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Abstract
� Pioglitazone is an orally administered insulin sensitis-

ing thiazolidinedione agent that has been developed
for the treatment of type 2 diabetes mellitus.

� Pioglitazone activates the nuclear peroxisome pro-
liferator activated receptor-γ (PPAR-γ), which leads
to the increased transcription of various proteins reg-
ulating glucose and lipid metabolism. These proteins
amplify the post-receptor actions of insulin in the
liver and peripheral tissues, which leads to improved
glycaemic control with no increase in the endoge-
nous secretion of insulin.

� In placebo-controlled clinical trials, monotherapy
with pioglitazone 15 to 45 mg/day has been shown
to decrease blood glycosylated haemoglobin (HbA1c)
levels in patients with type 2 diabetes mellitus.

� The addition of pioglitazone 30 mg/day to pre-
existing therapy with metformin, or of pioglitazone
15 or 30 mg/day to sulphonylurea, insulin or vogli-
bose therapy, has been shown to decrease HbA1c and
fasting blood glucose levels significantly in patients
with poorly controlled type 2 diabetes mellitus.

� Pioglitazone has also been associated with improve-
ments in serum lipid profiles in randomised placebo-
controlled clinical studies.

� The drug has been well tolerated by adult patients of
all ages in clinical studies. Oedema has been reported
with monotherapy, and pooled data have shown hypo-
glycaemia in 2 to 15% of patients after the addition
of pioglitazone to sulphonylurea or insulin treat-
ment. There have been no reports of hepatotoxicity.
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Features and properties of pioglitazone (AD 4833,
U 72107, U 72107A, U72107E)

Indications

Type 2 (non–insulin-dependent) diabetes mellitus

Mechanism of action

Antihyperglycaemic Activates nuclear peroxisome
proliferative activated
receptor-γ (PPAR-γ)

Dosage and administration

Usual dosage in clinical trials 15 to 45 mg/day

Route of administration Oral

Frequency of administration Once daily

Pharmacokinetic profile (steady state in young
healthy adults)

15 mg/day 30 mg/day

Peak plasma concentration
(mg/L)

0.7 1.7

Time to peak plasma
concentration (hours)

2.5 3

Area under the plasma
concentration-time curve to
24 hours after administration
(mg/L • h)

4.8 15.3

Elimination half-life (hours) 3.3 4.9

Metabolism Hepatic (predominantly via
cytochrome P450 enzymes)

Adverse events

Most frequent or clinically
relevant

Oedema, upper respiratory
tract infection, headache
sinusitis. Hypoglycaemia only
in combination with insulin or
sulphonylurea



Pioglitazone is a member of the thiazolidine-
dione group of drugs developed for the treatment
of type 2 (non–insulin-dependent) diabetes melli-
tus, a disorder associated with a number of meta-
bolic abnormalities that include impaired insulin
secretion and insulin resistance. Insulin resistance
leads to decreased glucose utilisation by the peri-
pheral tissues and increased hepatic glucose out-
put, and is an important underlying metabolic ab-
normality in many patients with type 2 diabetes
mellitus. It is believed to be a key component of
the metabolic syndrome (‘syndrome X’), which is
characterised by dyslipidaemia, hypertension, ath-
erosclerosis, central obesity and impaired glucose
metabolism (reviewed by Saltiel and Olefsky[1] and
Granberry and Fonseca[2]). The thiazolidinediones
act by sensitising the liver and peripheral tissues to
the effects of insulin, which results in improved
insulin-mediated glucose disposal.

Pioglitazone was administered orally in all ani-
mal and human studies discussed in this profile.

1. Pharmacodynamic Profile

The thiazolidinediones have been shown to bind
with high affinity to and activate the nuclear per-
oxisome proliferator activated receptor-γ (PPAR-
γ).[3] The PPARs are members of the steroid recep-
tor family and are thought to be involved in the
modulation of the expression of a number of genes
coding for proteins involved in glucose and lipid
metabolism (reviewed by Saltiel and Olefsky[1]).
PPAR-γ activation also stimulates differentiation
of preadipocytes[4] and bone marrow stromal
cells[5] into mature adipocytes. Most of the changes
induced by the thiazolidinediones appear to be or-

chestrated via the activation of this receptor.[3,6,7]

Studies show that pioglitazone stimulates the up-
take of glucose and fatty acids into cells by promot-
ing the synthesis and expression of cellular glucose
and fatty acid transporters.

Mechanism of Action

• Pioglitazone has been shown to increase insulin
receptor expression in adipocytes[8,9] and hepato-
cytes.[10] However, the drug does not appear to
affect insulin binding to or expression of insulin
receptors in skeletal muscle.[11] Pioglitazone there-
fore appears to act largely via enhancement of the
intracellular signalling cascade induced by insulin
after binding of the hormone to its receptor.[11,12]

• Expression of the glucose transporter proteins
GLUT1 and GLUT4 was increased 10- and 7-fold,
respectively, relative to baseline in 3T3-F442A
preadipocyte cultures treated with pioglitazone 1
µmol/L and insulin 1 mg/L.[13] GLUT4 expression
was increased in epididymal fat cells in KKAy mice
(an animal model of insulin-resistant type 2 diabe-
tes mellitus) after treatment with pioglitazone 20
mg/kg/day for 4 days (p < 0.01 vs untreated KKAy

mice).[14]

• Expression of fatty acid translocase and fatty
acid transport protein in white adipose tissue was
increased relative to untreated controls in KKAy

mice who were fed a diet containing pioglitazone
0.03% for 8 days.[15] Greater enhancement of ex-
pression of these proteins was reported with pio-
glitazone than with troglitazone or the PPAR-α ac-
tivator clofibrate.[15]

• Pioglitazone 20 mg/kg/day induced adipogene-
sis and alterations in adipocyte morphology that
resulted in the development of smaller and more
insulin-sensitive cells in obese (fa/fa) Zucker
rats.[16] Enhanced expression of glucose transport-
ers and stabilisation of transporter messenger RNA
transcripts accompanied near-complete differen-
tiation of 3T3-F442A preadipocytes into lipid-
accumulating adipocytes in cultures treated with
pioglitazone 1 mmol/L in the presence of insulin 1
mg/L.[13]
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• Pioglitazone augments the hepatic response to
insulin, as shown by enzyme effects in animal
models. Four days’ treatment with pioglitazone 20
mg/kg/day altered hepatic activities of glucose-6-
phosphate dehydrogenase, glucose-6-phosphatase
and phosphoenol pyruvate carboxykinase in KKAy

mice to levels similar to those in nondiabetic C57
mice, and amplified insulin-enhanced expression
of glucokinase (by a factor of 2.91 vs controls) in
rats with streptozotocin-induced diabetes melli-
tus.[17]

• Insulin-stimulated glycogen synthesis and gly-
colysis in isolated soleus muscles and glucose ox-
idation and lipogenesis in adipocytes were in-
creased (p < 0.05 vs controls) after treatment of
Wistar fatty rats with pioglitazone 0.3 to 3
mg/kg/day for 7 days.[18]

• After incubation for 18 hours with insulin 0.1
µmol/L and pioglitazone 5 µmol/L, protein phos-
phatase-1 (the enzyme that activates glycogen syn-
thase) activity was increased significantly (p <
0.01 vs controls) in hepatocytes from rats with
streptozotocin-induced diabetes mellitus.[19]

• Pioglitazone 3 mg/kg/day decreased plasma
and skeletal muscle levels of tumour necrosis fac-
tor-α (TNFα) in a time-dependent manner in
Wistar fatty rats.[20] Both TNFα levels and neutral
sphingomyelinase (SMase) activity were reduced
after 4 days’ treatment to levels seen in lean rats.
The results suggest that increased release of TNFα
and subsequent activation of SMase in skeletal
muscle are associated with metabolic abnormali-
ties in diabetes mellitus and obesity, and that the
suppression of TNFα production accounts in part
for the antidiabetic activity of pioglitazone.[20]

Effects on Glucose and Lipid Metabolism

Animal Studies
• Pioglitazone has been shown to decrease plasma
glucose, insulin and/or triglyceride levels in vari-
ous diabetic and insulin-resistant animal models
including Wistar fatty rats,[21] fa/fa Zucker rats,[22]

KKAy diabetic mice[23] and insulin-resistant rhe-
sus monkeys.[24]

• Relative to untreated controls, pioglitazone 20
mg/kg/day administered for 4 days reduced plasma
glucose and insulin levels by 44 and 60%, respec-
tively, in KKAy diabetic mice (p < 0.05).[23]

• After 10 days’treatment, pioglitazone 3 mg/kg/day
reduced fasting plasma glucose, serum insulin and
serum triglyceride levels by 19, 64 and 44%, re-
spectively, in obese, insulin-resistant rhesus mon-
keys (all p < 0.05 vs pretreatment placebo phase).[24]

These changes were accompanied by statistically
significant falls in systolic and mean arterial pres-
sures.

• Markedly improved insulin action and glucose
utilisation were accompanied by weight gain after
28 days’ treatment with pioglitazone 10 mg/kg/day
in fa/fa Zucker rats.[7] Glucose utilisation (mea-
sured by the 2-deoxyglucose technique) was in-
creased 3- to 4-fold in adipose tissue depots (p <
0.01 vs untreated controls) and 1.7-fold in soleus
muscle (p < 0.05 vs controls). The mean bodyweight
gain in treated rats was 1.7 times that in untreated
controls over the study period (p < 0.05).[7]

• Pioglitazone 20 mg/kg/day for 1 month signifi-
cantly decreased fasting plasma glucose and insu-
lin levels in fa/fa Zucker rats but not in lean rats,
and increased net energy intake in both types of rat
(all p < 0.05 vs controls).[22] Basal metabolic rates
were unchanged. Relative to controls, weekly
growth rates increased with pioglitazone treatment
(by 32 and 67% in lean and obese rats, respec-
tively). Analysis of fat and lean body masses indi-
cated that protein accumulation was preferentially
stimulated by pioglitazone in lean, insulin-respon-
sive rats, whereas lipid accumulation predomi-
nated in obese animals.[22]

• Administration of pioglitazone 1 mg/kg/day for
14 days decreased plasma glucose and triglyceride
levels (to 57 and 59%, respectively, of levels in
untreated control animals), but did not affect
plasma insulin levels or skeletal muscle glycogen
content in male Wistar fatty rats.[25] Pioglitazone
monotherapy was also associated with increased
food intake and gains in bodyweight. Addition of
metformin 300 mg/kg/day reduced plasma insulin
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levels (to 70% of control levels) and suppressed
food intake increases and bodyweight gains.[25]

Studies in Humans
• Pioglitazone 30 mg/day for a mean 87 days was
associated with significant increases in insulin-
stimulated glucose disposal (from 5.5 to 8.3
mg/kg/min; p < 0.01 vs baseline) under euglycae-
mic, hyperinsulinaemic clamp conditions in 20 pa-
tients with type 2 diabetes mellitus.[26] Recruited
patients were not obese, with a mean body mass
index (BMI) of 23.9 kg/m2; diabetes was control-
led by diet alone in 3 patients and by diet plus sul-
phonylurea treatment in 17.

• Pioglitazone significantly (p < 0.01 vs baseline)
reduced fasting plasma glucose (from 11.0 to 8.9
mmol/L), fasting serum insulin (from 83 to 66
pmol/L), serum free fatty acid (from 1.3 to 0.8
mEq/L) and serum triglyceride levels (from 1.9 to
1.3 mmol/L). Serum levels of high density lipopro-
tein (HDL)-cholesterol increased from 1.2 to 1.5
mmol/L (p < 0.01), but BMI did not change signif-
icantly after pioglitazone treatment.[26]

• Pioglitazone 30 mg/day enhanced splanchnic
glucose uptake under euglycaemic hyperinsulinae-
mic clamp conditions in patients with type 2 dia-
betes mellitus controlled by diet alone or diet and
sulphonylurea treatment in a randomised, placebo-
controlled double-blind trial.[27] After 12 weeks’
treatment in 21 patients, the mean glucose infusion
rate before an oral glucose load increased from 8.2
to 9.2 mg/kg/min (p = 0.003 vs baseline), and
splanchnic glucose uptake (expressed as a propor-
tion of oral glucose load) increased from 28.5 to
59.4% (p = 0.01 vs baseline and p = 0.042 vs pla-
cebo). Placebo treatment in 9 patients produced no
significant changes in either of these parameters.

Cardiovascular Effects

• Pioglitazone 20 mg/kg/day for 7 weeks pre-
vented the development of hypertension and re-
duced plasma insulin levels (by 70 and 37%, re-
spectively, relative to untreated controls) in rats fed
diets with high fat or glucose content.[28] The same
dosage of pioglitazone for 4 weeks significantly

(p < 0.01 vs untreated controls) reduced fasting and
postprandial plasma insulin levels and systolic and
mean blood pressures in spontaneously hyperten-
sive rats.[29]

• Pioglitazone has been shown to possess direct,
insulin-independent vasorelaxant properties. Addi-
tion of the drug at a rate of 0.1 mg/g to feed given
to spontaneously hypertensive rats for 6 weeks de-
creased mean systolic blood pressure (by 23%; p <
0.001 vs untreated controls) and significantly (p <
0.05 vs controls) attenuated contractile responses
of mesenteric arterial and aortic tissue to arginine
vasopressin and noradrenaline (norepinephrine).[30]

• At a daily dosage of approximately 22 mg/kg,
pioglitazone prevented increases in blood pressure
seen in rats given a normal or high-fructose diet.[31]

In vitro data showed attenuation by pioglitazone 20
mg/L of the contractile effects of noradrenaline 25
to 150 nmol/L, potassium chloride 28 mmol/L or
arginine vasopressin 0.66 nmol/L in rat aortic
rings.[31]

• In a vehicle-controlled study, pioglitazone 3
mg/kg/day for 13 weeks significantly lowered sys-
tolic blood pressure, decreased proteinuria, im-
proved histological renal injury scores with respect
to glomerulosclerosis and renal arteriosclerosis,
and attenuated aortic medial wall thickening in
geneticallly obese Wistar fatty rats with insulin re-
sistance.[32]

• In vitro, pioglitazone at concentrations of 0.01
and 1 mg/L inhibited the proliferation induced by
basic fibroblast growth factor of mouse aortic en-
dothelial cells, but not that induced by insulin.[33]

In addition, pioglitazone 10 mg/kg/day inhibited
balloon catheterisation-induced intimal thickening
in carotid arteries of male Wistar fatty and lean
rats.[34] This effect was enhanced in the presence of
diabetes.

• Pioglitazone 3 mg/kg/day also reduced injury-
induced neointimal thickening in common carotid
arteries of Wistar rats and attenuated uptake of
bromodeoxyuridine (a marker of DNA synthesis in
neointima) in mesenteric arterial tissue from spon-
taneously hypertensive rats.[35] Overall, these re-
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sults show vasculoprotective effects of pioglita-
zone in both diabetic and nondiabetic animal mod-
els that are thought to be related to inhibition of
proliferation of vascular smooth muscle cells.

• Pioglitazone (300 parts per million added to 200
g/day of feed) markedly decreased lipid deposition
in the aortas of rabbits fed with diets containing
0.5% cholesterol for 10 weeks (lipid deposition
area 15% with pioglitazone vs 57% in controls).[36]

The drug had no significant effect on serum levels
of total and HDL-cholesterol or triglyceride, but
was associated with tendencies towards decreased
blood pressure and lipid peroxide levels. These re-
sults indicate overall inhibition of atherosclerosis
by pioglitazone.

Other Effects

• In addition to reducing hyperglycaemia,
hyperlipidaemia and hyperinsulinaemia, pioglita-
zone 3mg/kg/day attenuated the development of
microalbuminuria and the histological changes as-
sociated with diabetic nephropathy when adminis-
tered to Wistar fatty rats from 7 to 15 weeks of
age.[37]

• When given in feed for 48 hours after growth
hormone treatment (200 µg/day subcutaneously
for 3 days), pioglitazone 20 mg/kg/day amelio-
rated the hyperglycaemic, hyperinsulinaemic ef-
fects of the hormone without interfering with its
growth-stimulating activity in female genetically
obese (ob/ob) mice.[38]

2. Pharmacokinetic Profile

• At steady state, maximum plasma drug concen-
trations (Cmax) were 0.7 and 1.2 mg/L, and times
to Cmax (tmax) were 4.8 and 3.7 hours, for pioglita-
zone 15 and 30 mg/day, respectively, in 11 healthy
elderly male volunteers (mean age 70.4 years) who
were randomised to receive either dosage of
pioglitazone for 7 days.[39] Respective Cmax values
for total active compound (unchanged pioglitazone
plus active metabolites MII, MIII and MIV) were
1.4 and 2.5 mg/L.[39]

• After 7 days’ treatment, elimination half-lives
(t1⁄2β) were 4.9 and 4 hours and areas under plasma
drug concentration versus time curves over 24
hours after administration (AUC24) were 6 and
10.2 mg/L • h for pioglitazone 15 and 30 mg/day,
respectively (parent compound only). Correspond-
ing AUC24 values for total active compound (par-
ent drug plus active metabolites) were 23.3 and
39.7 mg/L • h.[39]

• In 12 healthy young adults (mean age 23 years)
who received pioglitazone 15 or 30 mg/day for 8
days, steady-state Cmax values were 0.7 and 1.7
mg/L and tmax 2.5 and 3 hours with pioglitazone 15
and 30 mg/day, respectively.[39]

• Steady-state t1⁄2β values in young volunteers for
parent drug only were 3.3 and 4.9 hours, and AUC24

values were 4.8 and 15.3 mg/L • h, for pioglitazone
15 and 30 mg/day, respectively.[39] t1⁄2β for total
pioglitazone is reported to be 16 to 24 hours.[40]

• Ninety-six hours after the final dose in elderly
volunteers, 28.7% of the total dose in the 15
mg/day recipients and 23.3% in the 30 mg/day re-
cipients had been excreted in the urine as conju-
gated (MI + MIV) or unconjugated (MV) metabo-
lites.[39]

• Pioglitazone undergoes extensive hepatic meta-
bolism, predominantly via by the cytochrome
P450 (CYP) 2C8 system. Secondary pathways in-
clude CYP3A4, CYP2C9 and CYP1A1/2.[41,42]

• A study in 21 individuals with severe [creatinine
clearance (CLCR) <1.8 L/h] or moderate (CLCR 1.8
to 3.6 L/h) renal impairment and 6 healthy volun-
teers showed AUC values for pioglitazone (single
and multiple daily doses of 45mg) and its major
metabolites MIII and MIV to decrease with in-
creasing impairment of renal function.[43] This sug-
gests increased hepatic clearance of pioglitazone
secondary to reduced protein binding in plasma,
with no net change in free plasma drug concentra-
tions, in patients with renal impairment who re-
ceive the drug.[43]

Pioglitazone: New Drug Profile 337

  Adis International Limited. All rights reserved. Drugs 2000 Aug; 60 (2)



Drug Interactions

• Administration of pioglitazone 30 mg/day for 7
days had no significant effect (relative to baseline)
on the pharmacokinetic characteristics of gliben-
clamide 5 to 10 mg/day or gliclazide 160 mg/day
in a study in 9 patients with type 2 diabetes melli-
tus.[44] The extent of protein binding of the 2 sul-
phonylureas was not affected by the presence of
pioglitazone.[44]

• Similarly, administration of pioglitazone 45
mg/day (single and multiple doses) had no signifi-
cant effect on the pharmacokinetic or pharmacody-
namic characteristics of warfarin, phenprocoumon,
glipizide, metformin or digoxin in healthy volun-
teers.[41] The lack of effect of pioglitazone on the
pharmacokinetics and action of warfarin and on
urinary 6β-hydroxycortisol/cortisol ratios sug-
gested no induction or inhibition of CYP enzymes
3A4, 1A1/2 or 2C9.[41]

• Lack of induction or inhibition of hepatic en-
zyme systems was also indicated by data showing
no statistically or clinically significant effect of
pioglitazone 45 mg/day on the pharmacokinetics
of combinations of ethinylestradiol/norethindrone
or ethinylestradiol/estrone as used in oral con-
traceptive or hormone replacement therapy re-
gimens.[45]

3. Clinical Trials

Pioglitazone has been evaluated in the treatment
of type 2 diabetes mellitus in multicentre, random-
ised, double-blind, placebo-controlled trials in
which pioglitazone was given as monotherapy[46-48]

or in combination with another antidiabetic
agent.[49-51] In all trials, pioglitazone was adminis-
tered orally once daily.

Most of the studies reported formed part of a
series carried out in the US; in those in which
pioglitazone was combined with a second anti-
diabetic drug,[49-51] any additional antidiabetic
agents were withdrawn and patients were required
to have been on a stable dosage of the second drug
for at least 6 weeks before starting pioglitazone. All
patients recruited in these combination therapy

studies had baseline glycosylated haemoglobin
(HbA1c) levels of at least 8%.

Pioglitazone Monotherapy

• Clinical efficacy of pioglitazone in terms of re-
duction of HbA1c levels was shown in a double-
blind dose-ranging US study in which 399 evalu-
able patients (of whom 274 had received previous
antidiabetic medication that was stopped 8 weeks
before randomisation) were randomised to receive
pioglitazone 7.5, 15, 30 or 45 mg/day or placebo
for 26 weeks.[47] Mean HbA1c levels decreased sig-
nificantly (p ≤ 0.05 vs placebo) with pioglitazone
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Fig. 1. Effect of pioglitazone (PIO) on mean glycosylated haem-

oglobin (HbA1c) levels in blood. Of 399 evaluable patients with type

2 diabetes mellitus in this double-blind placebo-controlled study,

274 had received previous treatment (defined as antidiabetic drug

therapy that was stopped 8 weeks before randomisation). PIO 7.5,

15, 30 or 45mg or placebo was given once daily for 26 weeks.

Mean baseline HbA1c levels ranged from 9.04 to 9.96% in the

previously untreated patients and from 10.3 to 10.87% in the pre-

viously treated patients. Results are shown as adjusted differences

from placebo at week 26.[47] * p ≤ 0.05 vs placebo.
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15, 30 or 45 mg/day in both previously untreated
and previously treated patients (fig. 1).[47]

• Pioglitazone 30 mg/day for 16 weeks signifi-
cantly decreased mean HbA1c (adjusted change vs
placebo = –1.37%; p ≤ 0.05), fasting blood glucose
(FBG) and triglyceride levels in a randomised
double-blind study in 197 US patients with type 2
diabetes mellitus.[46] In terms of HbA1c, 48% of
pioglitazone and 11% of placebo recipients re-
sponded to treatment (defined as reduction vs
HbA1c baseline of ≥0.6%). Corresponding re-
sponse rates in terms of FBG levels were 61 and
23%, respectively (defined as reduction vs baseline
of ≥1.7 mmol/L).

• Pioglitazone treatment significantly increased
mean fasting HDL-cholesterol levels, but did not
significantly affect total cholesterol and low
density lipoprotein (LDL)-cholesterol levels in
blood.[46] Significant adjusted changes relative to
placebo with pioglitazone are summarised in fig-
ure 2.

• In a randomised double-blind Japanese study,
134 evaluable patients received pioglitazone 30
mg/day (n = 68) or placebo (n = 66), together with
pre-existing diet and exercise therapy, for 12
weeks.[48] Overall mean pretreatment levels of
HbA1c and FBG were 9.3% and 10.2 mmol/L, re-
spectively. After 12 weeks’ therapy, the mean
HbA1c level decreased by 1.08% and FBG by 1.6
mmol/L relative to baseline in patients who re-
ceived pioglitazone. In the placebo group, HbA1c

was unchanged and FBG increased by 0.3 mmol/L.
Differences between groups were significant for
changes in both parameters (p ≤ 0.01).

• Differences between active treatment and pla-
cebo in changes over 12 weeks in fasting triglyc-
eride, total cholesterol and free fatty acid levels in
blood were not statistically significant in the above
study.[48] However, a significantly greater increase
in the mean HDL-cholesterol level was reported in
patients who received pioglitazone than in placebo
recipients (8.6 vs 1.6 mmol/L; p ≤ 0.01).

• Although the thiazolidinediones have not yet
been compared in controlled clinical studies, a pre-

liminary comparison of pioglitazone 45mg (n =
30), rosiglitazone 8mg (n = 36) and troglitazone
600mg (n = 35) daily in 3 consecutive series of
patients has shown similar reductions in HbA1c

levels with all 3 drugs after 2 to 4 months’ treat-
ment.[52]

• Of the 3 drugs, pioglitazone had the most bene-
ficial effect on blood lipid profiles over 2 to 4
months.[52] The mean HDL-cholesterol level was
increased by 12.8% with pioglitazone; respective
3.2 and 1.1% increases were reported with
troglitazone and rosiglitazone. A 1.1% decrease in
the mean LDL-cholesterol level with pioglitazone
contrasted with 6.6 and 11.2% increases with
troglitazone and rosiglitazone, respectively. There
was also a 10.1% decrease in the mean triglyceride
level in patients receiving pioglitazone; this was
contrasted with a 2.2% decrease with troglitazone
and a 27% increase with rosiglitazone.

Combination with Metformin

• Combination treatment with pioglitazone 30
mg/day and metformin (≥2 g/day in 40% of pa-
tients) for 16 weeks significantly (p ≤ 0.05) de-
creased HbA1c and FBG levels in a double-blind
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Fig. 2. Effects of pioglitazone (PIO) monotherapy on fasting blood

glucose (FBG), triglyceride (TG) and high density lipoprotein-

cholesterol (HDL-C) levels. 197 patients with type 2 diabetes mel-

litus received PIO 30 mg/day or placebo for 16 weeks in a

randomised double-blind clinical study.[46] Adjusted changes at 16

weeks relative to placebo are shown for mean parameters; all were

statistically significant (p ≤ 0.05).
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study in 328 patients.[49] Adjusted reductions ver-
sus metformin plus placebo were 0.83% and 2.1
mmol/L, respectively.

• Mean fasting triglyceride levels in blood were
significantly reduced and mean HDL-cholesterol
levels significantly increased with the addition of
pioglitazone to metformin therapy in the above
study (p ≤ 0.05 vs metformin plus placebo) [fig.
3].[53] Concomitant treatment with pioglitazone
had no statistically significant effect on fasting
total cholesterol and LDL-cholesterol levels.

Combination with a Sulphonylurea

• The addition of pioglitazone 15 or 30 mg/day to
sulphonylurea therapy significantly (p ≤ 0.05) de-
creased HbA1c (by 0.9 and 1.3%, respectively) and
FBG (by 2.2 and 3.2 mmol/L, respectively) levels
relative to sulphonylurea plus placebo after 16
weeks in a double-blind study in 560 patients with
poorly controlled type 2 diabetes mellitus.[50]

• In the above study, there was a significant de-
crease (p ≤ 0.05) in mean fasting blood triglyceride
levels with the addition of pioglitazone 30 mg/day
to sulphonylurea therapy (fig. 4).[54] Significant in-
creases in fasting HDL-cholesterol levels were
noted with both dosages of pioglitazone. The addi-
tion of pioglitazone induced no significant changes
relative to placebo in mean total cholesterol or
LDL-cholesterol levels (fig. 4). Dosages and
names of sulphonylureas used were not reported,
but 72% of patients were receiving ≥50% of the
maximum recommended daily dosage.[50,54]

Combination with Insulin

• Sixteen weeks’ therapy with pioglitazone 15 or
30 mg/day in combination with insulin signifi-
cantly (p ≤ 0.05) decreased mean HbA1c (by 0.73
and 1%, respectively) and FBG (by 1.9 and 2.7
mmol/L) levels compared with insulin combined
with placebo in a double-blind study in 566 pa-
tients with type 2 diabetes mellitus.[51] At random-
isation, all patients were receiving ≥30 units of in-
sulin per day, with 50% receiving ≥60.5 units/day.
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Fig. 3. Effects of addition of pioglitazone (PIO) to pre-existing

metformin (MET) therapy on fasting blood lipid profiles in patients

with type 2 diabetes mellitus. 328 patients were randomised in a

double-blind fashion to PIO 30 mg/day (n = 168) or placebo (PL)

[n = 160] in addition to MET for 16 weeks.[53] Adjusted changes

from baseline with PIO + MET and PL+ MET at 16 weeks are shown

for mean parameters. HDL-C = high density lipoprotein-cholesterol

level; LDL-C = low density lipoprotein-cholesterol level; TC = total

cholesterol level; TG = triglyceride level. * p ≤ 0.05 vs PL + MET.

−0.8

−0.6

−0.4

−0.2

0

0.2
TG TC HDL-C LDL-C

A
dj

us
te

d 
ch

an
ge

 fr
om

 b
as

el
in

e 
(m

m
ol

/L
)

*

* *

PL + SU
PIO 15 + SU
PIO 30 + SU

Fig. 4. Effects of addition of pioglitazone (PIO) to pre-existing sul-

phonylurea (SU) therapy on clinical parameters in patients with type

2 diabetes mellitus. 560 patients were randomised in a double-blind

fashion to PIO 15 (n = 184) or 30 mg/day (n = 189) or placebo (PL)

[n = 187] in addition to SU for 16 weeks.[50,54] Percentage changes

at 16 weeks relative to baseline are shown for mean parameters.

HDL-C = serum high density lipoprotein-cholesterol level; LDL-C
= serum low density lipoprotein-cholesterol level; TC = serum total

cholesterol level; TG = serum triglyceride level. * p ≤ 0.05 vs PL +
SU.
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Of the patients randomised to pioglitazone 30
mg/day, 16% experienced a decrease in insulin re-
quirements of more than 25%.

Combination with Voglibose

• Pioglitazone was added to pre-existing treat-
ment with the α-glucosidase inhibitor voglibose
(with or without sulphonylurea) in 42 evaluable
Japanese patients with poorly controlled type 2 di-
abetes mellitus in a noncomparative study.[55] All
patients had a baseline FBG level of at least 8.3
mmol/L, 16 were receiving voglibose alone, and
36 were receiving voglibose plus a sulphonylurea.
All patients except one received pioglitazone
30mg once daily before breakfast in this 12-week
study. One patient who was on voglibose only be-
fore the trial received pioglitazone 15mg once
daily.

• At week 12, the mean FBG level had decreased
by 19.2% from baseline. The mean HbA1c level
decreased in a linear fashion from 9.7 to 8.2% at
week 12. Both results were statistically significant.
Relative to baseline, serum free fatty acid and tri-
glyceride levels decreased and HDL-cholesterol
levels increased to a statistically significant extent
after 12 weeks’ pioglitazone therapy.[55]

4. Tolerability

• According to pooled data from US randomised
placebo-controlled clinical studies, upper respira-

tory tract infection, headache, sinusitis, myalgia,
tooth disorders, aggravation of diabetes mellitus
and pharyngitis were reported in at least 5% of
pioglitazone recipients (606 patients) [fig. 5].[56]

Whether any of these adverse events were associ-
ated with the drug is not clear.

• Overall, the types of adverse events in patients
undergoing combination therapy were similar to
those reported in studies in which pioglitazone was
given as monotherapy.[56]

• Mild to moderate hypoglycaemia has been re-
ported in patients undergoing therapy with
pioglitazone in combination with a sulphonylurea
or insulin in clinical studies. Pooled data show
rates of hypoglycaemia of 2 and 1%, respectively,
after the addition of pioglitazone or placebo to sul-
phonylurea treatment.[56] Overall rates of hypogly-
caemia in patients receiving insulin were 5% with
the addition of placebo, 8% with pioglitazone 15
mg/day and 15% with pioglitazone 30 mg/day.[56]

• Oedema was reported more frequently with
pioglitazone than with placebo in all US clinical
studies.[56] Of patients who received the drug in
monotherapy studies, 4.8% reported this adverse
event, whereas only 1.2% of placebo recipients did
so. Oedema was reported most frequently in the
study in which pioglitazone was combined with
insulin; the incidence of this adverse event was 8%
higher with pioglitazone treatment than with pla-
cebo.[51]
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Fig. 5. Adverse events in US placebo-controlled clinical studies of pioglitazone. Overall incidences of adverse events reported at frequencies

≥5% in a study population of over 2500 patients receiving pioglitazone 7.5, 15, 35 or 45 mg/day.[56]
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• Results from the US placebo-controlled study
programme showed a total of 4 reports of elevated
(≥3 times upper limit of normal range) serum levels
of ALT after pioglitazone treatment in 1526 evalu-
able patients (0.26% incidence).[56] Two of 793 pla-
cebo-treated patients (0.25%) had elevated serum
ALT levels. The proportion of patients withdrawn
from US clinical studies because of abnormal liver
function test results was below 0.12%.

• Elevation of serum creatine phosphokinase lev-
els to more than 10 times the upper limit of the
normal range was reported in 7 patients receiving
pioglitazone in the US clinical studies.[56] The drug
was not withdrawn in any of these patients, and all
elevations resolved without incident.

• Pioglitazone appears to be well tolerated by pa-
tients aged 65 years and over, with no clinically
significant differences in efficacy and tolerability
having been reported between elderly and younger
individuals across clinical studies.[56] The use of
pioglitazone in pregnant and nursing women and
in children has not been studied to date, however.

5. Pioglitazone: Current Status

Pioglitazone is an orally administered thiazolid-
inedione insulin sensitising antihyperglycaemic
drug. It has been shown in clinical studies to reduce
blood glucose levels, with beneficial effects on
blood lipid profiles, and to be well tolerated as
monotherapy or in combination with other anti-
diabetic drugs in the treatment of type 2 diabetes
mellitus.
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