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OBJECTIVE — Thiazolidinediones (TZDs), a class of insulin-sensitizing agents used clini-
cally to treat type 2 diabetes, are also antiatherogenic. This study was designed to elucidate the
relationship between the antiatherogenic and antidiabetic effects of pioglitazone, a TZD, in type
2 diabetic patients.

RESEARCH DESIGN AND METHODS — A total of 136 Japanese type 2 diabetic
patients were included and divided into two groups: the pioglitazone-treated group (30 mg daily
for 3 months) (n � 70) and the untreated control group (n � 66). The changes in glycolipid
metabolism as well as plasma high-sensitivity C-reactive protein (CRP), leptin, adiponectin, and
pulse wave velocity (PWV) were monitored to analyze the relationship between the antiathero-
genic and antidiabetic effects of pioglitazone.

RESULTS — The pioglitazone treatment significantly reduced hyperglycemia, hyperinsulin-
emia, and HbA1c levels and increased plasma adiponectin concentrations relative to the control
group (P � 0.01). It also significantly decreased CRP and PWV (P � 0.01). The antiatherogenic
effect was observed in both the nonresponders showing �1% of reduction in HbA1c (n � 30) and
responders showing �1% of reduction (n � 40). ANCOVA revealed that treatment with pio-
glitazone was associated with a low CRP and PWV, independent of the changes in parameters
related to glucose metabolism.

CONCLUSIONS — This study represents the first demonstration of the antiatherogenic
effect of pioglitazone in both nonresponders and responders with respect to its antidiabetic effect
and suggests that pioglitazone can exert its antiatherogenic effect independently of its antidia-
betic effect.
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T ype 2 diabetes contributes to the risk
of developing atherosclerotic dis-
eases such as coronary heart disease

and stroke and coronary restenosis after
angioplasty or stenting (1–4). Therefore,
it is of clinical importance to evaluate and
treat cardiovascular complications in type
2 diabetic patients beyond glycemic
control.

Peroxisome proliferator–activated re-
ceptor-� (PPAR-�) is a member of the nu-
clear receptor superfamily that, when
activated by insulin sensitizers of the thia-
zolidinedione (TZD) class, including tro-
glitazone, pioglitazone, and rosiglitazone,
regulates a host of target genes (5,6). In
humans with and animal models of insu-
lin resistance and type 2 diabetes, TZDs
can improve hyperglycemia and hyperin-
sulinemia and are currently used to man-
age type 2 diabetes (7). PPAR-� occurs
abundantly in adipocytes where it regu-
lates adipocyte differentiation (8), but it is
also expressed in all major cell types par-
ticipating in vascular injury, namely, en-
dothelial cells, vascular smooth muscle
cells (VSMCs), and macrophages (9,10).
PPAR-� regulates the recruitment of
monocytes to endothelial cells (11), mod-
ulates the inflammatory response in
monocytes/macrophages and VSMCs
(12–14), and inhibits macrophage foam
cell formation and VSMCs proliferation
and migration (13–15). In experimental
models of atherosclerosis, ligand-
activated PPAR-� prevents the progres-
sion of atherosclerotic lesions, with a
concomitant reduction in macrophage ac-
cumulation in the atheromatous plaque
(16–18). It is likely that the antiathero-
genic effect of TZDs is mediated primarily
through their direct action on the
vasculature.

In human clinical studies that involve
patients with type 2 diabetes, troglitazone
and pioglitazone decreased the carotid ar-
terial intima-media wall thickness (IMT)
(19,20). Furthermore, it was recently re-
ported that troglitazone reduced neointi-
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mal tissue proliferation after coronary
implantation in patients with type 2 dia-
betes (21,22). These observations indi-
cate that TZDs may be therapeutically
used as antiatherogenic as well as antidi-
abetic agents. Metabolic changes could
contribute to the reduction in neointimal
formation, although direct effects of tro-
glitazone on the vasculature are likely to
play a role in humans as well. However,
whether TZDs can exert their antiathero-
genic effect independent of their antidia-
betic effect has never been addressed in
humans.

It has been recognized that some type
2 diabetic patients respond to TZDs with
the improvement of hyperglycemia and
hyperinsulinemia (termed responders),
whereas others do not (termed nonre-
sponders) (23,24). Taking advantage of
such differences, we studied the relation-
ship between the antiatherogenic and an-
tidiabetic effects of TZDs. Here we show
that pioglitazone effectively reduces
plasma high-sensitivity C-reactive protein
(CRP) (25,26) levels, a marker of inflam-

mation, and pulse-wave velocity (PWV)
(27,28), which is a direct parameter of
arterial distensibility, in both nonre-
sponders and responders to its antidia-
betic effect.

This study is the first to provide evi-
dence that pioglitazone can exert its anti-
atherogenic effect, irrespective of the
responsiveness to its antidiabetic effect,
thereby suggesting that the antiathero-
genic effect of pioglitazone is mediated
primarily via mechanisms distinct from
its antidiabetic effect.

RESEARCH DESIGN AND
METHODS

Subjects
A total of 136 Japanese patients with type
2 diabetes (64 men and 72 women, mean
age 59.9 � 1.4 years) participated in this
study (Table 1). In our outpatient clinics
during a specified period, we recruited
type 2 diabetic patients who had stable
and relatively high blood glucose and
HbA1c levels (HbA1c 7.0–9.0%). We as-

signed the patients to the pioglitazone-
treated and untreated groups one after the
other. The patients were divided into the
pioglitazone-treated group and the un-
treated control group. In the pioglita-
zone-treated group (n � 70), pioglitazone
(30 mg daily) was administered for 3
months. Before the study, the 42 patients
in the treatment group and 38 in the con-
trol group had been treated with sulfonyl-
ureas, whereas 28 and 28 patients,
respectively, had been treated only with
diet. Sulfonylureas were continued at
fixed dosages throughout this study.
None of patients in the treatment group
and the control group had been treated
with metformin. In this study, the piogli-
tazone-treated patients were divided into
two groups according to their responsive-
ness to the treatment; the responders
were those showing �1% of reduction in
HbA1c 3 months after the treatment, and
the nonresponders were those showing
�1% of HbA1c reduction. This is based
on the criteria of responders who showed
a marked clinical response to the TZD and
nonresponders who showed no response
to it as demonstrated by Suter et al. (24).
All patients were instructed to maintain
the same level of energy intake and phys-
ical activity throughout this study. Pa-
tients treated with ACE inhibitors or
angiotensin II receptor antagonists were
excluded. Other antihypertensive medi-
cations were used in 17 patients in the
treatment group and in 12 patients in the
control group. Lipid-lowering medica-
tions, such as statins and fibrates were
also used in the same proportion of pa-
tients in both groups. None of the patients
of this study received hormone replace-
ment therapy. This study was conducted
after the study protocol was approved by
the Ethical Committee on Human Re-
search of Kyoto National Hospital and
Saiseikai Noe Hospital and with the pa-
tients’ informed consent.

Blood sampling, plasma separation,
and biochemistry and hormonal
assays
Blood was sampled at 0700 from the an-
tecubital vein with the patient in the re-
cumbent position after an overnight fast.
For plasma separation, each blood sample
was immediately transferred to chilled
siliconized glass tubes containing EDTA
(1 mg/ml) and centrifuged at 4°C. Plasma
samples were frozen and stored at �70°C
until the assays for adiponectin and leptin

Table 1—Baseline characteristics of patients treated with or without pioglitazone

Variables Control Pioglitazone

n 66 70
Sex (male/female) 32/34 32/38
Age (years) 59.3 � 1.9 61.2 � 1.3
BMI (kg/m2) 23.0 � 0.5 23.4 � 0.4
SBP (mmHg) 146 � 2 144 � 2
DBP (mmHg) 82 � 2 81 � 2
FPG (mmol/l) 9.4 � 0.3 9.6 � 0.4
HbA1c (%) 8.0 � 0.2 8.1 � 0.1
IRI (pmol/l) 55.9 � 4.10 57.5 � 3.96
HOMA-IR 3.30 � 0.28 3.35 � 0.29
Total cholesterol (mmol/l) 5.45 � 0.16 5.46 � 0.10
LDL cholesterol (mmol/l) 3.32 � 0.11 3.30 � 0.08
HDL cholesterol (mmol/l) 1.47 � 0.10 1.44 � 0.05
Triglycerides (mmol/l) 1.55 � 0.04 1.56 � 0.04
Adiponectin (�g/ml) 6.08 � 0.42 6.03 � 0.34
Leptin (ng/ml) 6.56 � 0.45 6.52 � 0.50
Treatment of diabetes (n)

Diet alone 28 28
Diet � sulfonylureas 38 42
Diet � metformin 0 0

Use of antihypertensive medications (n)
ACE inhibitors or angiotensin II receptor antagonists 0 0
Other 22 27

Use of lipid-lowering medications (n)
Statins 19 13
Fibrates 3 1
Other 3 1

Data are means � SEM. All group differences are nonsignificant.
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concentrations. Fasting plasma glucose
(FPG), HbA1c, total cholesterol, LDL cho-
lesterol, HDL cholesterol, and triglycer-
ides levels were measured according to
the standard procedures. Plasma insulin
concentrations (immunoreactive insulin
[IRI]) were measured by enzyme immu-
noassay using a commercially available
kit (Tosoh, Tokyo, Japan). The insulin re-
sistance index was assessed by homeosta-
sis model assessment for insulin
resistance (HOMA-IR) (29). Plasma levels
of CRP were measured by the latex-
enhanced assay using particle-enhanced
technology performed on the Behring BN
nephelometer (Dade Behring, Newark,
DE) (30). Plasma concentrations of adi-
ponectin and leptin were determined us-
ing the respective radioimmunoassay kits
(Linco Research, St. Charles, MO), ac-
cording to recommendations provided by
the manufactures (31).

Measurements of blood pressure and
PWV
Systolic and diastolic blood pressures
(SBP and DBP) were measured twice with
an automatic electronic sphygmomanom-
eter (BP-103i II; Nippon Colin, Komaki,
Japan) with the patient in the sitting po-
sition after rest for at least 5 min.

A newly developed device that allows
an automated multiple pulse wave mea-
surement, ABI-form (model BP-203RPE,
Nippon Colin) was used to measure
PWV. This produced noninvasively four
different parts PWVs in the body. PWV
was measured before and 3 months after
the pioglitazone treatment. In this study,
PWV was calculated as the mean of left
brachial-ankle PWV and that of right bra-
chial-ankle PWV.

Statistical analysis
Data are presented as the mean � SEM,
and P � 0.05 was considered statistically
significant. Two-tailed Student’s t test was
used for baseline comparison between the
two groups and comparison of differences
between means within each group before
and after the treatment. Differences
among the nonresponders, responders,
and control group were assessed with
two-way repeated measures ANOVA with
Fisher’s protected least significant dif-
ference post hoc test. The pioglitazone
treatment differences for 	CRP, 	adi-
ponectin, and 	PWV as dependent vari-
ables were assessed using ANCOVA
models that include the following covari-

ates: 	HbA1c, 	HOMA-IR, 	BMI, 	SBP,
	DBP, 	LDL, and 	triglycerides. All sta-
tistical analyses were performed using the
Stat View program version 5.0 for Win-
dows (SAS Institute).

RESULTS

Baseline profiles of the pioglitazone-
treated and control groups
There was no significant difference be-
tween the pioglitazone-treated and con-
trol groups in age, sex ratio, BMI, SBP,
DBP, FPG, HbA1c, IRI, total cholesterol,
LDL cholesterol, HDL cholesterol, and
triglycerides before the pioglitazone treat-
ment (Table 1). The two groups did not
differ significantly in plasma adiponectin
and leptin concentrations (Table 1) and
CRP and PWV (Fig. 1) at baseline.

Effects of pioglitazone treatment in
all the study subjects
In the control group, BMI, SBP, DBP,
FPG, HbA1c, total cholesterol, LDL cho-
lesterol, HDL cholesterol, and triglycer-
ides remained unchanged during this
study (Table 2). There were no significant
changes in plasma adiponectin and leptin
concentrations and CRP and PWV in the
control group during this study (Table 2,
Fig. 1).

After treatment with pioglitazone,
FPG, HbA1c, HOMA-IR, and LDL choles-
terol decreased significantly (FPG, HbA1c,
and HOMA-IR, P � 0.01; LDL choles-
terol, P � 0.05), whereas BMI, SBP, DBP,
total cholesterol, HDL cholesterol, and
triglycerides remained unchanged (Table
2). IRI tended to decrease in the pioglita-
zone-treated group but did not reach sta-
tistical significance. Plasma adiponectin
concentrations increased significantly af-
ter treatment with pioglitazone (P �
0.01). In this study, plasma leptin con-
centrations did not change after pioglita-
zone treatment.

Effects of pioglitazone treatment in
the nonresponders and responders
On average, the responders in the piogli-
tazone-treated group showed a significant
decrease in HbA1c (	HbA1c � 1.5 �
0.1%; P � 0.01), although it did not de-
crease significantly after treatment in the
nonresponders (Table 3). Accordingly,
after treatment with pioglitazone, FPG
was significantly decreased in the re-
sponders (P � 0.01), and this was associ-
ated with a significant reduction of
HOMA-IR (P � 0.01). By contrast,
HOMA-IR was reduced only slightly in
the nonresponders (P � 0.05). In this
study, total cholesterol, LDL cholesterol,

Figure 1—A and B: Plasma CRP levels and PWV in the control and pioglitazone-treated groups
before and at the end of this study. Each column and bar represents the mean � SEM before (B) and
after 3 months (A). **P � 0.01. C and D: Plasma CRP levels and PWV in the nonresponders and
responders before and 3 months after treatment with pioglitazone. Each column and bar represents
the mean � SEM before (B) and after 3 months (A). *P � 0.05; **P � 0.01.
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and triglycerides decreased significantly
in the responders (P � 0.05) but not in
the nonresponders (Table 3).

Before treatment with pioglitazone,
no significant difference in CRP was noted
between the nonresponders and respond-
ers (Fig. 1). CRP decreased significantly in
both the nonresponders and responders 3
months after treatment (nonresponders,
0.15 � 0.013 0.11 � 0.01 mg/dl, P �
0.01; responders, 0.14 � 0.013 0.10 �
0.01 mg/dl, P � 0.01), and the decrease
in CRP was significantly greater in the re-
sponders than in the nonresponders (P �
0.05) (Fig. 1). After treatment with pio-
glitazone, PWV was significantly reduced

in both the nonresponders and respond-
ers (nonresponders, 1,658 � 40 3
1,618 � 40 cm/s, P � 0.01; responders,
1,678 � 48 3 1,607 � 46 cm/s, P �
0.01). There was no significant difference
in PWV between the nonresponders and
responders 3 months after treatment (Fig.
1).

Before treatment, there was no signif-
icant difference in plasma adiponectin
concentration between the nonre-
sponders and responders (Table 3).
Plasma adiponectin concentrations in-
creased significantly in both the respond-
ers and nonresponders (nonresponders,
5.98 � 0.523 7.48 � 0.71 �g/ml, P �

0.01; responders, 6.07 � 0.463 8.08 �
0.73 �g/ml, P � 0.01). Before treatment,
plasma leptin concentrations were
slightly higher in the responders than in
the nonresponders. After treatment,
plasma leptin concentrations remained
unchanged in both subgroups.

Analysis of the association of �PWV
with �adiponectin, �CRP, and other
variables
In the control and pioglitazone-treated
groups, analysis of Pearson’s correlation
revealed that 	PWV significantly corre-
lated only with 	CRP (r � 0.285) and
	adiponectin (r � �0.318) (data not

Table 2—Results of 3-month additional treatment with pioglitazone in the study patients

Variables

Control (n � 66) Pioglitazone (n � 70)

Baseline 3 months Baseline 3 months

BMI (kg/m2) 23.0 � 0.5 23.2 � 0.5 23.4 � 0.4 23.5 � 0.4
SBP (mmHg) 146 � 2 146 � 3 144 � 2 145 � 2
DBP (mmHg) 82 � 2 82 � 2 81 � 2 81 � 2
FPG (mmol/l) 9.4 � 0.3 9.2 � 0.3 9.6 � 0.4 8.0 � 0.3†§
HbA1c (%) 8.0 � 0.2 7.9 � 0.2 8.1 � 0.1 7.1 � 0.1†§
IRI (pmol/l) 55.9 � 4.10 54.9 � 4.10 57.5 � 3.96 51.7 � 5.18
HOMA-IR 3.30 � 0.28 3.20 � 0.29 3.35 � 0.29 2.25 � 0.17†§
Total cholesterol (mmol/l) 5.45 � 0.16 5.46 � 0.17 5.46 � 0.10 5.33 � 0.10
LDL cholesterol (mmol/l) 3.32 � 0.11 3.33 � 0.12 3.30 � 0.08 3.17 � 0.08*
HDL cholesterol (mmol/l) 1.47 � 0.10 1.43 � 0.11 1.44 � 0.05 1.47 � 0.05
Triglycerides (mmol/l) 1.55 � 0.04 1.57 � 0.06 1.56 � 0.04 1.50 � 0.04
Adiponectin (�g/ml) 6.08 � 0.42 6.06 � 0.39 6.03 � 0.34 7.82 � 0.52†‡
Leptin (ng/ml) 6.56 � 0.45 6.58 � 0.45 6.52 � 0.50 6.63 � 0.46

Data are means � SEM. *P � 0.05, †P � 0.01 vs. baseline values; ‡P � 0.05, §P � 0.01 vs. control.

Table 3—Results of 3-month additional treatment with pioglitazone in the study patients divided into two subgroups

Variables

Nonresponders (n � 30) Responders (n � 40)

Baseline 3 months Baseline 3 months

Sex (male/female) 12/18 20/20
Age (years) 60.4 � 2.1 61.8 � 1.6
BMI (kg/m2) 22.7 � 0.6 23.0 � 0.6† 23.9 � 0.5 23.9 � 0.5
SBP (mmHg) 144 � 4 143 � 3 144 � 3 146 � 3
DBP (mmHg) 80 � 2 80 � 2 82 � 2 83 � 3
FPG (mmol/l) 9.4 � 0.5 8.9 � 0.4 9.7 � 0.5 7.3 � 0.4†‡
HbA1c (%) 7.8 � 0.2 7.7 � 0.2 8.3 � 0.1‡ 6.8 � 0.1†‡
IRI (pmol/l) 49.7 � 4.96 46.8 � 4.75 63.3 � 5.76 55.5 � 8.42
HOMA-IR 2.96 � 0.38 2.62 � 0.31* 3.65 � 0.42 1.97 � 0.16†‡
Total cholesterol (mmol/l) 5.40 � 0.12 5.42 � 0.11 5.51 � 0.15 5.27 � 0.16*
LDL cholesterol (mmol/l) 3.32 � 0.09 3.27 � 0.09 3.30 � 0.11 3.09 � 0.12*
HDL cholesterol (mmol/l) 1.37 � 0.08 1.43 � 0.08 1.50 � 0.07 1.51 � 0.07
Triglycerides (mmol/l) 1.54 � 0.06 1.56 � 0.05 1.57 � 0.05 1.46 � 0.06*
Adiponectin (�g/ml) 5.98 � 0.52 7.48 � 0.71† 6.07 � 0.46 8.08 � 0.73†
Leptin (ng/ml) 6.16 � 0.79 6.21 � 0.77 6.79 � 0.66 6.95 � 0.56

Data are means � SEM. *P � 0.05, †P � 0.01 vs. baseline values; ‡P � 0.05 vs. nonresponders.
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shown). We also examined the signifi-
cance of pioglitazone regarding 	CRP,
	adiponectin, and 	PWV as dependent
variables using ANCOVA models that in-
clude 	HbA1c and 	HOMA-IR as covari-
ates. As shown in Table 4, after
adjustment for 	HbA1c and 	HOMA-IR,
ANCOVA revealed that treatment with
pioglitazone was associated with 	CRP
and 	adiponectin. Furthermore, the pio-
glitazone treatment was associated with
	PWV, dependent on only 	CRP and
	adiponectin, irrespective of 	HbA1c,
	HOMA-IR, 	blood pressure, 	LDL
cholesterol, and 	triglycerides in the
whole subjects. In the nonresponders and
responders separately, 	PWV with pio-
glitazone treatment was associated with
only 	adiponectin (multivariate regres-
sion coefficient, �11.4, P � 0.042), irre-
spectively of 	HbA1c (19.2, P � 0.5235),
	LDL cholesterol (0.94, P � 0.2111),
and 	CRP (383.1, P � 0.1827) (data not
shown).

CONCLUSIONS — Type 2 diabetic
patients are at an increased risk of devel-
oping atherosclerosis. Because of their an-
tiatherogenic and antidiabetic effects,
TZDs may offer a novel therapeutic strat-
egy to treat diabetes-associated cardiovas-
cular disease in type 2 diabetic patients,
beyond glycemic control. Several lines of
in vitro and in vivo evidence have indi-
cated that the antiatherogenic effect of
TZDs is mediated primarily through a di-

rect action on the vasculature (9 –18).
However, whether TZDs can exert the an-
tiatherogenic effect independently of the
antidiabetic effect has never been ad-
dressed in humans. The aim of this study
was to elucidate the relationship between
the antiatherogenic and antidiabetic ef-
fects of pioglitazone in type 2 diabetic
patients.

As for its antiatherogenic effects, this
study demonstrated that pioglitazone de-
creased significantly CRP in patients with
type 2 diabetes, which is consistent with
previous reports (32). Furthermore, we
also observed that treatment with piogli-
tazone for 3 months resulted in a signifi-
cant decrease in PWV. This is in
agreement with that of Minamikawa et al.
(19) and Koshiyama et al. (20), who re-
ported that IMT was significantly reduced
in type 2 diabetic patients administered
troglitazone or pioglitazone for 3 months.
Taniwaki et al. (33) previously demon-
strated that there is a good correlation be-
tween carotid arterial IMT and PWV in
type 2 diabetic patients. In addition, re-
cent studies have demonstrated that PWV
is not only a marker of vascular damages
(34) but also a prognostic predictor of
mortality in diabetes (28). Therefore, we
believe that combined with other markers
of atherosclerosis such as high-sensitivity
CRP, PWV can serve as a reliable marker
for the evaluation of the antiatherogenic
effect of pioglitazone. The crucial obser-
vation in this study is that pioglitazone

decreases CRP and PWV in both the non-
responders and the responders with re-
spec t to i t s an t id i abe t i c e f f ec t .
Furthermore, multivariate analysis re-
vealed that 	CRP and 	PWV are inde-
pendent of the changes in parameters
related to glucose metabolism, i.e., 	FPG,
	IRI, 	HbA1c, and 	HOMA-IR. Espe-
cially in the whole subjects, 	PWV with
the pioglitazone treatment is associated
with only 	CRP and 	adiponectin, irre-
spectively of 	HbA1c and 	LDL choles-
terol. These findings indicate that
pioglitazone is capable of preventing the
progression of atherosclerosis indepen-
dent of the improvement of glucose me-
tabo l i sm; i t i s l ike ly tha t the
antiatherogenic effect of pioglitazone is
not mediated through its antidiabetic ef-
fect. In this regard, Minamikawa et al.
(19) reported that both HbA1c and post-
prandial triglycerides levels decreased in
type 2 diabetic patients treated with tro-
glitazone, although there were no signifi-
cant correlations between the changes in
the above parameters and 	IMT. It is
known that PPAR-� is expressed in vas-
cular cells, such as endothelial cell,
VSMCs, and macrophages, and it may
play a protective role in the development
of atherosclerosis (9–15,35,36). We pos-
tulate that in humans as well, the anti-
atherogenic effect of pioglitazone is
mediated primarily by its direct action on
the vasculature.

It was demonstrated that TZDs acti-
vate PPAR-� expressed abundantly in the
adipose tissue where it regulates the pro-
duction of various adipocyte-derived hor-
mones (collectively called adipocytokines)
(37), such as leptin and adiponectin. In
this study, TZDs significantly increased
the plasma concentrations of adiponectin
in type 2 diabetic patients, which is con-
sistent with the findings of several previ-
ous reports (38,39,44). It is of particular
interest to note that pioglitazone can in-
crease plasma adiponectin concentra-
tions, irrespective of the responsiveness to
its antidiabetic effect. Recent studies with
adiponectin-deficient mice have revealed
that it plays a protective role in the devel-
opment of atherosclerosis (40,41). Fur-
thermore, decreased production of
adiponectin is associated with atheroscle-
rotic disease (42,43). Collectively, we
postulate that TZDs can exert the anti-
atherogenic effect at least partly through
the induction of adiponectin production/
secretion in the adipose tissue.

Table 4—ANCOVA models showing the differences associated with treatment with pioglita-
zone in CRP, PWV, and adiponectin

Variables with
pioglitazone treatment Covariates

Regression coefficient
(SEM) P value

	CRP Unadjusted �0.018 (0.010) 0.0262
Adjusted for 	HbA1c �0.041 (0.013) 0.0015

	HOMA-IR �0.027 (0.010) 0.0117
	BMI �0.042 (0.010) 0.0001

	PWV Unadjusted �51.94 (21.61) 0.0180
Adjusted for 	HbA1c �50.64 (27.99) 0.0423

	HOMA-IR �47.03 (23.31) 0.0463
	sBP and 	dBP �69.49 (26.87) 0.0112
	LDL �54.29 (21.89) 0.0147
	Triglycerides �49.89 (21.75) 0.0238
	CRP �34.56 (23.12) 0.1381
	Adiponectin �29.99 (22.47) 0.1850

	Adiponectin Unadjusted 1.808 (0.474) 0.0002
Adjusted for 	HbAA1c 1.522 (0.616) 0.0151

	HOMA-IR 0.547 (0.147) 0.0003

Changes in variables are indicated by subtracting the pretreatment value from the post-treatment value.
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Interestingly, we found that CRP was
significantly reduced in the responders
relative to nonresponders. These observa-
tions suggest that some of the antiathero-
genic effects of pioglitazone are associated
with the improvement of glucose metab-
olism. In this study, no significant differ-
ence in 	PWV was noted between the
nonresponders and responders. We spec-
ulate that CRP may represent an acute in-
flammatory process in the vasculature (or
fatty degeneration), thus being improved
by the 3-month treatment with pioglita-
zone. On the other hand, PWV may re-
flect advanced sclerotic changes in the
vasculature (or vascular stiffness), thus
taking more time to be improved. The
data of this study also suggest that CRP
might be more sensitive to the acute met-
abolic changes induced by TZDs than
PWV. Further studies are necessary to
validate the above aspects.

HDL cholesterol was unchanged in
both the nonreponders and responders
throughout this study, which is consistent
with previous studies (44). In this study,
pioglitazone significantly decreased tri-
glycerides not in the nonresponders but
in the responders. Improved insulin resis-
tance by pioglitazone might reduce tri-
glyceride levels in the responders than in
the nonresponders.

This study is observational and non-
randomized. However, the patients in the
control group and treatment group were
well matched for age, sex ratio, BMI, SBP,
DBP, FPG, HbA1c, IRI, total cholesterol,
LDL cholesterol, HDL cholesterol, and
triglycerides, before the pioglitazone
treatment. Also, the treatment group in-
cluded all diabetic patients who had been
treated with pioglitazone. Thus, it pro-
vides important insights into the treat-
ment and outcome of patients treated
with pioglitazone. It was reported that
there are responders and nonresponders
to treatment with TZD (23,24), thus we
also divided the patients into responders
and nonresponders.

In conclusion, we demonstrated that
pioglitazone can exert its antiatherogenic
effect in type 2 diabetic patients, irrespec-
tive of responsiveness to its antidiabetic
effect. This study suggests the usefulness
of pioglitazone as a multiple-benefit drug
that exerts on hypoglycemic effect and
protects the patient from multiple risk
factors. The data of this study suggest that
the antiatherogenic effect of pioglitazone

results largely from its direct action on the
vasculature.
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