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The renin-angiotensin system (RAS) plays a pivotal role in the progression of some
forms of hypertension and cardiovascular disease. The development of angiotensin-
converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) has
provided physicians with effective and well-tolerated inhibitors of the RAS. However,
it remains open to question whether ACE inhibitors and ARBs have fully delivered the
reductions in cardiovascular risk that we might have expected. There is little doubt
that in conditions such as chronic and acute heart failure or diabetic nephropathy
these drugs have provided significant protection. But, in patients with high-risk 
hypertension, for instance, the anticipated benefits of RAS blockade have been less
obvious. This article provides a critical assessment of the results of clinical trials of
ACE inhibitors and ARBs across a variety of clinical conditions and assesses the
potential need for new methods for blocking the renin system, including the use of
renin inhibitors. 
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The development of effective inhibitors of the renin-angiotensin system
(RAS) has represented a major step forward in the treatment of hyper-
tension and cardiovascular diseases. Based on experimental and clinical

studies using angiotensin-converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs), we now know that RAS activity may be a key factor in
the pathophysiology and development of hypertension, renal disease, athero-
sclerosis, diabetes, and heart failure in a substantial number of patients.1,2
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The role of the RAS in patients
with primary hypertension is not
known. However, in conditions such
as diabetes mellitus and heart failure,
dysregulation of the RAS is clear. It is
now accepted that angiotensin II,
the chief effector of this system, may
play a role in cardiovascular remod-
eling, leading to structural and func-
tional changes in the myocardium,
kidneys, and vasculature.2 Activity of
the RAS in the pancreas and adipose
tissue could play a big part in creat-
ing insulin resistance and diminish-
ing beta cell responsiveness, thus
making obese people more suscepti-
ble to diabetes.3,4 The organ damage
caused by the RAS may be indepen-
dent of blood pressure (BP); in-
creased plasma renin activity in
patients with hypertension is associ-
ated with an increased risk of my-
ocardial infarction (MI), even when
BP levels are effectively controlled by
antihypertensive therapy.5

Given the evidence for the impor-
tance of RAS activation in cardiovas-
cular disease, it was widely antici-
pated that interrupting this system
would represent a clear step forward
in reducing cardiovascular morbidity
and mortality. This article examines
whether this outcome has actually
occurred, and it looks forward to ex-
pected innovations in the area of
RAS inhibition.

ACE Inhibitors and ARBs:
Surveying the Evidence
ACE inhibitors and ARBs are very
useful antihypertensive drug classes
that have been proven to lower BP
effectively and with good tolerabil-
ity. The ARBs in particular have
proven to be remarkably well toler-
ated—consistently demonstrating
placebo-like tolerability—and have
set a gold standard in safety for fu-
ture antihypertensive therapies. But,
the ultimate aim of drug treatment
for hypertension is to reduce mor-

bidity and mortality. Hence the key
question in evaluating the success of
ACE inhibitors and ARBs is: have
these drugs delivered the improved
cardiovascular outcomes that were
anticipated?

In reality, the answer is not com-
pletely clear. ACE inhibitors and
ARBs have not delivered the major re-
ductions in cardiovascular outcomes
that were predicted given the broad
role of RAS activation in the patho-
physiology of cardiovascular disease.
This raises the issue of whether the
RAS is as broadly dysregulated in hy-
pertension as previously believed, or
alternatively that our current strate-
gies are not fully effective in block-
ing this system.

What is the evidence that ACE
inhibitors and ARBs have not fully
delivered the hoped-for reductions
in cardiovascular outcomes? For in-
stance, a recent meta-analysis of 27
randomized trials involving a total of
158,709 patients conducted by the
Blood Pressure Lowering Treatment
Trialists’ Collaboration (BPLTTC)
showed no significant advantage of
ACE inhibitors or ARBs over other an-
tihypertensive classes with regard to
major clinical outcomes.6 It might be
more valuable, however, to discuss
the results of individual clinical trials
that have evaluated the effects of
ACE inhibitors and ARBs in different
clinical conditions, and to critically
assess the evidence for benefits of
these agents over other drug classes.

Landmark Outcome Trials in
Patients at High Cardiovascular
Risk
High-Risk Patients
ACE inhibitors in particular have im-
proved outcomes in clinical trials of
high-risk cardiovascular patients (in
which some patients were not classi-
fied as hypertensive). The best
known of these trials is the Heart
Outcomes Prevention Evaluation

(HOPE) study, in which the ACE in-
hibitor ramipril significantly reduced
the incidence of MI, cardiovascular
death, or stroke by 22% compared
with placebo (P � .001) in high-risk
patients (patients with a history of
cardiovascular disease or with com-
plicated diabetes).7 Similarly, in the
European Trial on Reduction of Car-
diac Events with Perindopril in Pa-
tients with Stable Coronary Artery
Disease (EUROPA) study, perindopril
significantly reduced cardiovascular
events by 20% compared with
placebo (P � .0003).8 Even so, since
in both these studies BP was reduced
by the ACE inhibitor treatment, it is
likely that at least some of the car-
diovascular benefits achieved by the
ACE inhibitors were due to reduc-
tions in BP.

Interestingly, the benefits of ACE
inhibitor therapy in HOPE and EU-
ROPA have not been repeated in
some other recent trials of high-risk
patients. In the Prevention of Events
with Angiotensin Converting En-
zyme Inhibition (PEACE) trial,
adding an ACE inhibitor to conven-
tional therapy did not provide addi-
tional cardiovascular benefits in pa-
tients with coronary artery disease
(CAD). In particular, trandolapril did
not reduce the incidence of the pri-
mary study endpoint of cardiovascu-
lar death, MI, or coronary revascular-
ization compared with conventional
therapy alone.9 This study might
have been confounded, however, by
the beneficial effects of ongoing ag-
gressive therapy with statins, an-
tiplatelet drugs, and other risk-reduc-
ing therapies.

The Comparison of Amlodipine
Versus Enalapril to Limit Occur-
rences of Thrombosis (CAMELOT)
study similarly failed to demonstrate
improved outcomes with ACE in-
hibitor therapy in patients with an-
giographically documented stable
CAD. CAMELOT compared the effects
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of the ACE inhibitor enalapril or the
calcium channel blocker amlodipine
with placebo on cardiovascular
events in patients with CAD. Al-
though amlodipine significantly re-
duced the rate of cardiovascular
events by 31% compared with
placebo (P � .003), the effects of
enalapril treatment—for the same
degree of BP-lowering—were not sig-
nificant (15% reduction; P � .16).10

It is possible that this negative result
reflected an inadequate dose of the
ACE inhibitor, and, again, the study
results could have been influenced
by ongoing statin therapy.

Heart Failure Patients
Neurohormonal activation has been
strongly implicated in the progres-
sion of heart failure, so RAS in-
hibitors and aldosterone might be
expected to provide particular bene-
fits in heart failure patients. Early tri-
als such as the Cooperative North
Scandinavian Enalapril Survival
Study (CONSENSUS) supported this
expectation by demonstrating that
enalapril reduced mortality by 27%
compared with placebo (P � .003) in
patients with heart failure.11

Turning to ARBs, the Valsartan
Heart Failure Trial (Val-HeFT) as-
sessed the clinical outcome benefits
of valsartan treatment in patients
with chronic heart failure. In Val-
HeFT, adding valsartan to existing
therapies (including ACE inhibitors)
led to a 13.2% reduction compared
with placebo (P � .009) in the inci-
dence of the primary study endpoint
of mortality and cardiovascular mor-
bidity, which was driven primarily
by a reduction in hospitalizations
due to heart failure.12 However, in a
small subset of patients not receiving
ACE inhibitors, the ARB significantly
reduced mortality and morbidity.

The Candesartan in Heart Failure
Assessment of Reduction in Mortal-
ity and Morbidity (CHARM-Overall)

trial showed that ARB treatment in
chronic heart failure patients signifi-
cantly reduced the hard endpoints of
all-cause mortality by 10% (P � .032)
and cardiovascular death by 13%
(P � .006).13 But, despite the inter-
esting and important endpoint bene-
fits observed with candesartan in the
CHARM studies, residual mortality
remained high (23% and 25% in the
candesartan and placebo groups, re-
spectively). The fact that nearly 1 in
4 patients died during the course of
the trial despite treatment with an
ARB (and, in some patients, an ACE
inhibitor) shows that there might
still be scope to improve clinical out-
comes in the treatment of patients
with heart failure. Among the strate-
gies to be considered, alternative
methods for inhibiting the RAS
could be worth testing.

Post-Myocardial Infarction Patients
The benefits of ACE inhibitor treat-
ment in patients with acute compro-
mise of left ventricular systolic func-
tion following MI were demonstrated
in the Survival and Ventricular En-
largement (SAVE) trial. SAVE showed
that long-term treatment with the
ACE inhibitor captopril significantly
reduced mortality by 19% (P � .019)
and also reduced cardiovascular mor-
bidity compared with placebo.14 The
Valsartan in Acute Myocardial Infarc-
tion Trial (VALIANT) investigated
whether the ARB valsartan alone or
in combination with captopril would
provide superior cardiovascular out-
comes compared with captopril
monotherapy in post-MI patients
with impaired systolic function.15 Re-
sults demonstrated that valsartan was
equal to captopril monotherapy in its
effects on major endpoints. The ACE
inhibitor and ARB combination did
not provide improved cardiovascular
outcomes compared with the ACE
inhibitor alone. The VALIANT data
therefore suggest that further prog-

ress in this area, at least as far as the
RAS is concerned, might require a dif-
ferent approach to inhibition.

Diabetic Nephropathy Patients
Diabetes mellitus is regarded as a
compelling indication for the use of
ACE inhibitors or ARBs in treating
hypertension. Activation of the RAS
is a key step in the progression of
diabetic kidney disease, even when
plasma levels of renin activity do not
appear to be increased. ACE in-
hibitors and ARBs have demon-
strated renoprotective benefits in pa-
tients with diabetic nephropathy in
trials such as the Captopril Collabo-
rative Study, the Reduction of End-
points in NIDDM (non-insulin-de-
pendent diabetes mellitus) with the
Angiotensin II Antagonist Losartan
(RENAAL), and the Irbesartan Dia-
betic Nephropathy Trial (IDNT).16-18

Despite their very positive outcomes,
inspection of the RENAAL and IDNT
results reveals even further opportu-
nities for improvement. Although
ARB treatment in these trials signifi-
cantly slowed the decline in renal
function in patients with diabetic
nephropathy, the absolute mean rate
of decline in the glomerular filtra-
tion rate in both studies was still
higher than the expected loss due to
aging specified in guidelines from
the National Kidney Foundation
(Figure 1).19 Progression of renal dis-
ease was delayed, but not halted.
Likewise, proteinuria was signifi-
cantly reduced, but overall it still re-
mained clearly in the macroalbu-
minuria range.

The renoprotective benefits of ACE
inhibitors and ARBs in patients with
diabetic renal disease were also eval-
uated in a recent meta-analysis of
127 randomized trials involving a
total of 73,514 patients. This study
confirmed that ACE inhibitor or ARB
treatment provides renoprotective
benefits, but indicated that these
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benefits are probably due to the BP-
lowering effects of treatment.20 The
analysis also suggested that patients
with diabetic nephropathy experi-
enced no significant additional reno-
protective benefits with ACE in-
hibitors or ARBs compared with
other antihypertensive classes. As
with other meta-analyses, however,
this study could be faulted for pool-
ing heterogeneous trial results and
possibly obscuring important effects
in key subgroups of patients. Still, it
is reasonable to argue that further
benefits might occur with more fully
effective blockade of the RAS.

What about cardiovascular end-
points? Neither the RENAAL nor the
IDNT results demonstrated a signifi-
cant benefit of ARB treatment on car-
diovascular morbidity and mortal-
ity,17,18 although there were some
interesting positive trends. As well, it
could be argued that these studies
were not adequately powered to ex-
amine such endpoints. The BPLTTC
meta-analysis of subgroups of pa-
tients with diabetes in antihyperten-
sive clinical trials indicated that ACE
inhibitor or ARB treatment in these
patients did not provide significantly
greater benefits on cardiovascular
events compared with other drug
classes.6 Again, however, caution
should be exercised in interpreting

subgroup data derived from meta-
analyses.

Post-Stroke Patients
BP is recognized as an important de-
terminant of the risk of stroke, and
systematic reviews of randomized tri-
als of antihypertensive agents have
clearly shown that reductions in BP
decrease the risk of stroke, with little
or no difference observed among the
effects of different drug classes.21 The
effects of ACE inhibitors in post-
stroke patients were evaluated in the
Perindopril Protection Against Re-
current Stroke Study (PROGRESS).

This study examined the effects of
perindopril, with the diuretic inda-
pamide added at the discretion of
the investigators, on the incidence
of stroke in patients with a history of
stroke or transient ischemic attack.
Although perindopril therapy alone
did not provide a significant benefit,
perindopril combined with inda-
pamide significantly reduced the risk
of stroke by 43% (P � .0001) com-
pared with placebo.22 Given that the

combination treatment also pro-
vided significantly greater BP reduc-
tions (P � .001) compared with
perindopril alone, it is possible that
the outcome benefits of therapy in
PROGRESS were influenced by re-
ductions in BP as well as by suppres-
sion of the RAS by perindopril.

It should be noted that results
strongly in favor of specific benefits
of RAS blockade in post-stroke pa-
tients were achieved in the Morbidity
and Mortality After Stroke, Eprosar-
tan Compared with Nitrendipine for
Secondary Prevention (MOSES) study.
MOSES was the first trial to compare
an ARB (eprosartan) with a calcium
channel blocker (nitrendipine) in the
secondary prevention of stroke in hy-
pertensive patients. Results showed
that with the same level of BP-reduc-
tion, an eprosartan-based treatment
regimen significantly reduced the in-
cidence of mortality and all cardio-
vascular and cerebrovascular events
by 21% (P � .014) compared with a
nitrendipine-based regimen.23 These
results indicate that ARB therapy may
provide stroke protection beyond BP
lowering in patients with hyperten-
sion, although MOSES remains the
only major outcome study to demon-

strate such a benefit. It is possible that
the differential blocking effects of
ARBs on angiotensin II type 1 and
type 2 receptors (AT1 and AT2)—
rather than overall inhibition of the
RAS—could explain this benefit. Fur-
thermore, it should be noted that the
analyses were not performed on the
time to first event, as is more conven-
tional, but rather on all the events
that occurred, so as to enhance the
power of the study.
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Figure 1. Decline in renal function in pa-
tients with type 2 diabetic nephropathy in
the Reduction of Endpoints in Non-Insulin
Dependent Diabetes Mellitus with the An-
giotensin II Antagonist Losartan (RENAAL)
study and the Irbesartan in Diabetic
Nephropathy Trial (IDNT). Figure indicates
the annual rate of decline in the glomerular
filtration rate (GFR) in patients receiving
placebo or angiotensin receptor blocker
(ARB) treatment with losartan (the RENAAL
study) or irbesartan (the IDNT), as com-
pared with the average loss due to aging
specified by National Kidney Foundation
guidelines.19 RAS, renin-angiotensin system.

In a study of post-stroke patients, treatment with perindopril alone did not
provide a significant benefit, but the combination of perindopril and inda-
pamide significantly reduced the risk of stroke by 43%.
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High-Risk Hypertension Patients
The Losartan Intervention For End-
point Reduction in hypertension
(LIFE) study is widely considered to
be a landmark trial showing the out-
come benefits of ARB treatment. In
LIFE, losartan-based treatment sig-
nificantly reduced the risk of the pri-
mary coronary and stroke composite
endpoint by 13% (P � .021) com-
pared with atenolol-based therapy, a
result driven largely by the 25% re-
duction in the relative risk of stroke
with losartan compared with
atenolol.24 It should be recalled,

though, that ARB treatment in LIFE
was originally expected to test
whether the inability of older anti-
hypertensive therapies to reduce the
risk of coronary events reflected a
need to more effectively block the
RAS.25 In fact, losartan did not sig-
nificantly reduce the risk of cardio-
vascular mortality compared with
atenolol in the overall cohort,
whereas the rate of MI in the losar-
tan group was definitely not lower
than in patients receiving atenolol.24

The Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT) compared the
effects on cardiovascular outcomes of
treatment with amlodipine, the ACE
inhibitor lisinopril, or the thiazide di-
uretic chlorthalidone in hypertensive
patients aged 55 years or older with
one or more risk factors for coronary
heart disease. Although the stated
conclusions of ALLHAT remain
highly controversial, the study found
that neither lisinopril nor
amlodipine provided significantly
greater cardiovascular benefits than

the diuretic chlorthalidone.26 Criti-
cisms can be made that the problems
inherent in the design of ALLHAT
put the ACE inhibitor group at a clear
BP disadvantage, but the fact remains
that the expected superiority of the
RAS inhibitor was not demonstrated.

ACE inhibition and diuretics were
also compared in the Second Aus-
tralian National Blood Pressure
Study (ANBP2), which enrolled hy-
pertensive patients ages 65 to 84
years.27 In ANBP2, ACE-inhibitor
therapy provided a modest 11% re-
duction (P � .05) in the risk of car-

diovascular events or all-cause mor-
tality compared with diuretic
therapy, with the benefit being
stronger in men than in women.
ANBP2, therefore, showed benefits of
RAS blockade, but failed to demon-
strate a compelling advantage of
treatment with an ACE inhibitor.

More recently, the BP-lowering
arm of the Anglo-Scandinavian Car-
diac Outcomes Trial (ASCOT)
showed that a treatment regimen
based on the calcium channel
blocker amlodipine, with the addi-
tion of the ACE inhibitor perindo-
pril, significantly reduced the inci-
dence of stroke (P � .0003), total
cardiovascular events (P � .0001),
and all-cause mortality (P � .025)
compared with an atenolol-diuretic
regimen.28 The primary coronary
endpoint, however, failed to achieve
statistical significance due to the
early termination of the trial. Since
this trial was essentially a compari-
son of combination therapies, it is
unclear whether the superior out-
comes in the amlodipine/perindopril

group were due to the calcium chan-
nel blocker, the ACE inhibitor, or the
combination of the 2.

The Valsartan Antihypertensive
Long-term Use Evaluation (VALUE)
trial was specifically designed to test
in high-risk hypertensive patients
whether the ARB valsartan would
provide cardioprotective benefits be-
yond BP-lowering compared with
amlodipine.29 In the VALUE trial, the
incidence of the primary composite
cardiac endpoint was virtually iden-
tical in the valsartan and amlodipine
groups. Amlodipine was associated
with a lower incidence of MI com-
pared with valsartan, although heart
failure endpoints tended to be lower
with valsartan.29 The study authors
noted that BP control in VALUE was
better in the amlodipine arm, and
the unequal BP reductions may have
confounded the interpretation of the
results. What is more, valsartan was
not administered at its optimal RAS-
blocking dose. Overall, however,
VALUE does not appear to provide
strong evidence for the cardiovascu-
lar superiority of an ARB over a cal-
cium channel blocker.

ACE Inhibitors and ARBs:
Can We Do Better?
Taken together, the picture that
emerges from these outcome trials is
far from clear. Although some studies
of ACE inhibitors or ARBs have
demonstrated outcome benefits over
other antihypertensive drug classes,
the results as a whole have been
somewhat equivocal. If ACE in-
hibitors and ARBs have not provided
the full measure of outcome benefits
that we might expect from inhibitors
of a system with such pathophysio-
logical importance as the RAS, it is
important that we understand why.

The RAS can be considered a clas-
sic feedback loop, because angi-
otensin II acts to inhibit the release
of renin from the kidney.30 RAS

One study showed that a treatment regimen based on the calcium channel
blocker amlodipine, with the addition of the ACE inhibitor perindopril, sig-
nificantly reduced the incidence of stroke, total cardiovascular events, and
all-cause mortality compared with an atenolol-diuretic regimen.

RICM0334_06-19.qxd  6/19/06  9:45 AM  Page 49



The Renin-Angiotensin System and Cardiovascular Diseases continued

50 VOL. 7 NO. 2  2006   REVIEWS IN CARDIOVASCULAR MEDICINE

activity is governed by the rate-limit-
ing step of the cycle, which is the ac-
tion of renin on its substrate.31 Inhi-
bition of angiotensin II production
(by ACE inhibitors) or action (by
ARBs) disrupts the feedback loop by
which angiotensin II normally in-
hibits renin release, so that these
drugs actually stimulate the release
of renin from the kidney and acti-
vate the RAS (Figure 2).32

Does this stimulatory effect on the
RAS matter? Clinical evidence sug-
gests that it might. It was discovered
more than 20 years ago that patients
with hypertension generate an-
giotensin II despite ACE inhibitor
therapy.33 Subsequent studies have
confirmed that this escape from ACE
inhibition was associated with dete-
riorating control of BP and poorer

prognosis.34,35 The outcome benefits
achieved with ARBs in patients with
heart failure in Val-HeFT and
CHARM required doses higher than
those often used for BP-lowering ef-
fects (valsartan 160 mg bid and can-
desartan 32 mg qd, respectively),
which might also reflect the need to
counteract the compensatory in-
crease in renin activity. Thus there
may be scope for improved organ

protection with new therapies that
might provide more comprehensive
inhibition of the RAS.

Does Increased RAS
Suppression Improve
Organ Protection?
Is there any evidence that we can ob-
tain superior organ protection by in-
creasing RAS suppression beyond

what we can achieve with standard
doses of ACE inhibitors or ARBs? For
ARBs, recent evidence indicates that
increasing the dosage beyond cur-
rent recommended levels in patients
with diabetes leads to modest but
significantly greater renoprotective
effects,36 despite no further reduc-
tion in BP. These findings suggest
that increased RAS suppression
would be associated with improved
organ protection independent of BP
levels.

Another approach to enhancing
RAS suppression is to combine ACE
inhibitor therapy and ARB therapy.
Some clinical evidence indicates that
this approach shows promise. The
combination treatment of an-
giotensin-II receptor blocker and
angiotensin-converting-enzyme in-
hibitor in non-diabetic renal disease
(COOPERATE) trial of 336 patients
with non-diabetic renal disease
demonstrated that combined treat-
ment with trandolapril and losartan
was significantly more effective at
delaying the progression of kidney
disease than was either drug alone
(Figure 3).37 Evidence from other
large outcome trials is rather more
equivocal. Significant additional out-
come benefits were seen in chronic
heart failure patients in the CHARM-
Added trial,38 but not in patients
with acute heart failure following MI
in VALIANT.15 Unfortunately, where
these studies were in agreement was
that ACE inhibitor and ARB combi-
nation therapy lacked the excellent
tolerability of the monotherapies,
with hyperkalemia emerging as a
particular problem in these complex
patients with advanced disease.

In general, there is evidence that
increasing RAS suppression beyond
that achievable with currently ap-
proved doses of ACE inhibitor or
ARB monotherapy can lead to
improved clinical outcomes. But,
although ACE inhibitors and ARBs

Angiotensinogen

Renin

Ang I

Ang II

ACE
inhibitors

ARBs
Compensatory

feedback

ACE

Renin inhibitor

AldosteroneAT1 receptor

Harmful effects

Figure 2. Mechanisms by which the compensatory rise in renin stimulated by angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARBs), and diuretics leads to increased generation of angiotensin II. Figure
shows that inhibition of the production or action of angiotensin II by ACE inhibitors or ARBs, respectively, prevents
stimulation of the AT1-receptor and disrupts the negative feedback loop through which angiotensin II normally in-
hibits renin release by the kidney. ACE inhibitors and ARBs thus stimulate a compensatory increase in renin release
from the kidney, which ultimately leads to increased levels of angiotensin I and angiotensin II. A renin inhibitor would
inhibit the reactive rise in renin activity that occurs with ACE inhibitors and ARBs and thus prevent increases in an-
giotensin I and angiotensin II levels. Ang, angiotensin; AT1, angiotensin II type I.

Patients with hypertension generate angiotensin II despite ACE inhibitor
therapy. Studies have confirmed that this escape from ACE inhibition is as-
sociated with deteriorating control of blood pressure and poorer prognosis.
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have provided an excellent starting
point for therapeutic inhibition of
the RAS, we may need to look be-
yond these classes in order to opti-
mize inhibition of this system.

RAS Suppression by Inhibiting
Renin
Given that overall RAS activity is reg-
ulated by the activity of renin, and
that the effects of ACE inhibitors
and ARBs are potentially attenuated
by the increased release of renin, in-
hibiting the action of renin stands
out as a logical approach to improv-
ing the completeness of RAS suppres-
sion. Indeed, inhibition of renin was
identified as the optimum means of
inhibiting the RAS as long ago as
1957.31 Efforts to develop a clinically
effective renin inhibitor have been
ongoing for longer than 30 years,
but until recently they have been
thwarted by problems with poor
pharmacokinetics, low efficacy, and
complexity of synthesis.39

Renin inhibition prevents the for-
mation of angiotensin I and angi-
otensin II (whether generated by ACE-
dependent or ACE-independent
pathways), as well as all the an-
giotensin peptides that are subse-
quently derived from angiotensin I
and angiotensin II.39 The addition of
a renin inhibitor to ACE inhibitor or
ARB therapy would neutralize the
compensatory rise in plasma renin
activity that these agents induce (Fig-
ure 2), potentially enhancing suppres-
sion of the RAS. Moreover, because
the renin enzyme is so specific—
angiotensinogen is its only known
natural substrate—renin inhibition
would be expected to provide these
additional benefits without additional
side effects.40 As yet, however, the
clinical effects of this type of dual RAS
blockade have not been tested, al-
though the results of a study measur-
ing the combined effects of an ACE
inhibitor (ramipril) and a renin in-
hibitor (aliskiren) on components of

the RAS are expected to be reported
soon.

Because attempts to develop an ef-
fective oral renin inhibitor have long
met with failure, many experts
doubted that an agent such as a car-
diovascular drug could be created.
However, interest in renin as a target
for antihypertensive therapy has re-
cently been resurrected by the devel-
opment of aliskiren, the first in a new
class of orally effective renin in-
hibitors.41 Studies in healthy volun-
teers showed that treatment with
aliskiren caused dose-dependent re-
ductions in plasma renin activity and
angiotensin II levels.42 Early clinical
trials in patients with hypertension
showed that this drug provided anti-
hypertensive efficacy comparable to
that of the ARBs losartan and irbesar-
tan,43,44 with placebo-like tolerabil-
ity.44,45 Moreover, a pilot study in
healthy volunteers showed that
aliskiren in combination with valsar-
tan neutralized the compensatory
rise in plasma renin activity and an-
giotensin II that is normally stimu-
lated by the ARB,46 suggesting that a
renin inhibitor might be able to ex-
pand the reach of existing RAS in-
hibitors. The results of further studies
investigating the organ-protective
and outcome benefits of aliskiren are
awaited.

The Importance of Target
Organ Damage: The
Hypertension Writing
Group New Definition of
Hypertension
The discovery that RAS activation is
a contributor to the development of
target organ damage in some pa-
tients with hypertension, indepen-
dent of the effects of BP, has led to a
growing realization that BP values
alone represent an incomplete indi-
cator of the presence of target organ
damage and overall cardiovascular
risk. Indeed, trials such as HOPE and
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Figure 3. Renoprotective benefits of angiotensin-converting enzyme (ACE) inhibitor and angiotensin receptor blocker
(ARB) combination therapy in the combination treatment of angiotensin-II receptor blocker and angiotensin-
converting-enzyme inhibitor in non-diabetic renal disease (COOPERATE) trial. Figure indicates the percentage of pa-
tients in the COOPERATE trial reaching the primary study endpoint (time to doubling of serum creatinine concentra-
tion or end stage renal disease). Patients received treatment with either the ACE inhibitor trandolapril, the ARB
losartan, or a combination of both drugs. Reprinted with permission from Elsevier.37 www.medreviews.com
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EUROPA showed that RAS inhibi-
tor treatment can provide outcome
benefits even in patients who have
BP levels below the threshold for di-
agnosis of hypertension.7,8

The Hypertension Writing Group
has responded to this realization by
proposing a new definition of hyper-
tension in which BP values are con-
sidered alongside indicators of target
organ damage and cardiovascular
risk47:

Hypertension is a progressive car-
diovascular syndrome arising from
complex and interrelated etiolo-
gies. Early markers of the syn-
drome are often present before
blood pressure elevation is ob-
served; therefore, hypertension
cannot be classified solely by dis-
crete blood pressure thresholds.
Progression is strongly associated

with functional and structural car-
diac and vascular abnormalities
that damage the heart, kidneys,
brain, vasculature and other or-
gans, and lead to premature mor-
bidity and death.

The proposed Hypertension Writing
Group definition and classification of
hypertension is presented (Table 1).

Notably, the ongoing Trial of Pre-
venting Hypertension (TROPHY)
study is investigating whether early
RAS inhibitor treatment with an ARB
in patients with prehypertension
might prevent or delay the develop-
ment of clinical hypertension.48

Baseline cardiovascular risk profiles
of the 809 subjects enrolled in TRO-
PHY showed that 96% of subjects
had at least one additional cardio-
vascular risk factor, 81% had 2 or

more, and 13% had 5 or more addi-
tional risk factors.49 These findings
illustrate that in many patients, the
risk of cardiovascular disease may
begin to rise—due to risks such as
early target damage—before BP
reaches the current threshold for the
diagnosis of hypertension. The po-
tential benefits of early ARB treat-
ment in protecting against RAS-in-
duced organ damage in these
patients will be of interest, although
it is possible that the optimal time
for intervention in the natural his-
tory of hypertension might be earlier
than at the average age of 50 years
studied in TROPHY.

Conclusions
The development of effective in-
hibitors of the RAS has led to a major
step forward in our understanding of

Table 1
Hypertension Writing Group Definition and Classification of Hypertension

Stage 1 Stage 2 Stage 3
Classification Normal Hypertension Hypertension Hypertension

Descriptive Category Normal BP or rare Occasional or intermittent Sustained BP elevations Marked and sustained
(BP Pattern and CVD BP elevations AND BP elevations OR OR evidence of BP elevations OR
Status) no identifiable CVD* risk factors or markers progressive CVD* evidence of advanced

suggesting early CVD* CVD*

CVD Risk Factors† None � 1 risk factor present Multiple risk factors Multiple risk factors
present present

Early Disease None 0-1 � 2 � 2 present with 
Markers‡ evidence of CVD

Target Organ None None Early signs present Overtly present with
Disease§ or without CVD

events

*BP elevations refer to levels � 140/90 mm Hg. CVD designation is determined by the constellation of risk factors, early disease markers, and target organ
disease.
†Cardiovascular risk factors include increased age, elevated BP (� 140/90 mm Hg), overweight/obesity (body mass index � 24 kg/m2), abdominal obesity,
dyslipidemia, elevated fasting blood glucose (or insulin resistance or diabetes), smoking, family history of premature CVD, sedentary lifestyle, and elevated
high-sensitivity C-reactive protein.
‡Early disease markers defined according to system, eg, blood pressure (includes loss of nocturnal BP dipping, widened pulse pressure), cardiac (includes mild
left ventricular hypertrophy, increased atrial filling pressure), vascular (includes increased central arterial stiffness, increased carotid intima-media thickness,
endothelial dysfunction), renal (includes microalbuminuria, elevated serum creatinine), and retinal (hypertensive retinal changes).
§Target organ damage and overt CVD defined according to system, eg, cardiac (includes moderate to severe left ventricular hypertrophy, symptomatic heart fail-
ure, myocardial infarction, angina pectoris, ischemic heart disease), vascular (includes peripheral arterial disease, carotid arterial disease, aortic aneurysm), renal
(albuminuria, chronic kidney disease or end-stage renal disease), and cerebrovascular (stroke, transient ischemic attack).
BP, blood pressure; CVD, cardiovascular disease.
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the pathophysiology of cardiovascu-
lar disease. Indeed, the importance of
target organ damage, such as that
caused by RAS activation, has been
recognized in the new definition of
hypertension proposed by the Hyper-
tension Writing Group. Although
ACE inhibitors and ARBs have pro-
vided an excellent starting point for
therapies targeting the RAS, clinical
trial evidence indicates that there re-
mains significant scope for testing
whether increased and more compre-
hensive RAS suppression could pro-
duce additional clinical benefits.
Aliskiren, the first in a new class of
orally effective renin inhibitors, quite
apart from its benefits as a single
agent offers the potential to enhance
the organ protection and outcome
benefits of existing RAS inhibitors.
Further trials investigating the effects
of aliskiren and future renin in-
hibitors on cardiovascular and renal
outcomes are getting underway.
Renin inhibition may offer an impor-
tant opportunity to examine whether
the cardiovascular benefits of inhibit-
ing the RAS can be fully realized.

Dr. Weber discloses that he provides speaking
and consulting services for Boehringer-
Ingelheim, Novartis, Bristol-Myers Squibb,
Pfizer, Merck, Sanofi-Aventis, and Sankyo. 
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Main Points
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• Inhibiting the action of renin stands out as a logical approach to improving the completeness of RAS suppression.

• Blood pressure values alone represent an incomplete indicator of the presence of target organ damage and overall car-
diovascular risk.
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