
Diabetologia (2005) 48: 1093–1104
DOI 10.1007/s00125-005-1751-1

ARTICLE

B. Charbonnel . G. Schernthaner . P. Brunetti .
D. R. Matthews . R. Urquhart . M. H. Tan .
M. Hanefeld

Long-term efficacy and tolerability of add-on pioglitazone therapy
to failing monotherapy compared with addition of gliclazide
or metformin in patients with type 2 diabetes
Received: 18 November 2004 / Accepted: 12 February 2005 / Published online: 12 May 2005
# Springer-Verlag 2005

Abstract Aims/hypothesis: The aim of this analysis was to
examine the long-term effects of pioglitazone or gliclazide
addition to failingmetforminmonotherapy and pioglitazone
or metformin addition to failing sulphonylurea monother-
apy in patients with type 2 diabetes. Methods: Two 2-year,
randomised, multicentre trials were performed in patients
with inadequately controlled type 2 diabetes (HbA1c 7.5–
11% inclusive), who were receiving either metformin or

a sulphonylurea at ≥50% of the maximum recommended
dose or at the maximum tolerated dose. In the first study,
patients on metformin received add-on therapy with pio-
glitazone (15–45mg/day, n=317) or gliclazide (80–320mg/
day, n=313). In the second study, patients on sulphonyl-
urea therapy were randomised to receive add-on therapy
with either pioglitazone (15–45 mg/day, n=319) or metfor-
min (850–2,550 mg/day, n=320). HbA1c, fasting plasma
glucose, insulin and lipids were investigated. Results: At
week 104, the mean reduction from baseline in HbA1c was
0.89% for pioglitazone and 0.77% for gliclazide addition
to metformin (p=0.200). There was a statistically signifi-
cant between-group difference for the change in mean
fasting plasma glucose at week 104 (−1.8 mmol/l for pio-
glitazone vs −1.1 mmol/l for gliclazide, p<0.001). There
were no significant differences in changes from baseline
in glycaemic parameters for pioglitazone compared with
metformin addition to sulphonylurea therapy. Whether
added to metformin or sulphonylurea, pioglitazone caused
significantly greater decreases in triglycerides and signif-
icantly greater increases in HDL cholesterol than the com-
parator regimens (p≤0.001). There were decreases in LDL
cholesterol in the comparator groups and these were sig-
nificantly different from the small changes observed with
pioglitazone (p<0.001). All treatment regimens were well
tolerated. There were weight increases of 2.5 kg and 3.7
kg in the pioglitazone and 1.2 kg in the gliclazide add-on
groups, and there was a mean decrease of 1.7 kg in the
metformin add-on group. Conclusions/interpretation: As
add-on therapy to existing sulphonylurea or metformin
therapy, pioglitazone improved glycaemic control and this
improvement was sustained over 2 years. Furthermore,
there were potential benefits in terms of improvements in
specific lipid abnormalities. This could offer an advantage
over the addition of other oral agents in the long-term
treatment of diabetes.
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Introduction

Monotherapy with metformin or sulphonylureas often im-
proves glycaemic control in the short term. However, it is
well documented that many patients receiving long-term
oral glucose-lowering monotherapy experience a progres-
sive deterioration in glycaemic control over time. Every
year, approximately 5–10% of patients treated with a sul-
phonylurea or metformin experience “secondary failure”
[1, 2]. In the United Kingdom Prospective Diabetes Study
(UKPDS), patients receiving sulphonylurea or metformin
monotherapy experienced a gradual increase in HbA1c
over a study period of up to 10 years [2–5]. The addition
of a second agent with additive or synergistic effects is
required to overcome such failures of monotherapy and to
address different aspects of the pathogenesis of type 2
diabetes. The most commonly used combination regimen
consists of metformin plus a sulphonylurea, and agents
with novel modes of action, e.g. the thiazolidinediones
(TZDs), pioglitazone and rosiglitazone, have been intro-
duced more recently.

Several clinical trials have demonstrated the short-term
beneficial effects of pioglitazone on glycaemic control,
both alone [6–11] and when added as a second agent in
combination therapy [12–15]. These studies have also
reported that pioglitazone modulates carbohydrate and
lipid metabolism, increases insulin sensitivity, affects vas-
culature and may improve some of the risk factors as-
sociated with the metabolic syndrome [6–15].

To evaluate the effects of oral glucose-lowering agents in
combination, it is important to have studies of long du-
ration. Few randomised controlled clinical studies have
assessed the effects of combination therapy over periods
greater than 1 year. Although the UKPDS assessed oral
glucose-lowering treatments over a 10-year period, the
TZDs were not available when the study began. Further-
more, the UKPDS did not compare combination therapies
with each other; intention-to-treat (ITT) monotherapy was
compared with combination therapy randomised late in the
trial. Two recent head-to-head studies evaluating the long-
term efficacy, safety and tolerability of pioglitazone when
added to failing metformin or a sulphonylurea in patients
with type 2 diabetes are reported here. The first of these
randomised, double-blind, double-dummy, parallel-group
studies compared pioglitazone as add-on therapy to met-
formin with the widely used combination of sulphonylurea
and metformin. Gliclazide was chosen as it is one of the
most commonly prescribed sulphonylureas. In the second
study, pioglitazone add-on therapy was compared with the
addition of metformin to existing sulphonylurea therapy.

An analysis conducted at 1 year suggested that, although
no significant differences in change from baseline of gly-
caemic parameters were observed between treatments, the
pattern of glycaemia over time was different and longer-
term effects might reveal differences [16, 17]. Furthermore,
the 1-year analyses revealed additional benefits with pio-
glitazone add-on therapy over gliclazide or metformin add-
on therapies in terms of improvements in insulin sensitivity
and specific abnormalities of diabetic dyslipidaemia. The
studies were continued to 2 years and the data presented
here are the results of the investigation of the glycaemic and
non-glycaemic effects and whether these were sustained.

Subjects and methods

Study population Male and female patients with type 2
diabetes inadequately managed with metformin or sul-
phonylurea monotherapy (at ≥50% of the maximum recom-
mended dose or at the maximum tolerated dose for ≥3
months) were eligible for entry into the study. Inclusion
criteria were: (1) age 35–75 years (inclusive); (2) HbA1c
7.5–11.0% (inclusive); (3) fasting C-peptide levels ≥0.50
nmol/l (1.5 ng/ml); and (4) stable or worsening glycaemic
control for ≥3 months prior to screening. Patients were
excluded if they had type 1 diabetes, ketoacidosis, symp-
tomatic heart failure, acute malabsorption or chronic pan-
creatitis, familial polyposis coli, malignant disease in the
previous 10 years, substance abuse or myocardial infarc-
tion, transient ischaemic attacks or stroke in the previous
6 months, or were pregnant. Patients previously treated
with insulin, gliclazide, pioglitazone or other sulphonyl-
ureas or TZDs were not eligible for entry into the pio-
glitazone vs gliclazide addition to metformin study, and
patients treated with insulin, metformin, pioglitazone or
other TZDs were not eligible for entry into the pioglitazone
vs metformin addition to sulphonylurea study.

Study designs The study designs have been reported in
detail elsewhere [16, 17]. Both studies were conducted in
accordance with the Declaration of Helsinki and the re-
quirements of Good Clinical Practice of the European Com-
munity. Ethics committee approval was obtained for each
study site and all patients gave written informed consent
prior to participation.

The first study compared the efficacy and safety of
pioglitazone and gliclazide when added to existing met-
formin therapy in a 2-year trial conducted at 75 centres in
nine European countries and Australia. Patients were ran-
domised using block randomisation via a central telephone
system (QTONE) to receive either pioglitazone (15 mg/
day, n=317) or gliclazide (80 mg/day, n=313) in addition
to their usual regimen of metformin. During a 16-week
forced-titration phase, the pioglitazone dose was increased
in a step-wise manner to 30 and 45 mg, and the gliclazide
dose to 160 mg, 240 mg (160 and 80 mg) and 320 mg (160
mg twice daily), according to tolerability. No change in
metformin dose from the pre-study level was allowed at
any stage of the study.
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The pioglitazone vs metformin addition to sulphonyl-
urea study was similar in design and conducted over a 2-
year period (the first patient was enrolled in October 2000
and the last patient completed in June 2003) at 91 centres in
12 European countries and Canada. Patients inadequately
controlled with existing sulphonylurea monotherapy were
randomised to add-on therapy with either pioglitazone or
metformin for a 12-week forced-titration period followed
by a 92-week maintenance period. Patients received either
pioglitazone (at a dose of up to 45 mg/day) or metformin
(at a dose of up to 2,550 mg/day), plus their usual regimen
of sulphonylurea. Patients initially received a dose of 15
mg/day of pioglitazone or 850 mg/day of metformin, and
dose levels were increased at weeks 4, 8 and 12, according
to tolerability. If a patient experienced symptomatic hypo-
glycaemia during titration, the dose of sulphonylurea could
be reduced (one-step reduction). The aim was to maintain
the sulphonylurea and the study drug doses at the levels
achieved at the end of the titration period; thus, in both
studies, cessation of titration or a one-step down-titration
was permitted only on the basis of tolerability issues or
perceived risk of hypoglycaemia.

Efficacy and safety measurements In both studies the
primary efficacy measure was a change in HbA1c. A non-
inferiority analysis was performed for the primary objec-
tive. Secondary efficacy measures included changes in
fasting plasma glucose, insulin and insulin precursors and
lipids.

A central laboratory (Covance Central Laboratory Ser-
vices SA, Geneva, Switzerland) conducted the analyses of
all blood samples. HbA1c was measured using an auto-
mated ion-exchange HPLC assay (VARIANT HbA1c pro-
gram; BioRad Laboratories, Hercules, CA, USA) that was
standardised against the Diabetes Control and Complica-
tions Trial (DCCT) referencemethod. Intra-assay variability
was ≤2.1%. Serum insulin was measured using Micro-
particle Enzyme Immunoassay (MEIA) technology (Abbott
Laboratories, Abbott Park, IL, USA) that was referenced
against the World Health Organization (WHO) insulin first
International Reference Preparation at 92.5% of the WHO
concentration. Intra-assay variability was ≤6.0%. Lipids
were analysed by the homogeneous enzymatic colorimetric
test using the Roche Diagnostics High-Performance Cho-
lesterol method (Indianapolis, IN, USA). Intra-assay vari-
ability was ≤2.0% for triglycerides, ≤4.0% for HDL
cholesterol and ≤1.4% for total cholesterol. Measurements
of HbA1c, fasting plasma glucose and insulin were made
at baseline and weeks 4, 8, 12, 16, 24, 32, 42, 52, 62, 72, 82,
92 and 104. Lipids (triglycerides, HDL cholesterol, LDL
cholesterol and total cholesterol) were measured at base-
line and weeks 8, 16, 24, 32, 42, 52, 62, 72, 82, 92 and
104. LDL cholesterol was calculated using Friedewald’s
formula, and the atherogenic index of plasma (AIP) was
calculated from the log10(triglyceride: HDL cholesterol)
[18]. Fasting NEFA were assessed at baseline and weeks
52 and 104 in a subgroup of the study population. Serum
C-peptide and 32,33 split pro-insulin were measured at

selected centres at baseline and weeks 24, 42, 52, 72, 92
and 104.

The tolerability and safety of the therapies were as-
sessed by: physical examination at screening and weeks 52
and 104; regular monitoring of adverse events, bodyweight,
blood pressure and pulse rate; and standard safety labora-
tory tests. Clinical chemistry and haematology were per-
formed at the central laboratory.

Statistical analysis The statistical and analytical methods
have been described previously [16, 17]. The differences
in the changes in HbA1c between treatment groups were
compared using an analysis of covariance model, with treat-
ment used as the factor and baseline value as covariate. The
difference between adjusted means was calculated with
95% CIs and a two-sided t-test (α=0.05) was performed.
The analysis was carried out on the ITT and per-protocol
populations. Other efficacy variables were analysed in a
similar way. The ITT population included all patients who
received at least one dose of study medication after ran-
domisation and for whom at least one post-baseline HbA1c
value was available. The per-protocol population included
all patients who received at least one dose of study medi-
cation after randomisation and for whom a value for HbA1c
was available at week 72 or later. A p value less than or
equal to 0.05 was considered significant for the primary
and secondary analyses. Since the triglyceride data were
not normally distributed, the lipid data were logarithmical-
ly transformed. Descriptive statistics were used to sum-
marise demographic and baseline characteristics, adverse
events and changes in body weight and laboratory
variables.

Results

Baseline characteristics

The baseline data have been published previously [16, 17].
In both studies the treatment groups have similar baseline
characteristics, and the groups were generally well matched
in terms of sex, age, BMI and duration of diabetes (Table 1).
Comparison of the two study populations revealed that
patients in the sulphonylurea add-on study had a longer
duration of diabetes and patients in the metformin add-on
study were slightly heavier. Figure 1a and b show the pa-
tient disposition and reasons for discontinuation of study
medication. Approximately 75% of the patients enrolled
completed the 104-week studies.

At the end of the dose-titration period, 70% of patients
receiving pioglitazone add-on to metformin had been
titrated to the maximum pioglitazone dose of 45 mg/day
(mean dose 39 mg/day), whereas 33% of patients in the
gliclazide arm had been titrated to the maximum gliclazide
dose of 320 mg/day (mean dose 212 mg/day).

Of the 952 patients screened for the pioglitazone vs
metformin addition to sulphonylurea study, 639 patients
were treated with pioglitazone (n=319) or metformin (n=
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320) in addition to their sulphonylurea therapy. At the end
of the dose-titration period, 62% of patients in the pio-
glitazone group were receiving the maximum dose of 45
mg (mean dose of 37 mg/day), and 55% of those in the
metformin group were receiving the maximum dose of
2,550 mg/day (mean dose 2,074 mg/day).

Glycaemic control

The 1-year efficacy and safety data have been reported
previously [16, 17]. All data are from the ITT population
unless otherwise specified.

Pioglitazone vs gliclazide addition to metformin study The
differences in the changes in HbA1c from baseline to week
52 were not statistically significant between the two groups,
with decreases of 0.99% and 1.01% observed with pio-
glitazone add-on therapy to metformin and gliclazide add-
on to metformin, respectively (adjusted mean difference
0.02, 95% CI −0.15 to 0.19, p=0.837). The differences in
the changes from baseline among the ITT population were
not statistically significant at week 104 (0.89% and 0.77%
with pioglitazone and gliclazide, respectively, p= 0.200;
Fig. 2a); however, there was a statistically significant be-
tween-group difference in HbA1c reduction at week 104
in patients treated for a minimum of 18 months (per-
protocol population; 1.07% and 0.76% with pioglitazone
and gliclazide, respectively, p=0.003). At week 104, the
proportion of patients who had achieved a target HbA1c
level of <7.0% was 30.6% when pioglitazone was added
to metformin and 25.2% for gliclazide addition to met-
formin (p=0.128).

Mean fasting plasma glucose values revealed that, de-
spite comparable reductions in fasting plasma glucose at
week 52, there was a statistically significant difference
between the pioglitazone add-on to metformin group and
the gliclazide add-on to metformin group at week 104
(−1.8 vs −1.1 mmol/l, p<0.001; Fig. 2b).

Pioglitazone vs metformin addition to sulphonylurea study
For patients receiving add-on therapy with either piogli-
tazone or metformin to sulphonylurea, there were no sig-
nificant between-treatment differences in terms of HbA1c
or fasting plasma glucose. At week 104, HbA1c was
reduced by 1.03% with pioglitazone addition to sulphonyl-
urea and by 1.16% with metformin addition to sulpho-
nylurea (adjusted mean difference −0.13, 95% CI −0.06 to
0.31, p=0.173; Fig. 3a). At week 104, the proportion of
patients who had achieved a target HbA1c level of <7.0%
was 30.2% for pioglitazone addition to sulphonylurea and
28.4% for metformin addition to sulphonylurea (p=0.635).

From baseline to week 104, fasting plasma glucose was
reduced by 2.0 mmol/l in the pioglitazone add-on to sul-
phonylurea group and 1.9 mmol/l in the metformin add-on
to sulphonylurea group (adjusted mean difference −0.02,
95% CI −0.6 to 0.3, p=0.506; Fig. 3b).

Serum lipid levels

Figure 4 shows the changes in lipid profiles (ITT pop-
ulation). Whether added to metformin or sulphonylurea,
pioglitazone caused significantly greater decreases in tri-
glyceride levels and significantly greater increases in HDL
cholesterol levels (p≤0.001 for all between-group compar-

Table 1 Demographic and
baseline characteristics

The data shown are means±SD
or n (%)
aTo convert mmol/l to mg/dl
divide by 0.0555
bTo convert mmol/l to mg/dl
divide by 0.0113
cTo convert mmol/l to mg/dl
divide by 0.0259

Variable Add-on to metformin Add-on to sulphonylurea

Pioglitazone
(n=317)

Gliclazide
(n=313)

Pioglitazone
(n=319)

Metformin
(n=320)

Sex
Male 161 (50.8%) 154 (49.2%) 171 (53.6%) 175 (54.7%)
Female 156 (49.2%) 159 (50.8%) 148 (46.4%) 145 (45.3%)
Race
Caucasian 315 (99.4%) 313 (100%) 317 (99.4%) 315 (98.4%)
Black 0 0 2 (0.6%) 3 (0.9%)
Other 2 (0.6%) 0 0 2 (0.6%)
Age (years) [range] 56±9.2 [35–74] 57±9.0 [34–75] 60±8.8 [36–75] 60±8.0 [36–75]
BMI (kg/m2) [range] 32.6±5.0 [23–52] 32.6±5.8 [20–59] 30.2±4.4 [21–45] 30.0±4.6 [19–46]
Duration of diabetes
(years) [range]

5.8±5.1 [0.2–30.9] 5.5±5.1 [0.2–34.7] 7.0±5.6 [0.2–30.7] 7.1±5.6 [0.3–31.7]

HbA1c(%) 8.71±1.00 8.53±0.89 8.82±0.98 8.80±0.98
Fasting plasma
glucose (mmol/l)a

11.8±3.1 11.3±2.6 11.8±2.7 12.0±2.9

Triglycerides
(mmol/l)b

2.90±1.94 2.78±1.89 2.47±1.69 2.38±1.72

HDL cholesterol
(mmol/l)c

1.10±0.25 1.09±0.23 1.09±0.24 1.11±0.27

LDL cholesterol
(mmol/l)c

3.34±0.98 3.28±0.93 3.57±0.86 3.58±0.92
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Fig. 1 Patient disposition in the
pioglitazone vs gliclazide addi-
tion to metformin study (a) and
the pioglitazone vs metformin
addition to sulphonylurea
study (b)
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isons). Gliclazide addition to metformin and metformin
addition to sulphonylurea decreased LDL cholesterol and
total cholesterol, whereas there was little change in these
parameters in the pioglitazone groups (increases or de-
creases ≤5% for LDL cholesterol and ≤1% for total cho-
lesterol). The differences between groups were statistically
significant (p<0.001 for LDL cholesterol, p≤0.005 for total
cholesterol). Among patients who received lipid-lowering
therapy at baseline (18.3% of those enrolled in the pio-
glitazone vs gliclazide addition to metformin study and
15.3% of those in the pioglitazone vs metformin addition to
sulphonylurea study), the doses remained stable through-
out the study, and the effects of add-on therapies on lipid

levels in this population were comparable to those indi-
cated by the ITT analysis.

When added to either metformin or sulphonylurea ther-
apy, pioglitazone caused significantly greater decreases in
the AIP, a surrogate marker of LDL particle size, than the
comparators (−0.46 for add-on to metformin vs −0.14 for
gliclazide addition [p<0.001] and −0.38 for add-on to
sulphonylurea vs −0.23 for metformin addition [p<0.001]).

Mean fasting plasma NEFA levels were decreased by
0.11 mmol/l in the pioglitazone add-on to metformin group
(n=37) and by 0.04 mmol/l in the gliclazide add-on to
metformin group (n=64; p=0.046 for between-group dif-
ference), and by 0.08 mmol/l in the pioglitazone add-on to

Fig. 2 Time course of mean
changes±SEM from baseline
to last value (last observation
carried forward analysis) for
HbA1c (a) and fasting plasma
glucose (b) in the ITT popula-
tion. To convert mmol/l to mg/dl
divide by 0.0555. Closed cir-
cles, pioglitazone add-on to
metformin; open squares,
gliclazide add-on to metformin
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sulphonylurea group (n=85) compared with 0.03 mmol/l in
the metformin add-on to sulphonylurea group (n=99; p=
0.053 for between-group difference).

Serum insulin and insulin precursors

Pioglitazone caused sustained decreases in fasting serum
insulinwhether added tometformin or sulphonylurea, where-
as there were increases in the gliclazide add-on to metfor-
min group. In themetformin add-on to sulphonylurea group,
the decreases in fasting serum insulin observed at week 52
[16] had risen back towards baseline values by week 104
(Table 2). The difference in the change in serum insulin with

pioglitazone vs gliclazide addition to metformin group was
statistically significant (p<0.001).

Insulin precursors were measured at selected centres.
The addition of pioglitazone to metformin (n=168) caused
decreases in levels of intact pro-insulin and 32,33 split pro-
insulin, whereas the addition of gliclazide to metformin
caused a small increase in intact pro-insulin (n=169) and
a small decrease in mean 32,33 split pro-insulin (n=166).
The difference between treatments was statistically signif-
icant for both variables (p<0.001; Table 2). In the pio-
glitazone vs metformin addition to sulphonylurea study,
both pioglitazone and metformin caused decreases from
baseline in intact pro-insulin (n=166 and n=155 for pio-
glitazone and metformin, respectively) and 32,33 split pro-

Fig. 3 Time course of mean
changes±SEM from baseline
to last value (last observation
carried forward analysis) for
HbA1c (a) and fasting plasma
glucose (b) in the ITT popula-
tion. To convert mmol/l to mg/dl
divide by 0.0555. Open circles,
pioglitazone add-on to sulpho-
nylurea; closed triangles, met-
formin add-on to sulphonylurea
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insulin when added to sulphonylurea (n=164 and n=154 for
pioglitazone and metformin, respectively). There were no
significant differences between the two groups for either
variable (Table 2).

Safety and tolerability assessment

All four treatment regimens were well tolerated and the
majority of adverse events were mild to moderate in

Table 2 Mean changes from
baseline to week 104 in fasting
insulin levels, intact pro-insulin
and 32,33 split pro-insulin

aTo convert pmol/l to μIU/ml
divide by 6.945

Add-on to metformin Add-on to sulphonylurea

Pioglitazone Gliclazide Pioglitazone Metformin

Fasting serum insulin (pmol/l)a −18.1 13.2 −7.6 −1.4
Adjusted difference (95% CI) −31.3 (−41.0 to −22.2) −5.6 (−12.5 to 0.7)
p value p<0.001 p=0.075
Intact pro-insulin (pmol/l)a −8.3 1.5 −7.6 −9.3
Adjusted difference (95% CI) −9.8 (−12.5 to −7.1) 1.7 (−0.6 to 4.0)
p value p<0.001 p=0.149
32,33 split pro-insulin (pmol/l)a −9.3 −3.2 −8.6 −9.5
Adjusted difference (95% CI) −6.1 (−8.5 to −3.8) 0.9 (−1.2 to 3.0)
p value p<0.001 p=0.404
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<0.001p <0.001pFig. 4 Changes from baseline
to last value (last observation
carried forward analysis) for
triglycerides, HDL cholesterol
and LDL cholesterol in the ITT
population. The treatments were
compared using adjusted mean
ratios from baseline (pioglita-
zone/metformin) with baseline
values as covariates and based
on logarithmically transformed
data. White bars, pioglitazone
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bars, gliclazide (glic) add-on
group; black bars, metformin
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Table 3 Adverse events known to occur in patients treated with sulphonylureas, metformin or pioglitazone and proportion of patients
withdrawing due to them

Add-on to metformin Add-on to sulphonylurea

Pioglitazone (n=317) Gliclazide (n=313) Pioglitazone (n=319) Metformin (n=320)

Symptoms compatible with hypoglycaemia 7 (2.2%) 36 (11.5%) 36 (11.3%) 50 (15.6%)
GI disordersa 12 (3.8%) 16 (5.1%) 20 (6.3%) 62 (19.4%)
Congestive heart failureb 5 (1.6%) 2 (0.6%) 2 (0.6%) 3 (0.9%)
Oedemac 24 (7.6%) 11 (3.5%) 34 (10.7%) 9 (2.8%)

The data shown are n (%)
aIncludes abdominal discomfort, distension and pain; diarrhoea; flatulence; frequent bowel movements; gastrointestinal pain; loose stools;
watery stools
bAcute, aggravated, congestive, chronic and not otherwise specified (NOS) cardiac failure; left ventricular failure; aggravated congestive
cardiac failure; acute, aggravated and NOS pulmonary oedema
cGravitational, localised, neck, abdomen NOS, peripheral, orbital, pitting and NOS oedema
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severity. There were no major differences between groups
with respect to the number of adverse events, and a similar
number of patients in each treatment group discontinued
the add-on therapy due to adverse events, with 22 (6.9%)
in the pioglitazone add-on to metformin group, 21 (6.7%)
in the gliclazide add-on to metformin group, 28 (8.8%) in
the pioglitazone add-on to sulphonylurea group and 32
(10.0%) in the metformin add-on to sulphonylurea group.
As regards the individual events, there were more gas-
trointestinal disorders observed with metformin, more
hypoglycaemia with gliclazide and more oedema with pio-
glitazone (Table 3).

At week 104, there were mean weight increases of 2.5 kg
and 3.7 kg when pioglitazone was added to metformin and
sulphonylurea, respectively, and 1.2 kg when gliclazide
was added to metformin. A decrease in mean body weight
of 1.7 kg was observed at week 104 when metformin was
added to sulphonylurea (Fig. 5).

Liver tests, particularly alanine aminotransferase (ALT),
showed consistent improvements when pioglitazone was
added to metformin or sulphonylurea (Fig. 6). The addition

of metformin to sulphonylurea produced smaller changes
in liver parameters, and gliclazide addition to metformin
resulted in marginal changes (Fig. 6).

Discussion

Short-term studies have shown pioglitazone, metformin
and sulphonylureas to be effective when added as second
agents to failing monotherapy [13–15, 19–21]. These two
2-year studies provide an opportunity to compare the lon-
ger-term sustainability of glycaemic control of adding pio-
glitazone to metformin or sulphonylurea with the effects of
adding gliclazide or metformin, respectively. We found that
the combination of pioglitazone and metformin provided
sustained glycaemic control and superior lipidaemic con-
trol to gliclazide with metformin, suggesting that when a
patient is failing on metformin monotherapy there may be
an advantage to adding pioglitazone rather than a sulpho-
nylurea. For patients treated with pioglitazone plus sulpho-
nylurea glycaemic control was comparable to that of
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Fig. 5 Changes from baseline
to last value (last observation
carried forward analysis) for
weight gain in the ITT popula-
tion. The treatments were com-
pared using adjusted mean ratios
from baseline (pioglitazone/
metformin) with baseline values
as covariates. White bars,
pioglitazone add-on groups;
hatched bars, gliclazide add-on
group; black bars, metformin
add-on group

Fig. 6 Time course of mean
changes from baseline to last
value (last observation carried
forward analysis) for ALT in the
ITT population of the pioglita-
zone vs gliclazide addition to
metformin study (a) and the
pioglitazone vs metformin addi-
tion to sulphonylurea study (b).
Closed circles, pioglitazone add-
on to metformin; open squares;
gliclazide add-on to metformin;
open circles, pioglitazone add-
on to sulphonylurea; closed
triangles, metformin add-on to
sulphonylurea

1101



patients treated with metformin plus sulphonylurea, but
there was an advantage in the pioglitazone group with re-
spect to lipids.

Glucose-lowering therapies have been shown to reduce
long-term microvascular complications [22, 23]; however,
due to the natural progression of diabetes, monotherapy is
often insufficient to sustain glycaemic control over the long
term and a second agent is frequently needed [2–5]. For
example, in the UKPDS, most of the patients needed
combination therapy because of the continuous decline in
beta cell function [4]. The combination of metformin (an
inhibitor of hepatic glucose overproduction) plus a sulpho-
nylurea (an insulin secretagogue) is the traditional com-
bination option when monotherapy with either as the single
agent fails [19, 24], but this is not always efficacious. Al-
though short-term studies have shown that such combi-
nations are initially effective for periods of less than 1 year
[20, 21], control was reported to deteriorate over longer
periods of time in the UKPDS [25]. There exists a need for
agents, or combinations of agents, that can sustain gly-
caemic control in the longer term. From a pathophysio-
logical point of view, the TZDs provide an alternative
add-on option to failing monotherapy by virtue of their
insulin-sensitising properties. The studies reported here
provide the first long-term comparison of the traditional
metformin plus sulphonylurea regimen with pioglitazone
add-on to either metformin or a sulphonylurea.

In previous studies, 30 mg/day of pioglitazone as add-on
therapy to metformin [13] caused a mean decrease of
0.64% in HbA1c over 16 weeks compared with a 0.19%
increase in HbA1c with metformin plus placebo. Seventy-
two weeks of open-label pioglitazone plus metformin
treatment resulted in further decreases in HbA1c (−1.4%
from baseline) and fasting plasma glucose (−3.5 mmol/l
from baseline), indicating that glycaemic control was main-
tained over a period of more than 1.5 years [13]. Studies
on the addition of pioglitazone to sulphonylurea, performed
over periods of up to 12 months, have shown that gly-
caemic control is improved with this regimen compared
with continued sulphonylurea monotherapy [12, 14].

The 2-year data reported here extend the results at 1 year
[16, 17]: the addition of pioglitazone or a sulphonylurea to
metformin and the addition of pioglitazone or metformin
to a sulphonylurea were effective in decreasing HbA1c and
fasting plasma glucose levels beyond those achieved by
monotherapy. Interestingly, among the patients who were
failing on metformin, the glycaemic control achieved with
pioglitazone add-on to metformin was well sustained. At 2
years, pioglitazone induced superior decreases from base-
line in fasting plasma glucose compared with gliclazide
(p≤0.001). In addition, although the difference in HbA1c
changes from baseline to week 104 was not statistically
significant in the ITT population, in those patients who
were treated for at least 72 weeks (per-protocol popula-
tion), the difference was significant in favour of pioglita-
zone (p=0.003). In the pioglitazone vs metformin addition
to sulphonylurea study, there were no statistically signif-
icant differences between the two groups in terms of the
changes in HbA1c and fasting plasma glucose at 2 years.

Dyslipidaemia is an important cardiovascular risk factor.
In patients with type 2 diabetes, there is a strong association
between high triglyceride and low HDL cholesterol levels
and cardiovascular morbidity and mortality, whereas LDL
cholesterol is often normal or borderline [26–30]. Short-
term studies have reported that pioglitazone has beneficial
effects on triglycerides and HDL cholesterol [9, 12, 13].
The 1-year data from the add-on studies also showed that
improvements in triglyceride and HDL cholesterol levels
were significantly more pronounced in the pioglitazone
groups [16, 17]. The 2-year data support these observa-
tions, with the significantly superior effects of pioglita-
zone over metformin and gliclazide on triglycerides and
HDL cholesterol still observed at week 104. Significantly
greater reductions in total cholesterol and LDL cholesterol
were observed in the gliclazide add-on to metformin group
and the metformin add-on to sulphonylurea group than in
the respective pioglitazone add-on groups, in which only
small changes (increases or decreases of ≤5%) were seen
for both parameters at 2 years.

Compositional alterations in LDL particles can be po-
tentially atherogenic [31–34]. Diabetic dyslipidaemia ap-
pears to be related to the presence of smaller, dense LDL
particles that are more atherogenic than larger, more buoy-
ant particles [35]. The AIP is inversely correlated with LDL
particle size [18]. Over the 2-year period reported here, the
AIP was reduced by a significantly greater extent by the
addition of pioglitazone to the metformin or sulphonylurea
therapies than the addition of gliclazide or metformin,
respectively. Taken together, these lipid data suggest that
pioglitazone therapy has benefits in terms of modulating
the unique dyslipidemia associated with type 2 diabetes,
and that the addition of pioglitazone to failing metformin
or sulphonylurea therapy offers a distinct advantage over
the addition of sulphonylurea or metformin, respectively,
in this regard.

At present it is not known whether these effects of
pioglitazone on sustained glycaemic and lipidaemic control
will translate into improved outcomes over the longer term.
However, studies such as the Prospective Pioglitazone
Clinical Trial in Macrovascular Events (PROactive), which
was designed to evaluate the effect of pioglitazone treat-
ment on the incidence of macrovascular comorbidity and
total mortality in over 5,000 high-risk patients with type 2
diabetes, will help to establish this [36].

Another important finding was the difference between
combinations with respect to insulin sensitivity and insulin
processing in the beta cell. Over 2 years, pioglitazone add-
on therapy to either metformin or sulphonylurea caused
sustained decreases in fasting insulin levels. In contrast,
there was an increase in fasting insulin when gliclazide was
added to metformin, and the decrease in insulin seen at
week 52 when metformin was added to sulphonylurea [16]
was not sustained over the 2-year treatment period, with
values near to baseline levels observed at week 104. Pio-
glitazone add-on therapy and the addition of metformin to
sulphonylurea improved insulin processing (intact pro-in-
sulin and 32,33 split pro-insulin), while the addition of
gliclazide to metformin had no effect.
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To date, there have been no clear data on the long-term
(>1 year) safety of oral glucose-lowering agents in com-
bination. Over the 2-year period reported here, the inci-
dence of adverse events and the clinical laboratory values
indicate that all treatment regimens were generally well
tolerated. More than 70% of patients completed the stud-
ies. As expected, the main adverse events were weight
gain, hypoglycaemia, oedema and gastrointestinal disor-
ders. Rates of hypoglycaemia with gliclazide (12%) and
gastrointestinal disorders with metformin (28%) were sim-
ilar to those previously reported. Oedema (8–11%) and
weight gain (∼4%) were the most common adverse events
in the pioglitazone group and these have also been reported
previously [16, 17]. There have been worries concerning
liver toxicity with TZDs. In the studies reported here,
pioglitazone add-on caused reductions in mean levels of
hepatic enzymes, while gliclazide caused either no change
or small increases.

In conclusion, the data from these 2-year studies provide
a strong indication that, when added to metformin, pio-
glitazone provides good sustainability of glycaemic con-
trol allied with an improvement over gliclazide addition to
metformin in terms of insulin processing and the modu-
lation of the unique dyslipidaemia associated with type 2
diabetes. When added to sulphonylurea, glycaemic control
and improvements in insulin processing were well sus-
tained by the addition of either pioglitazone or metformin,
but improvements in diabetic dyslipidaemia were greater
with pioglitazone. As expected, there was a mean weight
loss in the metformin add-on group and weight increases in
the pioglitazone and gliclazide add-on groups. These find-
ings confirm that pioglitazone is a valuable alternative to
the addition of metformin to failing sulphonylurea mono-
therapy and, in the case of addition to metformin, its po-
tential long-term sustainability and lipid effects may make
it preferable to the addition of sulphonylurea.
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