
this class introduced in 1997 in the UK, was
withdrawn following cases of hepatotoxicity.6 Two
glitazones, rosiglitazone and pioglitazone, are
currently available as single agents or in combination
with metformin or sulphonylureas. Initial trials prior to
licensing of glitazones concentrated on surrogate
endpoints such as glycaemic control rather than
clinical outcomes, and especially cardiovascular
disease.7 However, cardiovascular events are a late
complication of diabetes, and some trials were not
long enough to identify any difference in
cardiovascular outcomes between treatment groups.
Despite this, there have been recent concerns that
glitazones may be associated with an increased
cardiovascular risk, and this article reports recent
evidence behind the controversy and the current
guidance regarding their use.

ROSIGLITAZONE: ADOPT A DREAM?
The potential benefits of rosiglitazone in terms of
reduced progression to type 2 diabetes and
prolonged glycaemic control emerged recently. The
DREAM (Diabetes REduction Assessment with
ramipril and rosiglitazone Medication) trial published
in late 2006 involved 5269 patients with impaired
glucose tolerance or impaired fasting glucose, with
no history of cardiovascular disorders, in 21
countries, randomly assigned to rosiglitazone 8 mg
daily or placebo and followed up for a median of
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Type 2 diabetes, thiazolidinediones,
and cardiovascular risk
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BACKGROUND
Type 2 diabetes is a disorder of insulin resistance and
β cell failure, causing chronic hyperglycaemia.1 There
are over 1.5 million people in the UK and 194 million
people worldwide with known diabetes, and many
more may be undiagnosed. The incidence is rising
rapidly, and an estimated 330 million of the world
population will be affected by 2025.2

Patients with type 2 diabetes are at increased risk
of vascular disease: macrovascular complications,
such as myocardial infarction, stroke, and peripheral
vascular disease, are common causes of morbidity
and premature mortality;3 microvascular disease,
primarily affecting the nerves, eyes, and kidneys, can
lead to neuropathy, blindness, and renal failure.
Microvascular complications are reduced with
adequate blood glucose control, but this has not
been shown, in isolation, to be the case for
macrovascular complications.4

The thiazolidinediones (also known as glitazones),
or peroxisome-proliferator-activated receptors
agonists, are one of the main classes of oral
hypoglycaemics and were introduced a decade ago.
They improve glycaemic control by increasing insulin
sensitivity in fat, liver, and muscle, and may have a
role in β cell protection.5 Troglitazone, the first drug in
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3 years; 10.6% of patients in the rosiglitazone group
compared with 25.0% in the placebo group
developed type 2 diabetes (hazard ratio [HR] = 0.38,
95% confidence interval [CI] = 0.33 to 0.44,
P<0.001). Furthermore, 50.5% of those receiving
rosiglitazone became normoglycaemic (fasting blood
glucose <6.1 mmol/l) compared with 30.3% in the
placebo arm (HR = 1.71, 95% CI = 1.57 to 1.87,
P<0.001). Fourteen patients in the rosiglitazone
group developed heart failure, compared with only
two patients in the placebo group (HR = 7.03, 95%
CI = 1.60 to 30.9, P = 0.01).8

Later that year, the ADOPT (A Diabetes Outcome
Progression Trial) study group reported results of a
randomised controlled trial comparing the efficacy of
monotherapy with oral hypoglycaemics in 4360
recently diagnosed patients with type 2 diabetes.
Patients were randomised to metformin, glyburide, or
rosiglitazone monotherapy, with follow-up for a
median time of 4 years. Time to failure of
monotherapy (defined by fasting plasma glucose of
≥10 mmol/l) was the primary outcome measure.
Monotherapy failed at a rate of 4.3 per 100 patient-
years in patients receiving metformin, 7.5 per 100
patient-years for glyburide, and 2.9 per 100 patient-
years for rosiglitazone. The risk of treatment failure
was reduced by 32% (95% CI = 15 to 45%, P<0.001)
with rosiglitazone compared with metformin, and
63% (95% CI = 55 to 10%, P<0.001) with
rosiglitazone compared with glyburide. However,
significantly more oedema requiring loop diuretics
was seen in patients receiving rosiglitazone (14.1%
versus 7.2% with metformin and 8.5% with
glyburide, P<0.01), and heart failure was less
common in patients receiving glyburide compared
with rosiglitazone (0.6% versus 1.5%, P<0.05).
However, diarrhoea and abdominal discomfort were
less common in those taking rosiglitazone compared
with metformin (23.0% versus 38.3%, P<0.001), and
hypoglycaemia was less common than in those
taking glyburide (9.8% versus 38.7%, P<0.001). The
study also reported (at proof stage) an unexpected
statistically significant increase in fracture rates in
women in the rosiglitazone group compared with the
metformin or glyburide groups (9.30% versus 5.08%
and 3.47% respectively, P<0.01).9

ROSIGLITAZONE AND RISK OF
CARDIOVASCULAR EVENTS
Following concerns regarding lack of evidence on
cardiovascular outcomes in patients with type 2
diabetes taking glitazones, Nissen and Wolski
conducted a meta-analysis to look at the effect of
rosiglitazone on the risk of cardiovascular events in
May 2007.10 The meta-analysis included the published
data from 42 randomised controlled trials involving

15 560 patients with a treatment regime including
rosiglitazone, and 12 283 patients receiving control
(placebo, metformin, sulphonylurea, or insulin) for more
than 24 weeks, comparing data on myocardial
infarction or cardiovascular death. There was a
statistically significant increase in myocardial infarction
in those receiving rosiglitazone compared with
controls. Eighty-six patients in the rosiglitazone group
had a myocardial infarction, compared with 72 patients
in the control group (odds ratio [OR] = 1.43; 95% CI =
1.03 to 1.98, P = 0.03). There were 39 deaths from
cardiovascular disease in the rosiglitazone group and
22 deaths in the control group, but the difference
between groups was not statistically significant (OR =
1.64; 95% CI = 0.98 to 2.74, P = 0.06).10

The meta-analysis provoked huge controversy
since it reported data available to the drug licensing
authority in the US, the Food and Drug Administration
(FDA), with the implication that the FDA had failed to
report the risks. The meta-analysis was also criticised
for potential methodological flaws as some of the
trials included in the analysis were small and there
were no standard outcome measures applied across
the studies. The numbers of myocardial infarction and
cardiovascular deaths were also small, and patient-
level data were not available, meaning any time-to-
event analysis was not possible.11

A Cochrane review published shortly after this
meta-analysis looked at 18 randomised trials
including 3888 patients receiving rosiglitazone for a
median of 26 weeks, and concluded there was no
difference in overall mortality, morbidity, or adverse
events in the rosiglitazone groups compared to other
antidiabetic medications. There was, however, a
significantly increased risk of oedema in the
rosiglitazone groups (OR = 2.27; 95% CI = 1.83 to
2.81, P<0.001). The ADOPT study contributed largely
to the number of patients in this review, and many of
the other trials included were small studies of short
duration.12

The controversy further prompted the RECORD
(Rosiglitazone Evaluated for Cardiac Outcomes and
Regulation of Glycaemia in Diabetes) study group to
publish an interim analysis of their ongoing
randomised controlled trial involving 4447 type 2
diabetes patients with a glycosylated haemoglobin

How this fits in
Thiazolidinediones are an important class of agent for achieving and
maintaining adequate glycaemic control in type 2 diabetes. They should not be
used in patients with existing heart failure, and should be used with caution in
those with known vascular disease or at increased risk of fracture. Current
evidence suggests pioglitazone is the first-choice glitazone.
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(HbA1c) between 7.0 and 9.0%, on maximum doses
of metformin or a sulphonylurea.13 Patients received
either rosiglitazone in addition to current treatment or
a combination of both metformin and a
sulphonylurea (control). The results showed no
statistically significant difference between the
rosiglitazone and control groups in terms of
admissions to hospitalisation or deaths due to
cardiovascular disease (HR = 1.08; 95% CI = 0.89 to
1.31, P = 0.43). There was, however, an increased
risk of heart failure in patients receiving rosiglitazone
(HR = 2.24; 95% CI = 1.27 to 3.97, P = 0.006). The
authors point out that, as an interim report, the short
duration of follow-up limited the power of the study
to detect any differences between the rosiglitazone
and control groups, suggesting results should be
viewed as inconclusive at this stage in the study.13

A subsequent meta-analysis in September 2007
included DREAM, ADOPT, and RECORD interim
results, and a smaller study looking at the effects of
rosiglitazone in patients with heart failure.14 A total of
14 291 patients, 6421 in the rosiglitazone group and
7870 in the control group, with at least 1 year follow-
up, were compared for cardiovascular outcomes. The
risk of myocardial infarction was significantly higher in
the group receiving rosiglitazone compared with
control (risk ratio [RR] = 1.42; 95% CI =1.06 to 1.91,
P = 0.02); however, there was no increased risk in
cardiovascular mortality (RR = 0.90; 95% CI = 0.63 to
1.26, P = 0.53). The meta-analysis also found a higher
rate of heart failure in the rosiglitazone group than
control group (RR = 2.09; 95% CI = 1.52 to 2.88,
P<0.01).15

PIOGLITAZONE — PARADOXICALLY
CARDIOPROTECTIVE?
Pioglitazone has not attracted the same degree of
controversy as rosiglitazone with regard to risk of
myocardial infarction. In fact there is an increasing
amount of evidence to support a modest
cardioprotective role in terms of ischaemic events for
pioglitazone in patients with type 2 diabetes.
A large retrospective cohort involving 29 911

patients comparing hospitalisation for acute
myocardial infarction in patients with type 2 diabetes
treated with pioglitazone or rosiglitazone found a
22% relative risk reduction in the pioglitazone group
(HR = 0.78; 95% CI = 0.63 to 0.96).16 However, if
rosiglitazone increases the risk of myocardial
infarction, this may represent a neutral rather than
protective effect of pioglitazone.
The PROactive (PROspective pioglitAzone Clinical

Trial In macroVascular Events) study, a randomised
controlled trial, investigated secondary prevention of
macrovascular complications in 5238 patients with
type 2 diabetes and a history of macrovascular

disease (myocardial infarction, stroke, acute
coronary syndrome, peripheral arterial disease, or
coronary artery bypass graft).17 Patients were
randomised to receive pioglitazone or placebo
alongside their usual medications. The primary
endpoint in the analysis, which included all-cause
mortality, acute coronary syndrome, non-fatal
myocardial infarction, coronary revascularisation,
stroke, and surgical intervention for peripheral
vascular disease, failed to show a statistically
significant difference between the two groups (HR =
0.90; 95% CI = 0.80 to 1.02, P = 0.095). However, the
secondary endpoint of all-cause mortality, non-fatal
myocardial infarction, and stroke showed a
significant difference in favour of pioglitazone (HR =
0.84; 95% CI = 0.72 to 0.98, P = 0.027). Overall rates
of heart failure were significantly higher in the
pioglitazone group (11% versus 8%, P<0.001),
although death from heart failure was not different
between the two groups (1% versus 1%, P = 0.634).
In subgroup analysis of the pioglitazone arm of the

PROactive trial, patients with a history of previous
myocardial infarction had a 28% risk reduction in
recurrence of fatal or non-fatal myocardial infarction
(HR = 0.72; 95% CI = 0.52 to 0.99, P = 0.045).18

Those PROactive patients with a previous history of
stroke had a significantly reduced risk of further fatal
or non-fatal stroke (HR = 0.53; 95% CI = 0.34 to 0.85,
P = 0.009).19

A recent meta-analysis involving 19 randomised
controlled trials with a total of 16 390 patients used
patient-level data to compare cardiovascular
outcomes between groups of patients receiving
pioglitazone or control for between 4 months and
3.5 years. Primary outcomes including myocardial
infarction, stroke, or death were all reduced
significantly in the pioglitazone group compared with
the control group (HR = 0.82; 95% CI = 0.72 to 0.94,
P = 0.005). There was an increased risk of heart
failure in patients receiving pioglitazone compared
with controls (HR = 1.41; 95% CI = 1.14 to 1.76, P =
0.002), but death from heart failure was not
significantly higher (HR = 1.11; 95% CI = 0.96 to
1.29, P = 0.17).20

The mechanisms underlying this possible
protective effect were explored in the PERISCOPE
(Pioglitazone Effect on Regression of Intravascular
Sonographic Coronary Obstruction Prospective
Evaluation) study, a randomised controlled trial in
543 patients with coronary artery disease and type 2
diabetes, randomised to receive glimepiride (a
sulphonylurea) or pioglitazone. Atheroma volume
before treatment and at 18 months, assessed using
intravascular ultrasound, showed less progression in
the pioglitazone group — a decrease in mean
percentage atheroma volume of 0.16% (95% CI =

C Taylor and R Hobbs



0.57 to 0.25%, P = 0.002) with pioglitazone,
compared with an increase of 0.73% (95% CI = 0.33
to 1.12%, P = 0.002) with glimepiride, a statistically
significant difference.21 High-density lipoprotein was
higher and triglyceride lower in patients receiving
pioglitazone. A similar slowing of disease
progression was seen in a randomised trial looking at
carotid intima–media thickness, thought to be a
reliable intermediate marker for coronary
atherosclerosis, in patients treated with pioglitazone
or glimepiride.22 Criticisms of PERISCOPE were that
mild coronary disease only was included in the study,
and the clinical relevance of a <1% change in
atheroma volume was questionable.23

GLITAZONES AND HEART FAILURE
Heart failure, as mentioned above, has been
associated with all thiazolidinediones. A recent meta-
analysis of seven randomised controlled trials
involving 20 191 patients found that patients
receiving rosiglitazone or pioglitazone had a
significantly higher risk of developing heart failure
compared with standard treatment or placebo (RR =
1.72, 95% CI = 1.21 to 2.42, P = 0.002). Fluid
retention, also leading to weight gain, due to direct
effects on the kidney has been postulated as a
possible mechanism for this effect.24

CURRENT GUIDANCE
In August 2008, the American Food and Drug
Administration placed a ‘black box’ warning on
rosiglitazone and pioglitazone labels. They
recommended that patients should be monitored for
signs of heart failure after initiation of treatment and
that glitazones should not be prescribed to patients
with New York Heart Association Class III and IV heart
failure (moderate to severe symptoms).25 They also
highlighted the increased risk of myocardial ischaemia
associated with rosiglitazone, which was found in
some studies, although they suggested overall data
were inconclusive. Co-administration of rosiglitazone
and insulin was also not recommended.26

In October 2007, the European Medicines Agency’s
Committee for Medicinal Products for Human Use
(CHMP) also reviewed the evidence for rosiglitazone
and pioglitazone and concluded overall that benefits
outweighed risks for both drugs. They did
recommend, however, that the product information for
rosiglitazone should be updated to reflect concerns
regarding risk of myocardial ischaemia in addition to
the current warnings carried on both products around
heart failure.27 In January 2008, following a further
meeting of the CHMP, a new warning was added
stating that all rosiglitazone products were not
recommended in patients with a history of ischaemic
heart disease or peripheral vascular disease. They

also included a new contraindication stating
rosiglitazone should not be used in patients with acute
coronary syndrome, including both angina and some
types of myocardial infarction.28

The National Institute for Health and Clinical
Excellence (NICE) published guidance for the
management of type 2 diabetes in May 2008.29 The
guidance does not recommend thiazolidinediones
in patients with evidence of heart failure or high risk
of fracture, and reiterate the need to monitor for
signs of heart failure after starting a
thiazolidinedione. Metformin with the addition of a
sulphonylurea remains the first-line therapy after a
trial of lifestyle interventions; however, if metformin
is not tolerated it could be substituted with a
glitazone to achieve glycaemic control.
Sulphonylureas can be changed to a glitazone if
hypoglycaemia is a potential problem. If HbA1c
remains above 7.5% despite metformin and
sulphonylurea, a thiazolidinedione or insulin can be
added. A glitazone may be more appropriate if
insulin is likely to be unacceptable to the patient or
ineffective, for example in obese patients. It is
unclear whether glitazones or insulin will be most
beneficial in terms of cardiovascular outcomes.
NICE has also recommended that pioglitazone may
be used in combination with insulin in those
patients failing to achieve adequate glycaemic
control. They warn particularly in these patients to
monitor for signs of fluid retention and discontinue
pioglitazone should they occur.

CONCLUSION
In the past year there have been increasing concerns
regarding the cardiovascular safety of
thiazolidinediones in type 2 diabetes. Patients with
symptomatic heart failure should not receive either
rosiglitazone or pioglitazone, and all patients should
be monitored for evidence of heart failure while on
treatment. Furthermore, rosiglitazone is
contraindicated in patients with recent myocardial
events and is not recommended in those with an
established history of ischaemic heart or peripheral
vascular disease. There also remain concerns of
increased fracture risk in women receiving
rosiglitazone.21 These restrictions for rosiglitazone in
coronary disease do not extend to pioglitazone,
which has increasing evidence for cardioprotection.
Since good glycaemic control remains one of the

more difficult therapeutic targets, and management
options are limited, the glitazones remain an
important class of agents in patients with type 2
diabetes, as long as these new varied precautions
and limitations are understood by physicians.
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