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Administration (FDA) considers 
a decrease in glycated hemoglo-
bin an approvable end point, 
very intensive glycemic control 
is associated with increased car-
diovascular and all-cause mor-
tality.1 The safety of specific 
drugs for type 2 diabetes — 
particularly the thiazolidinedi-
ones — has also been ques-
tioned. After rosiglitazone had 
been approved in the United 
States in 1999 and in Europe in 
2000, a highly publicized meta-
analysis in 2007 reported a 43% 
increase in myocardial infarction 
(P = 0.03) and a 64% increase in 
death from cardiovascular causes 
(P = 0.06).2 This report and sub-

sequent FDA advisory committee 
reviews led to a boxed warning 
of myocardial ischemia in 2007 
and highly restricted access to 
rosiglitazone in 2010. In 2010, 
the FDA placed a full clinical 
hold on the Thiazolidinedione 
Intervention with Vitamin D Eval-
uation (TIDE) trial (ClinicalTrials 
.gov number, NCT00879970), a 
large cardiovascular-outcome trial 
designed to evaluate the benefit 
of rosiglitazone and pioglitazone 
as compared with placebo (supe-
riority hypothesis) and the safety 
of rosiglitazone as compared with 
pioglitazone (noninferiority hy-
pothesis). In part owing to the 
rosiglitazone experience, the FDA 

issued an updated Guidance for 
Industry in 2008 requiring that 
preapproval and postapproval 
studies for all new antidiabetic 
drugs rule out excess cardiovas-
cular risk, defined as an upper 
bound of the two-sided 95% con-
fidence interval for major adverse 
cardiovascular events (MACE) of 
less than 1.80 and less than 1.30, 
respectively.3 Regardless of the 
presence or absence of preclinical 
or clinical signals of cardiovas-
cular risk, the guidance has been 
applied broadly to all new dia-
betes drugs, creating substantial 
challenges in the drug develop-
ment and approval process.

On June 5 and 6, 2013, the FDA 
held a joint meeting of the Endo-
crinologic and Metabolic Drugs 
Advisory Committee (on which we 
serve) and the Drug Safety and 
Risk Management Advisory Com-
mittee to further evaluate the car-
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diovascular safety of rosiglita-
zone. When rosiglitazone was 
approved in Europe, the European 
Medicines Agency raised concern 
about the cardiovascular risks of 
the thiazolidinedione class, includ-
ing fluid retention, heart failure, 
and increased levels of low-den-
sity lipoprotein cholesterol. This 
concern led to a postmarketing 
requirement that cardiovascular-
outcome trials be conducted for 
both pioglitazone and rosiglita-
zone, and these were reviewed at 
subsequent FDA meetings. Al-
though the results of the Rosi-
glitazone Evaluated for Cardiac 
Outcomes and Regulation of Gly-
caemia in Diabetes (RECORD) 
study (NCT00379769) did not sug-
gest an increased risk of MACE,4 
issues with trial design and data 
integrity led the FDA to require 
the sponsor to perform an inde-
pendent readjudication of the 
data. This extensive exercise, 
performed by the Duke Clinical 
Research Institute, had a mini-
mal effect on the overall point 
estimates and confidence inter-
vals for MACE, which remained 
at less than 1.30. The result was 
consistent with the FDA guid-
ance and provided reassurance 
that rosiglitazone was not asso-
ciated with excess cardiovascu-
lar risk.

Two groups of authors (Scirica 
et al. and White et al.) now report 
in the Journal the results of large, 
placebo-controlled, cardiovascular-
outcome trials, these involving 
saxagliptin and alogliptin, mem-
bers of the incretin drug class. 
Neither of these drugs had shown 
increased cardiovascular risk in 
its development program. Both 
trials were designed to first rule 
out excess cardiovascular risk by 
means of noninferiority testing; 
if that was shown, superiority test-
ing followed, on the assumption 

that better glycemic control might 
yield cardiovascular benefit. Both 
trials clearly met the FDA 2008 
guidance for cardiovascular safe-
ty, but neither showed a reduction 
in cardiovascular events. Saxa-
gliptin was associated with an 
unexpected increased risk of hos-
pitalization for heart failure and 
a high frequency of hypoglycemia. 
Neither trial showed any increased 
risk of pancreatic adverse events, 
including cancer.

Before rosiglitazone, the car-
diovascular safety of diabetes 
drugs had not been well studied. 
The initial concern with rosigli-
tazone arose from observational 
and case–control epidemiologic 
studies that generated a legitimate 
signal of possible cardiovascular 
harm, but every study had sub-
stantial methodologic shortcom-
ings, including multiplicity, which 
meant that a statistically positive 
finding might be a false positive 
result.5 Meta-analyses were also 
performed with preapproval stud-
ies that had been designed to show 
a positive glycemic effect as the 
primary end point. These studies 
enrolled patients at low cardiovas-
cular risk, were short in duration, 
used both placebo and active con-
trols, and did not prospectively 
adjudicate cardiovascular safety 
events. In such situations, com-
parison of a new drug with an 
active agent is challenged by the 
uncertain cardiovascular risk of 
the active comparator. In contrast, 
a placebo-controlled design may 
lead to imbalances in background 
therapy (as was the case with 
saxagliptin) that could influence 
the cardiovascular outcomes. 
Meta-analyses of these premar-
keting trials from phase 3 devel-
opment programs were therefore 
relatively insensitive in assessing 
cardiovascular risk, making ded-
icated postmarketing cardiovas-

cular-outcome trials such as the 
RECORD study necessary to sub-
stantiate any risk signals. But 
the design of the RECORD study 
had substantial limitations that 
precluded a complete assessment 
of the cardiovascular safety of 
rosiglitazone.

In 2010, the FDA took a cau-
tious stance and limited expo-
sure to rosiglitazone, given the 
numerous alternative therapies 
that were available. But this po-
sition did not acknowledge the 
uncertainty of cardiovascular risk 
associated with other diabetes 
drugs on the market, and the 
FDA decision may have had un-
intended consequences. The in-
tense publicity about the ische-
mic cardiac risk of rosiglitazone 
may have diverted attention from 
the better-established risk of heart 
failure that is common to the drug 
class. Restricted access led patients 
to switch from rosiglitazone to 
other diabetes drugs of unproven 
cardiovascular safety. Patients 
who had a myocardial infarction 
while taking rosiglitazone may 
have concluded that the drug was 
the cause, adversely affecting their 
perceptions of their doctor, drug 
companies, and the FDA. And 
placing a hold on the TIDE trial, 
although arguably justifiable, pre-
vented any further clarification of 
the cardiovascular risks or ben-
efits of the thiazolidinedione drug 
class. The rosiglitazone experi-
ence also raises the question of 
how to define a regulatory stan-
dard for withdrawing drugs from 
the market. New drug approvals 
are based on “substantial evidence” 
of drug safety and efficacy. But 
there is little guidance on what 
constitutes substantial evidence 
of harm that is sufficient to jus-
tify market withdrawal or the im-
position of severe market restric-
tions.
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What have we learned from 
the rosiglitazone experience? 
Clearly, the presumed cardiovas-
cular risks of rosiglitazone led 
to a major change in FDA policy 
regarding the approval of all 
new diabetes drugs. From a car-
diovascular perspective, rosigli-
tazone, saxagliptin, and alogliptin 
appear to be relatively safe. It is 
disappointing, however, that nei-
ther intensive glycemic control 
nor the use of specific diabetes 
medications is associated with any 
suggestion of cardiovascular ben-
efit. Thus the evidence does not 
support the use of glycated he-
moglobin as a valid surrogate for 
assessing either the cardiovascu-
lar risks or the cardiovascular 
benefits of diabetes therapy.

Patients with type 2 diabetes 
and their physicians currently have 
numerous treatment options, and 
additional drugs are in develop-
ment. Perhaps the recent experi-
ence with rosiglitazone will allow 

the FDA to become more target-
ed in its adjudication of the car-
diovascular safety of new diabetes 
drugs, focusing the considerable 
resources needed to rule out a 
cardiovascular concern only on 
drugs with clinical or preclinical 
justification for that expenditure. 
New therapies targeting glycemic 
control may have cardiovascular 
benefit, but this has yet to be 
shown. The optimal approach to 
the reduction of cardiovascular 
risk in diabetes should focus on 
aggressive management of the 
standard cardiovascular risk fac-
tors rather than on intensive gly-
cemic control.
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thors are available with the full text of this 
article at NEJM.org.
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