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hiazolidinediones (TZDs), or glita-

zones, are a relatively new class of

oral drugs that are used to treat type
2 diabetes (1-4). They lower blood glu-
cose by targeting insulin resistance, one of
the major underlying causes of the dis-
ease. In addition to their ability to lower
blood glucose, TZDs also display a wide
range of effects on lipids, blood pressure,
weight, and other cardiovascular and
metabolic risk factors. As with all other
drugs, they can be associated with unde-
sirable side effects.

By virtue of their glucose-lowering
properties, all such agents will signifi-
cantly reduce the risk of the microvascu-
lar complications associated with diabetes.
On the other hand, no glucose-lowering
agent has clearly been shown to signifi-
cantly reduce macrovascular disease.

Since TZDs, in general, have a net fa-
vorable impact on blood lipid levels, may
be associated with a reduction in blood
pressure, and have positive effects on
other physiological parameters associated
with vascular disease (e.g., decreasing
vascular inflammation, reducing insulin
resistance), they have the potential to
slow the progression of cardiovascular
disease (CVD) in addition to lowering
blood glucose.

Because of the above favorable actions
of TZDs, the PROspective pioglitAzone
Clinical Trial (PROactive) was initiated to
assess the effects of pioglitazone (Actos;
Takeda Pharmaceuticals and Eli Lilly) on
the secondary prevention of macrovascu-
lar events in type 2 diabetic patients.

Study design

PROactive was a randomized, double-
blind, placebo-controlled study in
5,238 patients with type 2 diabetes who
were managed with diet and/or glucose-
lowering medications and who had a
history of macrovascular disease (5).

Male or female patients, aged 35-75
years, were randomized to receive pla-
cebo or pioglitazone titrated over 2
months to its maximally approved dosage
(45 mg/day). Because study participants
had preexisting CVD and diabetes of long
duration (average 8 years), virtually all
subjects at the time of enrollment were
taking a glucose-lowering drug and other
agents that help reduce the risk of CVD
events.

The patients were followed for ~3
years, during which the incidence of a
wide variety of macrovascular end points
were tabulated. Of particular interest,
however, was the incidence of all-cause
mortality, nonfatal myocardial infarction,
and stroke.

What were the results of the
PROactive study?

The addition of 45 mg pioglitazone to
conventional therapy for ~3 years re-
duced the primary end point (com-
prised of many adverse macrovascular
outcomes) by 10% (P = 0.095) and a
prespecified secondary composite event
rate consisting of all-cause mortality,
nonfatal myocardial infarction (exclud-
ing silent myocardial infection), and
stroke by 16% (P = 0.027) compared
with placebo (6). This represented an
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absolute risk reduction of ~2% after 3
years of therapy and was primarily due
to reductions in stroke and nonfatal
myocardial infarction. After adjustment
by multivariate analysis for entry char-
acteristics, pioglitazone therapy was as-
sociated with a reduced hazard ratio of
0.84 (95% CI 0.72-0.98).

Pioglitazone treatment also was asso-
ciated with a significant A1C absolute re-
duction of 0.5%, a relative reduction of
13% in serum triglycerides, a relative in-
crease of 2% in LDL cholesterol and 9% in
HDL cholesterol levels, and a reduction of
3 mmHg in systolic blood pressure. This
resulted in a greater decrease in the LDL-
to-HDL cholesterol ratio in the pioglita-
zone group compared with placebo. The
proportion of patients using either met-
formin or insulin also was reduced with
pioglitazone treatment.

Are the results of the PROactive
study clinically meaningful?

There appeared to be a clear clinical ben-
efit of adding pioglitazone to type 2 dia-
betic patients already using most of the
conventional classes of glucose-lowering
agents. With an absolute event reduction
in the secondary composite end points of
~2%, one would need to treat ~50 pa-
tients for 3 years to prevent one such
event. Thus, in view of the substantial and
well-established CVD risk reduction fol-
lowing cholesterol and blood pressure—
lowering therapy, emphasis should first
be directed at the aggressive use of other
conventional cardiovascular risk reduc-
tion therapy.

What adverse events were observed
in the trial, and should they
influence decisions regarding
therapy?

Heart failure both requiring and not re-
quiring hospitalization was significantly
increased in the pioglitazone group
(10.8% for pioglitazone vs. 7.5% for
placebo, P < 0.0001), despite the fact
that individuals with New York Heart
Association Class II (i.e., symptoms
with moderate activity) heart failure, or
above, were excluded from study. Since
the criteria for heart failure was not
clearly defined, it remains unclear as to
whether the frequency of this diagnosis
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was skewed by an increased presence of
peripheral edema in the pioglitazone
group. Nevertheless, these data suggest
that in the absence of extenuating cir-
cumstances, pioglitazone should not be
used in individuals with a history of
clinically significant heart failure (7).

Consistent with previous studies,
subjects in the pioglitazone group experi-
enced greater weight gain (~3.6 kg) than
subjects in the placebo group (0.4 kg de-
crease). The long-term effects of this de-
gree of weight gain on patient compliance
and vascular risk remains unknown.
However, the fact that a reduction in vas-
cular end points was observed in the pio-
glitazone group despite weight gain is
reassuring. Nevertheless, it is prudent to
help patients avoid weight gain through
diet and lifestyle modification.

Symptoms of hypoglycemia and hy-
poglycemia requiring hospital admission
were greater in the pioglitazone arm than
in the placebo group. This observation is
consistent with numerous previous stud-
ies in which an increased frequency of
hypoglycemia is observed whenever gly-
cemic control improves. Patients, there-
fore, should be instructed how to recognize
and treat hypoglycemia and how to mod-
ify their lifestyle and other glucose-
lowering agents so as to minimize the
frequency and severity of hypoglycemic
events.

Can the results of PROactive be
extrapolated to all people with
diabetes?
There are many unanswered questions
that preclude the assumption that piogli-
tazone would be an effective CVD inter-
vention therapy in other patients with
diabetes. First, subjects who participated
in PROactive had both diabetes and doc-
umented extensive macrovascular dis-
ease. They were at high risk of having
another vascular event and, therefore,
were an appropriate group to determine if
treatment with pioglitazone reduced the
probability of having a subsequent CVD
event. The PROactive trial design, how-
ever, leaves uncertain the question of
whether people with diabetes who do not
have documented macrovascular disease
would also benefit, and if so, whether the
benefits would outweigh the risks.

Second, in excess of 98% of the sub-
jects who participated in the study were
Caucasian. Therefore, it is not known
whether the risks and benefits would be
the same in other ethnic groups.

Third, over 95% of the participants

were taking some other form of diabetes
therapy. Additional studies will be re-
quired to determine whether a compara-
ble CVD risk reduction would be
observed if pioglitazone was used as
monotherapy.

Last, A1C averaged ~7.8% at entry
and decreased by ~0.5% more in the pio-
glitazone than placebo group, despite ef-
forts to optimize glycemic control in both
groups. A difference of this magnitude has
not resulted in a reduction of macrovas-
cular events in other trials, suggesting that
the benefit of treatment relates to the
non-glucose-lowering effects of the drug
that are outlined above. It is not known
whether individuals who have optimal
glycemic control before pioglitazone ther-
apy will have a comparable benefit.

Similar uncertainty applies if patients
were first optimally treated for any lipid
and blood pressure abnormality. Of note,
at the end of the study, nearly half of these
high-risk subjects were still not taking
statins, and the mean systolic pressure of
the population was in the hypertensive
range.

Thus, the data from the PROactive
study indicate that people with type 2 di-
abetes of Caucausian heritage who have
extensive macrovascular disease, subopti-
mal glycemic control despite treatment
with other diabetes therapies, suboptimal
blood pressure and LDL cholesterol val-
ues, and no history of heart failure are
likely to have reduced CVD events from
the addition of pioglitazone to their cur-
rent glucose-lowering therapy.

Additional studies are required to de-
termine whether comparable benefits and
risks will be observed in people with type
2 diabetes from other ethnic groups, in
individuals who do not have documented
macrovascular disease, in patients whose
CVD risk factors are optimally managed
with respect to current guidelines, or
when pioglitazone is used as the only glu-
cose-lowering therapy.

Do the results of PROactive apply to

all TZDs?

The TZD class of drugs are all agonists of
peroxisome proliferator—activated recep-
tor-y, which is found in a wide variety of
tissues and is known to regulate a number
of genes involved in glucose and lipid ho-
meostasis. In addition, these drugs exert
other effects of uncertain etiology, such as
improved vessel wall biology and the mit-
igation of many inflammatory factors.
Their glucose-lowering effect, for which
they have received drug approval, ap-

pears to act in part by increasing insulin-
stimulated glucose disposal. Despite
similar mechanisms of action, and equiv-
alent reductions in blood glucose, cur-
rently available TZDs do not equally affect
the various risk factors that might reduce
CVD morbidity and mortality (8). For ex-
ample, the magnitude of triglyceride level
reduction, increase in HDL cholesterol,
and effect on LDL cholesterol can vary
widely.

Because of these disparate effects on
important CVD risk factors, it is prema-
ture to assume that the results of PRO-
active would hold for any other TZD or
even for those drugs that are dual per-
oxisome proliferator—activated recep-
tor-o and -y agonists. This conclusion
is also supported by the fact that the
design of the PROactive trial precluded
the ability to ascertain which of the
many effects of pioglitazone were key to
the results observed. Thus, at this time,
clinicians should view the results of this
trial to be drug specific.

In addition, again because of its nu-
merous effects on CVD risk factors, it
would be unwarranted to conclude that
the insulin-sensitizing action of pioglita-
zone led to the results observed. It is still
not known whether a reduction in insulin
resistance per se has any effect on CVD
mortality or morbidity. Consequently,
this trial does not provide evidence for
this drug, or any other glucose-lowering
agent, as an effective treatment for the
so-called insulin resistance (metabolic)
syndrome.

Uncertainties and areas that require
future research

PROactive was a carefully designed and
well-executed clinical trial. Inclusion and
exclusion criteria were carefully defined
and end points appropriately specified.
The fact that only two subjects were lost
to follow-up is a testimony to the dedica-
tion and skill of the investigators. How-
ever, as with all studies, additional
research questions arise, including the
following.

1) To what extent do the results ob-
served in these Caucasian subjects apply
to other ethnic groups?

2) Would similar effects be observed
when people with underlying vascular
disease are treated with pioglitazone
alone (i.e., monotherapy)?

3) Does pioglitazone reduce vascu-
lar events in people with diabetes who
have not had antecedent vascular
events?
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4) Does treatment with pioglitazone
reduce vascular events when blood lipid,
pressure, and glucose levels are all opti-
mally treated?

5) Does treatment with pioglitazone
increase, decrease, or have no effect on
the natural history of postischemic myo-
cardial function?

6) Among the beneficial effects of pio-
glitazone on CVD risk ractors, which
one(s) is more/less important?

7) Would comparable benefits and
risks be observed with lower doeses of
pioglitazone (e.g., 15 or 30 mg/day).

8) Do pioglitazone or other TZDs
reduce CVD or non-CVD mortality per
se?

9) Do other TZD agents provide sim-
ilar benefits and risks?
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