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There has been recent debate about the risks and bene-
fits of the use of thiazolidinediones (rosiglitazone
and pioglitazone) to treat diabetes. Similar to all

other drugs used to treat diabetes, thiazolidinediones were
approved by drug regulatory bodies based on their ability to
improve glycemic control, rather than based on long-term
clinical benefit. However, recent evidence suggests that
these drugs may be associated with an increased risk of car-
diovascular events and fractures, leading to heightened con-
troversy regarding the appropriate role of thiazolidinediones
in the treatment of diabetes. In this issue of CMAJ, Loke and
colleagues1 report the findings of a meta-analysis of the 
impact of thiazolidinediones on risk of fracture and bone loss
among patients with diabetes.

Based on 10 randomized controlled trials that lasted at
least 12 months and involved over 13 000 patients, Loke and
colleagues found that thiazolidinediones were associated with
a 45% increase in fractures. Consistent with previous reports,
the risk appeared to be limited to women. Similar results were
found when data from 2 observational studies were pooled.
Use of thiazolidinedione was also associated with significant
bone loss. The authors estimate that for every 55 women at
low-risk of fracture who take a thiazolidinedione for 1 year, 
1 fracture would occur. Among women at high risk, 1 fracture
would occur for every 21 women who take thiazolidinedione
for 1 year.

When thiazolidinediones were first introduced, they held
great promise for reduction of cardiovascular risk among 
people with type 2 diabetes mellitus. In addition to improved
glycemic control without hypoglycemia, thiazolidinediones
decrease insulin resistance, a key risk factor for cardiovascu-
lar disease.2 These features, along with evidence of benefit on
surrogate cardiovascular markers, rapidly led to the wide-
spread use of these drugs.

Concerns about thiazolidinediones began to emerge shortly
after their introduction. Troglitazone, the first thiazolidine-
dione introduced, was withdrawn from the market in 2000 be-
cause of rare cases of severe hepatotoxicity. Rosiglitazone and
pioglitazone were approved for use in 1999. Although there
was less hepatotoxicity, these drugs were associated with
weight gain, edema and increased risk of heart failure.3 In
2007, a meta-analysis based on 42 randomized trials, which
was later criticized because of methodologic concerns, sug-
gested that rosiglitazone increased the risk of myocardial in-
farction and cardiovascular death.4 Two other meta-

analyses,5,6 including one from the US Food and Drug Admin-
istration (FDA), and a large observational study7 reported sim-
ilar findings. These findings prompted the FDA to add a
black-box warning to the drug label about potential severe 
adverse outcomes and prompted Health Canada to place new
restrictions on the use of thiazolidinediones. These publica-
tions received widespread media attention and caused consid-
erable public alarm.

These findings lead us to question the basis on which
drugs to treat diabetes are approved. Traditionally, regulatory
bodies such as Health Canada and the FDA have approved
medications for diabetes based on short-term outcomes such
as glycemic control. This approach may be shortsighted, 
especially given that glycemic control has not been convin-
cingly shown to reduce cardiovascular events, which is the
most important source of morbidity and mortality among pa-
tients with type 2 diabetes mellitus. The recent evidence that
thiazolidinediones may instead achieve the opposite results
underscores the need to show benefits on clinical outcomes
rather than surrogate markers.

However, even if long-term clinical outcomes are assessed,
it is often difficult to detect unexpected adverse effects not
linked to clinical benefit. This is especially true for less com-
mon events, because clinical trials are often underpowered to
detect infrequent adverse effects of drugs. Thus, in the study
by Loke and colleagues, the lack of an observed effect of thia-
zolidinediones among men as well as on hip fractures may
simply be because of insufficient power. Also, because pa-
tients in trials are usually healthier than patients in regular
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Key points

• Thiazolidinediones may be associated with a higher risk 
of fracture in women with type 2 diabetes mellitus.

• The risks and benefits of thiazolidinedione therapy should
be carefully considered. 

• Until further evidence of their net benefit is available, 
the appropriate role for these drugs is unclear.

• Clinical drug trials are often underpowered to detect
unanticipated and rare adverse effects, and a standardized
postmarketing surveillance process is needed.
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clinical settings, trial participants may be at lower baseline risk
of adverse outcomes. Thus, reliance on clinical trials may miss
important risks associated with new drugs and underestimate
the ratio of risks to benefits in populations at high risk for 
adverse events. These risks are often unanticipated despite a
good understanding of the drug’s mechanisms.

All drugs have potential side effects that need to be
weighed against the potential benefits. Given the growing evi-
dence of harms, do the benefits of thiazolidinedione therapy
still outweigh the risks? These drugs may improve glycemic
control for patients who have achieved inadequate glycemic
control with other hypoglycemic agents, particularly if insulin
therapy is a less feasible option. Moreover, there may be dif-
ferences between rosiglitazone and pioglitazone with respect
to cardiovascular risk. Regardless, both drugs are associated
with a higher risk of heart failure and fracture. Therefore, the
net benefit of thiazolidinedione therapy is unclear. Given that
there are other effective drugs to control glycemia that are as-
sociated with fewer adverse events, thiazolidinediones should
not be considered appropriate as first-line therapy for type 2
diabetes mellitus. If a patient is unable to take other therapies
or if other therapies have failed, there may be a role for thiazo-
lidinediones in carefully selected patients duly informed of the
potential adverse effects. Considering that studies of pioglita-
zone have not shown the possible higher risk of myocardial in-
farction seen with rosiglitazone, but rather suggest a reduction
in ischemic events,8.9 pioglitazone may be a safer option.

The ongoing accumulation of evidence of harm for thiazo-
lidinediones is unsettling to clinicians and patients and threat-
ens to undermine patient confidence. The study by Loke and
colleagues highlights the need for routine and standardized
postmarketing surveillance strategies to be implemented for
new drugs, so that both patients and clinicians can be assured
that unexpected adverse effects are monitored and reported on

a regular basis. The need for new therapies must be balanced
with more careful drug approval and pharmacovigilance
processes, so that the safety of patients can be enhanced.
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