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Combination therapy of angiotensin receptor blocker
with statin or thiazolidinediones as promising
therapeutic strategy for metabolic syndrome
and atherosclerosis
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Hypertension, insulin resistance/type 2
diabetes and hypercholesterolemia are

closely associated with each other, and they
all cause vascular endothelial dysfunction,
develop atherosclerosis and consequently
increase cardiovascular morbidity and mor-
tality.1 Very importantly, there is a strong
synergy among hypertension, type 2 diabetes,
and hypercholesterolemia in terms of the risk
factors for the development of cardiovascular
diseases. The frequent association of these
diseases aggravates the process of vascular
endothelial dysfunction and atherosclerosis
in patients with these comorbid conditions.

Renin–angiotensin system (RAS) blockers,
such as angiotensin-converting enzyme inhi-
bitors and AT1 receptor blockers (ARBs), are
shown to be effective for the treatment of not
only hypertension but also cardiovascular and
renal diseases, by exerting multiple pleiotro-
pic effects, including the suppression of
cardiovascular hypertrophy and remodeling,
the improvement of insulin sensitivity
and vascular endothelial function, and anti-
inflammatory and antioxidative effects.2–4

Furthermore, RAS blockers are reported
to reduce the incidence of new-onset
diabetes in high-risk or hypertensive
patients.5 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG CoA) reductase inhibitors
(statins) are the most popular drugs for
treatment of hypercholesterolemia and are
shown to reduce cardiovascular morbidity
and mortality in high-risk patients.1,6 Similar
to RAS blockers, statins are well-known to

have multiple protective effects against
vascular endothelial dysfunction and athero-
sclerosis, being mediated by anti-inflammatory
and antioxidative effects.1,7 Interestingly, in
both preclinical and clinical studies, the com-
bination of an RAS blocker and a statin is
reported to provide additive beneficial effects
on vascular endothelial dysfunction, athero-
sclerosis, inflammation or oxidative stress.

In this issue of Hypertension Research,
Kanno et al.,8 have extended the benefits of
combination therapy of a statin and an ARB.
They have shown that the combination of
pravastatin and olmesartan provided a syner-
gistic improvement of glucose tolerance in
type 2 diabetic mice, and this synergistic
effect was associated with the enhancement
of glucose uptake in skeletal muscle and
adipose tissue. They have also demonstrated
that the attenuation of tissue oxidative stress
by combination therapy is involved in the
synergistic improvement of insulin sensitivity
due to the combination. Furthermore, the
same group of investigators has previously
reported that a statin (fluvastatin) enhances
the inhibitory effects of an ARB (valsartan)
on atherosclerotic changes in apolipoprotein
E-deficient mice.9 Taken together, Kanno
et al.,8 propose that the combination of a
statin and an ARB could confer a promising
therapeutic strategy for metabolic syndrome
and atherosclerosis.

Previously, we have also reported that the
combination of an ARB (olmesartan) and a
statin (pravastatin) offers more beneficial
effects on cardiovascular hypertrophy and
remodeling, and vascular endothelial dys-
function in salt-loaded Dahl salt-sensitive
hypertensive rats (DS rats) than does either
monotherapy.10 Greater protective effects of
their combination against cardiovascular

remodeling in DS rats are at least partially
attributed to a greater attenuation of tissue
oxidative stress and inflammation, indepen-
dent of blood pressure and plasma cholesterol
control. Furthermore, the additive improve-
ment of the vascular endothelial function by
the combination is mediated by both the
inhibition of endothelial nitric oxide synthase
uncoupling by olmesartan and the enhance-
ment of Akt phosphorylation by pravastatin.
Our previous study10 provides the mechan-
isms underlying earlier clinical findings11 that
the combination of a statin (simvastatin) with
an ARB (losartan) improves endothelial func-
tion and reduces inflammatory markers to a
greater extent than does either monotherapy
in hypercholesterolemic, hypertensive patients.
Taken together with the report by Kanno
et al.,8 the combination of a statin and an
ARB is predicted to provide additive benefits
in the prevention of cardiovascular diseases,
through differential pleiotropic effects.

More than half of hypertensive patients
are associated with insulin resistance and/or
type 2 diabetes, and the coexistence of hyper-
tension and diabetes markedly increases
cardiovascular morbidity and mortality.12

Therefore, the development of an appropriate
therapeutic strategy for hypertensive patients
with diabetes is a key issue in achieving a
successful reduction of cardiovascular dis-
eases. Thiazolidinediones (TZDs),13 such as
pioglitazone, are synthetic peroxisome prolif-
erator-activated receptor-g agonists that act
as an insulin sensitizer and are widely used as
one of the major therapeutic drugs for type 2
diabetes. Interestingly, clinical evidence14

indicates that pioglitazone not only
ameliorates hyperglycemia by improving
insulin sensitivity but also reduces the
incidence of cardiovascular events in high-
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risk type 2 diabetic patients, beyond blood
glucose control. Importantly, emerging
evidence shows that pioglitazone exerts mul-
tiple beneficial pleiotropic effects on not only
adipose tissue but also cardiovascular and
cerebral tissues.13,15 As the mechanisms
underlying pleiotropic effects differ between
pioglitazone and the RAS blocker, the com-
bination of these different classes of agents is
expected to exert an additive benefit in the
reduction of cardiovascular morbidity and
mortality. We have previously examined the
potential benefit of a combination of an
ARB (candesartan) and pioglitazone in
hypertensive rats and have shown that their
combination prevents cardiac hypertrophy,
inflammation and fibrosis, and vascular
endothelial impairment in hypertensive rats
more than does either monotherapy, inde-
pendent of blood pressure and blood glucose
control.16 Furthermore, their combination
exerts an additive suppression of cardiovas-
cular NADPH oxidase activity in hypertensive
rats, which is attributed to the additive down-
regulation of NADPH oxidase subunits,
p22phox and Nox1.16 Therefore, the additive
benefits of the combination of these drugs, in
terms of the prevention of cardiovascular
injury, seem to be mediated by a greater
attenuation of tissue oxidative stress than by
either monotherapy. Our previous report
highlights the combination of an ARB and a
TZD as a promising strategy for the preven-
tion or treatment of cardiovascular diseases in
patients with both hypertension and type 2
diabetes.

From the preclinical studies described above,
there is a strong scientific rationale for com-
bining an ARB with a statin or a
TZD in terms of treatment of cardiovascular
diseases in high-risk comorbid patients
(Figure 1). The combination of these different
classes of drugs, besides normalization of
blood pressure, lipid metabolism or blood
glucose, exerts an additive or synergistic sup-
pression of vascular endothelial dysfunction
and atherosclerosis through a potent attenua-
tion of oxidative stress and inflammation.
Hence, a combination of an ARB with a statin
or a TZD in one pill is expected to offer
additive benefits with respect to the
prevention and treatment of cardiovascular
diseases in comorbid patients receiving
long-term polymedication therapy. However,
a large-scale clinical prospective trial is war-
ranted to confirm this proposal.
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Figure 1 Beneficial pleiotropic effects of statins, angiotensin receptor blockers (ARBs) and

thiazolidinediones (TZDs). These different classes of drugs, by different mechanisms, attenuate tissue

oxidative stress and inflammation, leading to the amelioration of vascular endothelial dysfunction,

atherosclerosis and cardiovascular remodeling.
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