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bstract

The effect of the insulin sensitizer rosiglitazone (RSG) on biological markers of endothelial dysfunction in subjects with type 2 diabetes
ellitus (T2DM) was investigated in a 12-week, multi-center, randomized, double-blind study. One hundred and thirty-six subjects aged

0–70 years, with FPG ≥7.0 and ≤15.0 mmol/l, previously treated with a single oral anti-diabetic agent or diet/exercise, were randomized to
SG 8 mg/day (n = 65) or placebo (PBO, n = 71). Results revealed that RSG significantly reduced soluble (s)E-selectin by −10.9% (P = 0.004)
ompared with PBO, but did not significantly alter soluble vascular cell adhesion molecule-1 (+0.6%, P = NS). Compared with PBO, RSG
lso significantly reduced plasminogen activator inhibitor-1 (−36.9%, P < 0.001), tissue plasminogen activator antigen (−22.7%, P < 0.001),
PG (−2.8 mmol/l, P < 0.001), fasting fructosamine (−42.0 mg/dl, P < 0.001). Post-prandial AUC(0–4h) for free fatty acids (FFAs) reduced by
6.5 mg/dl*h from baseline (P = 0.03), a change that positively and significantly correlated with changes in sE-selectin (r = 0.22, P = 0.05).
he incidence of adverse events was similar in the two groups (RSG: 35.4%; PBO: 40.8%); the majority mild or moderate. These data

upport the hypothesis that, in patients with T2DM, rosiglitazone has beneficial effects on biological markers of endothelial dysfunction.
mprovements in insulin sensitivity and decreases in FFAs may play a role in these effects.

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Cardiovascular disease (CVD) is the leading cause of
eath in individuals with type 2 diabetes mellitus (T2DM),

ccounting for up to 75% of mortality [1]. Atherosclerotic
VD has been proposed to be an inflammatory disease

hat originates in endothelial dysfunction. Disturbances that
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ffect the balanced release of substances from the endothe-
ium can create a prothrombotic vessel surface that is
usceptible to atherosclerosis. For example, in patients with
2DM, both insulin resistance and its associated elevations in

ree fatty acids (FFAs) may impair endothelium-dependent
asodilation [2,3]. Other factors such as hypertension and
yslipidemia are also associated with endothelial injury,
esulting in alterations in endothelial homeostasis, including

dhesiveness and permeability [4].

Adhesion and migration of leukocytes from the circu-
ation into the vessel wall, a process critical for repair of
issue injury, is tightly regulated by distinct families of adhe-
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dx.doi.org/10.1016/j.atherosclerosis.2007.01.003
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ion molecules secreted by endothelial cells. Of these, the
electins, lectin-like glycoproteins, mediate the initial step of
he process by weakly binding and rolling leukocytes, while

embers of the immunoglobulin supergene family, such as
ascular cell adhesion molecule-1 (VCAM-1), contribute to
rm adhesion and migration of leukocytes from the blood to

he intima [5]. Increased leukocyte–endothelial cell adhesion
as been implicated in atherosclerosis, and elevated levels
f adhesion molecules have been reported in subjects with
2DM [6] and in prediabetic subjects [7].

The adhesion molecules E-selectin and VCAM-1 are both
xpressed on endothelial cells; however, while E-selectin is
pecific to activated endothelium, VCAM-1 is also expressed
n various circulating blood cells [8,9]. Therefore, elevated
evels of serum soluble (s)E-selectin may be a particu-
arly strong indicator of endothelial dysfunction and one
f the most important adhesion molecules involved in the
therosclerotic process [10]. In subjects with T2DM, levels
f sE-selectin and sVCAM-1 have been shown to be higher
han in non-T2DM subjects [6], to correlate with the degree of
nsulin resistance [11], and to decrease after improvement of
lycemic control [6]. Endothelial cells also secrete a number
f factors, including plasminogen activator inhibitor (PAI)-1,
issue plasminogen activator (tPA) and von Willebrand Factor
vWF), that are involved in clot formation and when present at
aised levels, contribute to the pro-atherogenic state in T2DM
12–14]. Elevated circulating levels of PAI-1 have been found
n poorly controlled subjects with T2DM, and are reversed
fter short-term improvements in glycemic control [15]. Ele-
ated levels of PAI-1 are recognized as an early marker of
ndothelial dysfunction [16], while levels of vWF have long
een thought to represent an index of endothelial damage
17].

Thiazolidinediones (TZDs) like rosiglitazone are insulin-
ensitizing drugs as they are highly selective and potent
gonists for the peroxisome proliferator activated receptor-

(PPAR�). PPAR� is expressed in target tissues for
nsulin action, such as liver, skeletal muscle and most
bundantly in adipose tissue. The TZDs are believed to
xert their insulin-sensitizing action in muscle and liver
hrough “fatty acid steal”, defined as a partitioning of
irculating lipids away from muscle and liver and into
dipose tissue [18]. TZDs consistently lower fasting and
ost-prandial glucose concentrations as well as FFA con-
entration in clinical studies [19]. It is thought that FFAs
nduce insulin resistance in human muscle at the level
f insulin-stimulated glucose transport through a defective
hosphorylation that impairs the insulin-signaling path-
ay [20]. Furthermore, activation of PPARs interferes with

he earliest processes in atherogenesis to modulate pro-
uction of chemokines, and thereby the expression of
roinflammatory adhesion molecules in endothelial cells

21].

The purpose of this study was to test the effects of the
nsulin sensitizer rosiglitazone (RSG) on biological markers
f endothelial dysfunction in subjects with T2DM.
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. Methods

.1. Study population

This was a 12-week, multi-center, phase IIIb, random-
zed, double-blind, placebo-controlled study to evaluate the
ffects of RSG 8 mg/day on sE-selectin, sVCAM-1, PAI-1,
PA-antigen and vWF-antigen levels in subjects with T2DM.

ale and female subjects aged 40–70 years inclusive, with
diagnosis of T2DM defined by World Health Organiza-

ion criteria [22], were eligible for inclusion. Subjects had to
ave been treated with diet or exercise alone or a single oral
nti-diabetic agent within 3 months prior to screening and
ave fasting plasma glucose (FPG) ≥7.0 and ≤15.0 mmol/l.
ubjects with systolic blood pressure >180 mmHg or dias-

olic blood pressure >114 mmHg were excluded, as were
hose with congestive heart failure grades II–IV according
o NYHA classification, unstable angina, or severe angina
equiring continual nitrate treatment.

.2. Study design

Subjects were recruited from 22 centers in Austria,
rance, Germany, Ireland and the UK. Within 2 weeks of
creening and discontinuation of previous anti-diabetic med-
cation, subjects entered a 4-week, single-blind, placebo
un-in period. Subjects were maintained on diet and exercise
uring run-in. Eligible subjects were randomized to receive
ither RSG 8 mg or placebo once daily during the 12-week
tudy period, with all subjects also receiving diet and exercise
dvice at each study visit.

According to clinical and biological criteria, 100 healthy
olunteer blood donors of the Blood Transfusion Center
f Seine Saint-Denis, France, were selected and studied as
ontrol subjects. They met the following exclusion crite-
ia: inflammatory disorder, dyslipoproteinemia, CVD, known
iabetes or other endocrine disorder, hepatic or renal failure,
verweight, smoking, alcohol consumption, hypertension,
nd/or therapy known to cause changes in lipoprotein pro-
le (e.g. estrogen treatment). Some exclusion criteria were
xtended to the ascendants: CVD, known diabetes or other
ndocrine disorders, and dyslipoproteinemia.

The study was conducted in accordance with Good Clin-
cal Practice guidelines and the Declaration of Helsinki
1996). The protocol and informed consent of the subjects
ere approved by an ethics committee prior to each center’s

nitiation.

.3. Study evaluations

Patients were assessed at weeks 4, 8 and 12. Endpoints
ncluded changes from randomization (baseline/week 0) to

eek 12 in fasting levels of sE-selectin, sVCAM-1, PAI-1,

PA-antigen and vWF-antigen. Additional parameters mea-
ured included changes in FPG, fasting C-peptide, fasting
nsulin, sitting diastolic and systolic blood pressure, sitting
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eart rate, and changes in AUC(0–4h) for FFAs after an aver-
ge 500 ml liquid meal (BOOST HP) drunk in 5 min. Safety
nd tolerability assessments included frequency and sever-
ty (mild, moderate or severe) of adverse events (AEs) and
hanges in body weight.

Assays were performed at Quest Diagnostics, Heston, UK,
ith the exception of PAI-1 (Scripps Reference Laboratory,
an Diego, CA, USA) and VCAM-1 and E-selectin (Hôpital
vicenne, Bobigny, France). Serum sE-selectin and sVCAM-
were assayed by enzyme-linked immunosorbent assay

ELISA) (R&D Systems, Abingdon, Oxfordshire, UK) using
onoclonal antibodies specific for each adhesion molecule.

AI-1, tPA-antigen and vWF-antigen were measured on cit-
ated plasma using ELISA. Plasma glucose was determined
y automated glucose oxidase methodology. Serum FFAs
ere measured by enzymatic colorimetry (WAKO Chemi-

als, VA, USA).
Compliance during the treatment phase was assessed by

ecording the number of tablets dispensed at each clinic visit
nd the number returned unused at the next visit. A sub-
ect was considered compliant if they took between 80% and
20% of the study medication.

.4. Data analysis
The evaluable population consisted of all randomized
ubjects, with the exception of FPG, for which analysis
as performed on the ITT population with LOCF applied

or withdrawn patients or missing values, and FFAs, for

g
b
r
g

able 1
emographics and baseline characteristics (ITT population)

arameter

ale sex, n (%)
ge (years)

ace, n (%)
White
Black
Oriental

uration of diabetes (years)
ody weight (kg)
MI (kg/m2), median (interquartile range)
aist/hip ratio

asting plasma glucose (mmol/l)
asting fructosamine (mg/dl)
asting C-peptide (nmol/l)
asting insulin (pmol/l)
ree fatty acids AUC(0–4h) (mg/dl*h)
oluble E-selectin (ng/ml), geometric mean (CV)
oluble vascular cell adhesion molecule-1 (ng/ml), geometric mean (CV)
lasminogen activator inhibitor-1 (U/ml), geometric mean (−S.E., +S.E.)
issue plasminogen activator antigen (ng/ml), geometric mean (−S.E., +S.E.)
on Willebrand Factor antigen (%), geometric mean (−S.E., +S.E.)
ibrinogen (g/l), geometric mean (−S.E., +S.E.)
ystolic blood pressure (mmHg)
iastolic blood pressure (mmHg)
eart rate (bpm)

esults are expressed as mean ± S.D. unless specified. Data are for ITT population
actor, fibrinogen, E-selectin, vascular cell adhesion molecule-1, blood pressure an
sis 195 (2007) e159–e166 e161

hich analysis was performed on the ITT population without
OCF.

To assess differences between treatment groups with
egard to continuous efficacy variables, an analysis of covari-
nce (ANCOVA) procedure, which accounts for variability
ue to center, treatments and baseline, was employed. Treat-
ent comparisons between the RSG group and the PBO

roup were performed using a significance level of 0.05. AE
ata were analyzed descriptively. Differences in change in
ody weight between treatment groups were analyzed using
one-way ANCOVA model with significance level of 0.05.

. Results

.1. Study population

A total of 199 subjects with T2DM were screened, with
36 randomized into the study (PBO: 71; RSG: 65). The
TT population consisted of 135 subjects: 71 subjects from
he PBO group and 64 from the RSG group. Of these, 124
ompleted the study (PBO: 62; RSG: 62). The two groups
orming the ITT population were well matched for baseline
haracteristics, including FPG and mean duration of dia-
etes (Table 1). The majority of subjects in each treatment

roup (64% in the PBO group; 59% in the RSG group) had
een treated previously with a single anti-diabetic agent; the
emainder with diet and exercise alone. Two subjects in each
roup had received combination oral anti-diabetic agents in

Placebo (n = 71) Rosiglitazone 8 mg/day (n = 64)

45 (63.4%) 42 (65.6%)
56.4 ± 6.9 55.5 ± 8.0

68 (95.8%) 60 (93.8%)
1 (1.4%) 3 (4.7%)
2 (2.8%) 1 (1.6%)

4.1 ± 4.8 4.3 ± 5.2
87.6 ± 17.7 90.2 ± 19.3
29.8 (26.9–32.9) 31.3 (27.1–36.3)
0.95 ± 0.07 0.95 ± 0.07
10.03 ± 2.67 9.81 ± 2.64
312.0 ± 61.3 299.7 ± 48.3
0.99 ± 0.39 1.09 ± 0.46
97.5 ± 61.6 111.1 ± 67.5
−44.44 ± 43.96 −36.57 ± 19.98
58.46 (44.93) 66.26 (53.68)
437 (23.7) 461 (29.5)
1.82 (1.61, 2.07) 2.54 (2.26, 2.85)
7.41 (7.06, 7.77) 7.86 (7.48, 8.27)
132.4 (123.3, 142.2) 130.4 (122.0, 139.4)
3.06 (2.97, 3.16) 3.26 (3.18, 3.34)
138.1 ± 16.6 137.7 ± 21.2
81.3 ± 11.2 81.6 ± 12.3
72.7 ± 10.1 73.5 ± 9.4

, with the exception of plasminogen activator inhibitor-1, von Willebrand
d heart rate (all randomized patients).
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he 3 months prior to study start. sE-selectin and sVCAM-
levels at baseline were similar in the two groups of study

ubjects with diabetes (Table 1), although higher (P < 0.001)
ompared with the blood-donor control group without
nown diabetes (sE-selectin: 48.8 ± 1.8 ng/ml; sVCAM-1:
88.6 ± 6.3; mean ± S.E.). PAI-1, tPA-antigen, vWF-antigen
nd fibrinogen were similar at baseline in the two groups of
2DM patients (Table 1). Significant correlations were found
t baseline between sE-selectin levels and fasting glycemia
r = 0.39, P = 0.01), fructosamine (r = 0.40, P = 0.01), triglyc-
rides (r = 0.27, P = 0.003), C-peptide (r = 0.34, P = 0.03),
LAT (r = 0.90, P < 0.001), ASAT (r = 0.37, P = 0.01), PAI-
(r = 0.52, P < 0.001), tPA-antigen (r = 0.55, P < 0.001),

nd between sVCAM-1 levels and fructosamine (r = 0.40,
= 0.006), ALAT (r = 0.47, P = 0.001), ASAT (r = 0.55,
< 0.001), vWF-antigen (r = 0.54, P < 0.001). At the study

nd, the proportion of randomized subjects who were deemed
ompliant with medication was 97.2% in the RSG group and
8.5% in the PBO group.

.2. Effects of RSG on sE-selectin and sVCAM-1

In subjects who received RSG, there was a statistically
ignificant reduction in serum sE-selectin of −6.5 ng/ml
−8.6%; P = 0.006) at week 12 compared with baseline.
onversely, there was a non-significant increase in sE-

electin of +1.6 ng/ml (+2.5%) in the PBO group, resulting
n a statistically significant treatment effect of −8.1 ng/ml
−10.9%, P = 0.004) (Fig. 1A). Levels of sVCAM-1 were

on-significantly reduced in the RSG and PBO treatment
roups by −2.3 ng/ml (−2.4%, P = NS) and −13.2 ng/ml
−3.0%, P = NS), respectively, leading to a non-significant
reatment effect of +0.6% (P = NS) (Fig. 1B).

s
b
P
n

ig. 1. Effect of rosiglitazone on serum levels of (A) sE-selectin and (B) sVCAM-1.
sis 195 (2007) e159–e166

.3. Effects of RSG on PAI-1, tPA-antigen and
WF-antigen

In subjects randomized to RSG, plasma levels of PAI-1
nd tPA-antigen were significantly reduced after 12 weeks
ompared with PBO, while there was a trend of reduction
n vWF-antigen compared with PBO (Fig. 2). In the RSG
roup, PAI-1 decreased by −1.4 U/ml (−36.1%, P < 0.001)
rom baseline, compared with a non-significant increase of
0.1 U/ml (+1.2%, P = NS) with PBO, resulting in a statis-

ically significant treatment effect of −1.5 U/ml (−36.9%,
< 0.001). Similarly, tPA-antigen decreased by −2.6 ng/ml

−30.6%, P < 0.001) from baseline with RSG. This change
as statistically significant compared with the decrease of
0.8 ng/ml (−7.2%, P = NS) with PBO: the treatment effect
as −1.5 ng/ml (−22.7%, P < 0.001). Levels of vWF-antigen
ecreased by −10.8% (percentage change −5.6%, P = NS)
ith RSG compared with an increase of +6.1% (percentage

hange +11.8%, P = NS) with PBO, giving a treatment effect
f −16.8% (percentage change −15.6%, P = 0.087).

.4. Metabolic effects

Following 12 weeks’ treatment, RSG signifi-
antly reduced mean ± S.D. FPG from baseline by
1.9 ± 2.1 mmol/l (P < 0.001), compared with a significant

ise of +0.8 ± 2.0 mmol/l (P < 0.001) with PBO, producing a
reatment effect of −2.8 mmol/l (P < 0.001). Similarly, mean
asting fructosamine significantly decreased from baseline in

ubjects treated with RSG (−29.1 ± 42.2 mg/dl, P < 0.001)
ut significantly increased with PBO (+11.0 ± 43.1 mg/dl,
= 0.048). The change with RSG was statistically sig-

ificant compared with PBO (treatment effect −42.0,

RSG, rosiglitazone; sVCAM-1, soluble vascular cell adhesion molecule-1.
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ig. 2. Effect of rosiglitazone on (A) PAI-1; (B) tPA; (C) vWF levels. RSG
ctivator; vWF, von Willebrand Factor.

< 0.001). There were also significant decreases in both
asting C-peptide (−0.18 ± 0.35 nmol/l, P < 0.001) and
asting insulin (−25.2 ± 60.0 pmol/l, P = 0.002) with RSG,
ut no significant changes with PBO (−0.06 ± 0.23 nmol/l
nd −6.7 ± 55.8 pmol/l, respectively, both P = NS), and
he differences between treatment groups were not
ignificant.

After 12 weeks, RSG significantly reduced FFAs as
ndicated by AUC(0–4h), while there was no signifi-
ant change with PBO. In subjects treated with RSG,
ean ± S.D. post-prandial FFA AUC(0–4h) was reduced by
6.5 ± 22.5 mg/dl*h (P = 0.03) (Fig. 3A). There was a

ecrease of −2.6 ± 40.4 mg/dl*h in the PBO group (P = NS),

nd as a result, the treatment effect between groups did not
uite reach statistical significance (P = 0.07). Assessment of
he relationship between changes in sE-selectin and FFA
UC(0–4h) in the two groups taken together revealed a posi-

(
a
d
w

ig. 3. Effect of rosiglitazone on (A) FFA AUC(0–4h) after the meal test and (B) cor
FA, free fatty acids.
itazone; PAI-1, plasminogen activator inhibitor-1; tPA, tissue plasminogen

ive and significant correlation (r = 0.22, P = 0.05) (Fig. 3B).
hanges in sE-selectin levels did not correlate with changes

n FPG or C-peptide AUC(0–4h).

.5. Vital signs

There were small decreases from baseline in blood
ressure and heart rate in both treatment groups after
2 weeks, but none was statistically significant. Systolic
lood pressure decreased by −2.2 ± 16.2 mmHg with RSG
nd −2.9 ± 14.6 mmHg with PBO (both P = NS), giving
treatment difference of +0.6 mmHg (P = NS), while the

hanges in diastolic blood pressure were −1.6 ± 11.1 mmHg

P = NS) and −0.7 ± 12.9 mmHg (P = NS), respectively, with

treatment difference of +0.9 mmHg (P = NS). Heart rate
ecreased by −0.3 ± 6.7 bpm (P = NS) with RSG after 12
eeks’ treatment and by −1.3 ± 9.4 bpm (P = NS) with PBO.

relation of changes in sE-selectin and FFA AUC(0–4h). RSG, rosiglitazone;
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omparison between groups showed that the treatment effect
f +1.0 bpm was not statistically significant.

.6. Safety and tolerability

Overall, treatment with RSG was well tolerated, with a
imilar incidence of AEs in the RSG and PBO groups. On-
herapy AEs were recorded in 23 subjects (35.4%) in the RSG
roup and 29 (40.8%) in the PBO group; the majority were
ssessed by the investigator as mild or moderate in severity.
yperglycemia was the only AE considered to be suspected
r probably related to study medication that occurred in more
han one patient, and was reported in 1.5% of patients in the
SG group and 8.5% in the PBO group. One subject in the
SG group experienced mild edema but this did not neces-

itate withdrawal. Six subjects withdrew from the study as a
esult of AEs—two in the RSG group and four in the PBO
roup. All were due to hyperglycemia with the exception of
ne case of atrial fibrillation in the RSG group. This subject
ad a history of atrial fibrillation and the worsening of the con-
ition was described as possibly related to study medication.
ody weight increased by +1.1 ± 2.2 kg (±S.D.) in the RSG
roup compared with baseline (P < 0.001), but did not change
ignificantly from baseline (−0.2 ± 1.9 kg) with PBO.

. Discussion

Elevations in circulating adhesion molecules are an indi-
ation of early endothelial damage. Indeed, elevated levels of
-selectin have been shown to be a marker for development of
therosclerosis and coronary heart disease in non-T2DM sub-
ects [23], and increased levels of sVCAM-1 are associated
ith risk of CV mortality in T2DM [24].
In this study population largely comprised of Caucasian

ubjects with T2DM, RSG significantly reduced sE-selectin
evels compared with both baseline and PBO, an effect that
howed a significant, positive correlation with concomitant
hanges in levels of FFA. The reduction in E-selectin is
onsistent with studies with troglitazone in vitro [25] and
ith RSG in vivo in non-T2DM patients [26]. However,

t is unclear whether these reductions are associated with
hanges in glycemia. In this study, there were significant
eductions in FPG and fructosamine with RSG compared
ith PBO, although glycated hemoglobin was not measured
ue to the duration of the study, and previous studies have
een inconclusive. For example, a correlation between FPG
nd sE-selectin was reported in patients with poorly con-
rolled T2DM after 14 days’ intensive insulin treatment [6].
onversely, a study investigating the influence of insulin
nd sulfonylureas in a small sample of patients with T2DM
eported that changes were independent of glycemic control

27].

Previous clinical studies, including one with RSG [28] and
ur previously published study of a short-term improvement
n glycemic control with insulin [6], support the lack of signif-

I
c
n
t

sis 195 (2007) e159–e166

cant change in sVCAM-1 with RSG seen in this study. These
ata contrast with an in vitro study with troglitazone [25].
everal reasons could explain the lack of significant change

n vivo. For example, VCAM-1 expression has been reported
o be regulated by PPAR-� [29]. In addition, sVCAM-1 is not
pecific to the endothelium and baseline values were not as
levated as sE-selectin levels. The short duration of treatment
12 weeks) may also be a contributory factor.

Shear stress has been shown to affect expression of
CAM-1 and E-selectin [30]; therefore, it is possible that the
reviously reported effects of TZDs in lowering blood pres-
ure [31] may be involved in changes in adhesion molecules.
owever, in this study decreases in blood pressure were small

nd similar in both treatment groups.
Raised levels of PAI-1, tPA and vWF are associated with

ncreased CVD risk [32,33] and are frequently observed in
ubjects with T2DM [34]. In this study, RSG significantly
educed levels of PAI-1 and tPA, as observed previously
nd consistent with improvements in insulin resistance and
ndothelial function [35]. There was a marked, but non-
ignificant, reduction in vWF (−16.8%) with RSG. Greater
eductions in vWF levels have been reported previously fol-
owing RSG treatment in non-T2DM subjects with CVD
26,28], perhaps related to higher circulating levels at base-
ine.

The effect of thiazolidinediones on a number of other
mportant factors related to endothelial function has been
tudied previously. For example, rosiglitazone has been
hown to reduce plasma monocyte chemoattractant protein-
and C-reactive protein in obese subjects with and without

iabetes [36], and to reduce levels of asymmetric dimethy-
arginine in subjects without diabetes [2,37]. Troglitazone
as been reported to reduce the generation of reactive oxy-
en species in vitro [38]. Studies of other factors have
ailed to show conclusively positive effects. For example,
osiglitazone has shown no effect on intercellular adhesion
olecule-1 in subjects with or without diabetes [28,36,39],
hile troglitazone has significantly reduced this factor in

ubjects without diabetes [40].
This was an in vitro study and we did not investigate

irect effects of rosiglitazone on endothelial function. How-
ver, the indirect effects that we report reflect previous
linical observations of direct improvements in endothelial
unction, including endothelium-dependent flow-mediated
asodilatation and endothelium-independent nitroglycerin-
nduced vasodilation, following RSG therapy [37,41,42].
urther assessments in larger numbers of subjects with
2DM, using direct measures of endothelium-dependent
ow-mediated vasodilatation and in vitro assays of biological
arkers are required to support these conclusions.
Several metabolic disturbances associated with T2DM

ay account for the benefits seen with an insulin sensitizer.

nterestingly, in the present study we found signifi-
ant correlations at baseline between sE-selectin and a
umber of factors that attest to insulin resistance. In addi-
ion, in insulin-resistant subjects there is a reduction in



osclero

e
w
d
e
e
i
t
p
r
p
l
f
b

t
H
a
r
[

5

j
f
b
d
t
i
i
m
l
t

A

f
S
A
t
5
H
U
a
d

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

J.-P. Albertini et al. / Ather

ndothelium-dependent vasodilation [43], the severity of
hich correlates inversely with insulin-mediated glucose
isposal [44], while insulin increases nitric oxide-mediated
ndothelium-dependent vasodilation [45]. Elevated FFA lev-
ls, associated with insulin resistance, have been shown to
mpair endothelium-dependent vasodilation in insulin resis-
ant subjects [3] and also to have a proinflammatory effect,
roviding a potential link between inflammation and insulin
esistance [46,47]. The correlation analyses performed in the
resent population suggest that the effects of changes in FFA
evels on sE-selectin levels, and therefore on endothelium
unction, were of a greater magnitude than those related to
lood glucose changes.

These results provide further support for the hypothesis
hat RSG has the potential to improve endothelial function.
owever, whether this translates into a reduction in CV events

nd improved patient outcomes is not yet known and is cur-
ently being examined in various long-term outcome studies
48,49].

. Conclusions

Treatment with RSG was generally well-tolerated in sub-
ects with T2DM and had beneficial effects on several
actors related to endothelial dysfunction that are likely to
e mediated through improvements in insulin sensitivity and
ecreases in serum FFA levels. These results provide fur-
her support for the hypothesis that RSG has the potential to
mprove endothelial function. However, further assessments
n larger numbers of subjects with T2DM, using both direct

easures of endothelium-dependent flow-mediated vasodi-
atation and in vitro assays of biological markers, are required
o support our conclusions.

cknowledgements

This study was funded by GlaxoSmithKline Ltd. Data
rom this study were presented orally at the European
ociety of Cardiology Congress, Munich, Germany, 28
ugust–1 September 2004 and the European Association for

he Study of Diabetes Annual Meeting, Munich, Germany,
–9 September 2004, and in poster form at the American
eart Association Annual Scientific Sessions, New Orleans,
nited States, 7–10 November 2004. The authors wish to

cknowledge the editorial assistance of Carol Mason in the
evelopment of this manuscript.

eferences
[1] American Heart Association. Heart disease and stroke statistics-2005
update. Dallas: American Heart Association; 2005.

[2] Stuhlinger MC, Abbasi F, Chu JW, et al. Relationship between insulin
resistance and an endogenous nitric oxide synthase inhibitor. JAMA
2002;287:1420–6.

[

sis 195 (2007) e159–e166 e165

[3] Steinberg HO, Tarshoby M, Monestel R, et al. Elevated circulating
free fatty acid levels impair endothelium-dependent vasodilation. J Clin
Invest 1997;100:1230–9.

[4] Ross R. Atherosclerosis—an inflammatory disease. N Engl J Med
1999;340:115–26.

[5] Tailor A, Granger DN. Role of adhesion molecules in vascular regula-
tion and damage. Curr Hypertens Rep 2000;2:78–83.

[6] Albertini JP, Valensi P, Lormeau B, et al. Elevated concentrations of
soluble E-selectin and vascular cell adhesion molecule-1 in NIDDM.
Effect of intensive insulin treatment. Diabetes Care 1998;21:1008–13.

[7] Meigs JB, Hu FB, Rifai N, Manson JE. Biomarkers of endothelial dys-
function and risk of type 2 diabetes mellitus. JAMA 2004;291:1978–86.

[8] Erbe DV, Wolitzky BA, Presta LG, et al. Identification of an E-selectin
region critical for carbohydrate recognition and cell adhesion. J Cell
Biol 1992;119:215–27.

[9] Stad RK, Buurman WA. Current views on structure and function of
endothelial adhesion molecules. Cell Adhes Commun 1994;2:261–8.

10] Taniguchi A, Fukushima M, Nakai Y, et al. Soluble E-selectin, lep-
tin, triglycerides, and insulin resistance in nonobese Japanese type 2
diabetic patients. Metabolism 2005;54:376–80.

11] Leinonen E, Hurt-Camejo E, Wiklund O, et al. Insulin resistance and
adiposity correlate with acute-phase reaction and soluble cell adhesion
molecules in type 2 diabetes. Atherosclerosis 2003;166:387–94.

12] Natali A, Toschi E, Baldeweg S, et al. Clustering of insulin resis-
tance with vascular dysfunction and low-grade inflammation in type
2 diabetes. Diabetes 2006;55:1133–40.

13] Kessler L, Wiesel ML, Attali P, et al. von Willebrand Factor in diabetic
angiopathy. Diabetes Metab 1998;24:327–36.

14] Vinik AI, Erbas T, Park TS, Nolan R, Pittenger GL. Platelet dysfunction
in type 2 diabetes. Diabetes Care 2001;24:1476–85.

15] Lormeau B, Aurousseau MH, Valensi P, Paries J, Attali JR. Hyperinsu-
linemia and hypofibrinolysis: effects of short-term optimized glycemic
control with continuous insulin infusion in type II diabetic patients.
Metabolism 1997;46:1074–9.

16] Nordt TK, Peter K, Ruef J, Kubler W, Bode C. Plasminogen activator
inhibitor type-1 (PAI-1) and its role in cardiovascular disease. Thromb
Haemostasis 1999;82(Suppl. 1):14–8.

17] Boneu B, Abbal M, Plante J, Bierme R. Letter: factor-VIII complex
and endothelial damage. Lancet 1975;1:1430.

18] Ye JM, Dzamko N, Cleasby ME, et al. Direct demonstration of lipid
sequestration as a mechanism by which rosiglitazone prevents fatty-
acid-induced insulin resistance in the rat: comparison with metformin.
Diabetologia 2004;47(7):1306–13.

19] Miyazaki Y, Glass L, Triplitt C, et al. Effect of rosiglitazone on glucose
and non-esterified fatty acid metabolism in type II diabetic patients.
Diabetologia 2001;44:2210–9.

20] Dresner A, Laurent D, Marcucci M, et al. Effects of free fatty acids on
glucose transport and IRS-1-associated phosphatidylinositol 3-kinase
activity. J Clin Invest 1999;103:253–9.

21] Wang N, Verna L, Chen NG, et al. Constitutive activation of peroxisome
proliferator-activated receptor-gamma suppresses pro-inflammatory
adhesion molecules in human vascular endothelial cells. J Biol Chem
2002;277:34176–81.

22] Alberti KG, Zimmet PZ. Definition, diagnosis and classification of dia-
betes mellitus and its complications. Part 1: Diagnosis and classification
of diabetes mellitus provisional report of a WHO consultation. Diabetic
Med 1998;15:539–53.

23] Hwang SJ, Ballantyne CM, Sharrett AR, et al. Circulating adhesion
molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis
and incident coronary heart disease cases: the Atherosclerosis Risk In
Communities (ARIC) study. Circulation 1997;96:4219–25.

24] Jager A, van Hinsbergh VW, Kostense PJ, et al. Increased levels of

soluble vascular cell adhesion molecule 1 are associated with risk of
cardiovascular mortality in type 2 diabetes: the Hoorn study. Diabetes
2000;49:485–91.

25] Sasaki M, Jordan P, Welbourne T, et al. Troglitazone, a PPAR-gamma
activator prevents endothelial cell adhesion molecule expression and



e osclero

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

166 J.-P. Albertini et al. / Ather

lymphocyte adhesion mediated by TNF-alpha. BMC Physiol 2005;
5:3.

26] Sidhu JS, Cowan D, Kaski JC. The effects of rosiglitazone, a perox-
isome proliferator-activated receptor-gamma agonist, on markers of
endothelial cell activation, C-reactive protein, and fibrinogen levels
in non-diabetic coronary artery disease patients. J Am Coll Cardiol
2003;42:1757–63.

27] Yudkin JS, Panahloo A, Stehouwer C, et al. The influence of improved
glycaemic control with insulin and sulphonylureas on acute phase
and endothelial markers in type II diabetic subjects. Diabetologia
2000;43:1099–106.

28] Sidhu JS, Cowan D, Kaski JC. Effects of rosiglitazone on endothelial
function in men with coronary artery disease without diabetes mellitus.
Am J Cardiol 2004;94:151–6.

29] Marx N, Sukhova GK, Collins T, Libby P, Plutzky J. PPAR� activators
inhibit cytokine-induced vascular cell adhesion molecule-1 expression
in human endothelial cells. Circulation 1999;99:3125–31.

30] Chiu JJ, Lee PL, Chen CN, et al. Shear stress increases ICAM-1
and decreases VCAM-1 and E-selectin expressions induced by tumor
necrosis factor-[alpha] in endothelial cells. Arterioscler Thromb Vasc
Biol 2004;24:73–9.

31] Bennett SM, Agrawal A, Elasha H, et al. Rosiglitazone improves insulin
sensitivity, glucose tolerance and ambulatory blood pressure in subjects
with impaired glucose tolerance. Diabetic Med 2004;21:415–22.
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