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From the Aliskiren in the Evaluation of
Proteinuria in Diabetes (AVOID) Trial
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The direct renin inhibitor aliskiren is a new
antihypertensive agent that appears to be

equivalent to other agents in blood pressure
reduction. It is well tolerated, has a long half-life,
and has a sustained duration of action. At pres-
ent, aliskiren as monotherapy is not widely used
despite these potential benefits. There are many
other available options for the treatment of
hypertension with demonstrated morbidity and
mortality outcomes and economic advantages.
The role of aliskiren as part of combination ther-
apy is, however, evolving. Two- or three-drug
therapy is necessary for many hypertensive
patients, and rational combinations to maximize
blood pressure control and influence comorbid
conditions should continue to be identified. The
characteristics of aliskiren and the broader appli-
cation of this new class of medications will
require further assessment and demonstration of
long-term effects, particularly before treatment
practices will change.

The recently published Aliskiren in the Evaluation
of Proteinuria in Diabetes (AVOID) study evaluated
the potential renoprotective effect of direct renin
inhibition in patients with hypertension, type 2
diabetes, and proteinuria. Aliskiren, titrated to maxi-
mum doses over 6 months, or placebo were added to
full-dose angiotensin II receptor blocker (ARB)
(losartan) and antihypertensive therapy with other
agents in 599 patients. The primary outcome was
reduction in the urinary albumin-to-creatinine ratio.1

Parving and colleagues1 concluded that aliskiren may
have renoprotective effects independent of blood
pressure lowering in this patient population that was
already receiving treatment with currently recom-
mended renoprotective therapy, an ARB.1,2 While
this conclusion is plausible, we contend that the
authors provide insufficient discussion on the contri-
bution of several dependent variables, including the
long-term effect of losartan, potential differences in
24-hour blood pressure between groups and, in
particular, confounding baseline demographics.

Theoretically, as observed with the combination
of angiotensin-converting enzyme inhibitors (ACEIs)
and aldosterone antagonists in heart failure,
optimization of renin-angiotensin system (RAS)
inhibition may potentially offer benefits, particularly
in patients with comorbid diseases. Treatment with
an ACEI or ARB has been reported to provide
benefits in the treatment of diabetic nephropathy.
The rationale for attempting more complete block-
ade by combining agents targeting the RAS relates
to the recognition of angiotensin-converting
enzyme–independent pathways and further genera-
tion of angiotensin II by these pathways or to the
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long-term effects of ARBs on renin activity. How-
ever, any benefit of combining ACEI and ARB
therapy in patients with diabetic nephropathy is, at
least, debatable. With the recent concerns and issues
regarding interpretation of dual RAS blockade in
nondiabetic renal disease (Combination Treatment
of Angiotensin-II Receptor Blocker and Angiogten-
sin-Converting Enzyme Inhibitor in Nondiabetic
Renal Disease [COOPERATE])3 and the lack of
benefit from dual RAS blockade in high-risk
patients with vascular disease,4 it is interesting to
review the evidence for dual RAS blockade in dia-
betic nephropathy.

In a recent meta-analysis, Jennings and col-
leagues5 suggested short-term benefits of ACEI and
ARB combination therapy when compared with
ACEI monotherapy on 24-hour urinary protein
excretion in patients with diabetic nephropathy.
However, the authors advised caution when inter-
preting results because of the trial durations and
differences in blood pressure. Most of the studies
available for conclusion had small treatment groups
and were of short duration (8–12 weeks). The
majority of trials also reported statistically signifi-
cant correlations between improvement in blood
pressure and proteinuria. The authors highlight ear-
lier long-term studies (12 months’ duration) using
multiple-drug therapy and the lack of benefit on
protein excretion, suggesting that an early effect of
combination therapy may not translate into long-
term benefits.5

The Candesartan and Lisinopril Microalbuminu-
ria (CALM) study, one of the larger and more
frequently cited multiple-drug studies, was not
included in the meta-analysis as it did not report
24-hour urinary protein excretion.5,6 This study
compared once-daily doses of lisinopril 20 mg,
candesartan 16 mg, or the 2 medications in combi-
nation over 24 weeks in patients with diabetes,
microalbuminuria, and hypertension.6 This therapy,
using relatively low doses of both medications, was
more effective in decreasing blood pressure and the
urinary albumin-to-creatinine ratio; the authors,
however, could not conclude that the proteinuria
reduction was independent of the decrease in blood
pressure observed.6

In the recently published Ongoing Telmisartan
Alone and in Combination With Ramipril Global
Endpoint Trial (ONTARGET), therapy with both
agents did not confer renoprotective benefits despite
a decrease in blood pressure. ONTARGET estab-
lished the equivalence of an ACEI or ARB in the
management of patients with vascular disease and
high-risk diabetes, but it failed to demonstrate an

additional advantage from 2-drug therapy. This
large international trial randomized 25,620
patients, many of whom were not hypertensive, to
receive ramipril 10 mg ⁄d, telmisartan 80 mg ⁄d, or
both. Over a median follow-up of 56 months, there
was no statistical difference among the groups in
the primary outcome (death from cardiovascular
causes, myocardial infarction, stroke, or hospitaliza-
tion for heart failure).4 There were also no diffe-
rences in secondary outcomes except for renal
dysfunction, reported as renal impairment (a non-
specific definition based on a report of an event
leading to study drug discontinuation) or renal fail-
ure requiring dialysis. Dual RAS blockade was
associated with higher overall rates of renal dys-
function, with 13.5% in the 2-drug group com-
pared with 10.2% with ramipril and 10.6% with
telmisartan.4 A significant increase in relative risk
of renal impairment was observed in the
ACEI ⁄ARB group (1.33); relative risk was compa-
rable with the monotherapy telmisartan and rami-
pril groups (1.04). Similarly, the rate of renal
failure requiring dialysis increased with combina-
tion therapy (0.85% compared with 0.6% with
ramipril or telmisartan).4 All groups had a compa-
rable number of patients who experienced a dou-
bling of serum creatinine concentration. Although
proteinuria increased to a lesser extent and the risk
of new proteinuria developing was less in those
receiving combination therapy, this therapy was
associated with more adverse effects on typical
renal outcomes and on the decline in estimated glo-
merular filtration rate.7 The lack of positive
findings with multiple-drug therapy is surprising;
even the small differences observed in blood
pressure reduction with the combination (ramipril,
)6.4 ⁄)4.3 mm Hg; telmisartan, )7.4 ⁄)5.0 mm
Hg; combination, )9.8 ⁄)6.3 mm Hg) would be
expected to confer some additional benefits.4 As
the authors note, based on epidemiologic data, this
2- to 3-mm Hg blood pressure reduction should
have translated into a risk reduction of 4% to
5%.4 The CALM and ONTARGET results are
somewhat different than the AVOID study findings,
in which alternative dual RAS blockade with a
renin inhibitor and an ARB has been reported to
have renoprotective benefits independent of blood
pressure lowering.1,8

Blood pressure reduction is clearly renoprotective.
A decrease in the progression of renal disease has
been reported in numerous blood pressure–lowering
trials with many different antihypertensive agents
including diuretics, hydralazine, and b-blockers.
While blood pressure reduction was optimized with
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other antihypertensive agents and was not a goal of
aliskiren treatment in the AVOID study, it is difficult
not to speculate on the AVOID conclusions while
considering data from other previously reported
studies. Only small office or clinic blood pressure
reductions were observed in the Heart Outcomes
Prevention Evaluation (HOPE) study group treated
with ramipril (3 ⁄2 mm Hg compared with patients
treated with medications that did not include an RAS
blocker; in AVOID, there was a 2 ⁄1-mm Hg differ-
ence).1,9 Subsequent review of ambulatory blood
pressure in a small number of patients in HOPE iden-
tified significant differences in blood pressure over the
24-hour period, particularly at night. Thus, the effects
on cardiovascular morbidity and mortality observed
in HOPE may relate more than initially ascribed to
changes in blood pressure if nocturnal blood pressure
differences are considered.9

In the AVOID study, it is possible that diffe-
rences between the aliskiren (plus other medica-
tions) and placebo (plus other medications) groups
in 24-hour ambulatory blood pressure values could
have occurred. Blood pressure differences in clinic
blood pressure values may have significantly under-
estimated these differences. Losartan, the ARB
selected presumably because of previous trials in
patients with proteinuria, is, however, less effective
than other ARBs in reducing blood pressure over
the dosing interval.10 In contrast, aliskiren has sus-
tained effects, with some reports that blood pres-
sure levels increase only gradually several weeks
after treatment is stopped.11

Based on previous clinical studies in patients
with diabetic nephropathy, ARB therapy is indepen-
dently associated with a rapid and significant reduc-
tion in proteinuria. In the Reduction of Endpoints
in NIDDM With the Angiotensin II Antagonist Lo-
sartan (RENAAL) study, Brenner and colleagues12

observed a rapid and continual decline in the
albumin-to-creatinine ratio with losartan. Patients
treated with 50 to 100 mg ⁄d of losartan (usually in
addition to other medications) experienced an aver-
age reduction in the level of proteinuria of 35%.12

Proteinuria continued to decline over a mean
follow-up of 3.4 years, along with trough blood
pressure. In comparison with AVOID, patients in
RENAAL had higher baseline blood pressure values
and more significant baseline proteinuria.1,12

Higher initial blood pressure levels often predict
better outcomes when they are reduced.

The AVOID study showed a similar rapid reduc-
tion in the albumin-to-creatinine ratio when aliski-
ren 150 mg ⁄d was added to losartan 100 mg ⁄d
and other antihypertensive therapy.1 The baseline

reduction in proteinuria from losartan in the open-
label phase was not reported, and there was no
washout of previous RAS-blocking therapy, limiting
comparison to the RENAAL study. After 3 months,
the aliskiren dosage was increased to 300 mg once
daily with an additional 3 months of follow-up.1,12

Proteinuria decreased further, with reductions
appearing to level off after approximately 4 weeks
at each dosage (week 4 of 12, week 16 of 24). In
contrast, the albumin-to-creatinine ratio decreased
initially in the group not treated with the renin
inhibitor but returned to baseline by week 24. A
20% mean reduction in the albumin-to-creatinine
ratio was observed with aliskiren 300 mg as com-
pared with placebo, which suggests that aliskiren
may have renoprotective benefits. Because the
AVOID study was short in duration (9 months on
losartan, 6 months on aliskiren), the robustness of
this conclusion should be carefully considered.
RENAAL results indicate that long-term adminis-
tration of losartan is associated with continued
improvements in albuminuria, while previously
observed benefits of dual RAS blockade with other
agents have not persisted in studies longer than
12 months.5,12 Considering the lack of continued
reduction in the albumin-to-creatinine ratio in the
aliskiren group and the rapid progression back to
baseline in the group that did not receive the renin
inhibitor between weeks 16 and 24, we contend
that factors other than an independent aliskiren
effect are responsible for the short-term significance
of the improved albumin-to-creatinine ratio (a
dual-dependent end point).

With a cursory review of the AVOID study, it is
also easy to overlook other measures that may have
implications in interpretation. Serum creatinine val-
ues and estimated glomerular filtration rates were
similar at baseline between the aliskiren and pla-
cebo groups (creatinine for both groups: men,
1.3 mg ⁄dL and women, 1.1 mg ⁄dL; estimated glo-
merular filtration rate: 68.5 mL ⁄min ⁄1.73 m2 for
aliskiren and 66.8 for placebo groups). Relative
changes in serum creatinine concentration or sub-
group responses according to baseline serum creati-
nine level were not reported. In the Collaborative
Study Group (CGS) trial of the effect of angioten-
sin-converting enzyme inhibition on diabetic
nephropathy, higher baseline levels of serum creati-
nine (more advanced disease) predicted rates of
renal decline (increase in serum creatinine level,
decline in 24-hour creatinine clearance). A baseline
serum creatinine level of �1.5 mg ⁄dL predicted
both a more pronounced decline in renal function
over time and a benefit of captopril in protection
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against further renal deterioration when compared
with placebo. Captopril reduced proteinuria overall
in the CGS trial, although subgroup responses based
on creatinine values were not reported.13 Relative
changes in creatinine level or any significant differ-
ences in response among creatinine subgroups even
over this short period of time may have further
clarified interpretation in the AVOID study.

At study conclusion, there was no significant dif-
ference in the estimated glomerular filtration mean
rate of decline between the aliskiren and placebo
groups in the AVOID study.1 In RENAAL, albeit
over a much longer duration of study, losartan was
associated with a reduction in the estimated decline
in glomerular filtration rate compared with
placebo.12 Estimated glomerular filtration rate
declined the least with ramipril compared with either
telmisartan or combination therapy in ONTARGET,
although mean final blood pressure levels were lower
in both the ARB and combination groups.4,7 Differ-
ences in baseline blood pressure values between these
studies can obviously influence these findings.1,4,12

The issue of dependence is a critical one.
Although the authors used appropriate randomiza-
tion techniques in AVOID, there were statistically
significant differences in age and known duration
of diabetes between the 2 treatment groups.1 In
addition, the placebo group had a rise in glycated
hemoglobin A1c (HbA1c) values throughout the
study period (+0.2%), whereas the aliskiren group
had no change in HbA1c.

1 The National Kidney
Foundation recognizes these factors (older age,
longer duration of diabetes, and poorer glycemic
control) as well as high blood pressure as risk fac-
tors for worsening chronic kidney disease.14 Each
of these dependent variables favored the aliskiren
group and may have biased the results in favor of
this group. A beneficial effect on the aliskiren group
dependent end point (urinary albumin-to-creatinine
ratio) might have been expected. There was no
attempt in the trial to compensate for these or
other confounding variables.

The concern with interpretation of a dual-depen-
dent end point (ie, albumin-to-creatinine ratio) is
that independent variables can play a key role in
outcomes. The lack of improvement in other mea-
sures of renal function, coupled with the influence
of the obvious dependent population confounding
characteristics on chronic kidney disease, may raise
questions about concluding an independent aliski-
ren effect. The progressive nature of renoprotection
with losartan as demonstrated in RENAAL pro-
vides some explanation for the documented
improvement in albumin-to-creatinine ratio, regard-

less of aliskiren use. While we admit that aliskiren
may be beneficial in diabetic nephropathy—a
disease of dependency—proven strategies (ie, blood
pressure reduction, tight glycemic control, and
maximization of single RAS blockade) should be
the focus of treatment in all patients until unques-
tionable benefit of dual RAS blockade is demon-
strated. The conclusions of ONTARGET bring this
further into focus. Surrogate markers remain less
than optimal for defining risk. The lack of renal
benefits with ACEI and ARB combination therapy
despite a reduction in proteinuria in ONTARGET
demonstrates this point.7 Clinical data are needed
to establish the equivalence of aliskiren with single
RAS blockade (with an ACEI or an ARB) in dia-
betic nephropathy and support the renoprotective
capacity observed in animals.15 As the authors
point out, long-term studies must be conducted to
determine whether the short-term benefits on pro-
teinuria observed in AVOID can be sustained and
translate to other markers of renoprotection or
risk reduction.1

REFERENCES

1 Parving H-H, Persson F, Lewis JB, et al. Aliskiren com-
bined with losartan in type 2 diabetes and nephropathy.
N Engl J Med. 2008;358:2433–2446.

2 American Diabetes Association. Standards of medical care
in diabetes – 2008. Diabetes Care. 2008;31(suppl 1):S12–
S54.

3 Kunz R, Wolbers M, Glass T, et al. The COOPERATE
trial: a letter of concern. Lancet. 2008;371:1575–1576.

4 ONTARGET Investigators, Yusuf S, Teo KK, et al. Telmi-
sartan, ramipril, or both in patients at high risk for vascu-
lar events. N Engl J Med. 2008;358:1547–1559.

5 Jennings DL, Kalus JS, Coleman CI, et al. Combination
therapy with an ACE inhibitor and an angiotensin recep-
tor blocker for diabetic nephropathy: a meta-analysis.
Diabet Med. 2007;24:486–493.

6 Mogensen CE, Neldam S, Tikkanen I, et al. Randomised
controlled trial of dual blockade of renin-angiotensin sys-
tem in patients with hypertension, microalbuminuria, and
non-insulin dependent diabetes: the candesartan and lisin-
opril microalbuminuria (CALM) study. Br Med J. 2000;
321:1440–1444.

7 Mann JF, Schmieder RE, McQueen M, et al. Renal out-
comes with telmisartan, ramipril, or both, in people at
high vascular risk (the ONTARGET study): a multicentre,
randomised, double-blind, controlled trial. Lancet. 2008;
372:547–553.

8 Sarangapani R, Ebling W, Bush CA, et al. Clinical assess-
ment and modeling interpretation of the differential
effects of direct renin inhibitor on renal disease progres-
sion: analysis of AVOID study. J Clin Hypertens. 2008;
10(5):A33.

9 Svensson P, de Faire U, Sleight P, et al. Comparative
effects of ramipril on ambulatory and office blood pres-
sures: a HOPE Substudy. Hypertension. 2001;38:E28–
E32.

10 Smith DH, Cramer MJ, Neutel JM, et al. Comparison
of telmisartan versus losartan: meta-analysis of titration-
to-response studies. Blood Press Monit. 2003;8(3):111–
117.

THE JOURNAL OF CLINICAL HYPERTENSION VOL. 11 NO. 2 FEBRUARY 200992



11 Sica D, Anderson K, Byung-Hee O, et al. Effects of aliski-
ren on blood pressure and plasma renin activity persist
after stopping treatment in patients with hypertension.
J Clin Hypertens. 2008;10(5):A34–A35.

12 Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of
losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy. N Engl J Med.
2001;345:861–869.

13 Lewis EJ, Hunsicker LG, Bain RP, et al. The effect of
angiotensin-converting-enzyme inhibition on diabetic

nephropathy. The Collaborative Study Group. N Engl J
Med. 1993;329:1456–1462.

14 Levey AS, Coresh J, Balk E, et al. National Kidney
Foundation practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Ann Intern
Med. 2003;139:137–147.

15 Kelly DJ, Zhang Y, Moe G, et al. Aliskiren, a novel renin
inhibitor, is renoprotective in a model of advanced
diabetic nephropathy in rats. Diabetologia. 2007;50:
2398–2404.

VOL. 11 NO. 2 FEBRUARY 2009 THE JOURNAL OF CLINICAL HYPERTENSION 93


