
should not be prescribed gatifloxacin;
alternative antibiotics are preferable
(levofloxacin should be used with cau-
tion). When gatifloxacin is prescribed,
remember to warn the patient of the

signs and symptoms of hypo- and
hyperglycemia, and consider having
the patient’s blood glucose monitored
during at least the first week of treat-
ment with the drug.

Claire Kendall
Eric Wooltorton
CMAJ
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Dormandy JA, Charbonnel B, Eckland
DJ, et al; the PROactive Investigators.
Secondary prevention of macrovascu-
lar events in patients with type 2 dia-
betes in the PROactive Study (PROs-
pective pioglitAzone Clinical Trial In
macroVascular Events): a randomised
controlled trial. Lancet 2005;366:
1279-89.

Background: Most patients with type
2 diabetes have, in addition to their
hyperglycemia, a myriad of other
metabolic and vascular abnormalities
associated with insulin resistance.
These metabolic disturbances increase
the risk of macrovascular disease. Pa-
tients who have type 2 diabetes are at
increased risk of myocardial infarction
and stroke, whether fatal or nonfatal.
Pioglitazone is a member of the thia-
zolidinedione class of oral glucose-
lowering agents that are peroxisome
proliferator–activated receptor gamma
(PPARγ) agonists. Laboratory research
has shown that insulin resistance is re-
duced by means of this action, which
results in improved glucose control.

Moreover, several studies suggest that
pioglitazone confers additional clinical
benefits, such as improved dyslipid-
emia and reduced vascular inflam-
mation.1 Given these benefits, piogli-
tazone has the potential to prevent
cardiovascular events as well as to im-
prove glycemic control.

Design: A large, double-blind, multi-
centre, randomized controlled trial,
the PROactive study was conducted be-
tween 2001 and 2005 in 321 centres in
19 European countries. The investiga-
tors enrolled 5238 people 35–75 years
of age with type 2 diabetes that was
managed with diet or oral glucose–
lowering drugs (combinations of oral
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Table 1: Incidences and hazard ratios of primary and secondary outcomes in patients with type 2 diabetes managed with diet or oral 
glucose–lowering drugs, who were treated with pioglitazone versus placebo 

Group; no. (%) of patients 

Outcome 
Pioglitazone

n = 2605 
Placebo 
n = 2633 

Hazard ratio 
(95% CI) 

p
value 

Primary: a composite of all-cause mortality, nonfatal myocardial infarction, 
stroke, acute coronary syndromes, endovascular or surgical intervention in  
the coronary or leg arteries, or amputation above the ankle 

514 (19.7) 572 (21.7) 0.90 (0.80–1.02) 0.095 

Secondary: a composite of all-cause mortality, nonfatal myocardial infarction 
and stroke 

301 (11.6) 358 (13.6) 0.84 (0.72–0.98) 0.027 

Note: CI = confidence interval. 
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agents and insulin were permitted)
and a history of macrovascular disease.
Patients with type 1 diabetes who re-
quired insulin as sole diabetic therapy
were excluded, along with patients
who had New York Heart Association
(NYHA) class II–IV heart failure, he-
patic dysfunction or ischemic leg ul-
cers; required dialysis; or were already
receiving pioglitazone or other thiazol-
idinediones. Patients were randomly
assigned to receive, in addition to exis-
ting therapy, pioglitazone (as a forced
titration from 15 mg to 30 or 45 mg,
depending on the patient’s tolerance)
or placebo. The primary end point of
the study combined all-cause mor-
tality, nonfatal myocardial infarction,
stroke, acute coronary syndromes, en-
dovascular or surgical intervention in
the coronary or leg arteries, and leg
amputation above the ankle. Secondary
end points included a composite of all-
cause mortality, myocardial infarction
and stroke.

Results: Mean length of study partici-
pation was 34.5 months; only 2 pa-
tients were lost to follow-up. During
the study, 93% of participants received
45 mg daily of either pioglitazone or
placebo, with 95% compliance with
medication. Patients receiving pioglita-
zone experienced a significantly greater
reduction in hemoglobin A1c, triglycer-
ide and blood pressure measurements
and ratio of low-density to high-density
lipoproteins (LDL:HDL) than did those
in the control group, and greater rises
in LDL and HDL cholesterol concentra-
tions. There was no significant differ-
ence between the groups in the primary
end point (Table 1). The absolute risk
reduction of 2.0% in the principal sec-
ondary end point was significant (Table
1); the relative risk reduction was 15%.
Heart failure was reported in 281 pa-
tients receiving pioglitazone (10.8%)
and in 198 patients receiving placebo
(7.5%; p < 0.0001). Heart failure that
led to hospital admission was reported
in 149 patients taking pioglitazone
(5.7%) and 108 taking placebo (4.1%;
p = 0.007).

Commentary: The possible benefit
suggested by the data on secondary
outcomes is certainly interesting; it

nevertheless may have occurred by
chance, and therefore bears further in-
vestigation. Moreover, despite the ex-
clusion of patients with known NYHA
class II–IV heart failure, patients who
took pioglitazone had a 3.3% higher
likelihood of heart failure and 1.6%
higher chance of heart failure requir-
ing hospital admission. One of the
side effects of treatment with thiazo-
lidinediones is edema and possible
fluid retention. These results are con-
sistent with those of previous reports
of a higher risk of heart failure among
patients with type 2 diabetes treated
with thiazolidinediones.2,3

Clinical implications: The PROactive
findings confirm the metabolic bene-
fits of pioglitazone in a high-risk popu-
lation. They do not, however, provide
clear evidence of reduced cardiovascu-
lar outcomes in people with type 2 dia-
betes who are at high risk, despite
some encouraging results. Moreover, it
raises unresolved concerns about heart
failure. The cardiovascular benefits and
risks of pioglitazone and other agents

that lower glucose therefore require
further study before a clear recommen-
dation on cardiovascular risk reduction
can be made.

Rajesh Hiralal
Karen K.Y. Koo
Hertzel C. Gerstein
Department of Medicine
McMaster University
Hamilton, Ont.
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