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Hypertension remains a leading cause of morbid-
ity and mortality, affecting more than 60 million 
persons in the United States. Although the past 5 
decades have witnessed advances in the therapeu-
tic modalities available to treat hypertension and 
a dramatic decrease in morbidity and mortality 
related to hypertension, adequate blood pressure 
control has still not been achieved in a large num-
ber of patients. Therapeutic options to manage 
hypertension include agents that block the sym-
pathetic nervous system, vasodilators, agents to 
control plasma volume, and drugs that act at vari-
ous points in the renin-angiotensin system (RAS). 
Inadequate control of hypertension may be due in 
part to incomplete blockade of the RAS pathway 
in some patients; targeting a point earlier in this 
cascade might possibly improve control. Direct 
renin inhibitors, a new class of antihypertensive 
drugs, block the RAS pathway at the point of 
activation. Inhibition of renin prevents the down-
stream production of the potent vasoconstrictor 
angiotensin II, which is responsible for increasing 
blood pressure. Recent clinical data with aliski-
ren, a new direct renin inhibitor, suggest favor-
able results in patients with hypertension and a 

possible new treatment option. (J Clin Hypertens. 
2007;9:615–621) ©2007 Le Jacq

Hypertension affects approximately 60 million 
Americans and is a significant risk factor for 

premature cardiovascular disease.1 Although its 
etiology is unknown, primary hypertension may 
be the consequence of both genetic factors and 
derangement of mechanisms that regulate cardiac 
output and arterial pressure.2 In contrast, second-
ary hypertension is associated with an underlying 
cause (eg, chronic renal disease, obstructive sleep 
apnea, or adrenal disease).2

The renin-angiotensin system (RAS) plays a 
major role in the pathophysiology and develop-
ment of hypertension, especially in patients with 
comorbidities such as diabetes or heart failure.3 
The RAS cascade regulates multiple pathways 
involved in blood pressure (BP) control (Figure 1). 
Renin, a protease produced by the juxtaglomeru-
lar cells of the kidney, is released in response to 
decreased circulating blood volume and BP. Renin 
cleaves angiotensinogen to angiotensin I (Ang I), 
which is then converted to angiotensin II (Ang 
II) by angiotensin-converting enzyme (ACE). The 
effects of Ang II include vasoconstriction, which 
can directly elevate BP, stimulation of both the 
adrenal cortex and the sympathetic nervous sys-
tem, and augmentation of aldosterone release. Ang 
II can also be generated by local RAS in various 
tissue types and the regional vasculature.4,5 In the 
heart, stimulation of the RAS leads to increased 
cardiac contraction and may lead to pathologic 
hypertrophy; in the brain, RAS enhances produc-
tion of hypothalamic and pituitary hormones and 
increases sympathetic activity.4,5 The RAS is also 
modulated by the activity of angiotensin pep-
tides, which are produced in peripheral tissue and 
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regulate vascular resistance by stimulating smooth 
muscle growth and tissue metabolism.4

Because of the role of the RAS in the patho-
physiology of hypertension and the correlation 
between aberrations in this system and comor-
bidities, blocking the RAS is one logical approach 
in treating hypertension. Clinical evidence has 
supported the importance of using medication to 
block the RAS alone or in combination with other 
antihypertensive agents to control hypertension 

and attenuate or prevent complications associated 
with hypertension, such as heart failure.5,6

The historical development of RAS inhibitors has 
moved from a broad, indirect approach to one that 
is targeted (Figure 2). β-Blockers were the earliest 
agents available, followed by the introduction of ACE 
inhibitors, angiotensin receptor blockers (ARBs) and, 
most recently, direct renin inhibitors (DRIs).

POSSIBLE LIMITATIONS OF β-BLOCKERS, 
ACE INHIBITORS, AND ARBS
Incomplete Inhibition of RAS
Commonly prescribed antihypertensive medica-
tions, including β-blockers, ACE inhibitors, and 
ARBs may not achieve complete inhibition of 
the RAS pathway due in part to the areas in the 
RAS that are affected.7 β-Blockers act indirectly 
to reduce generation of renin, while ACE inhibi-
tors and ARBs target downstream molecules in 
the pathway. Although ACE inhibitors are effec-
tive antihypertensive drugs, they do not block 
ACE-independent pathways that contribute to 
the generation of Ang II; about 40% of Ang I is 
converted to Ang II by pathways other than ACE.8 
Thus, ACE inhibition does not completely block 
Ang II production. Angiotensin escape may also be 
modulated by increased transcription of the ACE 
gene in cells exposed to ACE inhibitors.9 It has 
been suggested that ACE escape may contribute 
to regeneration of angiotensin despite ACE inhibi-
tion, whereas this phenomenon is unlikely to occur 
with DRIs. Similarly, ARBs, which also reduce BP 
effectively in a large number of patients and block 
the effects of Ang II on the peripheral vascula-
ture, may inhibit the negative feedback loop by 
which Ang II suppresses the release of renin from 
juxtaglomerular cells.10 As a result, chronic use 
of ARBs can lead to an increase in plasma renin 
activity (PRA) via accumulation of Ang I and Ang 
II (Table).7,10

Lack of 24-Hour BP Control
Although many antihypertensive medications can 
be given once a day, drugs with a shorter half-life 
may require several daily doses to achieve 24-
hour BP control. Studies of some agents such as 
losartan, an ARB, and ramipril, an ACE inhibitor, 
which are recommended to be administered once a 
day, have indicated that once-daily dosing may not 
offer persistent 24-hour BP control.11,12 There are, 
however, many other available antihypertensive 
drugs that are effective when given once a day.

Failure to achieve complete 24-hour BP control 
may be associated with undesirable consequences. 

Figure 1. The renin-angiotensin system (RAS). ACE 
indicates angiotensin-converting enzyme; Ang, angio-
tensin; AT, angiotensin receptor.

Figure 2. Renin-angiotensin system (RAS) inhibitors: 
evolution from indirect to direct blockade of RAS. ACE 
indicates angiotensin-converting enzyme; ARB, angio-
tensin receptor blocker; AT, angiotensin receptor; DRI, 
direct renin inhibitor.
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Chronic treatment with short-acting β-blockers, for 
example, leads to increased synthesis and hypersen-
sitivity of β-adrenergic receptors. Under these con-
ditions, sudden β-blocker withdrawal may induce 
unstable angina or myocardial infarction (MI) in 
individuals predisposed to myocardial events.13 
There are, of course, longer-acting formulations of 
β-blockers that achieve 24-hour BP control; shorter-
acting agents are no longer widely used.

Tolerability
The use of β-blockers, ACE inhibitors, and ARBs 
is influenced by their tolerability profiles. Although 
side effects of β-blockers vary among specific 
patient populations, these agents can reduce car-
diac output by 20% to 25%, at least initially, and 
may induce weakness and fatigue.14 Other adverse 
events of β-blockers include dizziness, headache, 
and insomnia.15,16 β-Blockers can also mask the 
signs of hypoglycemia and exacerbate heart failure 
upon initiation of therapy, although these agents 
have been proven to be effective in the treatment 
of heart failure patients. Antagonism of bronchial 
β-receptors can lead to bronchospasm in patients 
with asthma or chronic obstructive pulmonary 
disease. β-Blockers, except for those with vasodi-
lating effects, may negatively affect levels of serum 
lipids and may induce glucose intolerance.17 In 
a few patients with diabetes, β-blockers increase 
levels of fasting glucose by up to 28 mg/dL and 
glycated hemoglobin A1c (HbA1c) by up to 1%.18 
Despite their potentially deleterious effects, the use 
of a β-blocker–based treatment regimen achieved 
a similar decrease in morbidity and mortality in 
diabetic patients when compared with an ACE 
inhibitor–based regimen.19 There is some evidence 
to suggest that these diabetogenic effects are vari-
able among β-blockers, with data suggesting that 
carvedilol, a β-blocker with α-blocking effects, has 
a less detrimental effect on HbA1c than metopro-
lol.18 Thus, there is growing recognition that the 
newer-generation β-blockers may have a better 
safety profile relative to the older β-blockers.

Drugs that target the RAS, such as ACE inhibi-
tors and ARBs, may decrease insulin resistance 
and consequently limit the development of type 2 

diabetes.20 Some adverse effects of RAS inhibitors 
include cough, angioedema, and hyperkalemia, 
although in general they are only rarely observed 
in patients receiving ARB therapy.10,21 Cough is 
the most common adverse effect of ACE inhibi-
tors, experienced by up to 20% of patients; this is 
the primary reason for discontinuation of this drug 
class.22 Less frequent adverse events of ACE inhibi-
tors are transient and include skin rashes (10%) and 
a loss of taste (7%).23 One potentially life-threaten-
ing safety concern with ACE inhibitors (occurring 
in 0.1% to 1% of patients) is angioedema, which 
may be alleviated by switching to another class of 
drugs.24 In general, however, ACE inhibitors are 
well tolerated and have been shown to improve 
the quality of life of patients with hypertension.10 
As noted, ARBs rarely cause cough, angioede-
ma, or hyperkalemia, and they are also safe and 
well tolerated; common adverse events reported in 
clinical trials include edema, dizziness, headache, 
and fatigue.25–27 In the Valsartan Antihypertensive 
Long-Term Use Evaluation (VALUE) trial,25 how-
ever, it was observed that the incidence of MI was 
greater with ARB-based therapy than with a calcium 
channel blocker–based regimen. The difference was 
probably due to better BP control with the calcium 
channel blocker and not from medication differenc-
es. No evidence of an increase in MI risk with ARBs 
has been demonstrated in well-controlled trials.

Direct Renin Inhibitors
The concept of renin inhibition for managing 
hypertension by blocking the RAS pathway at the 
point of activation has been hypothesized since the 
1950s.28 Renin inhibition blocks the RAS without 
increasing PRA and avoids angiotensin escape (or 
other pathways not blocked by β-blockers, ACE 
inhibitors, or ARBs) (Figure 2). The first genera-
tion of orally active renin inhibitors showed poor 
bioavailability and limited antihypertensive activity 
and were not considered suitable for clinical use.28 
Over the past decade, aliskiren, an orally active 
DRI, was developed and is now approved for the 
treatment of hypertension by the US Food and Drug 
Administration.28 Although the bioavailability of 
aliskiren is only 2.5%, it has high specificity and 

Table. Effects of Antihypertensive Agents on Targets of the RAS Pathway
ANGIOTENSIN I ANGIOTENSIN II RENIN CONCENTRATION PLASMA RENIN ACTIVITY

Direct renin inhibitors ↓ ↓ ↑ ↓

Angiotensin receptor blockers ↑ ↑ ↑ ↑

Angiotensin-converting 
enzyme inhibitors

↑ ↓ ↑ ↑

Abbreviation: RAS, renin-angiotensin system. ↓ decreased; ↑ increased. Adapted with permission from Brown.7
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affinity for human renin.29 Unlike previous DRIs, 
which had to be administered intravenously, aliski-
ren is effective in lowering BP when administered 
orally. Studies in volunteers showed that aliskiren 
is minimally metabolized and also has little or 
no interaction with the cytochrome P450 enzyme 
system.28 Peak plasma concentrations occur 1 to 3 
hours after oral administration with a mean plasma 
elimination half-life of 40 hours.30 Aliskiren has 
been approved for once-daily administration.

In a phase III study assessing the efficacy of 
aliskiren monotherapy on BP control (N=672), 
treatment with aliskiren at 150 mg, 300 mg, and 
600 mg resulted in a dose-dependent reduction in 
BP over an 8-week treatment period, compared with 
patients receiving placebo.31 After 8 weeks of treat-
ment, mean sitting BP reductions were 13.0/10.3 
mm Hg, 14.7/11.1 mm Hg, and 15.8/12.5 mm Hg 
in patients receiving aliskiren 150 mg, 300 mg, and 
600 mg, respectively, compared with 3.8/4.9 mm 
Hg in patients given placebo (placebo-corrected 
decreases of 9.2/5.4, 10.9/6.2, and 12.0/7.6 mm 

Hg). Decreases in mean ambulatory BP demon-
strated that the antihypertensive effect was sustain-
able throughout the 24-hour dosing period. When 
aliskiren was withdrawn, no rebound hypertension 
was observed, and reductions in BP persisted to 
some degree for up to 2 weeks. Although BP levels 
did rise over this 2-week withdrawal period, they 
did not reach levels observed in the placebo-treated 
group (Figure 3).31 As with other RAS inhibitors, 
the magnitude of BP reduction in blacks was sig-
nificantly less than that recorded in whites.31

A recent multicenter clinical trial conducted 
in 1123 patients with hypertension demonstrated 
that aliskiren monotherapy provided effective BP 
control (Figure 4), but with a greater antihyper-
tensive effect when administered in combination 
with valsartan.26 Aliskiren 150 mg monotherapy 
reduced BP by 12.1/10.3 mm Hg compared with 
16.6/12.1 mm Hg following combination aliskiren 
150 mg/valsartan 160 mg therapy.

Aliskiren has shown at least equivalent activ-
ity when compared with both ACE inhibitors and 

Figure 3. Effects of aliskiren 150 mg to 600 mg on blood pressure in patients with mild to moderate hypertension: 
changes in mean sitting diastolic blood pressure (msDBP) during double-blind treatment and withdrawal period. 
Reprinted with permission from Oh et al.31
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ARBs. Once-daily dosing of aliskiren reduced PRA 
and plasma concentrations of Ang I in normal 
participants compared with an expected >15-fold 
increase in these levels with the ACE inhibitor 
enalapril (since an ACE inhibitor blocks the con-
version of Ang I to Ang II).32 Reductions in Ang II 
were similar for both drugs. The effects of aliski-
ren were dose-dependent, with an 80% reduction 
in Ang II concentrations observed at high doses. 
Similarly, the combination of low-dose aliskiren 
plus low-dose valsartan resulted in a synergistic 
inhibition of the RAS hormones that was compa-
rable to administration of a higher dose of aliski-
ren alone.33 Recently, in a pooled analysis of 1093 
patients with hypertension, Taylor and colleagues34 
demonstrated that unlike ramipril and hydrochlo-
rothiazide, aliskiren monotherapy significantly 
reduced PRA from baseline (P<.0001), despite a 
dose-dependent increase in renin concentration. As 
expected, when aliskiren 300 mg was combined 
with either ramipril or hydrochlorothiazide, PRA 
was significantly suppressed (P<.0001).34

In another study, patients receiving aliskiren 
150 mg/d exhibited comparable efficacy to that of 
irbesartan 150 mg/d in lowering BP (11.4/9.3 mm 

Hg and 12.5/8.9 mm Hg, respectively).27 Patients 
receiving aliskiren 300 mg/d and 600 mg/d had 
significantly lower mean sitting diastolic BP than 
those receiving irbesartan 150 mg/d (P<.05).

Four open-label studies have reported that aliski-
ren did not change the pharmacokinetic effects 
of amlodipine, valsartan, hydrochlorothiazide, or 
ramipril and was well tolerated when administered 
in combination with these drugs.35 Combination 
therapy of aliskiren and hydrochlorothiazide sig-
nificantly decreased BP by 15.8/11.9 mm Hg com-
pared with combination placebo/hydrochlorothia-
zide treatment (8.6/7.9 mm Hg) in obese patients 
with arterial hypertension in a recent randomized, 
double-blind, multicenter trial (P<.0001).36 The 
reported decrease in BP in patients treated with 
aliskiren plus hydrochlorothiazide was similar 
to, but not better than, that observed in patients 
receiving hydrochlorothiazide in combination with 
either irbesartan (15.4/11.3 mm Hg) or amlodipine 
(13.6/10.3 mm Hg).36 Aliskiren monotherapy or 
in combination with hydrochlorothiazide has dem-
onstrated similar tolerability and antihypertensive 
efficacy compared with lisinopril monotherapy 
or in combination with hydrochlorothiazide.37 

Figure 4. Changes from baseline in (a) trough mean sitting diastolic blood pressure (DBP) and (b) trough mean sit-
ting systolic blood pressure (SBP) at end point after treatment with aliskiren monotherapy. Graph shows least-squares 
mean changes from baseline in patients receiving treatment with placebo (open bars) or monotherapy with aliskiren 
75, 150, or 300 mg once daily (filled bars). Data are presented as the least-squares mean ± standard error of the mean. 
Reprinted with permission from Pool et al.26
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Aliskiren and lisinopril monotherapy reduced BP 
by 20.0/18.5 mm Hg and 22.3/20.1 mm Hg, 
respectively. Aliskiren has been shown to potentiate 
the therapeutic effects of diuretic, ACE inhibitor, 
and ARB treatments. Hydrochlorothiazide added 
to aliskiren monotherapy resulted in an additive 
effect on reducing daytime (P=.0007) and night-
time (P=.06) systolic BP; daytime (P=.0006) and 
nighttime (P=.09) diastolic BP were also lowered 
with combination therapy.38 In this study, aliskiren 
attenuated the reactive increase in PRA caused by 
ACE inhibitors and ARBs. In contrast with other 
drugs, the use of aliskiren resulted in an inhibition 
of PRA. These observations confirm, in a clinical 
setting, the direct antirenin effect of aliskiren.

Available clinical data also suggest that aliski-
ren is well tolerated. Adverse effects reported by 
patients receiving aliskiren were similar to those 
reported by patients receiving placebo; for exam-
ple, the frequency of diarrhea in patients given 
either placebo or aliskiren 150 mg was 1.2% and 
the rate remained similar in patients given aliskiren 
300 mg (1.8%). Although a significantly increased 
incidence of diarrhea was seen with aliskiren 600 
mg (11.4%; P=.0001), it should be noted that this 
is twice the highest marketed dose.31 Although rare, 
angioedema was reported in 4 of 6460 patients (2 
cases of angioedema with respiratory symptoms 
and 2 possible cases with periorbital edema with-
out respiratory symptoms) who were evaluated 
for safety (incidence of 0.06%).29 Similar data on 
tolerability also have been reported with many of 
the ARBs.

Preclinical studies performed in marmosets39 
and double-transgenic rats that express the human 
renin and human angiotensinogen genes40 have 
demonstrated that aliskiren lowers BP in addition 
to attenuating end-organ damage.40 In double-
transgenic rats, aliskiren reversed albuminuria, 
reduced mortality, attenuated cardiac hypertrophy, 
and improved diastolic dysfunction.40 The effects 
of aliskiren on end-organ damage in humans are 
currently being assessed in several ongoing and 
planned trials.

Use of DRIs: Possible Implications
Compared with conventional RAS inhibitors, DRIs 
may have the potential to induce a more complete 
blockade of the RAS due to its effects on lowering 
Ang I, Ang II, and PRA levels (Table). This may 
be clinically relevant, as a direct and independent 
association between PRA level and MI has been 
demonstrated.41,42 In a study of 2902 hypertensive 
patients with a mean follow-up of 3.6 years, the 

incidence of MI was increased by 25% for every 
2-unit increase in PRA.41 Another study of patients 
who came to the emergency department with chest 
pain showed similar results with the median PRA 
level 2.7-fold higher in those with acute MI com-
pared with patients who did not have a diagnosis 
of acute MI (P<.0001).42 Although neither study 
reported the percentage of patients receiving either 
an ACE inhibitor or an ARB, in the multivariate 
analyses, drug class did not influence the asso-
ciation between the level of PRA and occurrence 
of MI. By inhibiting renin directly, it is not clear 
whether lack of reactive increase in PRA could 
bestow additional therapeutic benefit with regard 
to cardiovascular or target organ protection.

Greater inhibition of the RAS with the use of 
DRIs could theoretically translate into greater 
reductions in BP and more patients reaching tar-
get BP levels. Experience gained thus far suggests, 
however, that while aliskiren is effective both 
as monotherapy and in combination with other 
drugs, BP-lowering effects do not appear to be 
greater than with other antihypertensive agents. 
It would appear that this new DRI will be most 
effective in combination with hydrochlorothiazide 
or another agent that blocks the RAS.

The favorable tolerability profile of aliskiren 
may also be a factor in increasing compliance with 
medication. Compliance is influenced by a number 
of factors affecting the patient and the physician, 
but complex dosing regimens and adverse safety 
profiles of some drugs can contribute to inconsis-
tent utilization.

It is envisioned that DRIs will have some place in 
the management of hypertension. Additional stud-
ies are necessary to determine the exact role that 
medications such as aliskiren will play in hyperten-
sion management and whether outcomes will be 
improved with their use when compared with the 
use of other antihypertensive medications.
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