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Long-term effects of pioglitazone versus
gliclazide on hepatic and humoral
coagulation factors in patients with type 2

diabetes

GABRIELE PERRIELLO, SIMONE PAMPANELLI, PAOLO BRUNETTI, CINZIA DI PIETRO,
SEGUNDO MARIZ, ON BEHALF OF THE ITALIAN PIOGLITAZONE STUDY GROUP

Abstract

his study compared the long-term effects of pioglita-
Tzone and gliclazide on the production of coagulation

factors in patients with type 2 diabetes. Patients
(n=283) with glycosylated haemoglobin > 7.5% were ran-
domised to receive either pioglitazone (3045 mg/day) or
gliclazide (80-320 mg/day) for one year. Coagulation fac-
tors were measured at baseline and at six and 12 months.
While both pioglitazone and gliclazide induced a compara-
ble improvement in glycaemic control, only pioglitazone
improved insulin sensitivity. Pioglitazone significantly
(p<0.001) decreased circulating levels of von Willebrand
factor (-9.7%, -9.4%) and plasminogen activator inhibitor-1
(-16.8 ng/ml, -12.3 ng/ml), and increased levels of
antithrombin-1Il (+1.3 mg/dL, +1.5 mg/dL) after six and 12
months, respectively. The beneficial effects of pioglitazone
on glycaemic control, lipid homeostasis, and coagulation
and thrombosis, may improve vascular outcomes in
patients with type 2 diabetes.
Diabetes Vasc Dis Res 2007;4:226-30
doi:10.3132/dvdr.2007.044
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Introduction
Type 2 diabetes is characterised by insulin resistance and a
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cluster of homeostatic abnormalities, which contribute to an
increased risk for cardiovascular disease and the associated
morbidity and mortality."* Several mechanisms that maintain
vascular integrity are known to be impaired in patients with
diabetes, including platelet function,’ endothelial function,*
fibrinolysis and coagulation;” all of these contribute to a pro-
thrombotic state and an increased risk of vascular disease.®”
Increases in procoagulation factors have been associated
with increased thrombus formation, a key part of the athero-
sclerotic process.”" Although recent work suggests that
hyperglycaemia itself can stimulate coagulation in healthy
adults and that hyperinsulinaemia can impair fibrinolysis," it
is unknown whether these alterations are glucose-depen-
dent or linked to insulin resistance, and what their relative
contributions to macrovascular disease might be in patients
with type 2 diabetes.

There is increasing interest in therapies aimed at improv-
ing the coagulation factor profile of patients with type 2 dia-
betes. Insulin sensitisation through thiazolidinedione (TZD)
therapy appears to be one promising strategy for modifying
multiple cardiovascular risk factors associated with type 2
diabetes.” A number of oral hypoglycaemic agents, includ-
ing several TZDs, appear to modulate the levels of some key
coagulation factors."” Recent studies suggest that these
changes are not related to improvements in glycaemic con-
trol,"*" although whether the effects are drug-related or,
more likely, driven by insulin resistance remains unclear.

This study was designed to compare the effects of the
TZD pioglitazone and the sulphonylurea gliclazide on hyper-
glycaemia in patients with type 2 diabetes. These data have
been presented elsewhere and showed comparable
improvements in glycaemic control between the treatment
groups.” The inclusion of two agents that induce a similar
level of glycaemic control, but via different mechanisms of
action (an insulin secretagogue [gliclazide] versus an insulin
sensitiser [pioglitazone]), provided an ideal opportunity to
examine the effects on key coagulation factors and deter-
mine whether any changes were dependent on glucose
and/or insulin resistance. We measured changes in key coag-
ulation factors produced by the liver (plasminogen activator
inhibitor-1 [PAI-1] and antithrombin III [AT-Ill]) and by the
vascular endothelium (von Willebrand factor [vVWHA]) in both
treatment groups after one year of therapy.
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Patients and methods
The experimental design and patient population are sum-
marised below and have been reported previously in full.”

Study design

This was a one-year, double-blind, randomised, parallel-
group study designed to compare the long-term efficacy and
safety of pioglitazone and gliclazide in patients with type 2
diabetes. It was conducted at 33 centres across Italy.

Patients and treatments

Patients (aged 35-70 years) with type 2 diabetes who were
currently managed by diet alone or with a maximum of one
glucose-lowering agent, who had glycosylated haemoglobin
(HbA1¢0) > 7.5% and with no history of major cardiovascu-
lar events (myocardial infarction or stroke) within the 12
months before enrolment, were eligible for inclusion in this
study. Patients were randomised to receive either pioglita-
zone 30-45 mg/day or gliclazide 80-320 mg/day for up to
one year. Stepwise upward titration every four weeks to the
maximum tolerated dose was permitted, based on the
results of patient-monitored blood glucose levels and fasting
blood glucose levels and at the investigator’s discretion.

All patients provided their written informed consent prior
to any study treatment. The study was approved by the local
ethical committee at each study centre and was conducted
in accordance with the guidelines laid down in the
Declaration of Helsinki and according to the Good Clinical
Practice Guidelines of the International Conference on
Harmonisation.

Efficacy variables

The primary efficacy end point for this study was improve-
ment of HbAjc levels, expressed as the percentage of
patients who reached an HbA1c < 7.5% at the end of treat-
ment. Insulin sensitivity was assessed by monitoring circulat-
ing insulin levels and using the homeostasis model assess-
ment (HOMA) of insulin resistance. Secondary efficacy end
points included changes in PAI-1, AT-1ll, vWf and platelets,
and are the focus of this paper. The secondary parameters
were measured at baseline and after six and 12 months of
treatment. Nephelometry was used to measure AT-lII,
whereas VWf and PAI-1 were measured by enzyme
immunoassay.

Safety and tolerability

Safety and tolerability of the two treatments were assessed
via physical examination, standard laboratory assessments
including liver function tests (alanine transaminase [ALT],
aspartate aminotransferase [AST], y-glutamyl transferase [y-
GT]) and monitoring of adverse events throughout the study.

Statistical analyses

An analysis of variance (ANOVA) with repeated measures
and multiple comparisons within and between groups was
applied to both the primary and secondary end points.

Results
A total of 283 patients were eligible for inclusion in this study. Of

Table 1. Baseline demographic and metabolic characteristics
of the intention-to-treat population
Characteristic Pioglitazone Gliclazide
n 140 135
Age? (years) 58+8 59+7
Gender (male/female) 94/46 88/47
Weight? (kg) 81.1+412 78.8+10.7
Body mass index? (kg/m?) 29.2+3.1 28.8+2.8
Fasting glucose® (mM) 10.942.1 10.44+2.1
HbAc (%) 8.8340.91 8.67+0.94
Coagulation parameters®
PAI-T (ng/ml) 54.1+38.7 46.6+37.4
VWA (%) 135.3+45.1 134.94+39.1
AT-NI (mg/dL) 25.3+4.0 25.8+4.1
Platelets (10°/L) 222.5+52.3 219.4+47.2
Key: ® = mean + standard deviation; HbAc = glycosylated
haemoglobin; PAI-1 = plasminogen activator inhibitor-1; vWf = von
Willebrand factor; AT-1ll = antithrombin-I1I

these, eight patients were excluded for violation of inclusion cri-
teria or withdrawal of their consent after randomisation but
before receiving any study treatment. The remaining 275 were
included in the intention-to-treat (ITT) population and were ran-
domised to receive either pioglitazone (n=140) or gliclazide
(n=135) therapy for up to one year. There were no significant
differences between the treatment groups in baseline character-
istics (table 1) or in the number of patients reporting concomitant
diseases or taking medications. The most common managed
concomitant disease in both treatment groups was hypertension.

Glycaemic control

As reported previously,* glycaemic control improved in both
treatment groups during the study; a similar proportion of
patients in each treatment group achieved an HbA1c level
< 7.5% (pioglitazone 39.6%, gliclazide 38.7%).

Insulin resistance
As reported previously,* pioglitazone treatment was associ-
ated with a significant decrease in the level of circulating
insulin (p=0.002) and an improvement in insulin sensitivity
(p=0.002); such improvements were not observed during
gliclazide therapy.

Changes in coagulation factors

PAI-1

PAI-1 levels decreased significantly (p<0.001) at both the
six- and 12-month visits compared with baseline levels in the
pioglitazone group (-16.8, -12.3 ng/ml, respectively) but not
the gliclazide group (-1.1, -1.5 ng/ml, respectively) (figure
1a). This gave a significant between-treatment difference
(p=0.0058).

AT-111
A significant (p<0.001) increase from baseline was observed
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Figure 1. Mean change in plasma levels for PAI-1 (a), AT-11I (b), vWf (c) and platelets (d), among adult patients with type 2
diabetes treated with either pioglitazone (30-45 mg/day) or gliclazide (80-320 mg/day) for up to one year
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in the levels of AT-Ill at both the six- and 12-month assess-
ments in the pioglitazone group (+1.3, +1.5 mg/dL, respec-
tively) but not the gliclazide group (+0.1, +0.3 mg/dL,
respectively) (figure 1b). The difference between treatment
groups was statistically significant (p=0.0494).

vWi

A similar pattern was observed for vWf as for PAI-1 in that a
significant (p<0.001) decrease from baseline was noted at
both six- and 12- month assessments among patients treated
with pioglitazone (-9.7, -9.4%, respectively) but not among
patients treated with gliclazide (-0.3, +3.4%, respectively)
(figure 1c). The between-group difference also reached sta-
tistical significance (p=0.0040).

Platelets

There was a significant (p=0.0158) reduction in platelet
numbers after six months’ treatment with pioglitazone
(-7.8x109/L), which returned to baseline values after 12
months of treatment. No change in platelet levels was

observed in the gliclazide group at either the six- or 12-
month assessment (figure 1d).

Safety and tolerability

Both agents were generally well tolerated over the course of
the study. A significant decrease from baseline in levels of
ALT, AST and y-GT was noted at six and 12 months for
pioglitazone only.

Discussion

We have shown a significant improvement in the levels of
coagulation markers PAI-1, AT-Ill and vWf among patients
with type 2 diabetes during therapy with the TZD pioglita-
zone, but not during treatment with the insulin secretagogue
gliclazide. Comparable improvements in terms of glycaemic
control between these two agents in this study have previ-
ously been reported.” Therefore, the differential effect
between pioglitazone and gliclazide on coagulation factors,
reported here, appears to be independent of glycaemic con-
trol.
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Key coagulation factors such as PAI-1, AT-Ill and VWf are
altered in patients with type 2 diabetes, and these changes
are associated with an increased risk of thrombosis and high-
er levels of atherosclerosis.*® Coagulation factors are pro-
duced primarily in the liver and at the vascular endothelium;
PAI-1 is produced by the liver, adipose tissue and endothe-
lial cells whereas AT-11 is produced exclusively in the liver.”"*
vWf is produced and secreted by the endothelium.”

Modest improvements in a number of coagulation factor
profiles have previously been reported in patients with type
2 diabetes receiving other insulin-sensitising agents, includ-
ing the biguanide metformin. Metformin therapy has been
associated with significant reductions in PAI-1 levels in stud-
ies among patients with type 2 diabetes.*** Metformin has
also been shown to reduce vWf levels significantly in obese,
non-diabetic patients” and in those with impaired glucose
tolerance.”® Rosiglitazone has been shown to improve a
number of circulating procoagulation markers when given as
monotherapy.” Furthermore, rosiglitazone and pioglitazone
have been shown to reduce PAI-1 levels when administered
in combination with glimepiride."” Both rosiglitazone and
pioglitazone have been shown to inhibit tumour necrosis
factor-a-mediated induction of PAI-T expression in vitro in
vascular endothelial cells.” Pioglitazone monotherapy has
also been shown to reduce C-reactive protein (CRP) and
intimal media thickness in patients with type 2 diabetes after
six months.” Pioglitazone is thought to reduce levels of CRP
primarily through a reduction in interleukin-6."" Changes in
CRP may also influence vWf levels by modulating its expres-
sion at the vascular level.”” Both hepatic and humoral
changes in coagulation factors are likely to be mediated
through the same mechanisms, perhaps insulin resistance.

In conclusion, the study shows that pioglitazone has mul-
tiple beneficial effects on hepatic and endothelial coagula-
tion factors that are not mediated by improvements in gly-
caemic control, although a related effect on insulin resis-
tance cannot be ruled out. Pioglitazone, but not gliclazide,
was associated with an improvement in three key coagula-
tion factors among patients with type 2 diabetes. The data
reported here suggest an additional pathway through which
pioglitazone may reduce the risk of cardiovascular events in
patients with type 2 diabetes, namely amelioration of a pro-
thrombotic state characterised by abnormal levels of circu-
lating coagulation factors.
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