to
assess the durability of glycemic control with
rosiglitazone therapy, as compared with therapy
with metformin or glyburide.

OUTCOME MEASURES
We reviewed data summaries provided in the
FDA review documents, the GlaxoSmithKline
clinical-trial registry Web site, and published
trial results and then abstracted from the ad-
verse-event tabulations information on myocar-
dial infarction and death from cardiovascular
causes. With the exception of the DREAM study,
the included trials did not describe adjudication
of myocardial infarction or death from cardio-
vascular causes. Time-to-event data for cardio-
vascular events were not available in any of these
trials, which precluded the calculation of hazard
ratios. Because only summary data were avail-
able, it was not possible to discern whether the
same patient had both events. Therefore, an out-
come measure based on the composite of death
or myocardial infarction could not be construct-
ed. Accordingly, these two outcomes are reported
separately.

STATISTICAL ANALYSIS
Many trials had few cardiovascular events, so the
odds ratios and 95% confidence intervals were
calculated with the use of the Peto method.?224
Because all trials had similar durations of follow-
up for all treatment groups, the use of odds ra-
tios represents a valid approach to assessing the
risk associated with the use of rosiglitazone. Tri-
als in which patients had no adverse cardiovas-
cular events in either group were excluded from
analyses. All reported P values are two-sided.
Statistical heterogeneity across the various trials
was tested with the use of Cochran’s Q statistic.
A P value of more than the nominal level of 0.10
for the Q statistic indicated a lack of heterogene-

ity across trials, allowing for the use of a fixed-
effects model. For additional analyses, the active
comparator control groups were subgrouped into
the following four classes for comparison with
rosiglitazone: metformin, sulfonylurea, insulin,
and placebo. Odds ratios and 95% confidence in-
tervals were calculated for each subgroup with the
use of methods similar to those used in the
pooled analyses. Data were analyzed with the use
of Comprehensive Meta-Analysis software, version
2.2 (Biostat).

RESULTS

BASELINE CHARACTERISTICS
Table 2 reports the doses of rosiglitazone and
comparator drugs, baseline demographic charac-
teristics, study periods, and glycated hemoglobin
levels or fasting blood glucose levels for patients
enrolled in the trials. The patients were relatively
young, averaging less than 57 years of age for both
the rosiglitazone group and the control group.
Overall, there was a moderate predominance of
men. Diabetes control was relatively poor, with a
mean baseline glycated hemoglobin level of ap-
proximately 8.2% for both study groups.

MYOCARDIAL INFARCTION AND DEATH
Table 3 reports the myocardial infarction events
and deaths from cardiovascular causes that were
reported in the 42 clinical trials we reviewed.
There were 86 myocardial infarctions in the rosig-
litazone group and 72 in the control group.
There were 39 deaths from cardiovascular causes
in the rosiglitazone group and 22 in the control
group. Table 4 lists the odds ratios, 95% confi-
dence intervals, and P values for myocardial in-
farction and death from cardiovascular causes
for the rosiglitazone group and the control group.
The summary odds ratio for myocardial infarc-
tion was 1.43 in the rosiglitazone group (95%
confidence interval [CI], 1.03 to 1.98; P=0.03).
The odds ratio for death from cardiovascular
causes in the rosiglitazone group, as compared
with the control group, was 1.64 (95% CI, 0.98 to
2.74; P=0.06). Table 4 also lists odds ratios and
95% confidence intervals for the pooled group of
trials that were smaller and of shorter duration;
results for the DREAM and ADOPT studies are
shown separately.

Table 5 lists odds ratios for myocardial in-

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

2459



The NEW ENGLAND JOURNAL of MEDICINE

0cI
96
6¢l
L01
66

90T
861
[Ax4
6LC

[44!
c0¢
SET
78¢
148
yel
Ly

€6/
911

601
S31
L0C
9/1

sjuaized
JOON

apungh|n
ulnsu
uijnsuj
ulnsu

SpuNgA|D

3pUNgA|D
Feainjkuoyng
urnsuy
ogade|d

U0y
-12W 1NOY1IM IO Y}IM dJeD [BNS

leaunjAuoyns pue uiwiona N
UIWIoNRN
UIWIONIIN
aied [ensn
3pungh|D
apuNngA|

UIWIONB N

UILLLIOJIDIN
0gade|d
apuNngA|

ogade|d

3niq
dnois josuo)

(44}
961
8¢T
[AX4
¥0T

€0¢
S6¢
81¥
8L¢

€99
¥6C
¥8¢
8¢
01T
1t
34

£96'T
cee

N4
vLL
16¢
£S¢€

sjuaied
O °ON

auozey|3isoy
uljnsul pue auozey|3isoy
ulnsui pue auozel|3isoy
uljnsui pue auozey|3isoy
suoze}|3isoy

apungA|3
1noy1M Jo Yyim auozeyl|disoy

Ieainjkuoy|ns pue auozeyl|3isoy
ulnsul pue auozej3isoy
suoze}|3isoy

ulwIogdW
1NoYUM Jo yum auozeyl|3isoy

uiwIoj1dW pue auozell|3isoy
ulWIoaW pue auoze}|S1soy
ullIoaW pue auozell|S1soy
aJed [ensn pue auozey|3isoy
apungA|3 pue suozey|3isoy
apungA|3 pue auozey|3isoy

ulwIof1dW pue auozell|31soy

ulwIojaW
INOYUM 1o yum auozeyl|3isoy

auozeyl|3isoy
auozey3isoy

auozey|3isoy

3niq

dnous suozeySisoy

91
9¢
9¢
9¢
9s1

9¢
144
44
[4Y

[A3
[49
8y
144
49
144
[4

9¢

9¢
9¢
49
ve

Am

uoljeing

<£60/£596¥
$560/£596%
$580/€5961
1580/ £5961
¢1:s080/£596%

Lo o TR > o IS o I o o I 0 o |

6£0/£5961
21s§10/€596¥
sL¥€/€5967 148
sVE€/€5967 149

¢8/¥S000.1ON

<t < en o

sS81/2£596¥ Tdd
sV9ZOOTINAY
+800/€S£21L
1ws¥82/£596%
<112/€596%
<EVT/£5961

s¥8900T
s[ewy Koed
-1y° ¢ pue ‘¢ ‘z aseyd |euonippy
[e101qnS
3 or'eio's 760/ £596%

CTIT16G€00LON

T YT YT YT TS

0 €60/ €596
a0 720/ £596¥
5020/ £596¥
£-sT10/€596%

aSeyped uonen
-s13a1 [ewiSuio ul papnpul sjeu |

MmN N o

aseyd JaqunN AnsiSay aoualapey pue Apnis

«'SIsK|euy-e1a |\ ay1 u1 suozey|3isoy Jo s[el] [ediul]D T 3|qeLl

N ENGLJ MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

2460

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ROSIGLITAZONE AND CARDIOVASCULAR OUTCOMES

‘apiwieing|oy 4o ‘auopinby 3 ‘opiwedoidiojys ‘opizep|3 ‘opizidi|3 ‘apungA|3 sem Snip passisiuiwpe ay] |

‘paydadsun sem eainjkuoyins jo adA1 ayy

‘apiweing|oy Jo ‘apuidawid ‘opiwedoidiojyd ‘opizep 3 ‘opizidi|3 ‘opunqgA|3 sem 3nip passisiuiwpe sy §
"ap1z1d1|3 1o ‘apize|d1|3 ‘oplnqA|3 sem 3nup pasisiulwipe ay| I
‘api1ze|d1|3 4o apungA|S Jayia sem 3nup pasaisiuiwipe ay L
"|BLL UOIIUSARIH SWOdINQ S313qeId VY 1dOdY PUB ‘UoIedIpa|y auoze}l|3isoy pue |uidiLuey ylim JUSWSSISSY UoIdNpay sajaqelq sajousp NYIYQ “Aisidal yeyy ul papnp
-Ul S|BlJ} 04 Pa3si| aJe siaquunu A0S s|eLi] [ediul]) .'9)IS GIA S Auedwiod ay} Uo 3|qe|IBA 24 puE ‘Dul|)yHWSOXe|D “Yosuods ay} Aq pareudisap Jaquinu ay3 03 Suipiodde palsi| aie SaIpNIS i

[ATAAN
§68'C
v€9°'C

096°S
144
[N

091

¥ST
(444
08¢
G381
743
8¢
19

[4A)
88

we
[a4s
11t
9L¢C
8¢

8S

€LT

aplingA|3 Jo uiwiopd N

ogade|d

ogade|d

[e2anjAuoyns
ulnsuj

UIWIONRN
UILIOJIBIN

UIWIoNRN

ulwIoj1aW pue apungA|n
ogade|d

ogade|d

spuidawio

apungi|n

lpesinjAuoyns

Sp!ZEPID

ogade|d

apizidi|n

ogade|d

ogade|d

apuNngA|

feainjAuoyins

§96°ST
9S¥'T
S€9°C

L0S'6
¥6¢
(4474

91

1483
¥S¢
88¢
¥0¢
90/
1811
911
891
68
1ee
81
911
196
6¢
9§
SLT

auozeyl|3isoy

auozeyl|3isoy
|esanjkuoyins pue auozey|3isoy

urnsul
pue ‘Uiwiojaw ‘auozell|3isoy

ulwIofaW
INoYUM 1o yum auozeyl|3isoy

ulLIojjaW pue auozell|31soy

ulwiopaW pue auozeyl|31soy

UILLIOJJW puE 3UoZe}
auozey3isoy
auozey|3isoy

apuidawi|3 pue suozey|3isoy
apungA|3 pue sauozey|3isoy
lpea4nikuoyns pue suozeydisoy
apized1|3 pue auozeyl|3isoy
auozey|3isoy

apizidi|3 pue auozey3isoy

auozey3isoy

apungA|3 pue auozey|3isoy

feainjkuoy|ns pue auozey|3isoy

80¢
9s1

ve
144

144

e
[43
ve
[4%
[49
[4
9¢
9¢
9¢
9¢
9¢
¥0T
8¢
8¢
9¢
9¢

Laa T o o TR o o TS o T 02 I o 2 TR o o N o RN o o TR o o TN o 2 BN o 0 BN o 0 BN o 0 BN 0 BN 2 0 |

|e101
S¥06/C00LON 1z1dOaVv
¥5956000.10N SERTe

S[el} paziwopued ‘9A1dads
-oad ‘a81e| paysijqnd Ajpuaday

[e03qnS
<€6TO0TVAY
61sCET/ €596V

£600/€5£21£-8S

+£00/€5221£-9S
+€00/€S£21£-9S
+200/€5£214-9S
SLET/€5961
Te€/€5967
0£€/€596%
<v€2/€5961
81591/ £5961
(sl ¥1/€596%
orsSYT/€596¥
9£T/€596%
<SET/€596%
VET/€5961
<8T1/€596%
<LTT/€596¥
s1sSTT/£596Y

2461

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

6
6
6
06
06
88
16
68

06
€9

€9
v'L
A
¥'L
S,
0’8

0’8
VN
VN
VN
6L
18
8L
L'L
¥'6
6
VN
VN

|1oA97 uiqojSowaH
pa1ed4|D suljeseg

L6
98
86
vL
SL
€L
LS
LS

LS
00T

66
€8
8L
8L
E7A
56

¥6
69
8L
(074
1L
L
66
66
H:8 29:8¢

H:8 9G¥y
Vv 00T
V 00T

1ua242d

Laoey

€LS
829
ces
869
Y9
699
(414
009

1014
JAVAY

8y
609
¥'9s
<09
¢S89
§Cs

A
¥'es
¢S89
e9
0TS
118
06L
Y8
€8y
€Sy
9'Sy

§'es

xas Je

6'19
019
909
8'8S
9'6S
£09
8¢S
LTS

9'¢s
€'L9

L'L9
0°LS
009
0°6S
0'8S
€65

§'8S
6'9S
09s
9'vS
9'SS
§'SS
6'¢9
€99

€S

49
'S
ss

a4
a8y

866T Y24BIN—-966T 8Ny INQ 7 2dAL
£661 3d95-966T '1daS INQ 7 °dAL
uijnsui

002 |4dy—z00Z "AON uo pajjoliuod Alrood NG z 2dA |

awoipuAs

¥00Z "AON—Z00Z Y24e N 9DUB)SISaJ ulnsul 4o N g 2dA L

200z AeN—000 BN NGz adAL
19|\ Uo pajjos3uod Aliood
900¢ "uel-400z AIn[ INQ z 2dA1 yum suaned ydiamianQ
S00Z 29d—£00z dun( 19|\ Uo pajjosquod Aluood |NQ z 9dA |
€002 "924-100¢ dun( NG z adkL
4HD yum NQ Z 2dAL

€007 "NON-T00Z AInf

apungA|3

€002 "ue[—000zZ AIn( uo pajjosuod Arood NG z 2dA |

$00Z AIn[~£00z 2@ INQ z 2dA) yum sjuaiied ueaioy

pouad Apms uonejndod

Swz
3wy

3wy
Swg
aued |ensn

Swylog

3wy

Swgioy

861
3wy
8¢1/3wy
patenn/3 ¢

3z/8wgioy
3z
3z/8wy
31/8wg
81
31/8wguoy

Sw

9JED [BENSN

Swg
3w ¢1-¢
Swgioy

aso( A|ieq

ns
ns/3sy
ns/3sy
2ld
3sy
3sy
3|d/uynsuj

uinsui/3sy

uinsui/3sy

>ld

3sy
13
W13/1N
IN13/3sy
1PN/ IN13/3sY
ns/1aN

1IN /Ssy
BN
1BIN/Ssy
1BIN/3sY
BN
1IN /Ssy
o|d
3sy
A9

A9/3sy
Ao
A9/3sy

8nig

ST0/€596%

110/€596¥

Lv€/€5967 149

re€/€5967 149

S81/D€596% 149

¥9C00TINAY

800/€SLTTL

¥82/€596¥

112/€596%

£v1/€596¥

789001

Apms

»'S[9A97 uiqojSowaH pajedk|D pue ‘spoliad Apnis ‘saisuaiedey) diydesSowsq suieseg ‘sesoq ‘z 9|qel

N ENGLJ MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

2462

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ROSIGLITAZONE AND CARDIOVASCULAR OUTCOMES

68
16
68
16
88
68
6
88

16
98
68
68
88
L8
L8
VN
VN
68
16

06
¥'6
68
€6
6

16
68
06
68
6'8
68
8
8
8

SL
SL
V 6§
Vv 9s
¥8
YL
€L
89

€L
18
08
LL
09
6S
8S
00T
66
89
L

1L
A
€L
69
0L

0L
6L
1L
08
8L
9L
66
66
L6

099
0TS
ey
LSy
8'0L
TeL
14
6°¢9

6'8S
€L
129
89
029
L'eS
009
89y
0'vS
8'GS
999

€S
10L
06
£99
¥'69

9°¢9
889
665
LS9
T'6S
9'8S
¥'0L
89
9°LS

7’68
009
€18
9'vS
09§
8'6S
6'8S
8'LS

v'LS
8'8S
WA
€8S
S'6S
8'8S
8'LS
19
€19
9'8S
T'LS

L'LS
T'9¢
T'ss
S'8S
L'LS

T'6S
L'LS
§'96
6'8S
896
WA
109
¥'09
609

666T 290-666T "Ue[  A|D uo pajjosquod Apood NG Z dA|

000Z “8ny-666T Ae N INQ 7 2dAL
1002 "uef-£66T ‘Sny INQ z 2dAL
ulnsui

866T 220—/66T "Sny uo pajjosuod Auood NG 7 2dA |

8661 Y24BN—£66T [udy 19N UO pajjosjuod Aood NG 7 2dAL

8661 |Mdy—/66T aun[ 19|\ Uo pajjosquod Aliood |NQ z 9dA|

1002 2unf~000z ABIN INQ 7 °dAL

ulnsui

8661 Sny—/66T AN uo pajjoJiuod Ajpood NG z 2dA |

0002 ABIN-966T "AON NG z 3dAL

A|D jo asop winwixew

8661 Y2EIN—£66T |1dY uo pajjosuod Aluood NQ@ 7 adAL

8661 '994—£66T "ue( INQ 7 2dAL

8661 AEN—-966T 10 INQ 7 °dAL

3w oz>
Sw oz>/3w g
aued |ensn
3wy
pajesi]
Swg
2.ed [ensn

Swy

Sw g
3¢t
3¢7/3wy
8¢z/3wg
3¢t
Sw g
8¢z/3wg
2JBD _mij
Swgioy
aJed _meD

3wy

Swg
3w 0'§-5Z
Swg
3w oz
Sw oz/Sw ¢

Sw

Ajrep a01m1 Swi 4
Ajrep aouo 3w g
Ajrep a01m1 Swi 7
Ajep aduo 3w ¢
pajesi ]
3wy
Sw g

A9
Ao/3sy
ns
ns/3sy
AID
3sy
uinsuy|

ulnsui/3sy

uinsui/3sy
PN
1BIN/3sy
1BN/3sy
PN
3sy
1BN/3sy
uinsu|
uinsui/3sy
ulnsu|

ulnsui/3sy

uinsui/3sy
A9
3sy
A1
AI5/3sy

3sy
2ld
3sy
3sy
3sy
3sy
A1D
3sy
3sy

LT1/€596%

sz1/€596v

£60/€596%

$60/£596¥

¥60/£596¥

£60/£596¥

$80/£596¥

780/€596%

080/£596%

6£0/€596%

¥20/€596%

020/€596%

2463

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

L
L
VN
VN
VN
VN
6L
8
T8
08
6L
16
6
98
S8
€8

8
€L

9L
L8
98
L8
6'6
9'6

|oAa7 uiqojSowaH
pa1e24|D suiaseg

66
86
€6
06
16
6
00T
00T
00T
96
L6
V00T
Vv 001
86
L6
86

L6
16

06
1L
89
iva
V 00T
Vv 001

1u2242d

Laoey

§'ss
L'YS
0°¢9
0°¢9
099
059
009
0§
0'vy
819
T°SS
Y4
(A4
L7279
€LS
809

£°09
[V

TvL
019
0°8S
029
ey
€1s

Xas 9|eN

0'6S
6'8S
vy
0S¥
8y
€ry
0°99
S°09
679
6'6S
009
T¥S
£YS
6'19
19
€99

619
89

£'89
869
9'sS
6’65
JAVAY
€8S
a4
a8y

¥00Z 22d-£00¢ aun(

¥00Z "P0—£007 "uef

7007 "924-100€ "uef

2002 [4dy—000Z "AON

0002 “3ny-666T AIn(

000C 'AON-666T PO

100 2un(-666T AInf

700Z ‘PO —666T ABN

0002 8Ny —666T Y24BN

000Z uUn(-666T ABIA

pouad Apms

NG z 2dA pliN

siseliosd d1uoiyD

INQ z °dAL

NG 7 adAL

INQ 7 2d4A1 yum sjuaijed uelsy-opul

INQ 7 2dAL

410q Jo ‘ut|nsui ‘ng uo
aJn|1e} |euas dIUoayd yum NQ Z 2dA)

INQ z 9dA1 yum suaned Ajap|3

1B pue A5 uo |NQ z adA L

NS 3ua4INdu0d uo N z 2dAL

uonejndod

8¢-1
3¢-1/8wgioy

Swyg
Sw
Swg
paresy-dn
3wy
Swg

Bw g1 ‘wnwixepy

Swg
2.ed [BNs
Swg
aJed jensn
Sw g

9JED |BnsSN

Swgioy
8w or-07

3w 0y-07
/8w g0y

a4ed [BNns
Sw
Swg

aJed [ens

Swy

asoq

BN
1BIN/Ssy
o|d
3sy
3sy
3sy
w1 s
wi/3sy
win/3sy
Ao
A1/3sy
ns
ns/3sy
ns
ng/Ssy

ulnsui/ng

unsu/ng/3sy
dio

dijo/3sy
RN/AD
PIN/AID/3sy
BIN/AID/3sY
ns
ns/3sy

8niq

€00/€5421£-95

0£€/€596¥

vez/€s96y

791/£596¥

LY1/€596¥

Sy1/€596%

9€1/£596¥

SET/€596%

vE1/€596¥

821/£596¥

Apms

(‘panunuod) 'z 3jqe.

N ENGLJ MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

2464

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ROSIGLITAZONE AND CARDIOVASCULAR OUTCOMES

dijo ‘eainjhuoyns ng ‘quawaeurw 3|K1Sa)l| pPadUBYUD |\TT ‘UILLIOJIBW 19N ‘d4n|iey Leay aAsaduod 4HD ‘ogade|d o|d ‘opungk|3 A ‘sni

‘dno.3 juswiieasy yoes Joy azis ajdwies |10}
ay1 £q wins ay3 3uipiaip pue ‘4ay1adol wiayy Suippe ‘sazis ajdwes Aq sueaw |enpialpul Suikjdinw Aq sdnoid joiuod pue auozell|3isos ay) o) Pale|Nd|ED UM suea paisnipe parySiam §

"paasi| st (421110ap Jad swieadijjiw ur) |9As] 9s0on|3 ewseld 3unse) sy I
*(y) ueisy Jo ‘(H) oruedsiH (g) yoe|q se payidads asimiayio ssajun ‘sjuaired aym jo uoniodoid ayy ase sadejuadiad L
'3|qe|ieAe Jou YN pue ‘apuidawi3 wio ‘apizidi3

aw sajaqelp |NQ ‘auozej|disol sajouap 3sy

8
8

VL
VL
VL

fsvot

fsvor
VN
VN
VN
VN
9'6
L6
6'6
88
L8
88
88

68
A
VL
VN
VN

VN
VN

S'LL
r'v8

68
68
L8
99

99
00T
001
00T
00T
V 00T
Vv 00T
V00T
66
86
69
8§

14

86

L6
9L
8L
€6
06
88

€S
£09

0'8S
7'6S
LSS
6'6¢

L'y
6'9¢
Tve
8ty
vy
LSy
484
9Ly
T'es
8'1S
S'8S
§'98

89§

€8S
6'89
v'€9
€88
0¢9
T'v9

699
199

¥'9S
6°LS
€99
8vS

9'vs
0¢L
0'1L
00
0'TL
886
0'6S
6'8S
699
LS
9°0S
SIS

T°0S

9°LS

189
886
009
¥'ov
(44
6'vY

7002 2un(-000¢ |udy INQ ¢ 2dAy pasouBeip Apuaday

asoon|3
£00Z "3ny—100Z AIN[  Bunsey 1o aduel9|0} 3500N|3 pastedu|

S00Z ABIN—00Z "Ue[ 2SBISIp S JaWIayZ|y 91eIdPOLU-01-P|IA

0007 "924-666T |4dy INQ Z 2dA1 yum euiyd ul syuized

¥00Z "AON-£00Z PO ulnsul yum NQ z 2dAL

Adesayy

$00Z '22d—-£00Z ‘PO 3nup snoinaud Inoyum NQ z 9dAL

002 2un[—¢00z AInf pajjoJuod Auood NG 7 2dAL

002 Y24BIN—-0007 |HdY NG 7 2dAL

¥00Z "PO-£007 "ue( sisenosd djuoiyd

8wz
3w 00§
Swy

Swgioyp

Sw g
Swy
3wy
a4ed ensn)
ased ensn/3w g
aJed jensn/3w ¢
aJed ens)
37/3wg
807750
Swgioy

807-50/8wguog

8¢

8¢
/8w guoy

8 13/8w ¢z
813/8w gz

Swg
3wy

|043u0D

3sy

Ao
BN
3sy
2ld

3sy
o|d
3sy
3sy
3sy
ns
ns/3sy
ns/3sy
ulnsuj
uinsul/13N/3sy
BN
3sy

1PIN/3sy

PN

1BIN/3sYy

R/AD

1BIN/3sYy
did
3sy
3sy

(sueaw
paisnipe pajySiap

ldoav

NV3dd

€6TO00TVAY

Ze1/€596¥

600/€S221£-9S

£00/€5221£-9S

700/€S£T1£-9S

LET/€S96¥

1€€/€596%

2465

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Myocardial Infarctions and Cardiovascular Deaths in Rosiglitazone Trials.

Study Rosiglitazone Group Control Group
Death from Death from
No. of Myocardial Cardiovascular No. of Myocardial Cardiovascular
Patients Infarction Cause Patients Infarction Cause
number number
49653/011 357 2 1 176 0 0
49653/020 391 2 0 207 1 0
49653/024 774 1 0 185 1 0
49653/093 213 0 0 109 1 0
49653/094 232 1 1 116 0 0
100684 43 0 0 47 1 0
49653/143 121 1 0 124 0 0
49653/211 110 5 3 114 2 2
49653 /284 382 1 0 384 0 0
712753/008 284 1 0 135 0 0
AVM100264 294 0 2 302 1 1
BRL 49653C/185 563 2 0 142 0 0
BRL 49653/334 278 2 0 279 1 1
BRL 49653/347 418 2 0 212 0 0
49653/015 395 2 2 198 1 0
49653/079 203 1 1 106 1 1
49653/080 104 1 0 99 2 0
49653/082 212 2 1 107 0 0
49653/085 138 3 1 139 1 0
49653/095 196 0 1 96 0 0
49653/097 122 0 0 120 1 0
49653/125 175 0 0 173 1 0
49653/127 56 1 0 58 0 0
49653/128 39 1 0 38 0 0
49653/134 561 0 1 276 2 0
49653/135 116 2 2 111 3 1
49653/136 148 1 2 143 0 0
49653/145 231 1 1 242 0 0
49653/147 89 1 0 88 0 0
49653/162 168 1 1 172 0 0
49653/234 116 0 0 61 0 0
49653/330 1172 1 1 377 0 0
49653/331 706 0 1 325 0 0
49653/137 204 1 0 185 2 1
SB-712753/002 288 1 1 280 0 0
SB-712753/003 254 1 0 272 0 0
SB-712753/007 314 1 0 154 0 0
SB-712753/009 162 0 0 160 0 0
49653/132 442 1 1 112 0 0
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Table 3. (Continued.)

Study

AVA100193
DREAM
ADOPT
Total

No. of
Patients

394
2635
1456

Rosiglitazone Group

Myocardial
Infarction

15
27
86

Death from
Cardiovascular
Cause

No. of
Patients

number

1 124
12 2634
2 2895
39

Control Group

Myocardial
Infarction

Death from
Cardiovascular
Cause

number

41
72

10

22

farction and death from cardiovascular causes
associated with rosiglitazone for subgroups de-
fined according to the comparator drug. Similar
results were obtained when the analysis exclud-
ed trials with an active comparator group. The
heterogeneity P values were 0.53 for myocardial
infarction and 0.68 for death from cardiovascu-
lar causes across subgroups. As compared with
placebo or other antidiabetic regimens, the esti-
mated odds ratios in all cases were greater than
1.0, suggesting that observed adverse effects dur-
ing rosiglitazone treatment were not unique to
any specific comparator regimen.

In an analysis that was not prespecified, we
also studied the effects of rosiglitazone on death
from any cause. The odds ratio for death from any
cause was 1.18 (95% CI, 0.89 to 1.55; P=0.24).

DISCUSSION

Our data show that, as compared with placebo or
with other antidiabetic regimens, treatment with
rosiglitazone was associated with a significant
increase in the risk of myocardial infarction and
with an increase in the risk of death from cardio-
vascular causes that was of borderline signifi-
cance. The similar odds ratio for comparison
with placebo suggests that the increased risk as-
sociated with rosiglitazone was not a function of
the protective effects of active comparator drugs.
However, these findings are based on limited ac-
cess to trial results from publicly available sourc-
es, not on patient-level source data. Furthermore,
results are based on a relatively small number of
events, resulting in odds ratios that could be af-
fected by small changes in the classification of
events. Nonetheless, our findings are worrisome
because of the high incidence of cardiovascular
events in patients with diabetes.* Because expo-

sure of such patients to rosiglitazone is wide-
spread, the public health impact of an increase in
cardiovascular risk could be substantial if our
data are borne out by further analysis and the
results of larger controlled trials.

Although we did not have access to the source
data to construct a composite outcome that in-
cluded myocardial infarction or death from car-
diovascular causes, the increase in the odds ratios
for both of these end points suggests that ob-
served adverse effects associated with rosiglita-
zone were probably not due to chance alone.
This meta-analysis included a group of trials that
were of relatively short duration (24 to 52 weeks).
The odds ratio for these shorter-term trials was
similar to the overall results of the meta-analy-
sis. Thus, in susceptible patients, rosiglitazone
therapy may be capable of provoking myocardial
infarction or death from cardiovascular causes
after relatively short-term exposure. In contrast,
long-term therapies that improve cardiovascular
outcomes, such as statins and antihypertensive
drugs, often take several years to provide benefits.
Notably, the estimates for the odds ratios for
myocardial infarction and death from cardiovas-
cular causes appear elevated for rosiglitazone in
comparison with placebo or other commonly pre-
scribed antidiabetic therapies (Table 5).

The mechanism for the apparent increase in
myocardial infarction and death from cardiovas-
cular causes associated with rosiglitazone remains
uncertain. One potential contributing factor may
be the adverse effect of the drug on serum lipids.
The FDA-approved rosiglitazone product label
reports a mean increase in low-density lipopro-
tein (LDL) cholesterol of 18.6% among patients
treated for 26 weeks with an 8-mg daily dose, as
compared with placebo.?> In observational stud-
ies and lipid-lowering trials, elevated levels of
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Table 4. Rates of Myocardial Infarction and Death from Cardiovascular Causes.

Myocardial infarction

Small trials combined 44/10,285 (0.43)

DREAM 15/2,635 (0.57)
ADOPT 27/1,456 (1.85)
Overall

Death from cardiovascular causes

Small trials combined 25/6,845 (0.36)

DREAM 12/2,635 (0.46)
ADOPT 2/1,456 (0.14)
Overall

Study Rosiglitazone Group
no. of events ftotal no. (%)

Odds Ratio

Control Group (95% ClI) P Value
22/6106 (0.36) 1.45 (0.88-2.39) 0.15
9/2634 (0.34) 1.65 (0.74-3.68) 0.22
41/2895 (1.42) 1.33 (0.80-2.21) 027
1.43 (1.03-1.98) 0.03
7/3980 (0.18) 2.40 (1.17-4.91) 0.02
10/2634 (0.38) 1.20 (0.52-2.78) 0.67
5/2895 (0.17) 0.80 (0.17-3.86) 0.78
1.64 (0.98-2.74) 0.06

LDL cholesterol were associated with an increase
in adverse cardiovascular outcomes. Thus, an in-
crease in LDL cholesterol of the magnitude ob-
served in the rosiglitazone group may have con-
tributed to adverse cardiovascular outcomes,
although the rapidity and magnitude of the ap-
parent hazard was not consistent with an effect
produced by lipid changes alone.

Several other properties of rosiglitazone may
contribute to adverse cardiovascular outcomes.
Rosiglitazone and other thiazolidinediones are
known to precipitate congestive heart failure in
susceptible patients.2° Congestive heart failure is
a physiological state that is associated with an
increased intravascular volume. Volume overload
increases stress on the left ventricular wall, a fac-
tor that determines myocardial oxygen demand.
In susceptible patients, an increase in myocar-
dial oxygen demand could theoretically provoke
ischemic events. The administration of thiazoli-
dinediones, including rosiglitazone, also produc-
es a modest reduction in the hemoglobin level.?>
In susceptible patients, a reduced hemoglobin
level may result in increased physiological stress,
thereby provoking myocardial ischemia. A study
of rosiglitazone that was conducted in rats report-
ed an increase in the rate of death after experi-
mentally induced myocardial infarction.?”

Rosiglitazone is not the first PPAR agonist that
has been reported to increase adverse cardiovas-
cular events. Muraglitazar, an investigational dual
PPAR-a and PPAR-y agonist, increased adverse
cardiovascular events, including myocardial in-

farction, during phase 2 and 3 testing.?® After
publication of an analysis of cardiovascular out-
comes, muraglitazar was not approved by the
FDA, and further development was subsequently
halted by the manufacturer. Development pro-
grams for many other PPAR agonists have been
terminated after evidence of toxicity emerged dur-
ing preclinical studies or initial trials in humans.
According to a former FDA official, more than
50 Investigational New Drug applications for
novel PPARs have been filed, but no additional
drugs have successfully reached the market in
more than 6 years.?° In some cases, these drugs
have failed because of evidence of direct myocar-
dial toxicity in studies in animals,?® but few data
on toxicity are available in the public domain be-
cause of the common industry practice of not
publishing safety findings for failed products.
PPAR agonists such as rosiglitazone have very
complex biologic effects, resulting from the ac-
tivation or suppression of dozens of genes.?° The
patterns of gene activation or suppression differ
substantially among various PPAR agonists, even
within closely related compounds. The biologic
effects of the protein targets for most of the
genes influenced by PPAR agonists remain large-
ly unknown. Accordingly, many different and
seemingly unrelated toxic effects have emerged
during development of other PPAR agents.?°
Some drugs have provoked multispecies, multi-
organ system cancers; others have resulted in
rhabdomyolysis or nephrotoxicity.2® Troglitazone
was withdrawn from the market for rare, but
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sometimes fatal, liver toxicity. Accordingly, it must
be assumed that a variety of unexpected toxic
effects are possible when PPAR agonists are ad-
ministered to patients.

The question as to whether the observed risks
of rosiglitazone represent a “class effect” of thia-
zolidinediones must also be considered. Pioglita-
zone is a related agent also widely used to treat
type 2 diabetes mellitus. However, unlike rosig-
litazone, pioglitazone has been studied in a
prospective, randomized trial of cardiovascular
outcomes, called Prospective Pioglitazone Clini-
cal Trial in Macrovascular Events (PROACTIVE).31
The primary end point, a broad composite that
included coronary and peripheral vascular events,
showed a trend toward benefit from pioglita-
zone (hazard ratio, 0.90; P=0.095). A secondary
end point consisting of myocardial infarction,
stroke, and death from any cause showed a sig-
nificant effect favoring pioglitazone (hazard ra-
tio, 0.84; P=0.027). Notably, pioglitazone appears
to have more favorable effects on lipids, particu-
larly triglycerides, than does rosiglitazone.3?

These emerging findings raise an important
question about the appropriateness of the cur-
rent regulatory pathways for the development of
drugs to treat diabetes. The FDA considers dem-
onstration of a sustained reduction in blood
glucose levels with an acceptable safety profile
adequate for approval of antidiabetic agents.
However, the ultimate value of antidiabetic ther-
apy is the reduction of the complications of dia-
betes, not improvement in a laboratory measure
of glycemic control. Although reductions in blood
glucose levels have been shown to reliably reduce
microvascular complications of diabetes, the ef-
fect on macrovascular complications has proved
to be unpredictable.3® After the failure of mura-
glitazar and the apparent increase in adverse
cardiovascular outcomes with rosiglitazone, the
use of blood glucose measurements as a surro-
gate end point in regulatory approval must be
carefully reexamined.

Our study has important limitations. We
pooled the results of a group of trials that were
not originally intended to explore cardiovascular
outcomes. Most trials did not centrally adjudicate
cardiovascular outcomes, and the definitions of
myocardial infarction were not available. Many
of these trials were small and short-term, re-
sulting in few adverse cardiovascular events or

Table 5. Risk of Myocardial Infarction and Death from Cardiovascular Causes
for Patients Receiving Rosiglitazone versus Several Comparator Drugs.

Odds Ratio
Comparator Drug (95% CI)
Myocardial infarction
1.14 (0.70-1.86
1.24 (0.78-1.98

Metformin ( )
( )
2.78 (0.58-13.3)
( )
( )

Sulfonylurea
Insulin

1.80 (0.95-3.39
1.03-1.98

Placebo

Combined comparator drugs 1.43
Death from cardiovascular causes
Metformin 1.13 (0.34-3.71)
1.42 (0.60-3.33)
5.37 (0.51-56.52)
1.22 (0.64-2.34)

1.64 (0.98-2.74)

Sulfonylurea
Insulin
Placebo

Combined comparator drugs

P Value

0.59
0.36
0.20
0.07
0.03

0.84
0.43
0.16
0.55
0.06

deaths. Accordingly, the confidence intervals for
the odds ratios for myocardial infarction and
death from cardiovascular causes are wide, re-
sulting in considerable uncertainty about the
magnitude of the observed hazard. Furthermore,
we did not have access to original source data
for any of these trials. Thus, we based the analysis
on available data from publicly disclosed sum-
maries of events. The lack of availability of
source data did not allow the use of more statis-
tically powerful time-to-event analysis. A meta-
analysis is always considered less convincing
than a large prospective trial designed to assess
the outcome of interest. Although such a dedi-
cated trial has not been completed for rosiglita-
zone, the ongoing Rosiglitazone Evaluated for
Cardiac Outcomes and Regulation of Glycaemia
in Diabetes (RECORD) trial may provide useful
insights.3*

Despite these limitations, our data point to
the urgent need for comprehensive evaluations to
clarify the cardiovascular risks of rosiglitazone.
The manufacturer’s public disclosure of sum-
mary results for rosiglitazone clinical trials is
not sufficient to enable a robust assessment of
cardiovascular risks. The manufacturer has all
the source data for completed clinical trials and
should make these data available to an external
academic coordinating center for systematic anal-
ysis. The FDA also has access to study reports
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and other clinical-trial data not within the pub-
lic domain. Further analyses of data available to
the FDA and the manufacturer would enable a
more robust assessment of the risks of this drug.
Our data suggest a cardiovascular risk associated
with the use of rosiglitazone. Until more precise
estimates of the cardiovascular risk of this treat-
ment can be delineated in patients with diabetes,
patients and providers should carefully consider

the potential risks of rosiglitazone in the treat-
ment of type 2 diabetes.

Dr. Nissen reports receiving research support to perform
clinical trials through the Cleveland Clinic Cardiovascular Coor-
dinating Center from Pfizer, AstraZeneca, Daiichi Sankyo,
Roche, Takeda, Sanofi-Aventis, and Eli Lilly. Dr. Nissen consults
for many pharmaceutical companies but requires them to do-
nate all honoraria or consulting fees directly to charity so that
he receives neither income nor a tax deduction. No other poten-
tial conflict of interest relevant to this article was reported.

We thank Craig Balog for statistical programming support.

REFERENCES

1. VamecqJ, Latruffe N. Medical signifi-
cance of peroxisome proliferator-activated
receptors. Lancet 1999;354:141-8.

2. Campbell IW. The clinical signifi-
cance of PPAR gamma agonism. Curr Mol
Med 2005;5:349-63.

3. Center for Drug Evaulation and Re-
search. Approval package: Avandia (ro-
siglitazone maleate) tablets. Company:
SmithKline Beecham Pharmaceuticals.
Application no. 21-071. Approval date:
5/25/1999. (Accessed May 18, 2007, at
http://www.fda.gov/cder/foi/nda/99/21071_
Avandia.htm.)

4. American Diabetes Association. Com-
plications of diabetes in the United States.
(Accessed May 18, 2007, at http://www.
diabetes.org/diabetes-statistics/
complications.jsp.)

5. GlaxoSmithKline. Rosiglitazone stud-
ies. (Accessed May 18, 2007, at http://ctr.
gsk.co.uk/Summary/rosiglitazone/
studylist.asp.)

6. Center for Drug Evaluation and Re-
search. Medical review(s). Application
number: 021071. (Accessed May 18, 2007,
at http://lwww.fda.gov/cder/foi/nda/99/
21071_Avandia_medr.pdf)

7. Lebovitz HE, Dole JF, Patwardhan R,
Rappaport EB, Freed MI. Rosiglitazone
monotherapy is effective in patients with
type 2 diabetes. J Clin Endocrinol Metab
2001;86:280-8. [Errata, J Clin Endocrinol
Metab 2001;86:1659, 2002;2:iv.]

8. Phillips LS, Grunberger G, Miller E, et
al. Once- and twice-daily dosing with
rosiglitazone improves glycemic control
in patients with type 2 diabetes. Diabetes
Care 2001;24:308-15. [Erratum, Diabetes
2001;24:973.]

9. Jones TA, Sautter M, Van Gaal LF,
Jones NP. Addition of rosiglitazone to
metformin is most effective in obese, in-
sulin-resistant patients with type 2 diabe-
tes. Diabetes Obes Metab 2003;5:163-70.
10. Fonseca V, Rosenstock J, Patwardhan
R, Salzman A. Effect of metformin and
rosiglitazone combination therapy in pa-
tients with type 2 diabetes mellitus: a ran-
domized controlled trial. JAMA 2000;283:
1695-702. [Erratum, JAMA 2000;284:
1384.]

11. Weissman P, Goldstein BJ, Rosenstock
J, et al. Effects of rosiglitazone added to
submaximal doses of metformin com-
pared with dose escalation of metformin
in type 2 diabetes: the EMPIRE Study.
Curr Med Res Opin 2005;21:2029-35.

12. Wolffenbuttel BH, Gomis R, Squatrito
S, Jones NP, Patwardhan RN. Addition of
low-dose rosiglitazone to sulphonylurea
therapy improves glycaemic control in
Type 2 diabetic patients. Diabet Med
2000;17:40-7.

13. St John Sutton M, Rendell M, Dando-
na P, et al. A comparison of the effects of
rosiglitazone and glyburide on cardiovas-
cular function and glycemic control in
patients with type 2 diabetes. Diabetes
Care 2002;25:2058-64.

14. Raskin P, Rendell M, Riddle MC, et al.
A randomized trial of rosiglitazone thera-
py in patients with inadequately con-
trolled insulin-treated type 2 diabetes.
Diabetes Care 2001;24:1226-32.

15. Vongthavaravat V, Wajchenberg BL,
Waitman JN, et al. An international study
of the effects of rosiglitazone plus sul-
phonylurea in patients with type 2 diabe-
tes. Curr Med Res Opin 2002;18:456-61.
16. Baksi A, James RE, Zhou B, Nolan JJ.
Comparison of uptitration of gliclazide
with the addition of rosiglitazone to glic-
lazide in patients with type 2 diabetes
inadequately controlled on half-maximal
doses of a sulphonylurea. Acta Diabetol
2004;41:63-9.

17. Barnett AH, Grant PJ, Hitman GA, et
al. Rosiglitazone in Type 2 diabetes mel-
litus: an evaluation in British Indo-Asian
patients. Diabet Med 2003;20:387-93.

18. Kerenyi Z, Samer H, James R, Yan Y,
Stewart M. Combination therapy with
rosiglitazone and glibenclamide com-
pared with upward titration of gliben-
clamide alone in patients with type 2 dia-
betes mellitus. Diabetes Res Clin Pract
2004;63:213-23.

19. Zhu XX, Pan CY, Li GW, et al. Addition
of rosiglitazone to existing sulfonylurea
treatment in Chinese patients with type 2
diabetes and exposure to hepatitis B or C.
Diabetes Technol Ther 2003;5:33-42.

20. The DREAM (Diabetes Reduction As-

sessment with ramipril and rosiglitazone
Medication) Investigators. Effect of rosig-
litazone on the frequency of diabetes in
patients with impaired glucose tolerance
or impaired fasting glucose: a randomised
controlled trial. Lancet 2006;368:1096-
105. [Erratum, Lancet 2006;368:1770.]
21. Kahn SE, Haffner SM, Heise MA, et
al. Glycemic durability of rosiglitazone,
metformin, or glyburide monotherapy.
N EnglJ Med 2006;355:2427-43. [Erratum,
N Engl J Med 2007;356:1387-8.]

22. Bradburn MJ, Deeks JJ, Berlin JA, Lo-
calio AR. Much ado about nothing: a com-
parison of the performance of meta-ana-
Iytical methods with rare events. Stat Med
2007;26:53-77.

23. Sweeting MJ, Sutton AJ, Lambert PC.
What to add to nothing? Use and avoid-
ance of continuity corrections in meta-
analysis of sparse data. Stat Med 2004;23:
1351-75. [Erratum, Stat Med 2006;25:2700.]
24. Sutton A, Cooper N, Lambert P, Jones
D, Abrams K, Sweeting M. Meta-analysis
of rare and adverse event data. Pharmaco-
economics Outcomes Res 2002;2:367.

25. Avandia (rosiglitazone maleate) tab-
lets: prescribing information. Research
Triangle Park, NC: GlaxoSmithKline, 2007
(package insert). (Accessed May 18, 2007,
at http://www.fda.gov/cder/foi/label/2007/
021071s0231bl.pdf)

26. Nesto RW, Bell D, Bonow RO, et al.
Thiazolidinedione use, fluid retention,
and congestive heart failure: a consensus
statement from the American Heart As-
sociation and American Diabetes Associa-
tion: October 7, 2003. Circulation 2003;
108:2941-8.

27. Lygate CA, Hulbert K, Monfared M,
Cole MA, Clarke K, Neubauer S. The
PPAR gamma-activator rosiglitazone does
not alter remodeling but increases mor-
tality in rats post-myocardial infarction.
Cardiovasc Res 2003;58:632-7.

28. Nissen SE, Wolski K, Topol EJ. Effect
of muraglitazar on death and major ad-
verse cardiovascular events in patients
with type 2 diabetes mellitus. JAMA 2005;
294:2581-6.

29. El-Hage J. Peroxisome proliferator-
activated receptor (PPAR) agonists: pre-

N ENGLJ MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ROSIGLITAZONE AND CARDIOVASCULAR OUTCOMES

clinical and clinical cardiac safety consid-
erations. Rockville, MD: Center for Drug
Evaluation and Research, 2006. (Accessed
May 18, 2007, at http://www.fda.gov/cder/
present/DIA2006/El-Hage_CardiacSafety.
ppt.)

30. Lemay DG, Hwang DH. Genome-wide
identification of peroxisome proliferator
response elements using integrated com-
putational genomics. J Lipid Res 2006;
47:1583-7.

31. Dormandy JA, Charbonnel B, Eckland

DJ, et al. Secondary prevention of macro-
vascular events in patients with type 2 dia-
betes in the PROactive Study (PROspective
pioglitAzone Clinical Trial In macroVas-
cular Events): a randomised controlled
trial. Lancet 2005;366:1279-89.

32. Goldberg RB, Kendall DM, Deeg MA,
et al. A comparison of lipid and glycemic
effects of pioglitazone and rosiglitazone
in patients with type 2 diabetes and dys-
lipidemia. Diabetes Care 2005;28:1547-
54.

33. Riveline JP, Danchin N, Ledru F, Var-
roud-Vial M, Charpentier G. Sulfonylureas
and cardiovascular effects: from experi-
mental data to clinical use: available data
in humans and clinical applications. Dia-
betes Metab 2003;29:207-22.

34. Home PD, Pocock SJ, Beck-Nielsen H,
etal. Rosiglitazone Evaluated for Cardiac
Outcomes and Regulation of Glycaemia
in Diabetes (RECORD): study design and
protocol. Diabetologia 2005;48:1726-35.
Copyright © 2007 Massachusetts Medical Society

brief registration.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEB
Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go
to the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on
their mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the
entire Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993
and abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of
interest. All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning 6 months after
publication, the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a

N ENGL ) MED 356;24 WWW.NEJM.ORG JUNE 14, 2007

Downloaded from www.nejm.org at WELCH MEDICAL LIBRARY-JHU on December 13, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

2471



New England Journal of Medicine

CORRECTION

Effect of Rosiglitazone on the Risk of Myocardial
Infarction and Death from Cardiovascular Causes

Effect of Rosiglitazone on the Risk of Myocardial Infarction and Death
from Cardiovascular Causes . The fifth and sixth sentences of the first
paragraph of the Methods section (page 2458) should have read ~Of
the remaining 42 studies, 38 reported at least one myocardial infarc-
tion, and 23 reported at least one death from cardiovascular causes.
In these trials, 15,565 patients were randomly assigned to regimens
that included rosiglitazone, and 12,282 were assigned to compara-
tor groups with regimens that did not include rosiglitazone.” The last
sentence of the third paragraph of the Methods section should have
read “In this group of 35 trials, 9507 patients were randomly assigned
to receive rosiglitazone, and 5960 patients were assigned to receive
various comparator drugs.” In Table 1 (page 2461), the subtotal in
the rosiglitazone group should have been 9507 rather than 9502, and
the subtotal in the control group should have been 5960 rather than
5961, which brings the total number of patients in the rosiglitazone
group to 15,565 and the total in the control group to 12,282. In Ta-
ble 4 (page 2468), the rate of myocardial infarction in the small trials
combined should have read “44/10,285” for the rosiglitazone group
and "22/6106” for the control group. The rate of myocardial infarction
for the ADOPT trial should have read ~41/2895 (1.42)” for the con-
trol group. Death from cardiovascular causes in the small trials com-
bined should have read ~25/6845 (0.36)" for the rosiglitazone group
and “7/3980 (0.18)” for the control group, death from cardiovascu-
lar causes in the DREAM trial should have read “12/2635 (0.46)" for
the rosiglitazone group, and death from cardiovascular causes in the
ADOPT trial should have read “5/2895 (0.17)” for the control group.
The text and tables have been corrected on the Journal’s Web site at
www.nejm.org.
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