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Angiotensin II receptor blocker is a renoprotective
remedy for metabolic syndrome
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Obesity leads to a high risk of developing
various diseases, such as type II

diabetes, hypertension, dyslipidemia and
ischemic heart disease. Metabolic syndrome
is characterized by visceral obesity, glucose
intolerance, dyslipidemia and hypertension.
Insulin resistance and activation of the sym-
pathetic nerve system were often observed
in individuals with metabolic syndrome.
Although the absence of leptin or its
receptor causes severe obesity and hyperpha-
gia in humans and in rodents,1 leptin itself
has not yet been used as a practical medicine
for metabolic syndrome. As the prevalence of
metabolic syndrome has been increasing
along with the development of modern con-
veniences throughout the world, establish-
ment of an effective prevention against
metabolic syndrome is greatly anticipated.

There are few clinical studies on metabolic
syndromes treated with angiotensin II recep-
tor blocker (ARB). On the other hand, large-
scale clinical trials for diabetes mellitus have
shown that aggressive treatments with ARB
were effective in reducing microalbuminuria,
or that they suppressed the progression to
overt diabetic nephropathy.2–5 Additional
studies for advanced renal insufficiency have
also shown that ARBs inhibited the transition
from overt nephropathy to end-stage renal
disease in type II diabetic patients.6–8 These
data suggested that treatments with ARB
ameliorated each stage of diabetic nephro-
pathy other than antihypertensive properties
(Figure 1). Therefore, ARB for diabetic
nephropathy has established an indispensable
therapy in large-scale clinical studies2–8

and stage-matched experimental studies.9–12

Moreover, the Randomised Olmesartan
and Diabetes Microalbuminuria Prevention
(ROADMAP) study is ongoing, and its pur-
pose is to determine whether ARB would be
able to prevent the occurrence of microalbu-
minuria in type II diabetic patients with
normoalbuminuria.13

The renin–angiotensin–aldosterone system
(RAAS) in the kidney is believed to be
involved in a crucial network that has influ-
ence in the development of renal injury. It is
reported that increases in intrarenal angio-
tensin II induce renal injury in several animal

models.9,10,14–17 Renal injury in diabetic
nephropathy was formerly believed to be
less involved with RAAS due to the fact that
plasma renin activity in patients with diabetes
mellitus is relatively lower than in normal
individuals. However, Nagai et al.9 proved
that intrarenal angiotensin II contents in
prediabetic kidney were already higher than
those in nondiabetic rats in spite of the
plasma angiotensin II level being low. In
addition, Nishiyama et al.10 reported that
ARB treatment restored angiotensin II con-
tents in the kidney concomitant with the
prevention of microalbuminuria.
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Figure 1 The stages of diabetic nephropathy in humans and the relationships between therapeutical

interventions by ARBs and renal functions. Renal functions are determined by GFR (left axis) and/or by

the extent of albuminuria (right axis). Several large clinical studies and experimental studies matched
with the natural clinical stage of diabetic nephropathy have been carried out for a decade.2–13 Broken

lines indicate the supposed course after starting interventional treatments of ARBs. An experimental

model of metabolic syndrome is similar but not identical to diabetic nephropathy.18 Numbers in

parentheses indicate the reference number. GFR, glomerular filtration rate; ARB, angiotensin II receptor

blocker; ESRD, end-stage renal disease.
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In this issue of Hypertension Research,
Watanabe et al.18 report that treatment with
olmesartan effectively decreases urinary
protein level and ameliorates pathological
damages in the kidney of spontaneously
hypertensive (SHR)/NDmcr-cp rats, an
experimental model for metabolic syndrome.
SHR/NDmcr-cp rats have a genetic mutation
of leptin receptor genes, so that they develop
severe obesity and hyperphagia similar to
ob/ob mice. Instead of type 2 diabetic rats
(9–12), the SHR/NDmcr-cp rats showed
more prominent accumulation of visceral
fat than those type 2 animals, and were
considered as the better model for advanced
metabolic syndrome. In their study, renal
injury in SHR/NDmcr-cp rats represented a
histological change similar to early features of
diabetic nephropathy, such as mesangial
matrix expansion and thickening of glomer-
ular basement membrane, in an analysis
using electron microscopy. However, they
excreted urinary protein before renal patho-
logical changes at 9 weeks of age when they
seemed to be in an early stage of metabolic
syndrome. Not only olmesartan but also
hydralazine was able to decrease urinary pro-
tein excretion; therefore, antihypertension
treatment was essential for metabolic syn-
drome at all cost. Nevertheless, the decrease
in urinary protein excretion was more
remarkable in olmesartan-treated animals at
the end of the study. Although plasma angio-
tensin II levels were similar to each other in
all experimental groups, administration of
only olmesartan ameliorated the pathological
abnormalities of renal glomerular and
tubulointerstitial injuries with the suppres-
sion of TGF-b (tumor growth factor-b) and
type IV collagen in rats with metabolic syn-
drome. Interestingly, no remarkable change
was observed in electron microscopic analysis
in SHR/NDmcr-cp rats at 9 weeks of age,
despite these animals showing overt protei-
nuria. In general, the incidence of proteinuria
and/or microalbuminuria is usually attribu-
ted to the lesions of the glomerular basement
membrane involved in podocyte ultrastruc-
tural abnormality. For instance, a recent
report showed that a significant accumulation
of cytoplasmic granules with albumin immu-
nosignals in podocyte was observed in the
early phase of type II diabetic rats and that
strict angiotensin II blockade by telmisartan
prevented the incidence of microalbuminuria
and podocyte abnormalities.10

Those discrepancies between diabetic
nephropathy9–12 and metabolic syndrome18

in animal models might derive from the
influence of glomerular hyperfiltration,
which is caused by obesity. Hyperfiltration

with obesity independently increases glomer-
ular arterial pressure and leads to microalbu-
minuria without podocyte injury.19 We then
summarized the relationships between clin-
ical2–8,13 or experimental9–12 interventions by
ARBs and the natural course of diabetic
nephropathy in Figure 1. Diabetes nephro-
pathy in humans is usually determined by the
glomerular filtration rate and/or the extent of
albuminuria (proteinuria). As many reports
suggested that interventional treatments of
ARBs improved the renal function in any
phase of diabetic nephropathy, the renopro-
tective effects of ARBs would be expected as
soon as possible to initiate medicines. In
metabolic syndrome, ARB also prevented
the progression of albuminuria and patholo-
gical abnormalities;18 however, we could not
accurately determine a suitable period for
diabetic nephropathy for this SHR/NDmcr-cp
rat model, because renal injury and albumi-
nuria occurred much earlier than we expected
in diabetic nephropathy (Figure 1). We there-
fore consider this experimental model for
metabolic syndrome to be similar but not
identical to diabetic nephropathy, rather it
might be close to obesity-induced secondary
nephrosclerosis.

Several candidates may contribute toward
causing microalbuminuria in metabolic syn-
drome (Figure 2). Hypertension accompa-
nied with a disorder of RAAS and
hyperglycemia not only impairs insulin sig-
naling but also induces oxidative stress in the
glomeruli. Generated reactive oxygen species

may additionally accelerate podocyte damage
through a loss of slit pore diaphragm integ-
rity.16 Patients who have metabolic syndrome
often show glomerular hyperfiltration as a
risk for cardiovascular event.20 The hemody-
namic action of angiotensin II has an impor-
tant role in glomerular damages. Podocyte
injury, which is directly linked to microalbu-
minuria, may be affected by an increase in
glomerular capillary pressure through the
constriction of efferent arterioles. Moreover,
the accumulation of intrarenal angiotensin II
causes an increase in angiotensin II type 1
receptor (AT1R) gene expression similar to an
autocrine loop of angiotensin II.15,17 We now
recognize that ARBs such as olmesartan have
so-called ‘beyond antihypertensive effects’ by
blocking AT1R-mediated action in metabolic
syndrome.18 Taken together, we finally con-
clude that ARB is a putative panacea for
modern life at present.

As shown in Figure 1, large-scale clinical
studies using ARBs have been conducted in
diabetic nephropathy,2–8,13 whereas there are
still few evidences in metabolic syndrome
treated with ARB. Further investigations are
necessary to clarify the mechanisms relating
to how metabolic syndrome develops renal
injury.
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Figure 2 The hypothetical mechanisms for incidence of microalbuminuria in metabolic syndrome.

Hyperglycemia and hypertension cause the accumulation of intrarenal angiotensin II contents and

intraglomerular reactive oxygen species. Intrarenal angiotensin II contents and intraglomerular reactive

oxygen species directly lead to podocyte dysfunction, which links to microalbuminuria. Three broken

lines indicate the inhibitory effects of ARB in metabolic syndrome. Ang II, angiotensin II; ARB,
angiotensin II receptor blocker.
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