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Unmet need for improved treatment

Mean rate of decline in GFR (mL/min/1.73m2/yr)
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Even more in CVD

Brenner et al. 2001; Lewis et al. 2001
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Change in albuminuria vs. placebo

Patients with type 2 diabetes, hypertension and albuminuria

 Placebo albuminuria 350 mg/d
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All changes significantly different from placebo.
Persson et al. Diabetologia 2010



Aliskiren in patients with hypertension, 
Type 2 diabetes and proteinuria

12–14 weeks

Placebo

Aliskiren 150 mg

+

12 weeks 12 weeks

Placebo

Aliskiren 300 mg

Randomization

Open-label Double-blind

Parving et al. NEJM 2008

Losartan 100 mg and optimal antihypertensive therapy to achieve 
BP <130/80 mmHg 



Changes in UACR with aliskiren and 
placebo in the AVOID study

Data are shown as change from baseline in geometric mean (95% CI)

Baseline was the week –2 value

UACR, urinary albumin:creatinine ratio
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eGFR change from baseline at week 24
according to BP subgroups
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Change in eGFR (mL/min/1.73 m2)
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Efficacy
UACR reduction at 24 weeks

CKD 3

CKD 2

CKD 1

Baseline renal function

0.72 (95% CI 0.61, 1.11); p = 0.202

0.78 (95% CI 0.63, 0.96); p = 0.021

0.81 (95% CI 0.66, 1.00); p = 0.045

Between-treatment differences
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Persson et al. Diabetes Care 2010



Efficacy in relation to glycemia 

0.71 (95% CI 0.42, 1.19); p = 0.196

0.68 (95% CI 0.42, 1.08); p = 0.104

0.48 (95% CI 0.26, 0.89); p = 0.0213. >8.4%
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Persson et al. JRAAS 2012



Hyperkalemia
defined as a single serum potassium value above 5.5 mmol/L

Aliskiren Placebo P

CKD 3  n (%) 29 (22.5) 16 (13.6) 0.07

CKD 2  n (%) 10 (9.6) 14 (11.5) 0.65

CKD 1  n (%) 2 (3.2) 2 (3.9) 1.00

Persson et al. Diabetes Care 2010



Hypotension
Investigator defined

Aliskiren Placebo P

CKD 3 n (%) 5 (3.9) 1 (0.8) 0.215

CKD 2 n (%) 5 (4.8) 1 (0.8) 0.097 

CKD 1 n (%) 2 (3.1) 0 0.502

Persson et al. Diabetes Care 2010



Hypotension
investigator defined

BP group

Aliskiren Placebo

p-valuen % n %

Group A
(<130/80 mmHg)

7 9.2 0 0 0.005

Group B 
(<140/90 mmHg 
but 
>130/80 mmHg)

2 2.1 1 1.1 0.621

Group C 
(>140/90 mmHg)

3 2.3 2 1.7 0.999

No differences between the subgroups for hyperkalemia or renal dysfunction

Persson et al. CJASN 2011



ALTITUDE study – Design

Study design: Randomized, double-blind, placebo-controlled 
study

Study population: 8606 patients

Inclusion criteria: Type 2 diabetes 

1.Persistent macroalbuminuria (UACR ≥200 
mg/g) and eGFR ≥30 mL/min/1.73 m2

2.Persistent microalbuminuria (UACR ≥20 mg/g 
and <200 mg/g) and a mean eGFR ≥30 and <60 
mL/min/1.73 m2

3. A history of cardiovascular disease (e.g. 
myocardial infarction, stroke, heart failure or 
coronary artery disease) and a mean eGFR ≥ 30 
and <60 mL/min/1.73 m2

Concomitant treatment must include an ACEI or 
an ARB 



ALTITUDE study – Design overview

4–12 weeks ~4 years

Randomization

Aliskiren 300 mg once daily
Aliskiren
150 mg

Placebo

4 weeks

Conventional treatment

(according to national guidelines; must include an ACEI or ARB, but not both)



ALTITUDE– Primary endpoint

Composite of:

cardiovascular (CV) death, resuscitated sudden death, 

non-fatal myocardial infarction (MI), non-fatal stroke, 

unplanned hospitalization for heart failure, ESRD or renal 

death (death attributable to kidney failure, need for renal 

replacement therapy with no dialysis or transplantation 

available or applied) or doubling of baseline serum 

creatinine concentration, sustained for at least a month.

Parving et al. NDT 2009



ALTITUDE baseline

Parving et al. JRAAS 2012



ALTITUDE baseline

Parving et al. JRAAS 2012



ALTITUDE baseline

Parving et al. JRAAS 2012



Event adjudication – Dec 20th 2011

• 1123 adjudicated events - 69%

• 581 events (13.6%) with aliskiren vs. 542

(12.6%) placebo

• Hazard ratio 1.09 (0.97, 1.22), for primary 
composite endpoint

• Hazard ratio 1.14 (0.99, 1.30) for secondary 
cardiovascular endpoint

• Hazard ratio 1.34 (1.01, 1.34) p=0.044 for 
stroke



Secondary renal endpoint -Dec 20th 2011

•Hazard ratio 0.93 (0.76, 1.15)

•Doubling of Screa – 141 vs. 159

• ESRD or renal death – 72 vs. 60 



Adverse events - Dec 20th 2011

• Renal serious adverse events – 201 vs. 
142, p<0.001

• Serious adverse events of hyperkalemia –
46 vs. 14, p<0.001



Continued studies

• ATMOSPHERE  - aliskiren vs. ramipril vs. 
combination in heart failure

• APOLLO – aliskiren in the elderly


