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Introduction

Abstract
Although there has been tremendous improvement in
managing chronic kidney disease (CKD) with angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) in the last 15 years,
CKD still progresses. Therefore, new emerging strategies are needed. The gold standard still lies with optimum renin-angiotensin-aldosterone system blockade,
although many questions remain about how this is best
achieved, such as regarding the efficacy of combinations of ACE inhibitor and ARBs, supramaximal doses
of ARBs alone and combinations of either ACE inhibitor or ARBs with direct renin inhibitors, antialdosterone agents. Other promising molecules currently being tested are endothelin receptor antagonists and
glitazones. Also, the role of other current therapies being used during CKD, including statins, vitamin D and
erythropoiesis-stimulating agents, will be discussed,
as these may also exert nephroprotective effects.
Key words: Aldosterone blockers, Angiotensin-converting enzyme, Angiotensin receptor blockers, Direct
renin inhibitors, Endothelin receptor blockers, Nephroprotection

In most countries, the incidence and prevalence of chronic
kidney disease (CKD) and terminal kidney disease are increasing. This is mainly due to the aging of patients, who
develop more nephroangiosclerosis and diabetic nephropathy. Specific therapies for the majority of renal diseases are scarce, and the therapeutic options available to
clinicians for the best possible nephroprotection include
achieving optimal blood pressure (BP) control, blockade
of the renin-angiotensin-aldosterone system (RAAS), a low
protein diet and correction of all cardiovascular risk factors. Reduction of proteinuria to the lowest possible level
(<0.5 g/24 hours) is generally used as a surrogate marker
for the efficacy of the RAAS blockade and progression
of CKD. Therefore, the use of angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers
(ARBs) in low proteinuric kidney diseases (especially during chronic tubulointerstitial nephritis) is not as well documented. However, in most nephropathies, and especially
if hypertension is present, blockade of the RAAS by ACE
inhibitor (1, 2) or ARBs (3) remains the primary objective
for clinicians, although controversies are emerging on how
blockade of the RAAS is best achieved.
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Although some trials initially reported the benefit of an association of ACE inhibitor and ARBs for blood pressure (BP)
control and proteinuria reduction (4, 5), the ONTARGET trial
reported an increased incidence of dialysis, doubling of serum creatinine levels and death (primary end point) during a
combination therapy of ACE inhibitor and ARBs compared
with monotherapy, whereas albuminuria was best controlled
by a dual therapy (6). Therefore, the optimal strategy to block
the RAAS is not yet fully defined. Moreover, the question of
whether statins, erythropoiesis-stimulating agents (ESAs)
and vitamin D, which are prescribed to control cardiovascular risk factors and secondary hyperparathyroidism, should
be given as nephroprotective agents still remains unanswered. In addition, some recently researched molecules
may be able to preserve renal function (e.g., direct renin inhibitors, endothelin receptor blockers and glitazones).
In this review, we discuss the best strategies to block the
RAAS, the place of statins, erythropoiesis-stimulating
agents and vitamin D to preserve renal function, and the role
of endothelin receptor blockers and glitazones.

Blockade of the RAAS
ACE inhibitor, ARBs and their combinations
Activation of the RAAS plays an important role in the progression of CKD regardless of the initial nephropathy, and
its blockade remains the most important goal in achieving
preservation of renal function. The benefit of ACE inhibitor
therapy in reducing proteinuria and the progression of CKD
was demonstrated in the 1990s (1, 2, 7), though the benefits of ACE inhibitor therapy cannot be fully accounted for
solely by its control of BP. More recently, similar efficacy has
been demonstrated with ARBs during diabetic nephropathy
(3) and during nondiabetic nephropathies (8, 9). However,
incomplete blockade can occur when treating patients with
a monotherapy, i.e., either ACE inhibitor or ARBs. Other enzymes (mainly chymases), especially during diabetic nephropathy, can account for angiotensin II (Ang II) production
(10). Moreover, high levels of renin and angiotensin I (Ang I)
are detectable due to the absence of a negative feedback
loop during treatment with both ACE inhibitor and ARBs,
and this can lead to the direct pathological effects of renin
(11) through it binding to its prorenin receptor (PRR) (12),
along with the more classical consequences of Ang I and II
production. Therefore, and due to dissatisfactory results with
ACE inhibitor and ARBs monotherapies, the dual blockade
of the RAAS has emerged as a new therapeutic strategy in
both cardiovascular and kidney disease.
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If benefits are shown for dual RAAS blockade for congestive heart failure (13, 14), then it is less clear whether this
strategy remains equally beneficial for patients with CKD.
Several studies have reported a benefit of the dual blockade of the RAAS by ACE inhibitor and ARBs both in reducing proteinuria and hypertension (15, 16), but most of
these studies included fewer then 50 patients. The first
large-scale study to report benefits of this dual blockade
during nondiabetic kidney disease was that of Nakao et al
(5), which has recently been retracted (17). In addition, 2
meta-analyses have reported in favor of the combination
therapy of ACE inhibitor and ARBs to reduce proteinuria
and to slow the progression of CKD (4, 18).
In 2008, the results of the ONTARGET trial were reported
(6), and an increased incidence of dialysis, doubling of serum creatinine and of death during the combined therapy
of ACE inhibitor and ARBs compared with a monotherapy
alone were found, whereas albuminuria was best controlled
by the dual therapy. Both the results of the ONTARGET
study and the very recent retraction of the COOPERATE
study (17) due to inadequate patient randomization have
stirred some controversy among nephrologists. In the ONTARGET (6) study, the enrolled patients were at very high
risk for cardiovascular disease, and only 17% had either
microalbuminuria or overt proteinuria. Also, in the ONTARGET trial, patients treated with a dual combination of ACE
inhibitor and ARBs at an optimum dosage had better control of proteinuria, but, overall, a higher proportion of those
patients reached the composite primary end points than
patients treated with ACE inhibitor or ARBs alone. However, death accounted for almost 90% of these composite
primary end points, whereas there was no difference in the
doubling of serum creatinine between treatments, which
more truly represents the progression of CKD. Acute renal
failure that necessitated dialysis also occurred more frequently in the combined ACE inhibitor and ARBs group,
but dialysis for end-stage renal failure was not more frequent in this combined group. Thus, doubling of serum
creatinine level and end-stage renal failure did not occur
more frequently in the combination group. Consequently,
no definitive conclusion regarding the potential benefit or
harm of a combination therapy of ACE inhibitor and ARBs
can be drawn from the ONTARGET trial. Therefore, further
trials that enroll patients with a lower cardiovascular risk
and overt proteinuria are mandatory before concluding that
the combination of ACE inhibitor and ARBs is detrimental
during CKD. Two large-scale studies are underway that will
compare dual blockade using ACE inhibitor and ARBs, with
the use of monotherapies to treat diabetic nephropathy
(19), and in patients with microalbuminuria and CKD (20).
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Maximal ARB monotherapy
Only small short-term studies have examined this therapeutic strategy to reduce proteinuria during diabetic nephropathy: doses of 2 to 4 times higher than the maximal dosage
recommended were well tolerated and reduced proteinuria
further than lower doses (21-23). Therefore, this could be a
promising strategy.
Indeed, to achieve optimal BP control, a low salt diet is mandatory, and the use of diuretics can never be avoided during
CKD (24). Diuretic use could even be beneficial to obtain
optimum RAAS blockade and may even be more efficient
than the dual combination of ACE inhibitor and ARBs (25).

Direct renin inhibitors
Direct renin inhibitors (DRIs) represent a new, appealing approach to inhibiting the RAAS. DRIs are a new class of drugs
that block the catalytic site of renin, which is the rate-limiting
enzyme in the RAAS pathway. As a consequence, conversion of angiotensinogen to Ang I is reduced, in addition to
the downstream synthesis of Ang II and its pathophysiological actions (11). DRIs block the production of Ang I without
increasing renin activity, which is observed during ACE inhibitor and ARBs therapy (26), and seems to promote a more
complete blockade of the RAAS than an ACE inhibitor alone
(11, 27). DRIs, which are efficient antihypertensive medications (28, 29), are currently used as a second-intention treatment (30). However, DRIs may prove effective as nephroprotective agents by themselves, similarly to the other RAAS
blockers, such as ACE inhibitors and ARBs.
In addition, renin may directly exert deleterious effects
through its receptor (31), including profibrotic actions. However, it is not currently known if DRIs are able to inhibit renin
binding to its receptor (32). DRIs have proven effective in
several animal models of chronic renal disease (33-35). Two
exploratory studies found that aliskiren reduces proteinuria
during diabetic nephropathy, alone (36) or in combination
with ARBs (37).
The first available large clinical study involving DRIs during
CKD was the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study (38), which compared the addition of
aliskiren versus a placebo to losartan. This strategy resulted
in a 20% reduction in albuminuria. Another large-scale study
is still underway with a composite primary end point regarding long-term renal outcome (doubling of serum creatinine
and end-stage renal disease) and death (the Aliskiren Trial
In Type 2 Diabetes Using Cardio-Renal Disease End-points
[ALTITUDE]) (39). Thus, it is still unknown whether DRIs

should be used as nephroprotective agents in association
with ACE inhibitors and/or ARBs when target levels of both
hypertension and proteinuria are not reached. However, it
seems logical to use DRIs in cases of intolerance to ACE
inhibitor or ARBs.

Aldosterone blockers or mineralocorticoid receptor blockers
In CKD patients treated with an ACE inhibitor or ARBs,
increased aldosterone levels are observed. Called “escape” or “breakthrough” (40), this phenomenon supports
the use of mineralocorticoid receptor blockers (MRBs) in
association with an ACE inhibitor or ARBs as nephroprotective agents. Recent meta-analyses (41, 42) have confirmed that the addition of MRBs to ACE inhibitor or ARBs
reduces proteinuria, but without any effect on renal function and long-term renal outcomes and mortality. MRBs
alone also reduce proteinuria (43, 44). However, only one
of these 2 trials (44) seems to suggest that MRBs slow
the progression of CKD. Nevertheless, the risk of hyperkalemia is the major drawback with the use of MRBs in
CKD with a glomerular filtration rate (GFR) below 30 ml/
min per 1.73 m2 (as reported in both meta-analyses).
Caution should be used with MRBs during CKD as a nephroprotective agent: avoid their use when hyperkalemia is already present, monitor dietary KCl intake and use furosemide or thiazide to help control hyperkalemia. These measures
are summed up in a recent review (45). So far, because of
the lack of data on long-term renal function, the use of MRBs
should only be considered when control of proteinuria is not
obtained with optimum doses of ACE inhibitor or ARBs, or
in cases of intolerance to one of these drugs. This strategy
should be avoided when GFR is below 30 ml/min per 1.73
m2; this, therefore, limits its use during CKD.

Endothelin receptor blockers
Endothelin-1 (ET-1) is a very potent vasoconstrictor peptide
synthesized by endothelial cells (46). ET-1 synthesis is increased by Ang II and nitric oxide deficiency in both systemic and pulmonary hypertension. ET-1 alone can promote
organ damage during systemic hypertension and is clearly
involved in the progression of CKD (47). The mechanisms of
ET-1-induced progression of CKD include regulation of BP,
increased glomerular pressure, podocyte injury, increases in
inflammation and reactive oxygen species and activation of
the RAAS (48).
ET-1 binds to 2 types of receptors: ET-A and ET-B. ET-A
is the most abundant and promotes vasoconstriction
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and extracellular matrix-protein synthesis, and is also responsible for the progression of CKD (47). ET-B promotes
both vasodilation and natriuresis in the distal part of the
nephron, but can also lead to vasoconstriction to a lesser
extent, as it is also expressed in vascular smooth muscle
cells (49). Because natriuresis is promoted by ET-B receptors in collecting ducts (50-52) and plays an important role in BP regulation (51), ET-A selective receptor
blockers should be used whenever possible to slow CKD.
However, the first ET-1 blocker used to lower BP was the
nonselective one bosentan, which efficiently reduced BP
for hypertension within 4 weeks of treatment (53). Other
clinical trials have confirmed the BP-lowering effect of
selective ET-A blockers: darusentan reduced BP over a
6-week period. Darusentan is similar to an ACE inhibitor
(54) and also effectively reduces hypertension (55). These
results were confirmed during resistant hypertension, in a
study that included patients with diabetes, heart disease
and CKD, who also had a reduction in albuminuria (56).
However, fluid retention occurred in about one third of patients, though it was manageable with increased diuretic
doses: this suggests, however, that darusentan may lack
selectivity (57).
Moreover, in addition to lowering BP in CKD patients,
ET-A blockers increase renal blood flow and decrease
renal vascular resistance (58). Consistent with these results, a significant reduction in proteinuria has been found
when treating diabetic nephropathy with avosentan (59,
60), though the last 1 of these randomized control trials
was terminated because of an excess number of cardiovascular events and fluid retention (59, 60). However, in
the ASCEND trial, during the 6-month treatment period,
there was a trend toward slowing the progression of CKD
(59, 60). It seems likely though that these findings may
also be due to a lack of ET-A selectivity, and that the use
of a lower dosage will permit proteinuria reduction as
well as less fluid retention (61). A reduction in proteinuria
was also observed with an ET-A-selective blocker during
nondiabetic CKD and was also accompanied with a reduction in arterial stiffness (62). These results are indeed
encouraging, even though the data regarding long-term
renal outcome and mortality are still lacking. However,
compared with MRBs, ET blockers do not have any effect on kaliemia, and therefore, clinical trials using more
selective ET-A blockers are needed and should then offer
another therapeutic strategy to clinicians in the future.
Moreover, increasing diuretic use and close monitoring of patients should permit consideration of the use
of ET-A blockers for CKD, provided patients have stable
cardiac function.
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Statins
Despite their well-known lipid-lowering effects, statins
are also widely used because they decrease cardiovascular mortality through their antiinflammatory properties
and their protective effect on endothelial cells. They also
inhibit vascular smooth muscle cell proliferation and,
therefore, are key players in cardiovascular protection
(63). They may also exert renoprotective effects (63),
which is mainly supported by experimental data from
animals (64, 65). The clinical data were reviewed in a
meta-analysis by Sandhu et al (66), which found that
statins slow the decrease of renal function during CKD
in patients with cardiovascular disease, but not in patients with nephroangiosclerosis or diabetic nephropathy. There was also a trend for statins to reduce albuminuria. Other meta-analyses have found a significant
reduction in albuminuria or proteinuria during CKD, but
no beneficial reduction in the decline of renal function
was found (67-69).
In a recent randomized trial, add-on fluvastatin failed to
reduce residual proteinuria in patients with combined
ACE inhibitor and ARBs therapy, and had no effect on
GFR over a 6-month treatment period (70). A subanalysis of the LIVALO Effectiveness and Safety (LIVES) study
found increased GFR after 2 years of treatment during
CKD (71). The ongoing Study of Heart and Renal Protection (SHARP) trial should provide reliable information on
the effects of statins with regard to both vascular and
renal risks in CKD patients (72).
To sum up, it appears reasonable to consider statins as
a therapeutic strategy to help reduce proteinuria when
both the control of BP and blockade of the RAAS seem
optimum. Moreover, most patients with CKD are patients
with a high cardiovascular risk and should be treated
with statins for cardiovascular protection before dialysis
(73, 74) because during end-stage renal disease, statins
do not lower cardiovascular events, as 2 large randomized trials have reported (75, 76).

Erythropoiesis-stimulating agents
The rationale for using ESAs during CKD is both the correction of tissue hypoxemia and the protective role of
ESAs on endothelial cells (77). Although anemia during
CKD is clearly associated with increased cardiovascular
mortality, and its correction (but not its normalization) results in improved survival (78), its role in the progression
of CKD is less clear. A few trials have reported a slowing
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of the progression of CKD, plus correction of anemia,
with ESAs (77, 79). However, 2 large randomized studies
(80, 81), designed to examine the cardiovascular benefits
of correcting anemia with ESAs in the CKD population,
did not find any benefit to renal function when comparing
2 different target hemoglobin levels (i.e., complete correction versus partial correction for both trials). In fact,
no clear benefits have been found for the complete correction of anemia, for slowing the progression of CKD,
and data are still lacking for outcomes if only partial correction of anemia is performed.
More recently, a large placebo-controlled double-blind
randomized study that was neutral for primary end points
found that the use of darbepoetin alfa in patients with
CKD with a target level of 13 g/dL did not reduce the risk
of either of the 2 primary composite outcomes (either
death or a cardiovascular event, or death or a renal event)
(82). Thus, a renoprotective effect of ESAs seems very unlikely. Moreover, the last randomized study raised safety
concerns as there were significantly more incidences of
stroke in the ESA-treated group compared with the placebo group, as found in a secondary analysis of the results,
and also a trend toward an increased risk of cancer, which
was significant when analyzing patients with a past medical history of malignancies (82).

Vitamin D
It is now well recognized that the benefits of vitamin D
extend far beyond its role on bone metabolism and the
control of calcium and phosphate balance. Vitamin D is
involved in slowing tumor progression, in immune modulation and also in BP regulation and cardiovascular functions. A lack of vitamin D has been associated with a poor
cardiovascular outcome, poor control of BP and a higher
risk of cancer (83). Moreover, lack of vitamin D is associated with increased renin levels in both animal models
(84, 85) and hypertensive patients (86, 87). Moreover, in
several trials that have examined RAAS activity, vitamin D
supplementation promoted a decrease in renin and Ang
II (88-90). Therefore, lack of vitamin D should be avoided
in CKD patients, as they have a high cardiovascular risk.
However, the role of vitamin D in the progression of renal
failure still remains to be established. A few trials seem
to suggest a possible benefit during CKD: Szeto et al reported 1 uncontrolled trial that involved 10 patients with
IgA nephropathy who were treated with calcitriol: this
reduced their proteinuria despite optimum RAAS blockade (91). In addition, 4 randomized double-blind trials
found a reduction in proteinuria or albuminuria during

paricalcitol treatment (88, 92). Another randomized trial
found that calcitriol treatment was associated with a reduction in mortality and also a reduction in dialysis need
(93). However, although treating vitamin D deficiency is
strongly recommended to reduce morbidity and mortality in CKD patients, and to better control secondary hyperparathyroidism, evidence-based data are too scarce
to recommend its use solely as a nephroprotective agent
in the absence of vitamin D deficiency.

Glitazones
Glitazones are ligands for the gamma peroxisome proliferator-activated receptors (PPARs) and are potent insulin
sensitizers that are currently used as antidiabetic agents.
There is now a wide body of evidence, both from animal
and human studies, that thiazolidinediones exert several
other beneficial metabolic and vascular effects, in addition to improved glycemic control, improvement in lipid
profiles, lowering of BP, reduction of Ang II, antiinflammatory effects and improvement in endothelial function
(94, 95). Therefore, they could be useful to prevent progression of CKD. Several trials have found a reduction
in microalbuminuria or proteinuria in randomized studies of type 2 diabetes nephropathy (96, 97) and slower
progression of CKD based on measured GFR and serum creatinine (97). A reduction in proteinuria in obese
nondiabetic CKD patients (98) has been also reported in
a randomized study. However, because glitazones may
increase the risk of myocardial infarction (99, 100), as
well as promote fluid retention and heart failure (101),
their use is problematic in CKD patients. Although pioglitazone could be safer than rosiglitazone, meta-analyses
and current safety data suggest that, at the very least,
elderly patients with a high cardiovascular risk should
avoid this medication (102). Therefore, its use in CKD
patients, most of whom are over 65 and at high risk for
cardiovascular disease, will be limited.

Conclusions
Although the optimum treatment to prevent the progression of CKD is not yet known, several promising
molecules have emerged as future therapies. The most
promising to date are DRIs, which have a good safety
profile, and endothelin-A selective receptor antagonists
(although they may promote fluid retention in cases of
low selectivity). Statins may help reduce proteinuria, but
there is insufficient data on their role in the progression
of CKD to consider them for nephroprotection purposes.
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Glitazones could be promising, but some may increase
the risk of myocardial infarction and heart failure. MRBs
may also slow CKD progression, but can only be used
during moderate renal failure due to the serious risk of
increasing kalemia. There are also insufficient data for
ESAs and vitamin D as renoprotective agents in CKD.
Thus, the best option to obtain the greatest BP control
and reduction of proteinuria is the combination of ACE
inhibitor and ARBs, as, to date, they both remain the
gold standards for treating CKD.
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