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The authors sought to retrospectively analyze the real-world
evidence on aliskiren in diabetic patients with or without
concomitant renin-angiotensin system (RAS) blocker use
based on the Registry for Ambulant Therapy With RAS
Inhibitors in Hypertension Patients in Germany (3A). Of
14,986 patients included, 3772 patients had diabetes and
28.5% received aliskiren, 14.3% received angiotensin-
converting enzyme (ACE) inhibitors/angiotensin receptor
blockers (ARBs), 35.4% received aliskiren plus an ACE
inhibitor/ARB, and 10.5% received other drugs. Ambulatory
blood pressure (BP) monitoring (baseline BP 148�15.8/
84.0�10.9 mm Hg) revealed stronger diastolic BP reduction

for aliskiren plus ACE inhibitor/ARB than aliskiren alone in
the low (2.8�0.5 vs 0.6�0.6; P=.004) and intermediate
(5.9�0.5 vs 4.5�0.5; P=.04) baseline BP groups. There was
a lesser ambulatory BP reduction observed for patients
receiving non-RAS in the high baseline category for both
systolic (12.5�1.8 vs 17.1�1.0; P=.02) and diastolic (6.9�1.0
vs 9.8�0.6; P=.01) BP. In patients with hypertension and
type 2 diabetes, aliskiren was beneficial in lowering BP,
with no observed increases in major adverse effects com-
pared with RAS-blocking therapy alone. J Clin Hypertens
(Greenwich). 2016;18:1045–1053. ª 2016 Wiley Periodicals,
Inc.

Hypertension is a major cause of premature death
around the world.1,2 Among those with hypertension,
patients with comorbid diabetes have approximately
twice the risk of cardiovascular (CV) disease compared
with those without diabetes. Patients are also at
increased risk for diabetes-specific complications includ-
ing retinopathy and nephropathy. In the United King-
dom Prospective Diabetes Study (UKPDS),3 each
10 mm Hg decrease in mean systolic blood pressure
(BP) was associated with reductions in risk of 12% for
any complication related to diabetes, 15% for deaths
related to diabetes, 11% for myocardial infarction, and
13% for microvascular complications.
In hypertensive patients, in particular those with

comorbid diabetes, the benefits and risks associated with
various therapies and treatment strategies (or combina-
tions) must be carefully considered.2 For example,
thiazide diuretics have been shown to promote the
development of diabetes, while b-blockers can cause
worsening of metabolic control.4,5 Blockers of the
renin-angiotensin system (RAS), such as angiotensin-
converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBs), on the other hand, have been

found to be beneficial and are preferred in patients with
diabetes.2,4,6 Attempts, however, to utilize the potential
benefit of concurrently administering multiple RAS-
blocking agents have been shown to be futile.6 Further,
aliskiren, which has a positive benefit–risk ratio in
patients with hypertension,7–11 did not show any benefit
on cardiorenal outcomes, with a trend for increased rates
of CV events in the Aliskiren Trial in Type 2 Diabetes
Using Cardio-Renal Disease Endpoints (ALTITUDE)12

when given in addition to RAS-based treatment strate-
gies (ie, ACE inhibitors or ARBs). Moreover, there was
an increase in the rate of hyperkalemia, hypotension, and
renal dysfunction in the aliskiren group, which is in line
with its mechanism of action.12 The use of aliskiren in
combination with either an ACE inhibitor or an ARB is
therefore now contraindicated in patients with diabetes.
In addition, the Aliskiren Trial on Acute Heart Failure
Outcomes (ASTRONAUT)13,14 found that patients with
diabetes who received aliskiren initiated early after
hospitalization for acute decompensated heart failure
in combination with standard heart failure therapy,
which included ACE inhibitors and ARBs, showed worse
postdischarge outcomes than nondiabetic patients.
To assess real-world evidence for the use of aliskiren

in patients with hypertension, we retrospectively ana-
lyzed the Registry for Ambulant Therapy With RAS
Inhibitors in Hypertension Patients in Germany (3A),
which was established in Germany in 2008. The
principal aim of the present analysis was to evaluate
the benefits and risks associated with the use of aliskiren
for treating hypertension in patients with type 2
diabetes.

The results have been presented at the European Society of Hypertension,
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METHODS

Study Design
The 3A registry is a prospective, observational, nonin-
terventional, multicenter registry that was established to
investigate the characteristics of patients with hyperten-
sion and the effects of treatment with aliskiren. It was
established in 2008 by the Institut f€ur Herzinfarkt-
forschung (Ludwigshafen, Germany). The design and
patient criteria for the 3A registry are provided in detail
elsewhere.15 All patients provided written informed
consent prior to study inclusion. In addition, the study
protocol was approved by the Landes€arztekammer
Rheinland-Pfalz medical ethics committee (Mainz,
Germany). This investigation was registered at clinical-
trials.gov (NCT01454583) and within the Verband
forschender Arzneimittelhersteller (VfA) database.16

Patients and Treatments
Patient eligibility for the 3A registry was determined
according to the following criteria: 18 years or older,
presence of arterial hypertension (known or newly
diagnosed), physician decision to initiate or modify
treatment for hypertension, follow-up availability, and
written informed consent. The data presented here
correspond to patients enrolled between August 2008
and April 2009.

The treating physician independently decided and per
their best clinical judgment about the therapy for their
patients. Prescription of drugs was in accordance with
governing German regulations and reimbursement cri-
teria; no drugs were provided for the participants. In
order to avoid selection bias, physicians were asked to
enroll patients in a consecutive manner. Patients were
excluded based on participation in randomized con-
trolled trials (RCTs) and inability to attend follow-up
visits.

Study participants were categorized into four groups
based on physician-selected treatment strategy: (1)
aliskiren alone, (2) other RAS blocker (ACE inhibitor
or ARB) alone, (3) aliskiren plus a RAS blocker, and (4)
non–RAS-blocking agents (either alone as monotherapy
or in addition to an existing drug regimen). The primary
goal of this investigation was to collect data regarding
the compound aliskiren. Thus, physicians were asked to
include consecutive patients into the registry in a ratio
of four (aliskiren) to one (other RAS blocker with or
without aliskiren) to one (non–RAS-blocking agent).

Data Collection
A standardized Web-based questionnaire (electronic
case record form) was used for recording the collected
data. Source data were verified for 10% of the patients,
and 5% of the centers and patients were audited. Patient
data were recorded during study inclusion (baseline)
and 1 year later (prospectively), either during clinical
examination or by reviewing the patient’s chart. Out-
comes were not centrally adjudicated, but were based
on physician’s diagnosis. Resistant hypertension was

defined as an elevated BP level despite use of three
antihypertensive agents of different classes including a
diuretic.

Statistical Analyses
Continuous variables were based on the available data
and summarized using descriptive statistics (ie, absolute
numbers, means, standard deviations [SDs], or medians
with 25th and 75th percentiles). Categorical data were
presented based on the number and percentage of
patients within each category. Treatment group com-
parisons were performed using Pearson chi-square test
(categorical variables) or Kruskal-Wallis test (continu-
ous data). For each parameter, percentages were calcu-
lated based on the available patient data (ie, missing
values were not considered).

The treatment groups displayed different baselines
with regard to BP. Thus, we selected a unique statistical
approach to analyze this variance and to assess the
follow-up data. Specifically, individual patient means,
and the linear function linking baseline means and other
confounders to the follow-up means, were estimated for
the three treatment groups using SAS software
(NLMIXED procedure; SAS Institute Inc, Cary, NC).
Notably, this technique allowed us to maximize approx-
imations to likelihood (quasi-Newton algorithm) and
integrate them over the random effects (adaptive Gauss-
Hermite quadrature). In order to define adjusted
changes in BP, we chose three pretreatment values (ie,
the borders between the four quartiles) derived from all
patients with diabetes. Adjustments were made for age,
sex, smoking, dyslipidemia, glomerular filtration rate
(GFR) <60, CV disease, severity of hypertension,
number of additional antihypertensive drugs, body mass
index (BMI), family history of coronary artery disease,
and hypertension duration.

All events were documented without dates and were
appropriately analyzed either separately or in combina-
tion (eg, major CV events and major adverse CV and
cerebrovascular events [MACCEs]). The data presented
are unadjusted. In an exploratory analysis, MACCE
rates were analyzed in a Cox proportional hazard
regression model adjusting for age, sex, smoking,
dyslipidemia, GFR ≥60, CV disease, hypertension stage,
and number of additional antihypertensive drugs. In
addition, in a stepwise regression, BMI, family history
of CAD, and duration of hypertension were considered
given their a was ≤.1.

All P values were determined by two-sided tests, with
P values ≤.05 considered significant. Statistical analyses
were performed using SAS 9.2 software (SAS Institute
Inc).

RESULTS
A total of 14,986 patients were enrolled in the 3A
registry (Figure). Of those, 13,424 had 12-month
follow-up information available (89.6%). A total of
3772 (28%) individuals had type 2 diabetes (mean
duration 7.7�6.8 years), as diagnosed through glycated
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hemoglobin (HbA1c) levels ≥6.5%. Characteristics of
patients with diabetes compared with those without
diabetes, who were excluded, are presented in Tables S1
and S2. Patients with diabetes were older, less often
female, and had a higher bodyweight/BMI. Resistant
hypertension was more often diagnosed (49.5% vs
28.3%; P<.0001) and the rate of overall CV disease at
baseline was higher (44.6% vs 26.1%, P<.0001).
Furthermore, renal failure (16.3% vs 5.9%;
P<.0001) and low estimated GFRs (29.2% vs 18.9%;
P<.0001) were found to be more prevalent in diabetic
individuals. Finally, HbA1c (7.0�1.2 vs 5.6�0.4;
P<.0001) and glucose fasting values (133.3�43.7 vs
91.5�18.2; P<.0001) were higher in patients with
diabetes than without (Table S2).

Characteristics of Patients With Type 2 Diabetes by
Treatment Group
Among the group of patients with type 2 diabetes,
1074 patients received aliskiren only (28.5%), 541
ACE inhibitors/ARBs only (14.3%), 1336 aliskiren
on top of ACE inhibitors/ARBs (35.4%), and 395

patients received antihypertensive drugs other than
RAS-blocking agents (10.5%) (Table I). While there
were only minor differences in patient characteristics,
noteworthy differences included higher BP values in
both the aliskiren and the aliskiren + ACE inhibitor/
ARB groups compared with the other two treatment
groups and a higher rate of comorbid disease (heart
failure, coronary artery disease, peripheral artery
disease, and renal disease) in patients receiving
aliskiren + ACE inhibitor/ARB.

BP Reduction by Treatment Group in Patients With
Type 2 Diabetes Mellitus
Office BP in patients with diabetes was 156�19.5/
90.5�11.0 mm Hg with only minor differences com-
pared with those without diabetes (Table S1). To adjust
for baseline differences in BP among the treatment
groups, three pretreatment office BP values were chosen
(145/80 mm Hg, 155/90 mm Hg, and 170/95 mm Hg)
representing the three borders between four quartiles
(Table II). There was no significant difference in BP
lowering in the ACE inhibitor/ARB, aliskiren + ACE

FIGURE. Patient groups considered for the analyses. FU indicates follow-up; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; BP, blood pressure; T2D, type 2 diabetes; RAS, renin-angiotensin system.

The Journal of Clinical Hypertension Vol 18 | No 10 | October 2016 1047

Aliskiren in Patients With Diabetes | Kistner et al.



T
A
B
L
E

I.
C
o
m
p
a
ri
s
o
n
o
f
B
a
s
e
lin
e
D
a
ta

B
e
tw

e
e
n
T
re
a
tm

e
n
t
G
ro
u
p
s
in

P
a
ti
e
n
ts

W
it
h
T
y
p
e
2
D
ia
b
e
te
s
(n
=
3
3
4
6
)

A
lis
k
ir
e
n
O
n
ly

(n
=
1
0
7
4
)

A
C
E
In
h
ib
it
o
r/
A
R
B

O
n
ly

(n
=
5
4
1
)

P
V
a
lu
e
v
s
A
lis
k
ir
e
n

A
lis
k
ir
e
n
+
A
C
E

In
h
ib
it
o
r/
A
R
B

(n
=
1
3
3
6
)

P
V
a
lu
e
v
s

A
lis
k
ir
e
n

N
o
n
-R

A
S

(n
=
3
9
5
)

P
V
a
lu
e
v
s

A
lis
k
ir
e
n

A
g
e
,
y

6
6
.0
�1

0
.8

6
7
.4
�1

0
.0

<
.0
5

6
7
.0
�9

.9
<
.0
5

6
6
.0
�1

1
.0

.8
5

F
e
m
a
le
,
%

4
6
.6

4
2
.5

.1
2

4
2
.6

<
.0
5

4
6
.1

B
o
d
y
w
e
ig
h
t,
k
g

8
8
�1

7
8
9
�1

8
.3
5

9
1
�1

8
<
.0
0
0
1

8
7
�1

8
.4
6

B
M
I,
k
g
/m

2
3
0
.5
�5

.2
3
0
.7
�5

.6
.9
5

3
1
.5
�5

.8
<
.0
0
0
1

3
0
.3
�5

.2
.4
0

D
ia
b
e
te
s
d
u
ra
ti
o
n
,
y

7
.2
�6

.6
7
.0
�6

.5
.8
7

8
.3
�6

.9
<
.0
0
0
1

6
.3
�5

.7
.0
6

H
T
N A
g
e
a
t
H
T
N

o
n
s
e
t,
y

5
7
.9
�1

1
.4

5
8
.4
�1

1
.0

.4
0

5
6
.2
�1

1
.0

<
.0
0
1

5
8
.7
�1

1
.3

.2
6

H
is
to
ry

o
f
H
T
N
,
y

9
.1
�7

.3
9
.6
�7

.9
.4
0

1
0
.8
�8

.2
<
.0
0
0
1

8
.2
�7

.3
<
.0
1

O
ffi
c
e
B
P
s
y
s
to
lic

,
m
m

H
g

1
5
7
�1

9
.0

1
5
2
�1

9
.6

<
.0
0
0
1

1
5
9
�2

0
.0

.1
0

1
5
1
�1

8
.4

<
.0
0
0
1

O
ffi
c
e
B
P
d
ia
s
to
lic

,
m
m

H
g

8
9
.8
�1

1
.0

8
6
.9
�1

1
.4

<
.0
0
0
1

8
8
.5
�1

1
.6

<
.0
1

8
7
.2
�1

1
.1

<
.0
0
1

M
e
a
n
A
B
P
M

s
y
s
to
lic

B
P
,
m
m

H
g

1
4
7
�1

4
.7

1
4
4
�1

5
.3

<
.0
1

1
4
9
�1

5
.9

.2
7

1
4
3
�1

6
.8

<
.0
1

M
e
a
n
A
B
P
M

d
ia
s
to
lic

B
P
,
m
m

H
g

8
5
.3
�1

1
.1

8
2
.5
�1

0
.1

<
.0
1

8
3
.2
�1

1
.0

<
.0
1

8
3
.9
�1

0
.9

.1
2

R
e
s
is
ta
n
t
H
T
N
,
%

3
5
.1

4
3
.7

<
.0
0
1

6
5
.1

<
.0
0
0
1

2
4
.9

<
.0
0
1

C
o
m
o
rb
id
it
y

H
e
a
rt

fa
ilu

re
,
%

1
9
.7

2
1
.8

.3
1

2
4
.6

<
.0
1

1
6
.5

.1
6

C
A
D
,
%

2
5
.0

2
8
.3

.1
6

3
2
.2

<
.0
0
1

2
7
.6

.3
1

P
ri
o
r
s
tr
o
k
e
,
%

6
.1

5
.6

.7
0

7
.7

.1
4

6
.5

.8
1

P
A
D
,
%

8
.5

9
.8

.3
9

1
4
.2

<
.0
0
0
1

6
.8

.2
8

R
e
n
a
l
fu
n
c
ti
o
n

R
e
n
a
l
fa
ilu

re
,
%

a
1
2
.7

1
3
.0

.8
6

2
0
.4

<
.0
0
0
1

1
0
.8

.3
4

M
ic
ro
a
lb
u
m
in
u
ri
a
/m

a
c
ro
a
lb
u
m
in
u
ri
a
,
%

2
0
.7

2
0
.5

.9
2

2
9
.9

<
.0
0
0
1

1
6
.5

.0
9

e
G
F
R

<
6
0
/m

L
/m

in
/1
.7
3
2
,
%

2
8
.1

2
6
.4

.4
6

3
1
.1

.1
1

2
2
.8

<
.0
5

C
o
n
c
o
m
it
a
n
t
tr
e
a
tm

e
n
t

A
C
E
in
h
ib
it
o
r

0
(0
.0
)

2
6
6
(4
9
.2
)

N
A

7
1
1
(5
3
.2
)

N
A

0
(0
.0
)

N
A

A
R
B

0
(0
.0
)

2
7
5
(5
0
.8
)

N
A

6
2
5
(4
6
.8
)

N
A

0
(0
.0
)

N
A

b
-B

lo
c
k
e
r

5
1
9
(4
8
.3
)

2
8
7
(5
3
.1
)

.0
7

8
3
8
(6
2
.7
)

<
.0
0
0
1

2
6
2
(6
6
.3
)

<
.0
0
0
1

D
iu
re
ti
c
s

4
6
7
(4
3
.5
)

2
8
4
(5
2
.6
)

<
.0
0
1

8
6
9
(6
5
.1
)

<
.0
0
0
1

1
8
2
(4
6
.1
)

.3
8

C
a
lc
iu
m

c
h
a
n
n
e
l
b
lo
c
k
e
r

3
2
7
(3
0
.5
)

2
0
9
(3
8
.7
)

<
.0
0
1

7
4
5
(5
5
.8
)

<
.0
0
0
1

1
6
4
(4
1
.5
)

<
.0
0
0
1

A
b
b
re
v
ia
ti
o
n
s
:
A
B
P
M
,
a
m
b
u
la
to
ry

b
lo
o
d
p
re
s
s
u
re

m
e
a
s
u
re
m
e
n
t;
A
C
E
,
a
n
g
io
te
n
s
in
-c
o
n
v
e
rt
in
g
e
n
zy

m
e
;
A
R
B
,
a
n
g
io
te
n
s
in

re
c
e
p
to
r
b
lo
c
k
e
r;
B
M
I,
b
o
d
y
m
a
s
s
in
d
e
x
;
C
V
,
c
a
rd
io
v
a
s
c
u
la
r
d
is
e
a
s
e
;

C
A
D
,
c
o
ro
n
a
ry

a
rt
e
ry

d
is
e
a
s
e
;
e
G
F
R
,
e
s
ti
m
a
te
d
g
lo
m
e
ru
la
r
fi
lt
ra
ti
o
n
ra
te
;
H
T
N
,
h
y
p
e
rt
e
n
s
io
n
;
N
A
,
n
o
t
a
v
a
ila

b
le
;
P
A
D
,
p
e
ri
p
h
e
ra
l
a
rt
e
ry

d
is
e
a
s
e
;
R
A
S
,
re
n
in
-a
n
g
io
te
n
s
in

s
y
s
te
m
.
a
R
e
n
a
l
fa
ilu

re
w
a
s

o
b
ta
in
e
d
fr
o
m

th
e
p
h
y
s
ic
ia
n
b
u
t
n
o
t
p
re
d
e
fi
n
e
d
b
y
th
e
p
ro
to
c
o
l.
V
a
lu
e
s
a
re

in
d
ic
a
te
d
in

p
e
rc
e
n
ta
g
e
,
m
e
d
ia
n
(i
n
te
rq
u
a
rt
ile

ra
n
g
e
),
o
r
m
e
a
n
�s

ta
n
d
a
rd

d
e
v
ia
ti
o
n
.

1048 The Journal of Clinical Hypertension Vol 18 | No 10 | October 2016

Aliskiren in Patients With Diabetes | Kistner et al.



inhibitor/ARB, or the non-RAS group compared with
the patient group receiving aliskiren only.
Based on 24-hour ambulatory BP monitoring

(ABPM), there was a stronger diastolic BP reduction
with aliskiren + ACE inhibitor/ARB than with aliskiren
alone for both the low (2.8�0.5 vs 0.6�0.6; P=.004)
and intermediate (5.9�0.5 vs 4.5�0.5; P=.04) baseline
BP groups. Further, there was a lesser BP reduction
observed for patients receiving non-RAS in the high
baseline BP category for both the systolic (12.5�1.8 vs
17.1�1.0; P=.02) and diastolic (6.9�1.0 vs 9.8�0.6;
P=.01) ABPM readings.

Changes in Laboratory Values Following 1 Year of
Treatment
With regard to laboratory values, the main differences
between diabetic and nondiabetic patients were
increased HbA1c and fasting blood glucose levels as
well as decreased GFR (Table S2). These values showed
only slight differences following 1 year of treatment
with the most apparent being the rise in fasting
glucose in patients with diabetes (5.9�43.8 mg/dL)
and a mean nominal reduction in those without diabetes
(�2.3�22.4 mg/dL; P<.0001).
Grouped by treatment in patients with diabetes

(Table III), baseline laboratory values were largely
comparable, with only the difference in HbA1c between
the aliskiren and the ACE inhibitor/ARB group (P<.05)
and the fasting blood glucose between non-RAS and
aliskiren (P<.01) reaching statistical significance. Within
the 1 year of follow-up, changes in HbA1c, fasting
glucose, creatinine, and potassium were either statisti-
cally not significant or clinically not relevant. The only
noteworthy difference was a steeper decline in estimated
GFR in the aliskiren + ACE inhibitor/ARB group
(2.1�16.5 mL/min/1.73 m² vs 0.3�22.1; P<.01), which
was also present in the non-RAS group (1.9�16.1 mL/
min/1.73 m²), although it did not reach statistical
significance (P=.09).

Event Rates During the 1-Year Follow-Up
Principal differences between patients with or without
diabetes at 1 year were higher rate of death (odds ratio
[OR], 2.63; 95% confidence interval [CI], 1.79–3.88])
and higher rate of MACCE (death and/or myocardial
infarction and/or stroke (OR, 2.14; 95% CI, 1.58–2.90)
(Table S3).
Event rates by treatment groups in patients with

diabetes (Table IV) were low and the combined end-
point MACCE showing the highest rates, with 2.5% in
the non-RAS group and 2.2% in the aliskiren only and
aliskiren + ACE inhibitor/ARB groups, respectively, and
1.3% in those receiving ACE inhibitor/ARB only.
Differences vs aliskiren alone were, however, nonsignif-
icant for either group with an OR of 1.74 (95% CI,
0.75–4.07) for the ACE inhibitor/ARB group and ORs
slightly less than 1 for the two other groups.
Furthermore, we investigated the incidence of side

effects when aliskiren was given alone or in

combination with ACE inhibitors or ARBs. None of
the parameters, as displayed in Table V, had a statis-
tically significant different rate in either group with
hypotension (seven cases in the aliskiren group (0.6%);
18 cases in the aliskiren + ACE inhibitor/ARB group
(1.4%) showing the highest nominal difference (P=.07).

DISCUSSION
In a real-world cohort of patients with type 2 diabetes,
in which there was a stratification of patients to
aliskiren, other RAS-blocking agents, and non–RAS-
blocking agents in a 4:1:1 ratio, 55.4% of aliskiren
patients received the drug in combination with ACE
inhibitors/ARBs. This proportion may seem to be high,
given the contraindication of aliskiren for the combined
use with other RAS-blocking agents, but reflects clinical
practice at the time the registry was conducted, when
the results of ASTRONAUT and ALTITUDE were not
yet available.12–14 The data illustrate (1) the increased
risk profile of patients with diabetes and their increased
CV event rate at 1 year vs those without diabetes; (2) no
substantial difference in the BP-lowering effect of each
treatment strategy and either aliskiren or its combina-
tion with ACE inhibitors/ARBs in particular; and (3) a
steeper decline of the estimated GFR in the aliskiren and
ACE inhibitor/ARB group vs aliskiren alone, but no
further observed difference in adverse effects of either
option on laboratory values, CV endpoints, and adverse
events.

Aliskiren Effectiveness With or Without Concurrent
ACE Inhibitor/ARB Use
In the present study, we specifically analyzed the
benefits and risks associated with aliskiren treatment
both as monotherapy and in combination with ACE
inhibitors and ARBs (now contraindicated) in patients
with type 2 diabetes. Following 1 year of follow-up, we
observed a comparable overall reduction in office BP
between treatment groups when baseline BP was con-
sidered as a covariate. Using ABPM, however, there was
a more pronounced diastolic BP–lowering effect in the
aliskiren plus ACE inhibitor/ARB group in both the low
and intermediate baseline BP group compared with
aliskiren alone, and a lesser effect of non-RAS treatment
compared with aliskiren alone in the high baseline BP
group. This is important because ABPM is more closely
related to organ damage17,18 and CV morbidity19,20

than office BP.
This finding has to be interpreted with caution,

however, since it was observed on an intense BP-
lowering treatment scheme including the concomitant
prescription of b-blockers, diuretics, and calcium chan-
nel blockers in each group (Table I). Furthermore, this
was a not randomized comparison of treatment groups,
with physician rather than random assignment used to
form treatment groups, suggesting that physicians may
have other patient-related variables in mind when
selecting a particular treatment option. Finally, it was
observed on the background of significant differences in
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baseline BP values for both the office BP and APBM. We
aimed to adjust for these differences by applying a
“nonlinear additive multivariate mixed model” that
groups baseline BP values into quartiles and uses the
cutoffs between the quartiles to illustrate the corre-
sponding BP-lowering effect at a low, intermediate, and
high baseline BP. Taken together, however, our results
in diabetic patients are consistent with previous studies
demonstrating the antihypertensive profile of aliskiren
on BP,7–11,21 indicating even superiority in some studies
in terms of BP reduction vs the comparators.22–24

Safety and Tolerability of Aliskiren With or Without
Concurrent ACE Inhibitor/ARB Use
In the present study, we observed a steeper decline of
estimated GFR in patients receiving aliskiren on top of
an ACE inhibitor/ARB (2.1�16.5) compared with
aliskiren alone (0.3�22.1; P<.01). The degree of the
estimated GFR decline with aliskiren on top of an
ACE inhibitor/ARB was, however, comparable to the
decline observed with a regimen containing a non–
RAS-blocking agent (1.9�16.1). There was no differ-
ence in predefined CV events (death, myocardial
infarction, stroke, percutaneous coronary intervention,
or coronary artery bypass grafting), or in the rate of
further adverse events.
The lack of differences in the observed safety and

tolerability between the treatment groups is important
when compared with the results of the ALTITUDE
study.12 In this RCT, aliskiren or placebo were added to
standard RAS-blocking therapy (ie, ACE inhibitors or
ARBs) in patients with hypertension and type 2
diabetes, in addition to chronic kidney disease and/or
CV disease. They identified a slightly higher rate of CV
and renal events in the aliskiren group than in the
placebo group, with the primary composite outcome
reached by 18.3% of the aliskiren patients and 17.1%
of those receiving the placebo (hazard ratio [HR], 1.08;
95% CI, 0.98–1.20; P=.12). Furthermore, cardiac death
with resuscitation was found to be significantly more
likely in the aliskiren group (0.4% vs 0.2%; P=.04). The
findings of this trial led to its early discontinuation and
to the Food and Drug Administration advising against
the use of aliskiren in patients with hypertension in
addition to type 2 diabetes who were at increased risk
for a CV or renal event. In the diabetes subgroup of
ASTRONAUT, which included patients hospitalized for
heart failure (82% with hypertension; 63% ACE
inhibitor and 23% ARB), aliskiren was associated with
a slightly higher but nonsignificant rate of the combined
endpoint of CV death or hospitalization for heart
failure at 1 year (42.3% vs 39.7%; HR, 1.16; 95%
CI, 0.91–1.47).14

On the other hand, the recent Valsartan Aliskiren
Hypertension Diabetes (VIvID) study21 conducted in
hypertensive participants with type 2 diabetes and stage
1 or 2 chronic kidney disease did not result in significant
safety concerns upon addition of aliskiren to valsartan.
In addition, the Aliskiren in the Evaluation of
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Proteinuria in Diabetes (AVOID) trial25 did not report
serious adverse events in patients with hypertension,
type 2 diabetes, and advanced nephropathy upon
aliskiren treatment (in combination with losartan).

In the present observational study, while MACCE
rates were numerically lower in the group receiving a
RAS-blocking agent alone in comparison to the groups
receiving aliskiren, either alone or in combination with
an ACE inhibitor or ARB, the ORs were not statistically
significant and the 95% CIs were wide. This lack of
difference in event rates does not necessarily contradict
the findings of ALTITUDE.12 Firstly, their time-to-event
data indicate that the divergence in rates did not occur
until after 1 year, the time at which our endpoint data
were collected. Furthermore, the present study could
merely be underpowered to identify significant differ-
ences. It should also be noted that the inclusion criteria
varied between the studies, with patients in ALTITUDE

being at increased risk for a CV or renal event. The
lower event rate found in our study may therefore not be
able to fully capture the differential risk profile of
aliskiren alone or in combination with other RAS-
blocking agents.

LIMITATIONS
This investigation has some limitations, including a
potential selection bias related to the participating study
sites. Indeed, specific centers may have taken part in the
study because of a particular interest in hypertension
therapy. Furthermore, patients were not randomly
assigned to treatment groups, which results in an
imbalance of patient characteristics between groups.
This likely introduced a degree of error into the
treatment comparisons. Furthermore, it is known that
registry data tend to be less complete compared with
data collected in RCTs. In addition, myocardial

TABLE IV. Event Rates in Patients With Diabetes at 1-Year Follow-Up (n=3444)

Aliskiren Only (n=1102)

ACE Inhibitor/ARB Only

(n=555)

Aliskiren + ACE Inhibitor/ARB

(n=1381) Non-RAS (n=406)

No. (%) No. (%) OR (95% CI)b No. (%) OR (95% CI) No. (%) OR (95% CI)b

Cardiovascular events, %

MACCE 24 (2.2) 7 (1.3) 1.74 (0.75–4.07)a 31 (2.2) 0.97 (0.57–1.66)a 10 (2.5) 0.88 (0.42–1.86)a

Death 16 (1.5) 5 (0.9) 1.62 (0.59–4.45) 19 (1.4) 1.06 (0.54–2.06) 8 (2.0) 0.73 (0.31–1.73)

Myocardial infarction 6 (0.5) 1 (0.2) 3.04 (0.36–25.3) 6 (0.4) 1.26 (0.40–3.90) 0 (0.0) –

Stroke 6 (0.5) 1 (0.2) 3.04 (0.36–25.3) 10 (0.7) 0.75 (0.27–2.07) 2 (0.5) 1.11 (0.22–5.51)

PCI 6 (0.5) 4 (0.7) 0.76 (0.21–2.69) 13 (0.9) 0.58 (0.22–1.52) 1 (0.2) 2.22 (0.27–18.46)

CABG 3 (0.3) 0 (0.0) – 2 (0.1) 1.88 (0.31–11.28) 0 (0.0) –

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; CI, confidence interval;

MACCE, major adverse cardiovascular or cerebrovascular event (death and/or myocardial infarction and/or stroke); OR, odds ratio; PCI, percutaneous

coronary intervention; RAS, renin-angiotensin system. aNonsignificant even after a Cox proportional hazard regression model adjusting for age, sex,

smoking, dyslipidemia, glomerular filtration rate ≥60, cardiovascular disease, hypertension stage, and number of additional antihypertensive drugs. In

addition, in a stepwise regression, body mass index, family history of coronary artery disease, and duration of hypertension were considered given their

a was ≤0.1. bUnadjusted.

TABLE V. Adverse Event Comparison of Aliskiren Either Alone or in Dual RAS Combination With an ACE Inhibitor or
ARB

Adverse Event, No. (%) Aliskiren Only (n=1102) Aliskiren + ACE Inhibitor/ARB (n=1381) P Value

Diarrhea 3 (0.3) 4 (0.3) .94

Angioedema 5 (0.5) 2 (0.1) .15

Hyperkalemia 2 (0.2) 8 (0.6) .12

Renal dysfunction 14 (1.3) 21 (1.5) .60

Peripheral edema 3 (0.3) 2 (0.1) .48

Hypotension 7 (0.6) 19 (1.4) .07

Cough 0 (0.0) 1 (0.1) .37

Cardiac arrhythmia 11 (1.0) 19 (1.4) .39

Hypertensive crisis 9 (0.8) 16 (1.2) .40

Dizziness 2 (0.2) 4 (0.3) .59

Headache 0 (0.0) 1 (0.1) .37

Elevated liver enzymes 5 (0.5) 5 (0.4) .72

Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; RAS, renin-angiotensin system. Rates were derived

from reporting of adverse events to the manufacturer of aliskiren rather than being part of the electronic case record form. No rates are available for

patient groups not receiving aliskiren.
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infarctions and strokes were not adjudicated, which
could have resulted in misclassification of major CV
events. Finally, it is possible that the follow-up duration
was not sufficient for accurate appraisal of the associ-
ation between event rates and the various treatment
strategies.

CONCLUSIONS
Our analysis of a large, unselected cohort of patients
with hypertension and type 2 diabetes revealed that
aliskiren was beneficial in lowering BP, with no
observed increase in risk of major adverse effects after
1 year of treatment. The only noteworthy difference in
laboratory values was a steeper decline in estimated
GFR in the aliskiren + ACE inhibitor/ARB group
compared with the aliskiren alone group. These clinical
practice data add to those obtained from RCTs.
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