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A BS T R AC T
Background

Diabetic nephropathy is the leading cause of end-stage renal disease in developed countries. We evaluated the renoprotective effects of dual blockade of the renin−angio
tensin−aldosterone system by adding treatment with aliskiren, an oral direct renin inhibitor, to treatment with the maximal recommended dose of losartan (100
mg daily) and optimal antihypertensive therapy in patients who had hypertension
and type 2 diabetes with nephropathy.
Methods

We enrolled 599 patients in this multinational, randomized, double-blind study. After
a 3-month, open-label, run-in period during which patients received 100 mg of losartan daily, patients were randomly assigned to receive 6 months of treatment with
aliskiren (150 mg daily for 3 months, followed by an increase in dosage to 300 mg
daily for another 3 months) or placebo, in addition to losartan. The primary outcome
was a reduction in the ratio of albumin to creatinine, as measured in an earlymorning urine sample, at 6 months.
Results

The baseline characteristics of the two groups were similar. Treatment with 300 mg
of aliskiren daily, as compared with placebo, reduced the mean urinary albumin-tocreatinine ratio by 20% (95% confidence interval, 9 to 30; P<0.001), with a reduction
of 50% or more in 24.7% of the patients who received aliskiren as compared with
12.5% of those who received placebo (P<0.001). A small difference in blood pressure was seen between the treatment groups by the end of the study period (systolic,
2 mm Hg lower [P = 0.07] and diastolic, 1 mm Hg lower [P = 0.08] in the aliskiren
group). The total numbers of adverse and serious adverse events were similar in the
groups.
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Conclusions

Aliskiren may have renoprotective effects that are independent of its bloodpressure−lowering effect in patients with hypertension, type 2 diabetes, and nephropathy who are receiving the recommended renoprotective treatment. (ClinicalTrials.gov
number, NCT00097955.)
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he pathogenesis of diabetic nephropathy is multifactorial, and the renin−
angiotensin−aldosterone system plays an
important role.1,2 Persistent proteinuria is the hallmark of diabetic nephropathy, a condition that is
characterized by a progressive rise in blood pressure, a declining glomerular filtration rate, and a
high risk of fatal or nonfatal cardiovascular events.
The degree of proteinuria is closely associated with
the rates of renal and cardiovascular events.3,4 Furthermore, a reduction in proteinuria is associated
with a slowing of both the decline in the glomerular filtration rate5 and the progression to end-stage
renal disease.6 In addition, decreasing proteinuria
is associated with improved cardiovascular outcomes in patients with diabetic nephropathy7 and
arterial hypertension.8 As a result, a reduction in
proteinuria has been widely used as a surrogate end
point for renoprotection.
During the past two decades, the outlook for
patients with diabetes who have microalbuminuria
or macroalbuminuria has improved, probably owing to early aggressive lowering of blood pressure
and blocking of the renin−angiotensin−aldoste
rone system.3,4,9-12 However, there is still a large,
unmet need to develop strategies for the prevention of diabetic nephropathy and its progression
to end-stage renal disease. Diabetic nephropathy
remains the leading cause of end-stage renal disease in the developed world.
The aim of this trial was to evaluate the potential renoprotective capacity of direct renin inhibition with aliskiren in patients with hypertension,
type 2 diabetes, and proteinuria who were already
receiving the maximal recommended renoprotective treatment with losartan (100 mg daily) and
optimal treatment for hypertension. In addition,
the safety of dual blockade of the renin−angio
tensin−aldosterone system was monitored and
recorded.

Me thods
Patients

of
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than 3500 mg per gram, an estimated glomerular filtration rate of less than 30 ml per minute
per 1.73 m2 of body-surface area,13 chronic urinary-tract infection, a serum potassium level
greater than 5.1 mmol per liter at the time of randomization, severe hypertension, or major cardiovascular disease within the previous 6 months.
Study Design

In a randomized, double-blind, placebo-controlled
study that was conducted in 15 countries and 150
centers worldwide, we evaluated the possible renoprotective effect of aliskiren in 599 patients with
hypertension, type 2 diabetes, and nephropathy.
We screened 1892 eligible patients at an enrollment visit (Fig. 1). A total of 805 patients entered
a 3-month open-label period during which all drugs
that the patients had been taking that block the
renin−angiotensin−aldosterone system were discontinued, except for beta-blockers, and treatment
was initiated with the maximal recommended
renoprotective dose of losartan (100 mg daily) plus
additional antihypertensive therapy that was aimed
at achieving an optimal target blood pressure (i.e.,
<130/80 mm Hg). During the 3-month open-label
treatment period, 206 patients were excluded, leaving 599 patients who underwent randomization
and were followed for a median of 6 months (Fig.
1). Patients were randomly assigned to receive
150 mg of aliskiren once daily for 3 months, followed by 300 mg of aliskiren daily for another
3-month period, or matching placebo once daily
for 6 months. The randomization list was generated by a validated system that automated the random assignment of treatment groups to randomization numbers. The study protocol was in
accordance with the Declaration of Helsinki (2002)
and was approved by local and central review
boards. All patients provided written informed
consent. The study was overseen by a steering
committee that included nonvoting members from
the sponsor, Novartis. The steering committee
oversaw the design of the study, the conduct of
the trial, and the management and analysis of all
data. The sponsor was also involved in the design
of the study and in the collection and analysis of
the data. All authors had access to all study data
and vouch for the accuracy and completeness of
the data reported.

We enrolled patients with hypertension who were
18 to 85 years of age and who had type 2 diabetes
and nephropathy (defined by an early-morning
urinary albumin-to-creatinine ratio of >300 mg
per gram, or >200 mg per gram in patients receiving therapy targeted at blockade of the renin
−angiotensin−aldosterone system). The criteria Procedures, Measurements, and Outcome
for exclusion were known nondiabetic kidney dis- The patients were examined 13, 12, 8, 4, and
ease, a urinary albumin-to-creatinine ratio of more 2 weeks before randomization; at the time of ran2434
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1892 Patients were screened

589 Had laboratory values outside the acceptable range
442 Did not meet diagnostic or severity criteria
60 Withdrew consent
48 Had unacceptable test results
35 Had unacceptable medical histories or concurrent
medical conditions
4 Had intercurrent medical events
3 Had used excluded medications or therapies
22 Had other reasons

805 Patients entered open-label
period

50 Had abnormal laboratory values
35 Withdrew consent
35 Had a protocol violation
33 Had an adverse event
22 Had abnormal test results
16 No longer required study drug
5 Had administrative problems
4 Were lost to follow-up
4 Had unsatisfactory effects
2 Died

599 Underwent randomization

301 Were assigned to receive aliskiren

298 Were assigned to receive placebo

18 Had an adverse event
10 Had abnormal laboratory
values
10 Withdrew consent
1 Had a protocol violation
1 Had administrative
problem
1 Was lost to follow-up
1 No longer required
study drug

17 Had an adverse event
7 Had abnormal laboratory
values
4 Withdrew consent
2 Had a protocol violation
2 Died
1 Had administrative
problem

259 Completed the study

265 Completed the study

Figure 1. Numbers of Patients Who Were Screened for the Study, Who Underwent Randomization,
and Who Completed the Study.
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Table 1. Baseline Characteristics of the Randomized Population.*
Aliskiren Group
(N = 301)

Characteristic

Placebo Group
(N = 298)

P Value

Demographic
Age — yr

59.8±9.6

61.8±9.6

0.009

Male sex — no. (%)

206 (68.4)

221 (74.2)

0.11

White

259 (86.0)

261 (87.6)

Black

24 (8.0)

26 (8.7)

Asian

5 (1.7)

6 (2.0)

Other

13 (4.3)

5 (1.7)

Race — no. (%)†

0.39

Clinical
Body-mass index‡

33±7

32±6

0.08

13.2±8.4

14.9±8.7

0.02

Systolic

135±12

134±12

0.38

Diastolic

78±8

77±9

0.18

Angina pectoris

24 (8.0)

20 (6.7)

0.55

Coronary artery disease

24 (8.0)

25 (8.4)

0.85

Myocardial infarction

19 (6.3)

15 (5.0)

0.50

9 (3.0)

12 (4.0)

0.49

Diabetic neuropathy

55 (18.3)

49 (16.4)

0.56

Diabetic retinopathy

65 (21.6)

82 (27.5)

0.09

Dyslipidemia

74 (24.6)

72 (24.2)

0.90

Current smoking

61 (20.3)

53 (17.8)

0.48

Known duration of diabetes — yr
Mean sitting blood pressure — mm Hg

Medical history — no. (%)

Stroke

Urinary albumin-to-creatinine ratio§

513 (463–569)

553 (502–609)

0.29

Urinary albumin excretion rate — μg/min§

495 (440–557)

520 (469–576)

0.52

Serum creatinine — mg/dl¶
Men

1.3±0.5

Women

1.3±0.4

0.62

1.1±0.4

1.1±0.4

0.28

68.5±25.7

66.8±24.5

0.41

135.4±17.8

133.6±15.8

0.55

8.0±1.4

7.9±1.4

0.16

203.5±156.6

177.0±144.2

0.42

Total

181.5±43.6

177.6±44.8

0.88

Low-density lipoprotein

104.2±36.3

104.2±36.7

0.77

High-density lipoprotein

42.5±11.6

42.5±12.4

0.60

Serum potassium — mmol/liter

4.5±0.5

4.5±0.5

0.88

Insulin and insulin analogues

162 (53.8)

158 (53.0)

0.84

Biguanides

145 (48.2)

141 (47.3)

0.83

Sulfonylureas

113 (37.5)

119 (39.9)

0.55

33 (11.0)

38 (12.8)

0.50

Estimated glomerular filtration rate
— ml/min/1.73 m2‖
Hemoglobin — g/liter
Glycated hemoglobin — %
Triglycerides — mg/dl
Cholesterol — mg/dl

Glucose-lowering therapies — no. (%)

Thiazolidinediones

2436
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Table 1. (Continued.)
Aliskiren Group
(N = 301)

Placebo Group
(N = 298)

P Value

Statins

169 (56.1)

169 (56.7)

0.89

Fibrates

24 (8.0)

22 (7.4)

0.79

122 (40.5)

123 (41.3)

0.85

Characteristic
Lipid-lowering therapies — no. (%)

Aspirin — no. (%)

* Plus–minus values are means ±SD. To convert the values for serum creatinine to micromoles per liter, multiply by 88.4.
To convert the values for triglycerides to millimoles per liter, multiply by 0.0113. To convert the values for cholesterol to
millimoles per liter, multiply by 0.0259.
† Race was determined by investigator report.
‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ Values are geometric means, with 95% confidence intervals in parentheses.
¶ Data are for 205 men in the aliskiren group and 221 men in the placebo group and for 95 women in the aliskiren group
and 77 women in the placebo group.
‖ The glomerular filtration rate was calculated with the use of the Modification of Diet in Renal Disease (MDRD) formula.

mens were collected on 3 sequential days 13 weeks
and 2 weeks before randomization and 4, 8, 12,
16, and 24 weeks after randomization. Three overnight urine specimens were obtained on 3 sequential nights 2 weeks before randomization (baseline)
and 12 and 24 weeks after randomization. All assessments of urine and blood were performed by
the same company (CRL.Medinet) in a central laboratory in Europe or the United States. The urinary
albumin concentration was determined by immunoturbidimetry,14 and the serum creatinine concentration was determined by means of the Jaffe
reaction (with the use of a Roche kit).15 The Modification of Diet in Renal Disease (or MDRD) formula was used to estimate the glomerular filtration rate.13 Glycated hemoglobin was measured by
means of high-performance liquid chromatography (Bio-Rad).16 All the other laboratory variables
were also measured centrally with the use of conventional laboratory techniques.
Blood pressure, measured while the patient was
seated, was assessed after at least 5 minutes of rest
with the use of standard mercury sphygmomanometers and an appropriately sized cuff. Three
measurements were obtained, 2 minutes apart at
each time point, and the average of the three was
used for the calculation of the 24-hour trough
level (i.e., the level 24 hours after administration
of the drug). The target blood pressure during the
open-label and double-blind periods was less than
130/80 mm Hg for both groups. Consequently,
further adjustments, as needed, in the dosing of
blood-pressure–lowering medication were recommended after random assignment to bring the
patient’s blood pressure closer to the target. All
n engl j med 358;23

classes of blood-pressure−lowering drugs were
allowed, except for drugs that block the renin−
angiotensin−aldosterone system. Patients continued to receive their usual care for diabetes and
cardiovascular protection (Table 1). No restriction
on dietary salt or protein was mandated. The primary efficacy measure was the percentage reduction in the early-morning urinary albumin-tocreatinine ratio from baseline to the end of the
study (24 weeks) among patients who received
aliskiren, as compared with patients who received
placebo.
Statistical Analysis

Our target sample size for patients completing the
study was approximately 396 patients (198 per
treatment group). Assuming a dropout rate of 20%,
we planned to randomly assign 496 patients. This
sample size would have provided 90% power to
detect, at a two-sided level of significance of 0.05,
a treatment difference of 18% in the primary end
point — the change in the urinary albumin-tocreatinine ratio from baseline to week 24 — between the group that received aliskiren and the
group that received placebo (assuming a standard
deviation of 55%). However, 599 patients were enrolled, mainly as a result of a long screening and
run-in period, an increased rate of enrollment at
the end of the recruitment phase, and a decreased
rate of screening failure toward the end of the enrollment phase. With 599 patients enrolled, and
with the same assumptions as stated above, the
power was approximately 94%.
Changes in the log-transformed urinary albumin-to-creatinine ratio from baseline (2 weeks
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before randomization) to weeks 4, 12, and 16 and
to week 24 (end point) were assessed for the intention-to-treat population with the use of an analysis of covariance (ANCOVA) model, with treatment
and region as factors and baseline log-transformed
albumin-to-creatinine ratio as the covariate. To
adjust for differences in the change in systolic
blood pressure from baseline, the log-transformed
urinary albumin-to-creatinine ratio was also analyzed with the use of an ANCOVA model in which
treatment and region were variables, with the
baseline urinary albumin-to-creatinine ratio and
the change from baseline in systolic blood pressure as covariates. For patients with missing albumin-to-creatinine ratio values for week 24 (13%
and 9.7% in the aliskiren and placebo groups, respectively), the last post-baseline urinary albuminto-creatinine ratio was carried forward for the
week-24 end-point analysis. Patients who had an
adverse event or an abnormal value on a laboratory
test but who remained in the study were followed
for its duration and included in the analysis of
efficacy at 24 weeks. Patients who withdrew from
the study were monitored for adverse events or
abnormal values on laboratory tests for the duration of the study. Treatment comparisons between
the patients who received aliskiren and those who
received placebo were performed with the use of
a two-sided test with a significance level of 0.05.
Least-squares mean differences between the groups
(aliskiren vs. placebo) for the change from baseline in the urinary albumin-to-creatinine ratio
(and associated 95% confidence intervals) were
back-transformed to provide aliskiren-to-placebo
ratios. In addition, a mixed-effects model with the
use of the appropriate procedure of the SAS package (SAS PROC MIXED) was implemented for the
primary end point. The model included study
group, visit, and the interaction term for these two
factors, as well as region and baseline urinary albumin-to-creatinine ratio, as fixed effects and
visits as repeated measurements. A common correlation structure for albumin-to-creatinine ratio
was assumed for each patient.
Changes from baseline in the urinary albumin
excretion rate, blood pressure, and estimated glomerular filtration rate were analyzed with the use
of an ANCOVA model, with treatment, region, and
baseline proteinuria classification as factors and
respective baseline values for the urinary albumin
excretion rate, blood pressure, and glomerular fil-

2438
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tration rate as covariates. Analyses of the urinary
albumin excretion rate and the estimated glomerular filtration rate were performed with the use of
log-transformed data. Correlations between changes from baseline in blood pressure and changes
from baseline in the urinary albumin-to-creatinine
ratio were assessed by linear regression analysis.
All statistical analyses were performed with SAS
software, version 8.2 or higher (SAS Institute).

R e sult s
Characteristics of the Patients

Baseline demographic, clinical, and biochemical
characteristics and the number of patients who
were receiving glucose-lowering and lipid-lowering therapies and aspirin (≤325 mg daily) were balanced between the two groups, except that the
patients in the placebo group were slightly older
(P = 0.009) (Table 1). The mean glycated hemoglobin values remained unchanged, at 8.0%, in the
aliskiren group and rose to 8.1% in the placebo
group, and the numbers of severe hypoglycemic
episodes were zero and one, respectively. Additional blood-pressure−lowering drugs that were
taken by patients in the two groups are shown in
Table 2.
Primary and Secondary Outcomes

By the end of the study period, treatment with
aliskiren (150 mg daily for 3 months, followed by
300 mg daily for another 3 months) had reduced
the mean urinary albumin-to-creatinine ratio by
20%, as compared with placebo (95% confidence
interval [CI], 9 to 30; P<0.001) (Fig. 2A). The mixedeffects model yielded an identical reduction of 20%
in the mean urinary albumin-to-creatinine ratio
(95% CI, 11 to 29; P<0.001). After adjustment for
the change from baseline in systolic blood pressure, the reduction was 18% (95% CI, 7 to 28;
P = 0.002). By week 12, 150 mg of aliskiren daily,
as compared with placebo, had decreased the urinary albumin-to-creatinine ratio by 11% (95% CI,
2 to 20; P = 0.02). At week 24, the overnight urinary
albumin excretion rate showed a similar pattern,
with a reduction of 18% in the aliskiren group
(95% CI, 5 to 30; P = 0.009 for the comparison with
the placebo group) (Fig. 2B). After adjustment for
the change from baseline in systolic blood pressure, the reduction was 17% (95% CI, 4 to 29;
P = 0.02). Mean blood pressure, measured while the
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Table 2. Concomitant Antihypertensive Therapies Received at Baseline and during the Double-Blind Period
among Patients with Type 2 Diabetes and Nephropathy.
Aliskiren Group
(N = 301)

Drug

Placebo Group
(N = 298)

no. of patients (%)
Antihypertensive drugs received at baseline
Calcium-channel blocker

154 (51.2)

173 (58.1)

Beta-blocker

104 (34.6)

108 (36.2)

Thiazide diuretic

103 (34.2)

104 (34.9)

Loop diuretic

78 (25.9)

85 (28.5)

Alpha-blocker

46 (15.3)

34 (11.4)

Centrally acting agent

25 (8.3)

17 (5.7)

Angiotensin-receptor blocker

2 (0.7)

1 (0.3)

Angiotensin-converting–enzyme inhibitor

0

1 (0.3)

Antihypertensive drugs received during double-blind period
Calcium-channel blocker

157 (52.2)

180 (60.4)

Beta-blocker

109 (36.2)

121 (40.6)

Thiazide diuretic

99 (32.9)

102 (34.2)

Loop diuretic

93 (30.9)

99 (33.2)

Alpha-blocker

46 (15.3)

38 (12.8)

Centrally acting agent

28 (9.3)

21 (7.0)

Angiotensin-receptor blocker

1 (0.3)

0

Angiotensin-converting–enzyme inhibitor

0

0

Antihypertensive drugs started during double-blind period
Calcium-channel blocker

23 (7.6)

32 (10.7)

Beta-blocker

12 (4.0)

21 (7.0)

9 (3.0)

16 (5.4)

Loop diuretic

29 (9.6)

32 (10.7)

Alpha-blocker

9 (3.0)

10 (3.4)

Centrally acting agent

6 (2.0)

5 (1.7)

Angiotensin-receptor blocker

0

0

Angiotensin-converting–enzyme inhibitor

0

0

Thiazide diuretic

Antihypertensive drugs stopped during double-blind period
Calcium-channel blocker

20 (6.6)

Beta-blocker

25 (8.4)

7 (2.3)

8 (2.7)

Thiazide diuretic

13 (4.3)

18 (6.0)

Loop diuretic

14 (4.7)

18 (6.0)

Alpha-blocker

9 (3.0)

6 (2.0)

Centrally acting agent

3 (1.0)

1 (0.3)

Angiotensin-receptor blocker

1 (0.3)

1 (0.3)

Angiotensin-converting–enzyme inhibitor

0

1 (0.3)

No. of concomitant antihypertensive drugs received during double-blind period
0

7 (2.3)

4 (1.3)

1

45 (15.0)

51 (17.1)

2

69 (22.9)

43 (14.4)

≥3

180 (59.8)

200 (67.1)
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aliskiren group was 2/1 mm Hg lower than that
in the placebo group (P=0.07 for systolic pressure, P = 0.08 for diastolic pressure) (Fig. 2C).
A reduction of 50% or more in albuminuria
was seen in 24.7% of the patients who received
aliskiren, as compared with 12.5% of the patients
who received placebo (P<0.001). A comparison of
baseline characteristics between patients who had
a heightened response (a reduction of 50% or more
in albuminuria) and those who had a normal response (a reduction of less than 50% in albuminuria) did not reveal any significant differences.
There were no significant differences in the
response to aliskiren among subgroups of patients
(Fig. 3). Even though aliskiren appeared to have
a beneficial effect or trend in all subgroups, the
effect was not always significant. The mean rate
of decline in the estimated glomerular filtration
rate during the 24-week study period was 2.4 ml
per minute per 1.73 m2 (95% CI, 1.1 to 3.7) in
the aliskiren group and 3.8 ml per minute per
1.73 m2 (95% CI, 2.5 to 5.1) in the placebo group
(P = 0.07).
Adverse Events
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Figure 2. Changes from Baseline in the Urinary
Albumin-to-Creatinine Ratio, Urinary Albumin Excretion
Rate, and Blood Pressure According to Study Group.
The percentage change from baseline (2 weeks before
randomization), in the geometric mean, with 95% confidence intervals, is shown for the ratio of urinary albumin to creatinine (Panel A), overnight urinary albumin
excretion rate (Panel B), and mean blood pressure,
measured while the patient was seated (Panel C). The
data show a dose-dependent effect of aliskiren on albuminuria.
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Subgroup

Relative Change from Baseline (95% CI)

Sex
Male
Female
Race
White
Nonwhite
Age
<Median
≥Median
Urinary albumin-to-creatinine ratio
<Median
≥Median
Estimated glomerular filtration rate
<Median
≥Median
Systolic blood pressure
<Median
≥Median
Diastolic blood pressure
<Median
≥Median
Glycated hemoglobin
<Median
≥Median

P Value for
Interaction
0.63

0.82 (0.70–0.96)
0.76 (0.59–0.96)
0.77
0.79 (0.69–0.92)
0.86 (0.65–1.14)

0.28
0.73 (0.61–0.89)
0.85 (0.71–1.02)

0.89
0.78 (0.64–0.95)
0.80 (0.67–0.95)

0.29
0.86 (0.73–1.03)
0.75 (0.61–0.91)

1.00
0.81 (0.66–1.00)
0.81 (0.69–0.95)

0.06
0.91 (0.74–1.12)
0.71 (0.60–0.84)

0.59
0.84 (0.68–1.03)
0.78 (0.66–0.92)

0.1

1.0

Aliskiren Better

10.0

Placebo Better

Figure 3. Relative Change from Baseline in the Urinary Albumin-to-Creatinine Ratio after Treatment with Aliskiren
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Please check
carefully.
line, a level that should have led to the exclusion
of the patients from the study, according to the of aliskiren daily reduces albuminuria in patients
JOB: 35823
ISSUE: 06-05-08
type 2 diabetes, and proteinexclusion criteria described earlier.
Of these 9 pa- with hypertension,
tients, 3 were excluded from the study when the uria who are receiving the recommended maximal
laboratory value became available. One of the re- renoprotective treatment with losartan and optimaining 11 patients withdrew from the study be- mal antihypertensive therapy. Furthermore, a 50%
cause a subsequent laboratory test showed a serum reduction in albuminuria was seen twice as often
potassium level of 6.3 mmol per liter. The mean in the group that received 300 mg of aliskiren daily
(±SD) serum creatinine level in the aliskiren group as in the group that received placebo. The beneat baseline was 1.4±0.6 mg per deciliter (123.76± fits of aliskiren appear to be independent of the
53.04 μmol per liter). Only half of the patients in systemic blood pressure; average trough systolic
the two study groups who had at least one value and diastolic blood pressures during the study were
for serum potassium that was 6.0 mmol per liter only marginally lower in the aliskiren group than
or more (a total of 16 patients) received a diuretic. in the placebo group, and an analysis that adjusted
None of the five patients in the placebo group had for these small differences confirmed the renoa serum potassium level of 5.1 mmol per liter or protective effect of aliskiren. In addition, the demore at baseline, and the mean value for these five cline in kidney function tended to be smaller among
patients was 4.7±0.2 mmol per liter at baseline. the patients who received aliskiren than among
The hyperkalemia was transient, and none of the those who received placebo.
The benefit of blocking the renin−angiotensin−
five patients stopped taking the study medication.
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Table 3. Serious Adverse Events, Adverse Events, and Prespecified Abnormal Laboratory Values during Double-Blind
Treatment (Safety Population).
Adverse Event or Abnormal Laboratory Value

Aliskiren Group (N = 301)

Placebo Group (N = 298)

number (percent)
Any adverse event
Any serious adverse event
Death

201 (66.8)

200 (67.1)

27 (9.0)

28 (9.4)

0

Discontinuation of study medication due to adverse event

2 (0.7)

17 (5.6)

19 (6.4)

9 (3.0)

8 (2.7)

Pneumonia

2 (0.7)

3 (1.0)

Peripheral edema

2 (0.7)

1 (0.3)

Congestive cardiac failure

2 (0.7)

1 (0.3)

Limb abscess

2 (0.7)

0

Gastroenteritis

2 (0.7)

0

Acute renal failure

2 (0.7)

0

Angina pectoris

1 (0.3)

2 (0.7)

Cellulitis

1 (0.3)

2 (0.7)

Discontinuation of study medication due to serious adverse event
Serious adverse events occurring in more than one patient

Adverse events in ≥2% of either group
Headache

18 (6.0)

11 (3.7)

Nasopharyngitis

18 (6.0)

15 (5.0)

Dizziness

15 (5.0)

10 (3.4)

Hyperkalemia

15 (5.0)

17 (5.7)

Edema, peripheral

13 (4.3)

23 (7.7)

Back pain

13 (4.3)

12 (4.0)

Anemia

12 (4.0)

5 (1.7)

Hypotension

12 (4.0)

3 (1.0)

Diarrhea

9 (3.0)

8 (2.7)

Influenza

9 (3.0)

7 (2.3)

Nausea

8 (2.7)

5 (1.7)

Upper respiratory tract infection

8 (2.7)

4 (1.3)

Urinary tract infection

8 (2.7)

11 (3.7)

Gastroenteritis

7 (2.3)

1 (0.3)

Pain in extremity

7 (2.3)

7 (2.3)

Asthenia

6 (2.0)

3 (1.0)

Cough

5 (1.7)

7 (2.3)

Dyspnea

5 (1.7)

6 (2.0)

Fatigue

5 (1.7)

6 (2.0)

Angina pectoris

4 (1.3)

6 (2.0)

Arthralgia

4 (1.3)

7 (2.3)

Abdominal pain, upper

3 (1.0)

6 (2.0)

Myalgia

3 (1.0)

7 (2.3)

Laboratory abnormalities*
Serum potassium
<3.5 mmol/liter

15 (5.0)

11 (3.7)

>5.5 mmol/liter

41 (13.7)

32 (10.8)

14 (4.7)

5 (1.7)

Creatinine >2.0 mg/dl (176.8 µmol/liter)

≥6.0 mmol/liter

37 (12.4)

54 (18.2)

Blood urea nitrogen >40.0 mg/dl (14.28 mmol/liter)

65 (21.7)

66 (22.2)

* Data were available for 299 patients in the aliskiren group and 297 patients in the placebo group.
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aldosterone system in patients with diabetes who
are at risk for end-stage renal disease is now
well established.3,4,10-12 However, most studies to
date also show that renal disease progresses in
many patients despite treatment with angiotensin-converting−enzyme (ACE) inhibitors or angiotensin II−receptor blockers.3,4,10-12 Consequently,
alternatives that optimize the blockade of the re
nin−angiotensin−aldosterone system are being explored in the hope that a more complete blockade will lead to a better therapeutic outcome.17
New renoprotective strategies include dual blockade of the renin−angiotensin−aldosterone system
with the use of ACE inhibitors and angiotensin
II–receptor blockers, very high doses of angiotensin II−receptor blockers,18-20 aldosterone blockade,21,22 and, as in the present study, direct renin inhibition.
Aliskiren, the renin inhibitor used in our study,
has a 40-hour half-life and reduces both blood
pressure and plasma renin activity. It is well established that a dose of 300 mg of aliskiren is
optimal for the reduction of blood pressure.23 Further information concerning the development of
oral renin inhibitors and their pharmacokinetic
and pharmacodynamic properties, with a focus
on aliskiren, is available in a recent review.24
In a study reported in 2000 that involved patients with type 2 diabetes, hypertension, and microalbuminuria, Mogensen et al.25 showed that
treatment with a combination of submaximal
doses of candesartan and lisinopril was more effective in reducing blood pressure (reductions in
systolic pressure of approximately 10 mm Hg and
in diastolic pressure of approximately 6 mm Hg)
than therapy with only one agent; however, the
effectiveness of the combined therapy in reducing
albuminuria was not firmly established. Since
then, numerous small studies, often using submaximal doses of ACE inhibitors in patients with
diabetic nephropathy, have shown a significant
reduction in blood pressure and albuminuria with
this treatment strategy.26 In contrast, a large, randomized, controlled trial involving patients with
type 2 diabetes, hypertension, and albuminuria
who received the maximal recommended doses
of ramipril and irbesartan failed to show a significant effect of combination therapy, as compared with monotherapy, on albuminuria,27 despite a significant reduction in systemic blood
pressure. However, this study may have been underpowered, owing to a more marked variability
in the urinary albumin excretion rate than anticin engl j med 358;23

pated. Our study was larger and adequately powered, and the results clearly support a specific
renoprotective effect of aliskiren — namely, a beneficial effect on kidney function beyond the effect
on hypertension. However, we cannot completely rule out the possibility that changes in antihypertensive medications after randomization might
have confounded the results of our study.
Glomerular proteinuria is determined by four
factors: the mean transcapillary hydraulic-pressure
difference, the glomerular surface area, and the
size selectivity and charge selectivity of the glomerular filter. In diabetic nephropathy several of
these variables are abnormal, and blockade of the
renin−angiotensin−aldosterone system has been
shown to normalize directly measured or estimated glomerular hydraulic pressure,28-30 to reduce the shunt-like defects in the membrane, at
least in part,31,32 and to restore the charge-selectivity properties of the glomerular membrane.33
In our study, the estimated glomerular filtration rate was nearly identical in the two groups
at baseline, whereas the decline in the glomerular
filtration rate tended to be smaller among the patients who were treated with aliskiren for 6 months
than among the patients who were given placebo.
Long-term studies (more than 2 years’ duration)
must be conducted to elucidate whether the beneficial effect on the kidney that is seen in the short
term is sustained.
Previous studies with antihypertensive drugs
have usually shown an initial drop in the glomerular filtration rate that is steeper than the sustained
decline.11,34 Recently, a study of healthy people on
a low-sodium diet has shown that renal vasodilatation with aliskiren far exceeds that seen with
ACE inhibitors and angiotensin II−receptor blockers.35 These results indicate that aliskiren may
provide greater and thus more effective blockade
of the renin system in the kidney. Since the renin
system is enhanced in patients with diabetes, as
compared with controls,36 a more pronounced
difference in renal vasodilatation may be expected
during aliskiren therapy.
During the course of the trial, the average difference in blood pressure was only 2 mm Hg systolic and 1 mm Hg diastolic in favor of the dual
blockade of the renin−angiotensin−aldosterone
system. Studies of the same treatment approach
(300 mg of aliskiren combined with 320 mg of
valsartan37 or 10 mg of ramipril38) in patients with
essential hypertension have shown at least a doubling of the difference in blood pressure in the
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combination-therapy groups as compared with the
monotherapy groups. A likely explanation for this
finding is that the patients in these two trials had
a much higher average baseline blood pressure
than the patients in our study, whose baseline
blood pressure was well controlled. Even though
many of the patients in both of our study groups
received three or more antihypertensive agents, our
systolic blood-pressure goal of 130 mm Hg was
reached in less than half the patients, whereas our
diastolic blood-pressure goal of 80 mm Hg was
reached in the majority of patients in both groups.
Previous studies among patients with diabetic nephropathy have also shown that ideal control of
systolic blood pressure is very difficult to attain
in patients with diabetes, probably owing to the
presence of diabetic macroangiopathy.2-4,11
It is possible that aliskiren also differs from
ACE inhibitors or angiotensin II−receptor blockers in other ways that might explain these results.
In 2002, Nguyen et al.39 discovered a (pro)renin
receptor that was detected in the brain, heart,
liver, and kidney. Prorenin, when bound to the
(pro)renin receptor, displayed enzymatic activity
and activation of intracellular signaling pathways
without proteolytic removal of the prosegment.
Recent studies in animals with diabetes40,41 and
in in vitro conditions with high glucose42 have
shown that aliskiren reduces the number of
(pro)renin receptors in the kidney, mitigates profibrotic activity in the kidney, and nearly abolishes
the apoptotic effects on cultured podocytes. Furthermore, data from transgenic (mRen-2)27 rats
with diabetes suggest that aliskiren has a greater renoprotective capacity than ACE inhibitors.43
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These findings are consistent with the observation that an elevated plasma prorenin level is
associated with the development of diabetic nephropathy.1
The combination therapy consisting of the
maximal recommended doses of aliskiren and
losartan had similar tolerability to therapy with
placebo and losartan, consistent with findings in
an earlier study of the combination of aliskiren
and valsartan.37 Hyperkalemia was reported in
5.0% of the patients in the aliskiren group and in
5.7% of the patients in the placebo group. The
number of patients with a serum potassium level
of 6.0 mmol per liter or more was higher with the
combined drugs than with placebo, although
the occurrence of such cases, after adjustment for
the nine patients who were mistakenly enrolled in
the trial, was low.
In conclusion, aliskiren appears to have a renoprotective effect that is independent of its bloodpressure–lowering effect in patients with type 2
diabetes who are receiving the maximal recommended renoprotective treatment and optimal antihypertensive therapy.
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