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Abstract
Hypertension is one of the most common causes of death across the globe. Many trials and
drugs have been used for controlling the debilitating effects of hypertension. One such new
class of drug is direct renin inhibitors (DRI), e.g., aliskiren, which block the renin-angiotensin
system (RAS). It blocks the very first step in the RAS system. Multiple trials have been carried
out debating the outcome of monotherapy and combination therapy with other classes of
hypertensive drugs. Focus on compliance, adverse effects, and the cost have also been in the
news. Extensive studies are still needed to justify the clinical use of a DRI in the effective
treatment of hypertension.
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Introduction And Background
Hypertension is one among the leading factors that contribute towards the cardiovascular
disease reported worldwide. It is defined as a condition in which the mean systolic blood
pressure (SBP) is ≥ 140 mm of Hg and a mean diastolic blood pressure is ≥ 90 mm of Hg.
According to the World Health Organisation (WHO), the overall prevalence of raised blood
pressure in adults over 18 years of age was approximately 22% in 2014. The incidence of raised
blood pressure is highest in Africa, where it is about 30% for both sexes. The lowest prevalence
of hypertension is in America, where it is reported in about 18% of both sexes. Men (21%) in
this region have a higher incidence than women do (16%). Men have a slightly higher
prevalence of hypertension globally. The global prevalence and age distribution of
hypertension is as represented in Figure 1 and Table 1.
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FIGURE 1: Prevalence of raised blood pressure, ages 18+ 2013-
2014, figure adapted from WHO website
Retrieved from WHO website:
http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence/en/
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WHO Region Year Both Sexes Female Male

Africa 2014 29.6 [25.8-33.2] 29.5 [24.6-34.8] 29.7 [24.5-35.6]

Africa 2010 29.7 [27-32.7] 29.6 [25.9-33.5] 29.9 [25.9-34.3]

Americas 2014 18.2 [15.6-21] 15.6 [12.4-19.3] 20.8 [16.7-25.3]

Americas 2010 19.3 [17.4-21.3] 16.8 [14.3-19.4] 22 [18.9-25.2]

South-East Asia 2014 24.7 [20.4-28.9] 24.2 [18.6-30.3] 25.3 [19.3-31.9]

South-East Asia 2010 25.1 [22.3-28.2] 24.6 [20.5-28.9] 25.6 [21.1-30.4]

Europe 2014 23.3 [20.7-26] 19.7 [16.2-23.4] 27.1 [23.2-31.3]

Europe 2010 25.1 [22.8-27.3] 21.4 [18.7-24.4] 29.1 [26-32.2]

Eastern Mediterranean 2014 26.9 [23-30.8] 26.4 [21.6-31.4] 27.5 [22.4-32.9]

Eastern Mediterranean 2010 27.6 [24.8-30.3] 27.2 [23.5-30.8] 28 [24.2-32]

Western Pacific 2014 18.7 [14.4-22.8] 16.7 [12.1-22.7] 20.6 [15.1-27.6]

Western Pacific 2010 20 [17.3-22.8] 17.9 [14.4-21.9] 21.9 [17.8-26.6]

Global 2014 22.2 [19.9-24.5] 20.5 [17.7-23.4] 24 [20.8-27.4]

Global 2010 23.2 [21.4-24.8] 21.4 [19.3-23.5] 25 [22.6-27.4]

TABLE 1: Age distribution of hypertension in WHO regions (Age group 18+ years).
Table adapted from WHO website
Retrieved from WHO website: http://apps.who.int/gho/data/view.main.2540?lang=en

The following data, compiled from the fact sheet published by the World Hypertension League
and the International Society of Hypertension, sheds light on the current global status of
hypertension. High blood pressure is responsible for about 9.4 million deaths and an estimate
of 162 million years of life were lost in 2010 itself [1-8]. It is a leading risk for fetal and maternal
death in pregnancy, renal failure, and dementia. Approximately four in 10 adults over 25 years
of age have hypertension, and in some countries, one in five is reported to have pre-
hypertension. An estimated nine to 10 individuals living to 80 years of age will develop
hypertension at some point of their life. Economically developing countries carry the highest
burden of hypertensive patients. Hypertension has a major economic impact on health care
spending [9]. This condition has become so widespread that approximately 10% of health care
expenditures are directly related to hypertension and its associated complications. An
unhealthy diet is estimated to be related to about half of hypertension cases. About 30% of
hypertension cases can be attributed to increased salt intake and 20% to low dietary potassium
owning to the lack of fruit and vegetables in the diet. Physical inactivity and obesity are related
to about 20% and 30% of hypertension, respectively. Clinical interventions are not optimal for
hypertension and most individuals with hypertension are unaware about their condition. A
significant number of patients who are aware of their hypertension remain untreated, and even
when treated, a large proportion still has sub-optimally controlled blood pressure [10-11].
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Review
Over the years, many strategies and drug approaches have been used to reduce the hazardous
effects of hypertension. The drug, aliskerin, is a comparatively new drug available for the
treatment of hypertension. This paper shall thus review the safety, efficacy, and its use alone or
in combination with other hypertensive drugs [12].

Pharmacology of aliskiren
Aliskiren (2S,4S,5S,7S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy- 2,7-diisopropyl-
8-[4-methoxy-3-(3-methoxypropoxy-)phenyl)-octanamide was approved for the first time as a
drug for hypertension by the US food and Drug Administration in March 2007. The structure of
the compound is as given below (Figure 2). It is the first orally effective DRI approved for the
treatment of hypertension. It is a non-peptide molecule and has a low molecular weight. As it a
non-peptide molecule, it has better bioavailability and a long half-life and can, therefore, lower
blood pressure effectively [13]. It is available in the form of 150 mg and 300 mg doses. Once
administered orally, the effect of the drug peaks in one to three hours, achieves its steady state
in five to seven days, and has a half-life of 40 hours [14].

FIGURE 2: Chemical structure of Aliskiren
Structure retrieved from NCBI site
: http://pubchem.ncbi.nlm.nih.gov/compound/Aliskiren#section=Top

Mechanism of action of DRI
DRIs are known to inhibit the RAS and can reduce cardiovascular risk. Their main aim is to
prevent the formation of angiotensin I by blocking renin from converting to angiotensin I [15-
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16]. It is the hydrolysis of Leu10-Val 11 bond of angiotensinogen which leads to the generation
of decapeptide fragment, angiotensin I, which is the first and the rate-limiting step of RAS.
DRIs are the only drug that can act on this pathway and are unique in its own sense [17]. Drugs
like angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARB)
act on angiotensin II and AT 1 receptors, respectively (Figure 3) [18-19].

FIGURE 3: Action sites of DRI, ACEI and ARB

Aliskiren as monotherapy
When a dose of 150 mg of aliskiren was administered, SBP was found to be reduced by 10-15
mm of Hg and DBP by 2-10 mm of Hg. With doses of 300 mg, SBP showed a further reduction of
12-16 mm of Hg and DBP by 5-11 mm of Hg. However, all the studies conducted so far have
tested it with other hypertensive drugs and have concluded that it could be only used as an
additional drug for hypertension [20]. No effect was seen in doses less than 75 mg or more than
300 mg. DRI is reported to take about two weeks to bring out the observational changes in
blood pressure and their effect can be best observed by four weeks [21-25]. In a recent study
conducted by a group of researchers to check the efficacy of aliskiren, the mean SBP was
reported as 5.9, 12.5, and 15.2 mm of Hg with placebo, aliskiren (150 mg/day), and aliskiren
(300 mg /day) and DBP as 6.2, 10.1, and 11.8, respectively [26]. Unlike many other hypertensive
drugs, DRI does not increase the plasma renin activity.

Diabetic kidney disease
Diabetic kidney disease (DKD) has been the leading cause of end-stage renal disease [27]. Drugs
such as ACEI and ARB have been the basis of management in DKD. Patients with DKD present
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with progressive renal injury [28]. This occurs due to the activation of the renin-angiotensin-
aldosterone system (RAAS), which in turn stimulates the AT1 receptors, thus increasing the
production of angiotensin II that causes podocyte injury along with damage to the basement
membrane and glomerular epithelium [29-30]. ACEI are known to block the conversion of
angiotensin I to angiotensin II, thereby reducing the concentration of angiotensin II in the
system. This would in turn result in the loss of feedback inhibition, hence, causing an increase
in renin release. This leads to renal damage [31]. ARBs act on AT1 receptors, which interrupt the
negative feedback control of renin release and cause an increase in plasma renin activity, along
with an increase in angiotensin I and angiotensin II. This leads to inflammation, fibrosis, and
oxidant injury of the organs, including the kidneys [32-33].

Is aliskiren superior to ARBS and ACEI in DKD?
On administration of aliskiren, a reduction in levels of proteinuria and hypertension have been
noted. The use of aliskiren has been shown to decrease tubulointerstitial fibrosis, oxidative
markers, glomerular pressure, and podocytopathy [34-35].

In a randomized, double-blinded, placebo-controlled, multinational study, the use of aliskiren
for 24 weeks showed a 20% reduction in albuminuria with small differences in blood pressures.
Five hundred and ninety-nine hypertensive patients with Type 2 diabetes and nephropathy on
treatment with losartan (100 mg per day) were randomly selected for aliskiren treatment or
placebo. The study concluded that aliskiren does have an additional renoprotective effect with
mild lowering of blood pressure properties when used in combination to ARBs [36].

Another similar study conducted to learn about the effectiveness of dual therapy over
monotherapy in the management of the cardiovascular and renal system was stopped due to
adverse effects, including hypotension, hyperkalemia, and acute renal injury, with the use of
ACEI and ARB [37]. This study has led to a debate ever since.

The Aliskiren Trial on Acute Heart Failure Outcomes (ASTRONAUT) was conducted to study the
effects of DRI with ACEI/ARB vs placebo with ACEI/ARB in hypertension. The result indicates
that there is no significant difference in cardiovascular parameters under DRI treatment [38].
The summary and outcome of all the above-mentioned trials is as shown in Table 2. 

Clinical Trial Type of Trial Drugs & Dose Comments References

AVOID trial
Randomized, double
blinded, placebo-
controlled

Aliskiren (150mg to
300mg) OD after 3
months + losartan
(100mg) OD

Aliskerin is renoprotective. (20% reduction
in albuminuria and 50% reduction in
urinary albumin:creatine ratio (UACR)

[36]

ATTITUDE

A multicentre
Randomized double-
blinded placebo-
controlled trial

Aliskiren300 mg vs
placebo OD for 4 years
along with ACEI and ARB

Increased adverse effects with no
significant difference.

[37]

ASTRONAUT Clinical trial
DRI with ACEI/ARB vs
placebo with ACEI/ARB

Adverse effects lesser than those seen in
ATTITUDE with no significant difference

[38]

TABLE 2: Summary of trials involving aliskiren
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Debate on aliskiren with other ACEI and ARB
A recent study published in the European Heart Journal carried out by Tea, et al. focuses on the
use of aliskiren as monotherapy or in combination with other hypertensive drugs. The study
was a randomised placebo-controlled clinical trial, including aliskiren (300 mg) and
hydrochlorothiazide (HCTZ) (25 mg) or amlodipine (5 mg). The group that had received
aliskiren treatment showed a significant improvement with 35% of them reporting an average
SBP of < 130 mm Hg and 11% of them with < 120 mm Hg as compared to 22.8% and 6.8% in the
placebo groups [39].

Similarly, in another study named the ONTARGET (Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial), the patients who were treated with DRI and
ramipril/telmisartan as combination therapy led to a reduction of 2-3 mm of Hg in SBP when
compared to that of those who received monotherapy. However, no benefit was observed in
cases of stroke, myocardial infarction, or hospital stay for heart failure [40-41]. 

As per the research conducted by Oparil and co-workers, aliskiren and valsartan were found to
be better when given in combination as the dual blockage of RAAS reduces the blood pressure
more effectively [42].

Take on DRI with calcium channel blockers (CCB) and diuretics
The ACCELERATE (Aliskiren and the Calcium-Channel Blocker Amlodipine Combination as an
Initial Treatment Strategy for Hypertension) trial was a single-blinded placebo run with three
consecutive phases of double-blind active treatment. Out of 315 patients enrolled in the study;
50% of the patients were treated with DRI (150 mg) while the other 50% were treated with
amlodipine (5 mg) monotherapy during Phase I up to 16 weeks. Phase II was from 16 to 24
weeks where the patients received a combination of the drugs; in Phase III, a few patients
received hydrochlorothiazide or placebo depending upon their BP. The SBP and DBP were
measured at 8, 16, and 24 weeks, which showed a decrease of 6.5 mm of Hg in monotherapy
and 1.4 mm of Hg in combination. The results were promising with DRI until Phase II; it was
highly recommended to use a combination of both the drugs to reduce the BP rather than as a
monotherapy [43].

Another study called The HOPE (Heart Outcomes Prevention Evaluation) trial concluded that
ramipril can significantly reduce the cardiovascular morbidity and mortality in people suffering
from heart diseases [44]. Andersen, et al. carried out a major study comprised of 842 patients to
compare the effectiveness of DRI and CCB. In his study, he considered aliskiren (DRI) (150 mg
titrated to 300 mg at week six; n = 420) and ramipril (CCB) (5 mg titrated to 10 mg at week six; n
= 422). Hydrochlorothiazide was added at week 12 (12.5 mg, titrated to 25 mg, if required). Only
697 patients completed the trial. It was observed that SBP decreased significantly with DRI as
opposed to ramipril, i.e., 16.9 vs 13.2 mm of Hg, respectively. The difference in the DBP was at
13.3 vs 11.6 mm Hg. Aliskiren-based therapy also provided high BP control over CCB or
diuretics [45].

Overweight individuals and DRI impact
The (Aliskiren in Left Ventricular Hypertrophy) ALLAY trial, registered obese patients (body

mass index > 25 kg/m2) who were suffering from hypertension and left ventricular hypertrophy
(LVH) to undergo treatment with DRI or ARB or both. The DRI in consideration was aliskiren
and ARB was losartan. The trial showed that DRI can effectively reduce the LVH, which is an
important sign of end organ damage and, hence, is a safe drug. Controversies following the
ATTITUDE trial crept in, questioning the safety of the drug, but this trial proved that there was
no difference in adverse effects in both the groups [47].
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DRI and heart failure
The ALOFT (Aliskiren Observation of Heart Failure Treatment) trial shed light on the potential
benefit of using DRI in patients with heart failure. The study was a randomised controlled trial
considering beta blockers, ACEI, and DRI. The result revealed that there was a significant
reduction in brain natriuretic peptide (BNP) concentration in groups receiving DRI [48]. The
addition of aliskiren was found to have a positive effect on neurohumoral dynamics of heart
failure and was found to be well tolerated by the patients.

Ongoing trials
The ATMOSPHERE trial is being conducted to determine the safety and efficacy of aliskiren and
enalapril combination on morbi-mortality in patients with congestive heart failure. The
APOLLO (A Randomized Controlled Trial of Aliskiren in the Prevention of Major CV Events in
Elderly People) trial aims to determine the action of aliskiren alone and in combination
with HCTZ or amlodipine in patients above 65 years. The AQUARIUS (Safety and Efficacy of
Aliskiren on the Progression of Atherosclerosis in Coronary Artery Disease Patients) intends to
study the change in coronary atherosclerotic disease through aliskiren treatment [49].

DRI and metabolic syndrome
Aliskiren is capable of conferring increased insulin sensitivity, both in humans and animals,
after a high fructose diet. Aliskiren achieved this via effectively decreasing the angiotensin II
formation. Male Sprague-Dawley rats demonstrating hypertension, hyperinsulinaemia, insulin
resistance, hyperglycemia, hypercholesterolemia, and hypertriglyceridaemia after a high-
fructose diet were shown to resume normalcy by the administration of subcutaneous aliskiren
(100 mg/kg/daily). Obese mice that were supplemented with a fat-rich diet showed a reduction
in plasma leptin levels and insulin resistance post-administration of aliskiren [50-52].

Which is better in co-morbid patients (Type 2 diabetes with
hypertension) - DRI or calcium channel blocker/angiotensin-
receptor blocker?
A recently published work by a group of researchers has proved to be an eye-opener for diabetic
patients suffering from hypertension. The study revolved around the efficacy and safety of DRI
against CCB/ARB in hypertensive patients with Type 2 diabetes mellitus. It was comprised of
126 patients who were treated for 24 weeks with aliskiren and CCB/ARB. The results revealed a
significant reduction in SBP and DBP with DRI, i.e, 11.37% and 10.67%, respectively, while
patients with CCB/ARB showed a reduction of 8.47% and 9.28%, respectively. DRI also showed a
significant reduction in microalbuminuria as compared to CCB/ARB after a period of six
months. Hence, the addition of aliskiren to regular hypertensive drugs can be highly effective
in reducing the blood pressure and urinary albumin excretion [53-57].

Compliance and persistence better with DRI
An original cohort study discussing the drug costs and compliance of DRI with ACEI and ARB
have been published recently. The study had included 17,902 patients out of which 1,395
patients were on aliskiren. Aliskiren was used in conjunction with valsartan (n = 497, 35.6%) in
one cohort, and in the other, valsartan was used with lisinopril (n = 3447, 20.9%). The mean age
in the aliskiren group was 66.4 and that of the ACEI with ARB group was 64.5 years. About
42.7% were males and 51.6% were women. Patients on DRI with ARB demonstrated less
discontinuation rate, better compliance, and less hospitalisation when compared to that of
ACEI and ARB [58]. In an open-label, multicenter study, patients aged between 65-74 years
responded well to the drug, and therefore, it as suggested that DRI does not require any dose
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adjustments [59].

Treatment expenditure
A study focused on determining the overall medical services cost per patient with hypertension
found out that DRI, plus ARB treatment, requires $1,584 and ACEI and ARB requires only $734.
The cost difference was $850. The exclusive hypertension-related medical services cost
averages around $1,292 per patient for DRI and ARB, in contrast to $656 with ACEI and ARB
[49]. The study proved that patients using DRI with ARB would have to bear more cost than the
classical ACEI and ARB. However, since the study was retrospective in nature, an exact
correlation cannot be made [50]. To date, thiazide diuretics are preferred for treating of
hypertension due to it being the most economical drug. Aliskiren (150 mg) once daily for a 28
day cycle costs $31.06 US while losartan (50 mg) is at $20.08 US, irbesartan (150 mg) $19.72 US,
and amlodipine (5 mg) once daily at $2.01 US [60-61].

Conclusions
It can thus be concluded the prospective of using aliskiren as a combination therapy along with
a conventional hypertensive drug is highly promising. However more research and clinical trials
are required to carefully devise a safe and effective treatment course. Furthermore, owing to the
relative higher cost to DRI drugs when compared to other conventional drugs, research is also
warranted in a direction to reduce the cost of DRI drugs under study so that patients can
benefit from the advantages of using them without a significant economic burden.
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