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The presence of albuminuria in patients with hypertension
indicates an increased risk of cardiovascular disease, pro-
gressive kidney disease, and premature mortality, and is
considered an independent treatment target. Pharmacologi-
cal blockade of the renin—angiotensin—aldosterone system
(RAAS) using angiotensin-converting enzyme (ACE) inhi-
bitors or angiotensin receptor blockers (ARBs) forms the
cornerstone of anti-albuminuric treatment. However, the
therapy response is incomplete in many patients, resulting
in residual albuminuria [1]. Residual albuminuria has been
associated with a higher risk of reaching end-stage renal
disease and adverse cardiovascular outcomes. Therefore,
adjunct treatment targeting residual albuminuria is often
needed.

Volume overload is a common factor underlying resistance
to RAAS blockade, and co-treatment with a thiazide
diuretic has been shown to be effective in further reducing
residual albuminuria in both diabetic [2] and non-diabetic
[3] patients. A similar effect was shown for the miner-
alocorticoid receptor antagonist (MRA) eplerenone in the
EVALUATE trial, which enrolled non-diabetic patients [4].
In addition to reducing volume overload via its diuretic
effect, MRAs adjunct to an ACE-inhibitor or ARB treat-
ment can provide additional reno- and cardio-protection
through suppression of the so-called “aldosterone escape.”
This escape entails residual aldosterone production despite
blockade of the angiotensin II type 1 receptor, as well as
angiotensin II type 2 receptors, which promote cardiac and
renal fibrosis. Recently, high aldosterone levels were shown
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to remain associated with worse renal function despite
adequate RAAS blockade [5]. In addition, a higher serum
potassium level elicited by ACE-inhibitor or ARB treatment
may further stimulate aldosterone production. Therefore,
MRA treatment is a relevant adjunct reno- and cardiopro-
tective therapy, particularly in patients with residual albu-
minuria during optimized standard RAAS blockade.

Importantly, an effect size similar to that of diuretics
treatment in terms of both albuminuria reduction and blood
pressure reduction can be achieved by reducing dietary
sodium intake [2, 3]. Sodium restriction and thiazide
treatment have even been shown to provide additive
albuminuria-lowering effects [2, 3]. In contrast, high dietary
sodium intake abolishes the albuminuria-lowering effect of
ACE-inhibitor or ARB treatment, and may also impede the
renal and cardioprotective effects of this cornerstone treat-
ment [6-8]. These observations underscore the risk of
excessive sodium intake, particularly in patient groups
susceptible to volume overload, including patients with
chronic kidney disease or congestive heart failure [9].

To date, the combined impact of MRA treatment and
sodium intake on residual albuminuria during standard
RAAS blockade has not been studied. In this issue of
Hypertension Research, Nishimoto et al. [10] addressed this
topic in a post hoc analysis of the EVALUATE trial. Their
hypothesis was that high salt intake activated MR inde-
pendent of aldosterone levels; thus, MRA treatment during
a high salt diet would reverse resistance to RAAS blockade
in patients with hypertension and albuminuria. To investi-
gate this hypothesis, the authors divided the participants in
the EVALUATE trial, which previously demonstrated that
adjunct treatment with eplerenone for 52 weeks further
reduced albuminuria [4], into tertiles according to their
baseline salt intakes. Salt intake was estimated using urinary
sodium excretion in the first morning void, which is not the
best method but is still an acceptable reflection of salt
intake. More important than the method, the upper bound of
the lowest tertile of salt intake was 189 mEq/day, which
equaled 4.3 g Na* or 10.9 g of salt per day. This amount is
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already more than double the maximum salt intake recom-
mended by the World Health Organization (5g of salt
per day), indicating that even in the lowest tertile, the salt
intake was on average relatively high, but was even higher
for the other two tertiles. This observation is not surprising,
given the known high salt intake in the Eastern Asian
population, but is relevant to place this study into the
context of other studies, which have been mainly performed
in Europe [11]. The eplerenone-treated patients in the
highest tertile of sodium excretion, in which patients con-
sumed >13.5g of salt per day, displayed a significantly
greater reduction in albuminuria than the placebo-treated
individuals in the same tertile (—22.5% vs. +21.8%, p =
0.02). In contrast, patients in the lowest (—10.2% vs.
—0.84%, p=0.65) or middle (—19.5% vs. +9.5%, p=
0.22) sodium tertile did not demonstrate an albuminuria-
lowering effect of eplerenone. Similar systolic blood pres-
sure changes were observed. The authors conclude that co-
treatment with eplerenone may be effective in reducing
residual albuminuria in patients with hypertension in the
presence of what generally would be considered an exces-
sively high sodium intake.

The work by Nishimoto et al. [10] positions eplerenone
as another adjunct therapy that can be employed to manage
patients with an incomplete response to RAAS blockade
during (very) high sodium intake. Previous studies revealed
that thiazide diuretics had a similar effect in reducing resi-
dual albuminuria. Interestingly, thiazides also seem to be
effective in patients with a low sodium intake [2, 3] (i.e., at
sodium intake levels below the lowest tertile in the present
study). Therefore, the interaction of MRA efficacy with
sodium intake (i.e., during high but not intermediate or low
sodium intake) in the study by Nishimoto could be con-
sidered slightly surprising, particularly, since at the group
level, albuminuria was similar among the sodium tertiles at
baseline. On the other hand, baseline albuminuria was in the
microalbuminuria range on average in these patients (~100
mg/g) and therefore there might not have been much further
to win for the MRA. This finding is in contrast to those of
prior studies with thiazides performed in macroalbuminuric
patients allowing for a larger effect size.

The mechanism predominantly responsible for the
adjunct albuminuria-lowering effect of eplerenone in this
study remains uncertain. This mechanism could well be
merely a diuretic effect, which would be in line with
the thiazide diuretics discussed above. Unfortunately, the
EVALUATE trial lacked a thiazide diuretic arm that would
have allowed a direct comparison. A direct MR-mediated
effect may also play a role. At first glance, this latter
possibility may seem implausible, because a high salt
intake will suppress rather than stimulate plasma aldoster-
one levels. In the current study, the baseline plasma
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Fig. 1 Proposed algorithm for management of albuminuria in patients
with hypertension. ACE-inhibitor or ARB treatment is considered the
first-line therapy in conjunction with adequate (additional) blood
pressure control. If residual albuminuria remains, patients should be
advised to adhere to dietary sodium restriction. If unsuccessful, adjunct
thiazide or MRA treatment may be initiated to further reduce albu-
minuria. When adequate salt restriction (<2 g per day) is achieved as
documented by 24h sodium excretion but residual albuminuria
remains, a thiazide diuretic may be prescribed

aldosterone levels were similar over the sodium intake ter-
tiles. However, preclinical studies have implicated aldos-
terone-independent, MR-mediated, adverse effects of a high
sodium intake, which may be mediated by the small
GTPase Racl [12, 13]. This finding would implicate cor-
rection of aldosterone escape during ACE-inhibitor/ARB
treatment by eplerenone as at least a partial explanation for
the albuminuria-lowering effect.

The observation that MRA treatment is only effective in
patients with a high sodium intake raises the question of
where MRAs should be positioned in the treatment algo-
rithm for albuminuria (a proposal is provided in Fig. 1).
Given the proven efficacy, limited side effects, and low
costs, we probably should invest more time and effort in
reducing excessive sodium intakes. Globally, dietary
sodium restriction is notoriously difficult to achieve, even in
patients in whom a high salt intake may have important
health implications, such as patients with chronic kidney
disease [11]. A single recommendation by an individual,
such as a physician or dietician, may not be sufficient to
achieve sustained lowering of the salt intake. Adherence is
particularly impeded by the widespread presence of salt in
food products. To overcome this limitation, caregivers
should discuss sodium intake structurally with their patients
using current dietary information, preferably after obtaining
24-h urine samples. Integration of nutritional dashboards
within medical patient records may facilitate data collection
and translate the outcomes into information that is action-
able for caregivers and patients. For example, nutritional
information can be used to positively reinforce patients or to
provide specific feedback. Moreover, the establishment of
self-management programs [14] may help patients regain
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control of their health through extensive education, moti-
vational interviewing, coaching, and self-monitoring of
sodium intake, blood pressure, and albuminuria. Beyond the
clinical setting, governments should take action to initiate
stepwise regulation of salt content in food products. This
process can be achieved through changes in food labeling,
reformulation, and media campaigns, and probably by a
combination of these approaches [15].

In patients who are unable to control their salt intake
even after extensive efforts, adjunct treatment with a thia-
zide diuretic or a MRA may be the next step. The choice for
either of the two approaches may depend on the individual
patient setting, such as the presence of hyper- or hypoka-
lemia. Patients with residual albuminuria despite adequate
sodium restriction may be preferably treated with a thiazide
diuretic, although more studies may be needed to defini-
tively address whether adjunct MRA treatment is effective
in this setting.
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