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Abstract

Objective: To study the effects of pioglitazone on endothe-
lial dysfunction of subjects with impaired glucose regulation
(IGR) among the first-degree relatives of patients with type
2 diabetes mellitus (T2DM). Subjects and Methods: The first-
degree relatives of T2DM patients were screened with oral
glucose test and IGR was diagnosed. IGR subjects whose
blood glucose was still above the level after 1-month exer-
cise were randomized to receive pioglitazone (15 mg/day) or
vehicle for 12 weeks. Endothelial function was assessed as
endothelium-dependent and -independent vasodilation.
Blood nitric oxide (NO), blood pressure, body mass index,
insulin and serum lipids were also measured. Area under the
curve of glucose (AUCg,) and insulin (AUCys), homeostasis
model assessment of insulin resistance (HOMA-IR), HOMA of
B-cell function (HOMA-B) and early insulin secretion index
(Al30/AGsp) were calculated. Results: After pioglitazone
treatment, fasting plasma, 2-hour plasma glucose, triglycer-
ide (TG), fasting insulin, AUCy,, HOMA-B and HOMA-IR,
2-hour insulin, AUC)ys and Alzo/AGsq decreased. Endotheli-

um-dependent vasodilation and NO were significantly im-
proved in the treatment group. Furthermore, the changes of
endothelium-dependent vasodilation were negatively cor-
related with changes in AUCys but positively with NO and
HOMA-B. Stepwise multivariate regression analysis showed
that changes in NO and HOMA-3 were both independent
parameters for improvement of endothelial dysfunction.
Conclusion: Pioglitazone decreased blood glucose and TG,
increased insulin sensitivity, and ameliorated endothelial
dysfunction of IGR subjects among the first-degree relatives
of T2DM patients. Increased NO production may be associ-
ated with the improvement of endothelial dysfunction.
Copyright © 2012 S. Karger AG, Basel

Introduction

Diabetic macroangiopathy such as coronary heart dis-
ease, stroke and peripheral vascular disease is the leading
cause of mortality and disability due to type 2 diabetes
mellitus (T2DM). Atherosclerosis is the underlying patho-
genesis of macroangiopathy. In the early stage of athero-
sclerosis, vascular endothelial dysfunction and nitric ox-
ide (NO) synthesis play an important role in the formation
and development of atherosclerosis. Studies have shown
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that endothelial dysfunction is detectable in the euglyce-
mic population at high risk for T2DM or subjects with
impaired glucose regulation (IGR), including impaired
glucose tolerance (IGT) or impaired fasting glucose [1].
Insulin resistance is the common feature of these subjects.
Researches indicate that insulin resistance is associated
with endothelial dysfunction, independent of age, sex,
smoking, body mass index (BMI), body fat and serum lip-
ids [2]. Thiazolidinediones can prevent the development
of T2DM by improving insulin resistance, which has been
confirmed in several studies [3, 4]. It has been reported
that rosiglitazone improves the endothelial function in
T2DM patients independent of glucose level [5]. There-
fore, the aim of this study was to explore whether or not
thiazolidinediones can improve the endothelial dysfunc-
tion in IGR subjects of the first-degree relatives of T2DM
patients and also whether NO plays a role in it.

Subjects and Methods

Subjects

The first-degree relatives (n = 107) of T2DM patients were se-
lected from the outpatients at the Department of Endocrinology
in our hospital from January 2009 to June 2011. The enrolled sub-
jects were 30-59 years of age. They were diagnosed with IGT or
impaired fasting glucose for the first time or before but without
treatment or already off-treatment for more than 3 months. After
1-month exercise, the subjects were included in the study if they
satisfied the following criteria and agreed to change their lifestyle
during this study: (a) 5.6 mmol/l < fasting plasma glucose (FPG)
<7.0 and/or 7.8 mmol/l <2-hour plasma glucose (2hPG) <11.1
mmol/]; (b) blood pressure <140/90 mm Hg; (c) triglyceride (TG)
=<4.5 mmol/l, total cholesterol =7.0 mmol/l; and (d) BMI <28.
The selected subjects received 75 g oral glucose tolerance test and
insulin release test. Clinical and laboratory data were collected,
including height, weight, blood pressure, brachial artery diameter
changes, vascular reactivity, blood NO and other biochemical
tests such as serum lipids, liver and renal function, urinalysis and
hematology tests. BMI was also calculated. The patients were ex-
cluded if they had diabetes mellitus, coronary heart disease,
stroke, primary hypertension, chronic obstructive pulmonary
disease, hepatic or renal dysfunction or received pharmacological
therapy. This clinical study was approved by the Ethics Commit-
tee of our hospital. All patients signed the informed consent form.

Methods

This study was a randomized, double-blind, prospective clin-
ical study. The 107 eligible subjects were randomized to receive
pioglitazone 15 mg/day as treatment group (n = 53; males: 26, fe-
males: 27) or vehicle as control group (n = 54; males: 26, females:
27). All subjects were followed once a month to evaluate treatment
and adverse effects and took part in health education. Telephone
follow-up was conducted every half a month to ensure that the
subjects adhere to the prescribed amount of exercise. Any missed
dose was recorded and added the other day. The study lasted 12
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weeks. At the end of the study, the clinical and laboratory tests
were repeated.

Blood NO level was determined by nitrate reductase assay (kit
provided by Nanjing Juli Biomedical Engineering Institute). In-
sulin assay was carried out with the Automatic Chemilumines-
cence System (ACS180 SE) and its kit. Biochemical tests were per-
formed with Roche Modular Biochemical Analyzer and their kits.
Coulter STKS hematology analyzer was used to conduct hemato-
logical tests.

Measurement of Endothelium-Dependent (EDV) and

-Independent Vasodilation (EIV)

Color Doppler ultrasonography (ACUSON Sequoia 512, Sie-
mens) was used to measure the inner diameter of the brachial ar-
tery at rest, before and after reactive hyperemia, or sublingual ni-
troglycerin. The subjects stopped smoking for 1 week before this
measurement. Thirty-seven females were examined within 1-7
days of menstrual cycle. At the day of examination, the subjects
fasted for 8-12 h and the brachial artery segment 2-15 cm above
the elbow was selected for measurement. The longitudinal axis of
the brachial artery was scanned. When the arterial intimae of the
anterior and posterior walls were clearly seen, the gain was ad-
justed so that the interface of the lumen could be clearly identified.
The ultrasound image was frozen so that the distance between the
intimae of the anterior and posterior wall of the brachial artery
could be measured when synchronous ECG recording showed the
R wave (end of ventricular systole). The measurements were done
at baseline, before and after reactive hyperemia, or sublingual ni-
troglycerin. The result was calculated as the mean of the three val-
ues from three respective cardiac cycles. Patients rested for 10 min
before the test. The baseline brachial artery diameter (D0) was
measured before the reactive hyperemia was performed. A blood
pressure cuff placed around the arm was inflated to 280 mm Hg,
maintained for 4 min, and then deflated quickly to induce reactive
hyperemia. The brachial artery diameter (D1) was measured with-
in 60-90 s after the cuff was released. After 10-15 min, patients
were given sublingual nitroglycerin (0.5 mg) and the brachial ar-
tery diameter (D2) was measured 5 min later. The ratio of vessel
diameter change (%) was calculated: (D1 or D2 - D0)/D0 X 100%.

The maximal percent change of the inner diameter of the bra-
chial artery was calculated as EDV and EIV using the method of
Celermajer et al. [6].

Evaluation of B-Cell Function and Insulin Resistance

Area under the glucose curve (AUCgy, = FPG/4 + PG3o/2 +
PGgo/4 + PGy,0/2, where PG is plasma glucose, subscript number
indicates time) and area under the insulin curve (AUC;ys) was
calculated in a similar way. Insulin resistance and 3-cell function
were evaluated by homeostatic model assessment (HOMA-IR =
FPG X FINS)/22.5; HOMA-B =20 X FINS/FPG - 3.5) and early
insulin secretion index [Al3(/AGsy, = (INS;3y — FINS)/(PG;y -
FPG)] was calculated, where FINS is fasting insulin.

Statistical Analysis

All data are expressed as mean = SEM. Changes in various
parameters after treatment with pioglitazone were analyzed using
paired t test and changes between groups using group t test. Spear-
man correlation coefficients (r) were used to describe the associa-
tion between variables and a forward stepwise multivariate logistic
regression analysis was performed to identify factors that were in-
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Table 1. Comparison of parameters before and after treatment and between the pioglitazone treatment group and the control group

n BMI SBP DBP FPG 2hPG FINS 2-hour insulin
mm Hg mm Hg  mmol/l mmol/l mmol/l mmol/l
Pioglitazone group
Before treatment 53 26.54%3.12 124%25 81£22 6.13+0.89 9.32%+1.83 12.81£2.86 86.87£19.83
After treatment 53 2537492 122*+19 82+ 13 429+0.45% 7.61+0.99*% 7.34+1.89* 49.62+11.87**
Control group
Before treatment 54 26.67x559 126*28 85* 16 6.75%£0.64 9.67*1.82 13.73£298 92.73%13.82
After treatment 54 26.63*x488 129*10 8§7x11 6.26+0.87% 9.38*+1.52% 12.57+2.74% 88.65+15.584%
n TG, mmol/l TC, mmol/l LDL-c, mmol/l EDV, % EIV, % NO, pg/l
Pioglitazone group
Before treatment 53 3.1%03 58*22 38x13 6.4+27 16.4%6.7 38.7x114
After treatment 53 1.6+ 0.4* 57%1.6 3317 9.1%2.6% 17.2x4.6 53.3+19.3%
Control group
Before treatment 54 2.8%x05 6.1%£1.8 34%1.2 6.8%3.1 17.3+6.3 41.2*16.7
After treatment 54 2.6%+0.6% 58%2.1 2.8+1.8 7.2%2.5% 16.7%x5.2 39.6+12.54
n AUCglu AUCINS HOMA—B AIgo/AG_v,() HOMA-IR
Pioglitazone group
Before treatment 53 10.36*x1.43 122.53£18.48 293.32£42.25 19.32£4.37 6.89£0.63
After treatment 53 6.28 £1.06* 73.89+12.91* 196.57 +32.45* 8.27 £2.86%* 4.27+0.31*
Control group
Before treatment 54 11.36%1.43 125.53+17.48 298.32£41.25 20.32+4.57 7.09%0.43
After treatment 54  12.28+1.06% 130.89+12.914 300.57 +32.45% 21.27 £2.5644 7.13+0.32%

*p <0.05, ** p < 0.01 for comparison before and after pioglitazone treatment; # p < 0.05, 4 p < 0.01 for comparison between pio-

glitazone and control groups after treatment.

SBP = Systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; LDL-c = low-density lipoprotein cholesterol;

AI30/AG30 = (INS30 - FINS)/(PG30 - FPG)

dependently associated with a dependent variable. Independent
variables included in this model were those that reached statistical
significance in Spearman correlation analysis. Statistical signifi-
cance was defined as p < 0.05 (SPSS 10.0 software).

Results

At baseline, mean age, BMI, systolic and diastolic
blood pressure of the study group was 47.3 + 7.2 years,
26.54 * 3.12kg/m?, 124 * 25and 81 * 22 mm Hg while
that of the control group was 49.5 * 9.8 years, 26.67 *
5.59 kg/m?, 126 * 28 and 85 * 16 mm Hg. No difference
was seen between the two groups in age, BMI, blood pres-
sure and other laboratory characteristics (table 1).

After pioglitazone treatment, FPG, 2hPG, total choles-
terol, FINS, AUCg,, HOMA- and HOMA-IR decreased
significantly (p < 0.05); 2-hour insulin, AUCjys and
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AlL;p/AGs;q also decreased significantly (p < 0.01). EDV
was improved and blood NO level increased significantly
(p <0.05). Compared with the control group, the change
of the above parameters was also statistically significant
in the treatment group. No significant difference was
seen in blood pressure, BMI, EIV, total cholesterol and
LDL (table 1).

The simple regression showed that the changes in
EDV were negatively correlated with changes in AUCys
(r =-0.66) but positively with NO (r = 0.73) and HOMA-
B (r = 0.72). No significant correlation was present be-
tween changes in EDV and TG (table 2). Changes in NO
(B = 0.62, p = 0.022) and HOMA-B (B = 0.59, p = 0.036)
were independent parameters of endothelial dysfunction
improvement.

No significant adverse reaction was observed. Liver
and renal function tests, urinalysis and hematological
tests did not show a significant change after treatment.
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Table 2. Correlations of the changes (A) of EDV and parameters in the pioglitazone group after treatment

Variables ABMI ASBP ADBP ATG ATC ALDL-c ANO AAUCy, AAUCns AHOMA-B Al3/AGsy AHOMA-IR
r -020 -036 -039 -042 -0.18 -0.22 0.73 -0.11 -0.66 0.72 0.24 0.16
P 0.49 0.32 0.26 0.12 0.78 0.67 0.032  0.93 0.049 0.025 0.37 0.63

r represents the coefficient of Pearson’s correlation.

SBP = Systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; LDL-c = low-density lipoprotein cholesterol;

AI30/AG30 = (INS30 - FINS)/(PG30 - FPG)

Discussion

The results showed that the levels of FPG, 2hPG,
AUCg, and TG decreased. HOMA-IR, FINS, 2-hour in-
sulin, AUCjys, and HOMA-B, especiallyAl;o/AGsy im-
proved significantly. Furthermore, vascular compliance
improved and blood NO level increased. These findings
suggest that pioglitazone was not only effective in im-
proving the plasma glucose level, serum lipids, and insu-
lin resistance in subjects with IGR among the first-degree
relatives of T2DM patients, but also was helpful in im-
proving insulin secretion, endothelial function and in-
creasing blood NO level.

The treatment regimens for T2DM are updated and
modified continually by diabetes associations and socie-
ties [7]. However, little effect was observed in the end-
incidence of diabetic macroangiopathy. Therefore, it is
advisable to prevent the development of diabetes at the
stage of IGR, including lifestyle intervention and phar-
macological therapy such as thiazolidinediones, metfor-
min and acarbose [8]. However, it is not clear whether
these measures can also prevent or delay diabetic mac-
roangiopathy in addition to the effects on diabetes pre-
vention.

Diabetic macroangiopathy is closely related to insulin
resistance. Recent studies [9, 10] indicate that improve-
ment of insulin resistance is associated with significant
improvement of endothelial function. Insulin resistance
and endothelial dysfunction are present even in predia-
betic subjects. Several long-term clinical trials have
shown that both IGT and impaired fasting glucose are
significant risk factors of death from cardiovascular dis-
eases [11, 12]. For this reason, it is very interesting to ex-
plore if the antidiabetic intervention can prevent the de-
velopment of both atherosclerosis and T2DM in IGR pa-
tients. As seen in this study, pioglitazone treatment
decreased blood glucose and improved EDV in IGR.
Therefore, pioglitazone may play a role in the prevention
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of atherosclerosis and T2DM in IGR patients. At present,
endothelial dysfunction is the earliest indication of ath-
erosclerosis detectable in a clinical setting [13]. The NO
synthesized and released by endothelial cells is crucial in
maintaining vascular health and preventing the develop-
ment of vascular diseases. In this study, correlation anal-
ysis showed that changes in EDV were negatively corre-
lated with changes in AUCys, but positively with NO and
HOMA-{ and that changes in NO and HOMA-3 were
independent parameters in improvement of endothelial
dysfunction. It suggests that pioglitazone could improve
endothelial function via increasing the production of NO
in endothelial cells.

Despite abundant clinical evidence linking metabol-
ic abnormalities to diabetic vasculopathy, the molecular
basis of individual susceptibility to diabetic vascular
complications is still largely undetermined. Although hy-
perglycemia, insulin resistance, hyperinsulinemia and
dyslipidemia independently contribute to endothelial
dysfunction via various mechanisms, the mutual interac-
tions may synergistically accelerate their adverse effects.
Oxidative stress and inflammation are predicted to be
among the first alterations which may trigger other
downstream mediators in diabetes associated with endo-
thelial dysfunction [14]. In prediabetic patients [15, 16],
whether with or without CAD, endothelial function was
improved after pioglitazone treatment and high molecu-
lar weight adiponectin was increased. Hidaka et al. [17]
found that pioglitazone, but not amlodipine, improved
endothelial function in hypertensive patients with IGT
through an increase in NO bioavailability, partly by de-
creased oxidative stress. In patients with newly diagnosed
T2DM, Li et al. [18] reported that intensive insulin ther-
apy could increase serum adiponectin and NO concen-
trations and improved endothelial function. For the pa-
tients with sulfonylureas, Naka et al. [19] found that pio-
glitazone significantly decreased FINS, HbAlc and
HOMA-IR and improved endothelial function, but met-
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formin induced a significant decrease in HbAlc and only
a little improvement in endothelial function which were
not associated with the effects of the two insulin sensitiz-
ers on glycemic control or insulin resistance. A similar
study by Papathanassiou et al. [20] reported that in pa-
tients with T2DM already on metformin, addition of pio-
glitazone as compared to glimepiride improved endothe-
lial function despite similar glycemic control. The im-
provement in endothelial function was mainly due to a
reduction in insulin resistance as HOMA-IR decreased.
However, it is not clear whether diabetes period or its
treatment contributes to these inconsistent results. Dys-
lipidemia and endothelial dysfunction both improved in
diabetic obese patients after fenofibrate treatment and

the endothelial function improvement was significantly
associated with the corresponding decrease in apoB-48
(TG-rich lipoprotein) [21].

Conclusion

Pioglitazone not only decreased blood glucose and TG
and increased insulin sensitivity, but also ameliorated en-
dothelial dysfunction of IGR subjects among the first-
degree relatives of T2DM patients. Changes in NO and
HOMA- were independent parameters of endothelial
dysfunction improvement.
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