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Mechanism of Angiotensin II Type 1
Receptor Blocker Action in the Regression of
Left Ventricular Hypertrophy

Sverre E. Kjeldsen, MD, PhD;!? Arne Strand, MD;' Stevo Julius, MD, ScD;? Peter M. Okin, MD3

Left ventricular bypertrophy refers to a pathologic
increase in left ventricular mass and is associated
with an increased risk of subsequent cardiovascular
morbidity and mortality from any cause. In the
development of left ventricular hypertrophy there

is growth of cardiomyocytes and accumulation of
extracellular matrix and fibrosis. The actions are
partly induced by angiotensin I, the principal effec-
tor of the renin-angiotensin-aldosterone system,
binding to the AT, receptor. Biochemical markers,
some implicated in inflammatory changes, correlate
with changes in left ventricular mass. The reduction
in left ventricular mass brought about with angio-
tensin-converting enzyme inhibitor or angiotensin
receptor blocker (ARB) therapy correlates with a
reduction in these inflammatory changes, monitored
by brain natriuretic peptide. Recent studies incor-
porating trials of ARBs have found ARBs to be
more effective in reducing left ventricular mass than
B blockers and possibly more effective than calcium
antagonists. Initial studies suggest that ARBs and
angiotensin-converting enzyme inhibitors may have
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similar effects in terms of reducing left ventricular
hypertrophy, and the combination of angiotensin-
converting enzyme inbibitors and ARBs is thought
to be synergistic due to a more complete inhibition
of the renin-angiotensin-aldosterone system. In
conclusion, these agents are efficacious in antiby-
pertensive therapy and can play an important role
in the prevention or regression of left ventricular
hypertrophy due to hypertension. (] Clin Hypertens.
2006;8:487-492) ©2006 Le Jacq Ltd.

Left ventricular hypertrophy (LVH) refers to
a pathologic increase in left ventricular mass
(LVM) and can be a manifestation of preclinical
cardiovascular disease. LVH is associated with an
increased risk of subsequent cardiovascular mor-
bidity and mortality from any cause.

LVH occurs in response to pressure overload
(such as that imposed by hypertension) or volume
overload (such as that imposed by aortic regur-
gitation or some form of renal failure).!3 With
pressure overload, LVH occurs primarily through
hypertrophy of existing cardiomyocytes (i.e., an
increase in existing cell size but not in cell number).
As a result, hypertensive LVH often presents as an
increase in relative wall thickness to compensate
for the increased blood pressure (BP). This paral-
lel addition of sarcomeres (segment of myofibril
representing the functional unit of heart muscle)
produces an increase in sarcomere width resulting
in increased wall thickness-to-lumen volume ratio.
This is referred to as concentric hypertrophy.

With volume overload, the resultant LVH
enables a high stroke volume to be sustained. In
this case, dilation leads to an increase in LVM with
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Figure. The scheme shows inhibition of the renin-angiotensin system with an angiotensin-converting enzyme inhibitor
(ACEI) and an angiotensin receptor blocker (ARB). Blocking the effects of angiotensin (Ang) 11 induces regression of

left ventricular bypertrophy (LVH).

no increase in relative wall thickness. This type of
hypertrophy occurs primarily via cardiomyocyte
elongation and addition of sarcomeres at the ends
of muscle fibers in series, to produce an increase in
ventricular volume and a normal-to-decreased wall
thickness-to-lumen volume ratio. This is known as
eccentric hypertrophy.

Of the two types of LVH, the concentric hyper-
trophy pathogenesis is triggered by hypertension
and, therefore, it would be logical to assume that
this may be the type of LVH that responds best
to antihypertensive therapy. However, eccentric
hypertrophy is not an uncommon consequence of
hypertension, and both types of hypertrophy have
been shown to respond to certain types of antihy-
pertensive therapy independent of BP lowering.*

LVH is characterized by increases in the amount
of surrounding connective tissue, with cardiac fibro-
sis involving increased deposition of collagen.’

Over time, the thickened fibers of the hypertrophied
heart become less able to contract and relax, and
changes in collagen result in increased stiffness. In
addition to the mechanical stress of pressure over-
load, various systemic and locally expressed factors,
such as cytokine transforming growth factor-f1
and angiotensin II, play a role in the development
of LVH associated with hypertension. Increased
expression of fetal genes, including genes for natri-
uretic peptides and fetal contractile proteins, is also
observed during cardiac hypertrophy.®

The most common methods of detection of LVH
are the electrocardiogram and echocardiography,
with echocardiography having a higher sensitivity
for LVH than electrocardiogram.? In echocardiog-
raphy, left ventricular (LV) dimensions are used
to calculate LVM by a validated formula, which
correlates closely to LVM at autopsy (r=0.90;
p<0.001). LVH can be defined as LVM indexed to
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body surface area >116 g/m? in men and >104 g/m?
in women,” with some variations between different
studies.®® An electrocardiogram has relatively low
sensitivity but high specificity.®'® The product of
QRS duration times Cornell voltage (with adjust-
ment of 6 mm in women and a partition value of
>2440 mm x ms) is recommended to recognize
LVH and yields the best sensitivity.®!9 LVH is an
independent predictor of adverse cardiovascular
outcomes.®!1=1* Among patients with hyperten-
sion, presence of LVH increases the risk of progres-
sion to heart failure.!®

IMPORTANCE OF ANGIOTENSIN II IN LVH
Angiotensin II is the principal effector of the renin-
angiotensin-aldosterone system. The effects of
angiotensin II are mediated by its binding to two
subtypes of cell surface receptors, AT, and AT,.
Binding of angiotensin II to the AT, receptor medi-
ates its classical physiologic actions: regulation of
BP and regulation of plasma volume.'® Many of
the responses to angiotensin II mediated through
the AT, receptor can be deleterious, e.g., sym-
pathetic nervous system activation—resulting in
reinforced vasoconstriction and increased rate and
force of heart contraction, renal tubular sodium
reabsorption, and decreased renal blood flow.!6:1”

In addition, angiotensin I, via its interaction with
the AT, receptor, is a potent promoter of cardio-
myocyte growth and is involved in the development
of LVH (Figure). Angiotensin II-mediated effects on
cardiovascular cell growth may take place through a
variety of mechanisms. Stimulation of early response
genes by angiotensin II via the AT, receptor results
in increased production of growth factors, vaso-
constrictor agents, adhesion molecules, integrins,
and tumor necrosis factor a.'® Angiotensin II, via
the AT, receptor, also induces the accumulation
of extracellular matrix and fibrosis,!¢18-20 and it
may exert its effects on remodeling and fibrosis
by stimulating aldosterone.® It is thought that
binding of angiotensin II to the AT, receptor medi-
ates generally favorable effects that counteract the
responses induced by the AT, receptor.?! However,
this requires further clarification.?2-24

POTENTIAL BIOCHEMICAL MARKERS

OF LVH AND EFFECT OF AT,

RECEPTOR BLOCKADE

Several biochemical markers have been associated
with LVH. Many of these have been implicated in
the inflammatory changes resulting from hyperten-
sion, such as monocyte chemoattractant protein-1,
which controls monocyte function through its
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receptor CCR2,2° and plasma B-type natriuret-
ic peptide, which is an independent marker of
increased LVM.?27 AT receptor blockade may
reduce such LVH markers: Suppression of mono-
cyte chemoattractant protein-1 expression induced
by an angiotensin II receptor blocker (ARB) and
other agents that block the renin-angiotensin
system results in reduced monocyte/macrophage
accumulation and may, in part, account for the
BP-independent regression of LVH.?>2%2° More
research of the importance of inflammatory mark-
ers for LVH regression in humans is needed,
however. The reduction in LVM brought about by
ARB therapy correlates with a reduction in B-type
natriuretic peptide.3°

EFFECTS OF ANTIHYPERTENSIVE

AGENTS ON LVH

Most antihypertensive therapy can prevent progres-
sion and even achieve partial regression or reversal
of LVH in terms of reduction in LVM.3! However,
the different antihypertensive agents vary in their
mode of action and in their propensity to decrease
LVM independent of BP lowering; thus, it is pos-
sible that some will be more effective than others
in regression of concentric and eccentric LVH. In
1992, a meta-analysis of 109 studies of antihyper-
tensive therapy (that did not include ARBs) in LVH
patients showed that angiotensin-converting enzyme
(ACE) inhibitors, B blockers, calcium antagonists,
and diuretics all reduced LVM.3? Diuretics predomi-
nantly reduced ventricular diameter, whereas the
other agents predominantly reduced wall thickness.
The LVM-reducing effect was most marked with
ACE inhibitors in this review.3?

Other early meta-analyses indicated that ACE
inhibitors and calcium antagonists provided great-
er improvements in LVH parameters than did
B blockers and other antihypertensive medica-
tions.3>3 Concentric changes are seen more in
women and eccentric changes more in men3®—this
may, in part, explain the gender-specific effects of
some but not all antihypertensive agents.3” In fact,
Safar and Smulyan3” suggested that the develop-
ment of hypertension and structural changes in
the heart and blood vessels over time may be quite
different in men and women and explain why some
trial evidence showed benefit of ACE inhibitor
treatment in men but not in women.

MECHANISM OF ACTIONS OF ARBs

ARBs are selective inhibitors of the AT, receptors;
the mechanism of action thus differs from that of
other antihypertensives, including the mechanism
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of action of ACE inhibitors. Alternate pathways
exist for production of angiotensin II beyond its
conversion from angiotensin I by ACE.?! Therefore,
selective blockade of the AT, receptor by ARBs
would intuitively seem to provide the most effec-
tive means of combating the deleterious effects of
angiotensin II in processes such as LVH (Figure).

COMPARISON OF ARBs WITH OTHER
ANTIHYPERTENSIVE THERAPY ON LVH
There may be differential effects of ARBs compared
with ACE inhibitors, calcium antagonists, and
B blockers on reducing LVH. A recent meta-analy-
sis incorporating studies of ARBs found that ARBs
are effective in reducing LVM and more effective
than B blockers.?® In the Losartan Intervention
for Endpoint Reduction in Hypertension (LIFE)
study,> ARB-based antihypertensive therapy with
losartan achieved a significantly greater reduction
in LVH than did p blocker-based therapy with an
atenolol-based regimen, despite similar reductions
in BP. Blocking the effects of angiotensin II on the
AT receptor is thus likely to achieve greater LVH
regression than therapy with some other agents
with different antihypertensive mechanisms, and
this may help explain the LIFE study findings.
Similar results were seen in the Swedish Irbesartan
Left Ventricular Hypertrophy Investigation versus
Atenolol (SILVHIA) study,* in which the ARB
irbesartan achieved a greater reduction in LVM
than did a B blocker atenolol-based regimen.
Studies with ACE inhibitors also report the same.3®
It should be remembered that all these studies,
including LIFE, were multiple drug studies, usually
with a diuretic as part of the therapeutic program.
Studies to date also suggest that ARBs may be
more effective than calcium antagonists in reduc-
ing LVM*1=8; however, this may require further
investigation. As noted, initial studies suggest that
ARBs and ACE inhibitors may produce similar
degrees of LVM reduction,”** and that combined
ACE inhibition and AT, receptor blockade may be
more effective than either monotherapy in reduc-
ing LVM.**" The combined effect of AT, recep-
tor blockade and ACE inhibition is thought to be
synergistic (at optimal low doses), and the increase
in LVH regression seen with combined therapy
compared with monotherapy is thought to be due
to a more complete inhibition of the renin-angio-
tensin-aldosterone system, possibly involving inter-
actions with sympathetic kinases and kinins.*® The
significant correlation between plasma aldosterone
levels and LVM in hypertensive patients with con-
centric LVH*® suggest that the marked reduction in

LVM seen with combined AT, receptor blockade
and ACE inhibition may, in part, be linked to the
reduction in plasma aldosterone noted with these
agents.?>?%2 Thus, combination of an aldosterone
antagonist with an ACE inhibitor or ARB may
prove to be even better in lowering BP and reduc-
ing proteinuria and LVH, but there are no data
available to confirm this.

EFFECTS OF IMPROVING LVH ON
CARDIOVASCULAR OUTCOMES
Improvements in LVH (reduced LVM) with antihy-
pertensive therapy usually correlate with improve-
ments in long-term cardiovascular outcomes, pos-
sibly independent of BP lowering”-**->3; however,
in one study that included an ACE inhibitor,’! a
difference in BP may have played a role in out-
come. In the LIFE study, an ARB-based regimen
prevented strokes better than therapy based on a
B blocker—with similar reductions in BP.%*

CONCLUSIONS

LVH predicts a poor prognosis independent of
the patient’s BP level. Several major studies have
presented evidence suggesting that LVH should be
a therapeutic target in addition to BP control. The
actions of angiotensin II, mediated through the AT,
receptor, are critical in the development of LVH.
Therapy interfering with the interaction between
angiotensin II and the AT, receptor regresses LVH
in patients with hypertension. BP control should
be the first priority in reducing LVH. ARBs are
efficacious in lowering BP and are recommended
as possible initial therapy for hypertension and,
like other agents that affect the renin—angiotensin
system, may confer LVH reduction and cardiovas-
cular benefits beyond BP lowering. Medications
that block the renin-angiotensin-aldosterone sys-
tem, including ARBs, may prove to be agents of
choice in hypertensive patients to prevent LVH and
produce regression of LVH when present. It should
be remembered that all of the trials that have sug-
gested this were multidrug trials that included an
ACE inhibitor or ARB, usually with a diuretic or
other medication.

Disclosure: This project was supported by Daiichi Sankyo, Inc.,
Parsippany, NJ.
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