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Study
Design

(Treatment) Follow-Up

No. of Trials
(Sample
Size)

Analytical
Method Outcomes of Interest Results Interpretation

RECORD13 RCT of diabetics,
open-label

(RSG MET/SU vs
MET SU)

5.5 y 1 (4447) Noninferiority
analysis (HR)

CV death/CV hospitalization
MI

CV death

0.99 (0.85–1.16)
1.14 (0.80–1.63)
0.84 (0.59–1.18)

Limitations in trial
design and

conduct preclude
reliable

interpretation of
the results

Nissen and Wolski1 RCTs of diabetics,
prediabetics,
nondiabetics;

double-blind and
open-label (RSG
vs placebo/
active Rx)

24 wk 42 (27 847) Peto
fixed-effects
model (OR)

MI
CV death

1.43 (1.03–1.98)
1.64 (0.98–2.74)

Significant
increase in the
risk of MI and
borderline

increase in risk of
CV death

Diamond et al2 As Nissen and
Wolski1

24 wk 42 (27 847) Mantel-Haenszel
fixed-effects
model with
continuity

correction (OR)

MI
CV death

1.26 (0.93–1.69)
1.17 (0.77–1.77)

Uncertainty in the
risk of MI and CV

death

Psaty and Furberg6 As Nissen and
Wolski1 plus
RECORD

(open-label) (RSG
vs placebo/
active Rx)

24 wk 43 (32 294) Variance-
weighted

fixed-effects
model (OR)

MI 1.33 (1.02–1.72) Significant
increase in risk of

MI

ICT (GSK)4 RCTs of diabetics;
double-blind only

(RSG vs
placebo/active Rx)

Average 6
mo

42 (14 237) Multivariable
Cox proportional
hazards model

(HR)

IHD
CV death/MI/stroke

1.31 (1.01–1.70)
1.16 (0.80–1.70)

Increased risk of
IHD, uncertain CV
death/MI/stroke

risk

FDA5 As ICT4 Average 6
mo

42 (14 237) (1) Exact test
(OR); (2)

Mantel-Haenszel
fixed-effects
model with
continuity

correction (OR)

IHD
CV death/MI/stroke

1.39 (1.1–1.8)
1.15 (0.8–1.6)

Increased risk of
IHD, uncertain CV
death/MI/stroke

risk

Cochrane review7 RCTs of diabetics;
double-blind and
open-label (RSG
vs placebo/active

Rx)

24 wk 18 (3888) Fixed-effects
model (OR)

MI 0.91 (0.75–1.71) No significant
increase in risk

of MI

Singh et al8 RCTs of diabetics,
prediabetics (RSG
vs placebo/active

Rx)

1 y 4 (14 291) Fixed-effects
model (RR)

MI
CV death

1.42 (1.06–1.91)
0.90 (0.63–1.26)

Significantly
increased risk of
MI, no significant
increase in risk of

CV death

Lago et al9 RCTs of diabetics,
prediabetics;

double-blind (RSG
vs placebo/active

Rx)

Average
29.7 mo

5 (14 491) Random-effects
model (RR)

CV death 0.91 (0.63–1.32) No significant
increase in risk of

CV death

Shuster et al10 As Nissen and
Wolski1 plus 6

trials excluded by
Nissen and Wolski

24 wk 48 (NA) Random-effects
model (RR)

MI
CV death

1.51 (0.91–2.48)
2.37 (1.38–4.07)

Uncertainty in risk
of MI, significant
increase in risk of

CV death

(Continued)
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Study
Design

(Treatment) Follow-Up

No. of Trials
(Sample
Size)

Analytical
Method Outcomes of Interest Results Interpretation

Ingenix study16 Retrospective
cohort study of
diabetics (RSG
vs non-RSG
active Rx)

1.2 y 1 (33 363) Propensity-
matched Cox
proportional
hazard

model (HR)

MI/CR
MI

0.93 (0.80–1.10)
0.92 (0.73–1.16)

No significant
increase in risk of

MI and/or
revascularization

WellPoint study18 Observational
study of diabetics
(RSG vs non-RSG

active Rx)

NA 1 (142 821) Cox proportional
hazard (HR)

MI 1.03 (0.89–1.19) No significant
increase in risk of

MI

Ontario study19 Retrospective
case-control study

of elderly
diabetics (RSG
vs non-RSG
active Rx)

3.8 y 1 (159 026) Logistic
regression (RR)

MI
Death

1.76 (1.27–2.44)
1.47 (1.12–1.93)

Increased risk of
MI and death

Taiwan study20 Retrospective
cohort study of
diabetics (RSG*
vs non-RSG
active Rx)

NA 1 (473 000) Multivariate Cox
proportional
hazard

model (HR)

Any CV event (vs SU)
Ay CV event (vs MET)

MI (vs SU)
MI (vs MET)

1.54 (1.29–1.85)
1.89 (1.57–2.28)
1.49 (0.99–2.24)
2.09 (1.36–3.24)

Increased risk of
any CV event and
MI, especially
compared with

MET

ACM indicates all-cause mortality; CR, coronary revascularization; CV, cardiovascular; GSK, GlaxoSmithKline; HR, hazard ratio; ICT, integrated clinical trials; MET,
metformin; NA, not available; OR, odds ratio; RCT, randomized, controlled trial; RR, risk ratio; RSG, rosiglitazone; Rx, treatment; and SU, sulfonylurea.
*Only 2093 patients (0.44%) received RSG alone; any CV event includes the composite outcome of any of the 5 events of MI, CHF, stroke, transient ischemic attack,

or angina pectoris.

Study

RECORD

End Point

CV death/CV hospit

MI

Type (No. of Trials)

RCT (1)

Nissen & Wolski

Diamond et al

CV death

MI

CV death

MI

Meta-analysis (42)

Meta-analysis (42)

Psaty & Furberg
ICT

FDA

CV death

MI

IHD

CV death/MI/stroke

Meta-analysis (43)

Meta-analysis (42)

M t l i  (42)

Cochrane
Singh et al

MI

MI

CV death

IHD

CV death/MI/stroke

Meta-analysis (18)

Meta-analysis (4)

Meta-analysis (42)

Lago et al
Shuster et al

CV death

CV death

CV death

MI

Meta-analysis (5)

Meta-analysis (48)

PROactive RCT (1)

Lincoff et al
Death/MI/stroke

Meta-analysis (19)

Death/MI/stroke/AC
intervention/amputa

Death/MI/stroke

talization

S/vascular
ation 

0.1 1 10
RR (log scale)
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Study Design (Treatment) Follow-Up
No. of Trials
(Sample Size) Analytical Method

Outcomes of
Interest Results Interpretation

PROactive Study36 RCT of
diabetics (PIO vs

placebo)

34.5 mo 1 (5238) Cox proportional
hazard (HR)

Death/MI/
stroke/ACS/
vascular

intervention/
amputation

0.90 (0.80–1.02) Nonsignificant
reduction in

composite ischemic
events

Lincoff et al37 RCT of
diabetics (PIO vs
non-PIO active Rx)

4 mo to 3.5 y 19 (16 390) Fixed-effects
model (HR)

Death/MI/stroke 0.82 (0.72–0.94) Significant reduction
in risk of ischemic
vascular events

WellPoint study18 Observational study
of diabetics (PIO vs
non-PIO active Rx)

NA 1 (144 531) Cox proportional
hazard (HR)

MI 1.04 (0.91–1.21) No significant
increase in risk of

MI
Ontario study19 Retrospective

case-control study
of elderly

diabetics (PIO vs
non-PIO active Rx)

3.8 y 1 (159 026) Logistic
regression (RR)

MI
Death

0.73 (0.40–1.36)
0.94 (0.61–1.45)

No increased risk of
MI and death with

PIO

Taiwan study20 Retrospective
cohort study of
diabetics (PIO* vs
non-PIO active Rx)

NA 1 (473 000) Multivariate Cox
proportional

hazard model (HR)

Any CV
event (vs SU)

Any CV
event (vs MET)
MI (vs SU)
MI (vs MET)

1.03 (0.65–1.65)

1.29 (0.81–2.07)

0.72 (0.19–2.77)
1.00 (0.26–3.89)

No increased risk of
any CV event or MI,
but wide CIs due to
small sample size

Taiwan study20 Retrospective
cohort study of
diabetics (add-on
PIO vs add-on RSG

with SU and
MET-based Rx)

NA 1 (473 000) Multivariate Cox
proportional

hazard model (HR)

MI (SU-based
Rx)

MI (MET-based
Rx)

MI (SU MET-
based Rx)

0.69 (0.30–1.55)

6.34 (1.80–22.31)

1.04 (0.73–1.47)

Increased risk of MI
with addition of PIO
to MET, but wide
CIs indicate limited
statistical power

Ingenix study21 Retrospective
cohort study of
diabetics (PIO vs

RSG)

1.3 y PIO 1.2
y RSG

1 (29 911) Multivariate Cox
proportional

hazard model (HR)

MI/CR
MI

0.85 (0.63–0.96)
0.78 (0.75–0.98)

22% Lower risk of
MI and/or

revascularization
with PIO

Winkelmayer et al22 Retrospective
cohort study of

elderly
diabetics (PIO vs

RSG)

1.0 y PIO 1.0
y RSG

1 (28 361) Multivariate Cox
proportional

hazard model (IRR)

Death
MI

0.87 (0.79–0.95)
0.93 (0.80–1.08)

13% Lower risk of
death, but not MI,

with PIO

Juurlink et al23 Retrospective
cohort study of

elderly
diabetics (PIO vs

RSG)

72 mo 1 (39 736) Multivariate Cox
proportional

hazard model (HR)

Death/MI/CHF
Death
MI

0.83 (0.76–0.90)
0.86 (0.75–0.98)
0.95 (0.81–1.11)

Significant reduction
in composite events
and death, but not

MI, with PIO

Dormuth et al24 Nested
case-control study
of diabetics taking
MET (RSG vs PIO

or SU)

47 mo 1 (158 578) Conditional logistic
regression
model (OR)

MI (vs PIO)
MI (vs SU)

1.00 (0.67–1.49)
0.90 (0.69–1.17)

No increased risk of
MI with addition of
RSG vs PIO or SU in
prior MET users

ACS indicates acute coronary syndromes; CR, coronary revascularization; CV, cardiovascular; HR, hazard ratio; IRR, incident rate ratio; MET, metformin; NA, not
available; OR, odds ratio; PIO, pioglitazone; RCT, randomized, controlled trial; RR, risk ratio; RSG, rosiglitazone; Rx, treatment; and SU, sulfonylurea.
*Only 495 patients (0.10%) received PIO alone; any CV event includes the composite outcome of any of the 5 events of MI, CHF, stroke, transient ischemic attack,

or angina pectoris.
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