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Abstract Background and aims: Diabetic dyslipidaemia contributes to the increased risk of
cardiovascular disease in patients with Type 2 diabetes. This paper examines the effectiveness
of adding pioglitazone to metformin or a sulphonylurea (SU) compared with a fixed-dose
combination of metformin and glibenclamide on diabetic dyslipidaemia in patients with Type 2
diabetes.
Methods and results: Patients (n Z 250) treated with metformin (�3 g/day) or an SU as mono-
therapy at a stable dose for �3 months were randomised to receive either pioglitazone (15e

30 mg/day) in addition to their metformin or SU, or a fixed-dose combination tablet containing
metformin (400 mg) and glibenclamide (2.5 mg) [up to 3 tablets daily] for 6 months. Addition
of pioglitazone tended to increase plasma high-density lipoprotein-cholesterol (HDL-C)
[0.04 mmol/L; P Z 0.051] at 6 months and significantly reduced plasma triglycerides
(�0.25 mmol/L; P Z 0.013) compared with baseline. Patients treated with metformin/gliben-
clamide for 6 months had reduced HDL-C (�0.09 mmol/L; P < 0.01) and no change in plasma
triglyceride levels (0.03 mmol/L; P Z 0.733). Both treatment regimes resulted in a similar
level of glycaemic control.
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Conclusion: The beneficial effects of pioglitazone on diabetic dyslipidaemia may help combat
the increased cardiovascular morbidity and mortality observed in patients with Type 2 diabetes
while providing stable glycaemic control.
ª 2007 Elsevier B.V. All rights reserved.
Introduction

Patients with Type 2 diabetes commonly exhibit an abnor-
mal lipid profile, characterised by elevated triglyceride
(TG) levels, low levels of high-density lipoprotein-choles-
terol (HDL-C) and increased levels of low-density lipopro-
tein-cholesterol (LDL-C) [1]. This pro-atherogenic lipid
profile, diabetic dyslipidaemia, stems from insulin resis-
tance and contributes to the increased risk of cardiovascu-
lar disease and reduced life expectancy observed in
patients with Type 2 diabetes [2,3].

Traditionally, the first step in the treatment of patients
with Type 2 diabetes is the initiation of oral anti-diabetic
agents (OADs) such as metformin or a sulphonylurea (SU).
However, while both metformin [4] and SUs [5] are effec-
tive anti-hyperglycaemic agents, their ability to improve
diabetic dyslipidaemia is limited [6,7]. Commonly, statins
are used in conjunction with OADs to tackle diabetic dysli-
pidaemia and are effective in reducing total cholesterol
(TC) and LDL-C levels [8]. However, statins have less potent
effects on lowering TGs and raising HDL-C, and statin-
treated patients with diabetic dyslipidaemia still have a
residual risk of cardiovascular disease. Therefore, as treat-
ment guidelines are beginning to acknowledge [9], there is
a need to target other aspects of lipoprotein metabolism,
such as low HDL-C, in order to further reduce the risk of
cardiovascular disease.

More recently, a new class of agents, the thiazolidine-
diones (TZDs), have been introduced for the treatment of
Type 2 diabetes, which have a different mode of action to
metformin and the SUs [10]. These agents interact with per-
oxisome proliferator-activated g (PPAR-g) nuclear recep-
tors, which are located predominantly in adipose, hepatic
and skeletal muscle cells. Modulation of these receptors ad-
justs the regulation of genes involved in metabolic control
and reduces insulin resistance, a hallmark of Type 2 diabetes.

Pioglitazone is a member of the TZD family that induces
sustained glycaemic control [11]. In addition, pioglitazone
has also been reported to significantly increase HDL-C and
reduce TGs when given as monotherapy or in combination
with other OADs [12,13]. Pioglitazone has been shown to
be more effective than other TZDs, such as rosiglitazone,
in combating diabetic dyslipidaemia [13].

With the realisation that a cluster of risk factors contrib-
ute to the increased cardiovascular morbidity and mortality
observed in patients with Type 2 diabetes, it is clinically
relevant to examine the effects of OADs on diabetic dyslipi-
daemia. To date, few studies have examined the effects of
combining metformin with a TZD versus a fixed-dose combi-
nation, using metformin and an SU, on diabetic dyslipidae-
mia. The aim of this study was to compare the effectiveness
of pioglitazone as add-on therapy to either metformin or an
SU, or a fixed-dose combination of metformin/glibencla-
mide, on glycosylated haemoglobin (HbA1c) and diabetic
dyslipidaemia over 6 months. The effects on HbA1c have
been reported previously [14].

Methods

This open-label, multicentre, randomised, parallel-group
study was conducted in 45 centres throughout Italy. Male
and female patients aged �35 years with Type 2 diabetes
who had received treatment with a stable dose of either
metformin or an SU as monotherapy for at least 3 months
before study entry, had HbA1c levels between 7.5% and
11% and fasting C-peptide >0.33 nmol/L, were eligible to
participate. The maximum allowed daily dose of metformin
was 3 g/day; maximum allowed doses of SUs were: glicla-
zide 320 mg/day; glibenclamide 15 mg/day; glipizide
40 mg/day; glimepiride 4 mg/day; gliquidone 120 mg/day;
gliciclamide 1500 mg/day; and chlorpropamide 1000 mg/day.
The following medications were not permitted at any time
during the study: other OADs, insulin, benzoic acid, long-
term treatments with b-blockers or corticosteroids.

All patients gave their informed consent to participate in
the study. The trial was approved by the local Ethics
Committee at each site and was conducted under the
provisions of the Declaration of Helsinki and in accordance
with the International Conference on Harmonisation con-
solidated guideline on Good Clinical Practice.

Following a 7e10 day screening phase, during which pa-
tients continued to receive current therapy (metformin or
SU), eligible patients entered the 6-month randomisation
phase of the study. Patients visited the clinic at study entry
(baseline), randomisation (Day 0), and after 15 days, 2, 4
and 6 months. At study entry, patients provided blood sam-
ples for analysis at a central laboratory (haematology, bio-
chemistry, HbA1c, fasting plasma glucose [FPG], C-peptide,
TC, HDL-C and TGs). At Day 0, patients were randomised to
receive pioglitazone hydrochloride (Actos�) [15 mg once
daily] as add-on to their existing therapy, or were switched
to a fixed-dose combination tablet containing metformin
hydrochloride 400 mg and glibenclamide 2.5 mg (Glibo-
met�) [1 or 2 tablets daily] for 6 months. From Day 15
onwards, increases in the dose of pioglitazone (up to a max-
imum of 30 mg/day) or the fixed-dose combination therapy
(up to 3 tablets/day) were permitted when FPG levels were
>7.8 mmol/L or HbA1c >7.5%. If hypoglycaemia occurred,
either the dose of the SU or metformin was reduced in
patients in the pioglitazone group, or the number of
fixed-dose combination tablets was reduced. The dose of
pioglitazone could not be reduced at any time during the
study.

At the end of the study, blood samples for analysis of TC,
HDL-C and TGs were collected and analysed at a central
laboratory. Non-HDL-C levels were calculated from mea-
sured parameters (non-HDL-C Z TC � HDL-C). Similarly,
LDL-C levels were calculated from measured parameters
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(LDL-C Z TC � HDL-C � [TG/5]). HbA1c levels were mea-
sured at each study visit.

Statistical analysis

The primary efficacy variable was the change in HbA1c

levels from baseline to 6 months, or at the last available
post-treatment visit, and was reported previously [14]. Sec-
ondary efficacy endpoints included the change in lipid pro-
files after 6 months of treatment. The efficacy analyses
were performed on the intention-to-treat (ITT) population,
which included all randomised patients who had taken at
least one dose of study drug and had at least one post-base-
line follow-up.

Primary analyses examined the difference between
patients randomised to receive the addition of pioglitazone
to existing therapy (either metformin or an SU) and those
assigned to a fixed-dose combination of metformin and
glibenclamide. A post-hoc analysis was also performed on
completing patients to examine possible differences in
the plasma lipid profile between patients treated with pio-
glitazone and metformin, and those treated with pioglita-
zone and an SU, compared with fixed-dose combination
therapy.

Lipid parameters measured at baseline and study end-
point (Month 6) in patients receiving pioglitazone add-on
therapy to metformin or an SU, or fixed-dose combination
therapy, were analysed using Student’s t-test, analysis of
variance (ANOVA) or ManneWhitney U-test for parameters
that were non-normally distributed.

Results

A total of 250 patients were randomised to receive
pioglitazone as add-on therapy to either metformin or an
SU (n Z 170), or metformin/glibenclamide fixed-dose com-
bination therapy (n Z 80). Baseline characteristics were
similar for both treatment groups (Table 1). In total, 196
patients completed the study (129 in the pioglitazone group
and 67 in the fixed-dose combination group). In the piogli-
tazone group, 77/103 patients receiving pioglitazone þ
metformin, and 52/67 patients receiving pioglitazone þ SU
completed the study.

Plasma lipid profile

Total cholesterol
No significant changes in TC levels were observed after
6 months of treatment with pioglitazone-based therapy or
Table 1 Baseline characteristics of the randomised patients

Pioglitazone group(n Z

Age (years), mean � SD 59.1 � 8.3
Gender (m/f) 85/85
Weight (kg), mean � SD 83.1 � 13.1
BMI (kg/m2), mean � SD 30.92 � 4.66
HbA1c (%) mean � SD 8.48 � 0.82

BMI, body mass index; HbA1c, glycosylated haemoglobin.
a fixed-dose combination of metformin and glibenclamide
(Table 2). The change from baseline (�0.017 mmol/L in
the pioglitazone-based combination and �0.099 mmol/L
in the fixed-dose combination group) was similar in both
treatment groups (P Z 0.479). Post-hoc analysis indicated
that there was no difference in the response of patients re-
ceiving pioglitazone as add-on therapy to metformin or an
SU, or the fixed-dose combination therapy (P Z 0.180).

HDL-cholesterol
After 6 months of treatment, the addition of pioglitazone
to metformin or an SU showed a tendency to increase
HDL-C (0.04 mmol/L; [95% confidence interval (CI) �0.00,
0.081]; P Z 0.051 vs baseline). In contrast, treatment
with metformin/glibenclamide significantly reduced HDL-C
(�0.09 mmol/L; [95% CI �0.13, �0.05]; P < 0.001) over
the 6-month treatment period (Table 2). This resulted in
a significant difference in the change from baseline be-
tween the two groups (0.13 mmol/L; P < 0.001). Post-hoc
analysis indicated that the addition of pioglitazone to met-
formin resulted in a greater magnitude of improvement
in HDL-C from baseline than the addition of pioglitazone
to an SU (Fig. 1). HDL-C was increased from 1.09 �
0.31 mmol/L at baseline to 1.15 � 0.28 mmol/L in the pio-
glitazone/metformin group after 6 months of treatment
(change 0.06 mmol/L; P Z 0.009 vs baseline), and from
1.07 � 0.33 mmol/L to 1.09 � 0.34 mmol/L in the pioglita-
zone/SU group (change 0.01 mmol/L; P Z 0.617 vs base-
line). A statistically significant interaction was observed
between the treatment groups (P < 0.001), with changes
from baseline between the two pioglitazone groups and
the metformin/glibenclamide group both being statistically
significant (P < 0.001 for pioglitazone plus metformin;
P Z 0.006 for pioglitazone plus SU). However, the differ-
ence in change from baseline between the two pioglitazone
groups (0.05 mmol/L) was not statistically significant
(P Z 0.195).

Non-HDL-cholesterol
After 6 months of treatment, no significant changes in
non-HDL-C levels were observed in patients treated
with pioglitazone-based therapy or a fixed-dose combina-
tion of metformin and glibenclamide (Table 2). There was
no significant difference in the change from baseline
(�0.06 mmol/L [P Z 0.395] for pioglitazone-based combi-
nation and �0.01 mmol/L [P Z 0.918] in the fixed-dose
combination group) between treatment groups (P Z 0.677).
Post-hoc analysis also indicated that there was no differ-
ence in the response of patients receiving pioglitazone as
add-on therapy to either metformin or an SU (P Z 0.156).
170) Metformin þ glibenclamide(n Z 80)

59.9 � 9.0
44/36
81.9 � 15.7

29.85 � 4.94
8.57 � 0.90



Table 2 Plasma lipid profile at baseline and 6 months after initiation of treatment (mean � SD)

Pioglitazone-based combination Metformin/glibenclamide

Baseline 6 months Baseline 6 months

Total cholesterol (mmol/L) 5.62 � 1.04 5.61 � 0.98 5.64 � 1.07 5.54 � 0.91
HDL-cholesterol (mmol/L) 1.08 � 0.31 1.12 � 0.31 1.17 � 0.34 1.08 � 0.33**
non-HDL-cholesterol (mmol/L) 4.54 � 1.09 4.49 � 1.03 4.47 � 1.09 4.46 � 0.91
LDL-cholesterol (mmol/L) 3.57 � 0.98 3.63 � 0.87 3.55 � 0.91 3.52 � 0.80
Triglycerides (mmol/L) 2.12 � 1.20 1.87 � 1.07* 2.01 � 1.29 2.04 � 1.35

*P < 0.05, **P < 0.001 vs baseline.

Pioglitazone + metformin
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LDL-cholesterol
Treatment with pioglitazone-based therapy or a fixed-dose
combination of metformin and glibenclamide for 6 months
had no significant effect on LDL-C levels. In addition, there
was no statistical difference in the change from baseline
(0.06 mmol/L [P Z 0.365] for the pioglitazone-based com-
bination and �0.03 mmol/L [P Z 0.744] for the fixed-dose
combination group) between treatment groups (P Z 0.425).
Post-hoc analysis also indicated that there was no differ-
ence in the response of patients receiving pioglitazone as
add-on therapy to either metformin or an SU (P Z 0.276).

Triglycerides
The addition of pioglitazone to metformin or an SU for
6 months significantly reduced plasma TGs (�0.25 mmol/L;
[95% CI �0.44, �0.05]; P Z 0.013 vs baseline), whereas
treatment with metformin/glibenclamide had no significant
effect on plasma TGs (0.03 mmol/L; [95% CI �0.16, 0.23];
P Z 0.733 vs baseline) (Table 2). This resulted in a significant
difference in the change from baseline between the two
treatment groups (0.28 mmol/L; P Z 0.045). Post-hoc analy-
sis indicated that the addition of pioglitazone to an SU re-
sulted in a greater magnitude of improvement in TGs from
baseline than the addition of pioglitazone to metformin
(Fig. 2). TGs were reduced from 2.09 � 1.35 mmol/L at
baseline to 1.77 � 0.94 mmol/L after 6 months in the piogli-
tazone þ SU group (change �0.32 mmol/L; P Z 0.017 vs
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Figure 1 Mean change in plasma HDL-C from baseline follow-
ing 6 months of treatment with pioglitazone þmetformin, pio-
glitazone þ sulphonylurea or a fixed-dose combination of
metformin and glibenclamide.
baseline) and from 2.13 � 1.10 mmol/L to 1.93�1.14 mmol/L
in the pioglitazone þ metformin group (change �0.20
mmol/L; P Z 0.067 vs baseline). No significant overall inter-
action was detected between treatment groups, in the
difference in change from baseline in TGs (P Z 0.104). How-
ever, there was evidence to suggest that the change from
baseline in TGs was significantly greater for patients receiv-
ing pioglitazone as add-on therapy to an SU compared with
fixed-dose combination therapy (P Z 0.042).

Glycaemic control

The change in HbA1c levels between baseline and 6 months
has been reported previously [14]. There was a progressive
and statistically significant decrease in HbA1c from baseline
in both treatment groups (P < 0.001 at all time points) but
no significant difference between the treatment groups at
any time point (Fig. 3).

Tolerability

Both treatments were well tolerated. Small increases
in bodyweight were observed in both the pioglitazone-
treated patients (1.10 kg vs baseline; P Z 0.003) and the
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Figure 2 Mean change in plasma triglycerides from
baseline following 6 months of treatment with pioglitazone þ
metformin, pioglitazone þ sulphonylurea or a fixed-dose com-
bination of metformin and glibenclamide.
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Figure 3 Mean HbA1c during 6 months of treatment with pio-
glitazone as add-on therapy to metformin or a sulphonylurea,
or a fixed-dose combination of metformin and glibenclamide
(ITT population).
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metformin/glibenclamide patients (0.71 kg vs baseline;
P Z 0.051). The change in bodyweight from baseline was
not significantly different between the two treatment
groups (P Z 0.441). Small, but significant decreases in sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) were reported for both groups: pioglitazone-based
treatment �3.2 mmHg SBP, �2.3 mmHg DBP (P < 0.05 vs
baseline); metformin/glibenclamide �1.4 mmHg SBP,
�1.4 mmHg DBP (P < 0.05 vs baseline).

Discussion

It is widely accepted that patients with Type 2 diabetes are
at increased risk of developing cardiovascular disease [15]
and that a cluster of cardiovascular risk factors, including
hypertension and dyslipidaemia, contribute to the in-
creased morbidity and mortality observed in these patients.
Therefore, effective management of concomitant risk fac-
tors in addition to effective glycaemic control for patients
with Type 2 diabetes is required. This 6-month study has
shown that the addition of pioglitazone to either metformin
or an SU achieves a similar level of glycaemic control to
a fixed-dose metformin/glibenclamide combination. How-
ever, the addition of pioglitazone also increased HDL-C
and significantly reduced TGs; whereas the fixed-dose com-
bination of metformin/glibenclamide reduced HDL-C and
had no effect on TGs. Interestingly, results from post-hoc
analyses demonstrated that the addition of pioglitazone
to an SU significantly decreased TGs but had no significant
effect on HDL-C levels whereas the addition of pioglitazone
to metformin significantly increased HDL-C levels but had
no significant effect on TGs. The reason for the difference
between the pioglitazone sub-groups is unknown and war-
rants further investigation; however the small number of
patients in the post-hoc sub-groups may have contributed
to the findings. None of the treatments had any significant
effect on non-HDL-C or LDL-C. The improvements in the
lipid profile induced by pioglitazone may help combat
diabetic dyslipidaemia and consequently reduce cardiovas-
cular risk in patients with Type 2 diabetes.

These results confirm those from previous studies, with
pioglitazone showing beneficial effects on diabetic dyslipi-
daemia. Pioglitazone, as monotherapy, has consistently
been shown to decrease TGs and increase HDL-C
[6,13,16e18], and also improves postprandial TG metabo-
lism [19]. In a meta-analysis of randomised, controlled tri-
als of patients with Type 2 diabetes, metformin was shown
to be associated with reduced plasma TGs, TC and LDL-C,
and increased HDL-C levels [20]. Gliclazide has been shown
to produce modest effects on LDL and TGs, but these
changes were related to improvements in glycaemic control
[21] and, in general, SUs are not thought to have any direct
effect on diabetic dyslipidaemia [7].

The addition of pioglitazone to metformin, an SU or
insulin regime provides superior lipid control to any other
drug combinations [10]. The addition of pioglitazone to
either metformin [22] or an SU [23] produces greater
sustained improvements in TG and HDL-C than the addition
of gliclazide to metformin [7,24] or the addition of metfor-
min to an SU [24,25].

When compared to another TZD, rosiglitazone, pioglita-
zone was shown to be more effective in improving TG and
HDL-C levels [13,16]. Furthermore, in patients with Type 2
diabetes who were already receiving statin therapy, switch-
ing from rosiglitazone to pioglitazone significantly improved
TC, LDL-C and TGs [26], suggesting that pioglitazone may
have additional cardioprotective properties to rosiglita-
zone. However, head-to-head cardiovascular outcome stud-
ies are required to confirm this.

Given that a cluster of risk factors contribute to
increased cardiovascular morbidity and mortality in pa-
tients with Type 2 diabetes, the improvements in glycaemic
control, lipid profile and blood pressure reported in this
study, together with its insulin sensitising effects [10],
confirm the unique potential of pioglitazone to reduce
the incidence of cardiovascular events. In the PROspective
pioglitAzone Clinical Trial in macroVascular Events (PROac-
tive), improvements in glycaemic control, lipid profiles and
SBP were associated with a reduction in all-cause mortality,
non-fatal myocardial infarction and stroke in patients with
Type 2 diabetes [27].

In conclusion, this study has shown that the use of
pioglitazone in combination with metformin or an SU is
a safe and effective alternative to a commonly used fixed-
dose metformin and glibenclamide combination in the
treatment of patients with Type 2 diabetes. The comple-
mentary effect of the insulin-sensitising agent, pioglita-
zone, with either metformin or an SU, not only includes
comparable glycaemic control in terms of HbA1c reductions,
but also has beneficial effects on diabetic dyslipidaemia.
The synergistic effect of pioglitazone on a cluster of cardio-
vascular risk factors may help combat the increased cardio-
vascular morbidity and mortality observed in patients with
Type 2 diabetes.
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