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Clinical and experimental studies indicate
that hypertension accelerates the devel-

opment of arteriosclerosis. Atherosclerosis is
a chronic inflammatory disease, and is char-
acterized by the accumulation of a fibro-fatty
plaque consisting of immune cells, vascular
smooth muscle cells, vascular endothelial cells
and the extracellular matrix, surrounding a
lipid-rich core, leading to coronary heart
disease and stroke. Recently, to detect early
signs of atherosclerosis in vessels and predict
the risk of future cardiovascular events, sev-
eral imaging techniques, including vascular
sonography, electron-beam and multi-slice
computed tomography, and MRI, have
been leveraged. As cardiovascular risk factors
have been shown to cause endothelial dys-
function,1 endothelial function is considered
to be impaired at an early phase of athero-
sclerosis.
Extensive epidemiologic evidence has con-

sistently indicated that endothelial dysfunc-
tion has a pivotal role in the development of
atherosclerosis and cardiovascular disease.2

Similarly, it is possible that assessment of
endothelial function in the coronary or bra-
chial arteries may predict long-term cardio-
vascular risk regardless of the method used
for assessment. As nitric oxide (NO) has been
found to be an endothelium-derived relaxant
factor,3 it has become evident that the
endothelium is an active paracrine, endocrine
and autocrine organ that regulates vascular
tone and structure and maintains vascular
homeostasis. Moreover, the endothelium
controls coagulation and inflammatory
responses and, as a consequence, can prevent

atherosclerotic lesions from progressing
into pathological inflammatory processes4

(Table 1). One way of assessing endothelial
dysfunction is by physiologically estimating
it as an alteration of vasomotor activity.
The disordered function of baseline activity
and inadequate response of the endothelium
to mechanical and pharmacological stimuli
have been implicated as early markers in the
development of atherosclerosis.1,2 NO has an
important role in the regulation of vascular
tone, is produced by endothelial cells and
causes the relaxation of vascular smooth
muscle cells. Clearly, impairment of endo-
thelium-dependent vasodilation represents
endothelial dysfunction and is thought to be
chiefly attributed to decreased endothelial
NO bioavailability. Given the evidence sup-
porting a pathogenic role of the endothelium,
endothelial dysfunction is thought to be an
early event in the atherosclerotic process that
precedes formation of plaques before clinical
detection of disease.5

Excess production of reactive oxygen species
(ROS) leads to oxidative stress and decreases
the bioavailability of NO. Under physiological
conditions, ROS are balanced by a range of
antioxidant defenses such as ascorbic acid
(vitamin C), a-tocophenol (vitamin E), and
antioxidant enzymes such as the superoxide
dismutases, catalase and the gluthathione per-
oxidases. Production of ROS in vascular tissue
is markedly increased under the stressful con-
ditions of hypercholesterolemia, diabetes mel-
litus and hypertension, implying one reason
why NO bioavailability is reduced in such
pathological conditions. Therefore, inactiva-
tion of NO can be induced not only by
increased generation of ROS but also by a
deficiency of ROS scavenging enzymes.
Using high-resolution ultrasound, Celer-

majer et al.6 introduced the measurement of

flow-mediated dilation of the brachial artery
as a non-invasive endothelial function test;
they showed that non-invasive assessment is
clinically beneficial to determine the presence
of endothelial dysfunction in high-risk
populations. This ultrasound method uses
a stimulus of shear-mediated activation of
endothelial nitric oxide synthase. Thereafter,
this approach has been used and documented
in the literature by numerous groups
throughout the world as a tool for evaluating
endothelial dysfunction in humans. However,
standardization of its methodology must
precede its clinical application. The reprodu-
cibility of flow-mediated dilation assessed
by brachial artery ultrasound is not satisfac-
tory in certain laboratories and can likely
render inaccurate measurements for clinical
research.7

Improved or recovered endothelial dys-
function by a therapeutic intervention such
as pharmacotherapy, diet, exercise and apher-
esis is anticipated to be associated with
beneficial outcomes and clinical prognosis.
It is well known that statins can restore
endothelial function in patients with
hypercholesterolemia. Similarly, cholesterol-
lowering treatments such as cholestyramine
and LDL apheresis, angiotensin-converting
enzyme inhibitors,8 antioxidants and anti-
diabetic drugs, including thiazolidinediones
as peroxisome proliferator-activated receptor-
g agonists, are also reported to improve or
recover endothelial dysfunction.
In this issue of the Hypertension Research,

Wago et al.9 report long-term treatment with
telmisartan, a selective antagonist for angio-
tensin type-1 receptor and a partial agonist
for peroxisome proliferator-activated recep-
tor-g, in patients with both hypertension and
type 2 diabetes mellitus. They showed that
telmisartan had favorable effects on endothelial
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function and plasma adiponectin levels, in
addition to lowering blood pressure and
improving diabetes mellitus symptoms, dys-
lipidemia and plasma high-sensitivity C-reac-
tive protein levels. Interestingly, they show
that two factors, revealed by multivariate
analysis, adiponectin levels and office systolic
blood pressure (not home blood pressure),
are independent contributors for improve-
ment of endothelial function of the brachial
artery. These findings indicate that elevated
plasma adiponectin levels can act as a surro-
gate marker for treatment and prevention of
the development of atherosclerosis accompa-
nied by hypertension and diabetes mellitus.
We previously reported the close relation-

ship between endothelial function and adipo-
nectin levels, particularly the high-molecular-
weight form of adiponectin, which is the
biologically active form of circulating adipo-
nectin.10 Adiponectin is present abundantly
in plasma and is decreased in conditions such
as obesity, type 2 diabetes mellitus, coronary
artery disease and hypertension, suggesting
that dysregulated plasma adiponectin
increases susceptibility to atherosclerotic vas-
cular diseases. In addition to improving insu-
lin sensitivity, adiponectin has been shown to
have a direct effect on vessel walls. Plasma
adiponectin accumulates rapidly in the sub-
endothelial space of injured human arteries.
As a result, adiponectin is able to enhance
NO production in endothelial cells via
AMP-activated protein kinase11 or phospha-
tidylinositol 3-kinase-dependent pathways.12

Hence, adiponectin might be an endogenous

modulator of endothelial cell function.
Another possible explanation of its relation-
ship with endothelial function is that adipo-
nectin may serve as an anti-inflammatory
molecule for vascular walls that can attenuate
the excessive inflammatory responses in vas-
cular walls and prevent vascular remodeling
(Table 2).
The adiponectin-elevating effects of medi-

cations have also been shown by treatment
with the angiotensin II receptor blocker
candesartan or the angiotensin-converting
enzyme inhibitor temocapril, and have been
associated with increasing insulin sensitivity
with no change in adiposity.13 Another angio-
tensin II receptor blocker, valsartan,14 also
increased adiponectin levels in obese subjects
with normal glucose tolerance. These results
indicate that each renin–angiotensin system
blocker, even without an agonist for
peroxisome proliferator-activated receptor-g,
appears to be able to increase adiponectin
levels. In the future, it will be necessary to
provide clinical evidence that the prevention
of overt cardiovascular diseases can be
achieved by increasing adiponectin levels
induced by renin–angiotensin system block-
ers, such as telmisartan, regardless of lowering
blood pressure.
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Table 1 Endothelial function

Regulation of vascular tone

Antioxidant effects

Anti-inflammatory effects

Antihypertrophic effects

Antithrombotic effects

Anticoagulant effects

Profibrinolytic effects

Table 2 Effects of adiponectin

Glucose uptake in tissues

Increasing insulin sensitivity

Inhibition of gluconeogenesis in liver

Free-fatty acid oxidation in skeletal muscle and liver

NO production in endothelium

Anti-inflammatory effects
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