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EDITORIAL

Rosiglitazone: A Thunderstorm from Scarce and Fragile Data

he U.S. Food and Drug Administration (FDA) has

approved many pharmacotherapies for treating diabe-
tes on the basis of the drugs’ ability to improve glycemic
control. Although preventing adverse macrovascular out-
comes, such as myocardial infarction, is a desirable goal for
treatment of type 2 diabetes, there is no definitive evidence
that any FDA-approved pharmacotherapy achieves such
aims (1). Worse, recent meta-analyses suggest that rosigli-
tazone, a widely prescribed oral hypoglycemic agent, might
increase the risk for ischemic heart disease by a small
amount. We examine the fragile data underpinning that
story and the challenges of summarizing trials with scarce
events.

EARLY STORM CLOUDS FOR THIAZOLIDINEDIONES
Rosiglitazone (Avandia, GlaxoSmithKline, Brentford,
United Kingdom) is a thiazolidinedione (TZD)—a class of
drugs that targets insulin resistance. Warning clouds about
TZDs amassed quickly. Troglitazone, the first TZD, was
withdrawn in early 2000—3 years after approval— because
of severe cases of hepatotoxicity and death. The peroxi-
some proliferator—activated receptor-y agonists rosiglita-
zone and pioglitazone, approved in 1999, had less hepato-
toxicity but were associated with hemodilution, anemia,
weight gain, edema, and increased risk for heart failure.

THUNDER RUMBLES

Prompted by a 2003 World Health Organization anal-
ysis of adverse event reports that suggested that TZDs
might increase risk for cardiac disease, GlaxoSmithKline
submitted preliminary pooled analyses to the FDA in 2005
that raised concerns about possible risk for ischemic cardiac
events with rosiglitazone (2). The FDA’s review of these
and other data led to the first rosiglitazone label warnings
about possible cardiac adverse effects other than heart fail-
ure, particularly in patients also receiving insulin (2). In
August 20006, the FDA received GlaxoSmithKline’s formal
analysis of 42 randomized trials along with data from a
large observational study. The meta-analysis suggested a
possible “31% increase in cardiac ischemic events with ros-
iglitazone,” whereas the observational study showed no
such increased risk (2—4). Faced with confusing data, the
FDA biometrics staff began their own analysis of the trials.

A September 2006 report of a placebo-controlled trial
in prediabetic patients showed a small, not statistically sig-
nificant increase in risk for myocardial infarction with ros-
iglitazone (5). A December report of a trial involving dia-
betic patients showed similar numbers of heart failure and
ischemic events with rosiglitazone and metformin that
were higher than those found with glyburide (6). In early
spring, FDA staff called for prominent boxed warnings
about the risk for heart failure and edema with peroxisome

proliferator—activated receptor-y agonists and requested a
May meeting with GlaxoSmithKline to further discuss the
“signal of cardiovascular ischemic events with rosiglita-
zone” (2). They planned to take the issue of heart failure
and ischemic events for both rosiglitazone and pioglitazone
to an Advisory Committee meeting in late summer or early

fall.

LIGHTNING STRIKES

In late May 2007, Nissen and Wolski (7) published a
controversial meta-analysis that claimed that rosiglitazone
increased the risk for myocardial infarction by about 43%
and cardiovascular death by about 64%. The FDA moved
the date for the Advisory Committee meeting to July 2007
and narrowed the focus of the meeting to the cardiovascu-
lar ischemic issue with rosiglitazone. Investigators of an
ongoing trial evaluating add-on rosiglitazone to metformin
or sulfonylurea performed an unplanned interim analysis
that showed hazard ratios with rosiglitazone of 0.83 (95%
CI, 0.50 to 1.36) for cardiovascular death and 1.17 (CI,
0.75 to 1.82) for myocardial infarction (8).

At the Advisory Committee meeting, FDA staff pre-
sented various detailed analyses of the GlaxoSmithKline
trial data (2). One of their analyses, based on exact meth-
ods that excluded trials with zero events, found that ros-
iglitazone was associated with a greater risk for myocardial
ischemic events than was placebo, metformin, or sulfonyl-
ureas (odds ratio, 1.4 [CI, 1.1 to 1.8]) (2, 9). The magni-
tude and statistical significance of the risk varied across
drug combinations and comparator and population sub-
groups. Some analyses suggested that the rosiglitazone-
associated risk was either more likely or greater among
patients taking insulin or metformin and among those tak-
ing nitrates for cardiovascular disease (2, 9). However, the
Advisory Committee recommended, almost unanimously,
against withdrawing rosiglitazone from the market and for
enhancing the FDA’s warnings about possible risk for isch-
emic heart disease.

FOG REMAINS

In this issue, Diamond and colleagues (10) explicate
some weaknesses of the evidence that rosiglitazone in-
creases the risk for ischemic heart disease (10). They note
that most of the studies were designed to assess end points
other than cardiovascular disease; that patient inclusion cri-
teria, drug dosing regimens, and comparators varied
among studies; that trial durations were relatively short;
and that overall event rates were low. They find that Nissen
and Wolski’s summary of trials compounded the problem
of scarce events because that analysis dropped data from
trials that reported no myocardial infarction events or
deaths from cardiovascular events in any study group. Re-
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analyzing the data with techniques that allow inclusion of
trials with zero events, they find a smaller possible risk for
ischemic cardiac events than that reported by Nissen and

Wolski.

PENETRATING THE FOG

The analyses by GlaxoSmithKline, Nissen and Wolski,
Diamond and colleagues, and the FDA teach us that sum-
marizing data about scarce adverse events is difficult. Sum-
mary estimates, confidence bounds, and statistical signifi-
cance can vary depending on analysis techniques. Analytic
challenges are most acute when 1 or more studies report
zero events among the treatment group, comparison group,
or both. One must decide whether to include or exclude
the studies with zero events and select the appropriate sta-
tistical method to summarize the risks. Selection of appro-
priate methods requires careful consideration of the rarity
of the outcomes, the relative numbers and sample sizes of
trials with zero events versus trials with events, and the
degree of balance of sample size in treatment and compar-
ator groups. Investigators should also carefully consider the
use of a correction in studies with 1 or more zero events
through the addition of a fractional count, the size of this
correction in relation to the overall risk for events, and the
relative size of this correction across treatment groups. The
optimum methods that minimize bias and accurately esti-
mate confidence bounds vary depending on the answers to
these questions.

Some general guides might include the following prin-
ciples. If few trials have zero events or unbalanced numbers
of participants assigned to the treatment and comparator
groups, then common statistical methods, such as fixed-
effects, stratified (Mantel-Haenszel) estimation, with or
without correction for zero events, or the Peto method,
might suffice (11, 12). If several trials report no events,
consider whether the goal is a summary of ratios or differ-
ences in risk. Trials with zero events might not inform
relative measures of efficacy, particularly if those trials have
small sample sizes and short durations. Investigators might
exclude them either explicitly or implicitly with the statis-
tical method they use (for example, the Peto method) (13).
Zero-event trials, however, do inform estimates of the fre-
quency of outcome in both the treatment and comparator
groups. Excluding them inflates estimates of event rates.
One might choose absolute measures, such as risk differ-
ences, to incorporate the zero-event trials and help prevent
inflated estimates of risks. Regardless of the measure used
to estimate effects, the exclusion of large numbers of trials
with zero events ignores the patients exposed in those stud-
ies, overstates the absolute risk associated with treatment
and comparator exposures, and might introduce a positive
bias in some estimates of relative outcomes.

Excluding zero-event trials is particularly concerning
when adverse event rates are being investigated. Excluding
many such studies can lead to false or inflated concerns
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about safety because patients are deleted from the denom-
inator of the calculations. In such instances, we encourage
including the zero-event trials and using a continuity cor-
rection, such as the reciprocal of the sample size in the
opposite treatment group (12). Because the size of the con-
tinuity correction can influence summary estimates, we
suggest doing sensitivity analyses over a range of continuity
corrections.

ExPECT MORE THUNDERSTORMS

We have witnessed several (and expect to see many
more) stormy stories about uncommon adverse events with
common therapies. We must exercise caution when con-
ducting and interpreting meta-analyses of trials that report
these rare events. Careful consideration of the variation in
treatments, study design and duration, event definitions,
follow-up assessments, and patient populations should
guide judgments about the fragility of the data and deci-
sions about whether the data should be summarized quan-
titatively. These considerations apply to any meta-analysis,
regardless of event rates. They are as or more important
than the technique that one uses to combine data. Scarce
events simply add another layer of complexity, particularly
when several trials report zero events.

In the end, it is deplorable that all FDA-approved
pharmacotherapies for type 2 diabetes have scarce data
about important macrovascular clinical events. Better stud-
ies, not meta-analyses, are the answer to this problem.
Society and our regulatory agencies must demand large
comparative studies, designed and funded by parties repre-
senting the public interest, with well-defined and uni-
formly assessed clinical outcomes other than glycemic con-
trol. Otherwise, we will continue to have weak answers to
important questions about the benefit and safety of widely
used drugs.
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