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ABSTRACT

Background: Renin–angiotensin–aldosterone
system (RAAS) blockade with angiotensin-con-
verting enzyme inhibitors (ACEi) or angiotensin

receptor blockers (ARB) is the cornerstone of anti-
hypertensive treatment in patients with chronic
kidney disease (CKD) and diabetes mellitus. Min-
eralocorticoid receptor antagonists (MRA) on top
of conventional RAAS blockade confer cardio- and
renoprotective effects. Yet, the detailed effects of
this therapeutic approach on key RAAS effectors
have not been elucidated to date.
Methods: In this exploratory placebo-con-
trolled study, 15 patients with CKD stages 2–3
and albuminuria due to diabetic kidney disease
(DKD) were randomized to receive the MRA
eplerenone or placebo in addition to ACEi
therapy. Employing mass-spectrometry, we
quantified plasma angiotensin levels [Ang I,
Ang II, Ang-(1–7), Ang-(1–5), Ang III, Ang IV],
renin and aldosterone in patients before and
after 8 weeks of MRA treatment.
Results: While blood pressure and kidney
function were similar in the placebo and epler-
enone treatment group during the study period,
distinct differences in RAAS regulation occur-
red: eplerenone treatment resulted in an
increase in plasma renin activity, Ang I and
aldosterone concentrations, indicating global
RAAS activation. In addition, eplerenone on top
of ACEi profoundly upregulated the alternative
RAAS effector Ang-(1–7).
Conclusions: Combined eplerenone and ACEi
therapy increases Ang-(1–7) levels in patients
with CKD indicating a unique nephroprotective
RAAS pattern with considerable therapeutic
implications.
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Key Summary Points

There is an alarming rise of the prevalence
of patients with chronic kidney disease
(CKD) and diabetes mellitus globally,
which is associated with excessive
morbidity and mortality.

RAAS blockade with angiotensin-
converting enzyme inhibitors (ACEi) or
angiotensin receptor blockers (ARB) can
dampen but not halt the progression of
CKD.

We hypothesize that mineralocorticoid
receptor antagonists (MRA) on top of
conventional RAAS blockade change the
angiotensin pattern resulting in cardio-
and renoprotective effects.

Eplerenone on top of ACEi upregulates
plasma renin, Ang I and aldosterone
concentrations, while Ang II remains
suppressed.

Eplerenone add on to ACEi further
increases plasma Ang-(1–7) levels.

Potential beneficial effects of alternative
RAAS activation should be considered for
personalised renoprotective therapies in
patients with CKD and diabetes mellitus.

INTRODUCTION

The renin–angiotensin–aldosterone system
(RAAS) is a complex regulatory network of
peptides with widespread effects on blood
pressure regulation, salt balance and fluid
homeostasis [1–3]. RAAS blockade with ACE
inhibitors (ACEi) or angiotensin receptor
blockers (ARB) has been the cornerstone of
antihypertensive therapy aimed at delaying
progression of chronic kidney disease (CKD)

and reducing proteinuria in both diabetic and
non-diabetic patients with CKD [4–7]. It has
been suggested that in patients with CKD and
advanced diabetic kidney disease (DKD), ACEi
might be superior to ARB in lowering risk of all-
cause mortality [8, 9]. During the past decade,
numerous animal and human studies have
shown the beneficial effects of the selective
mineralocorticoid receptor antagonist (MRA)
eplerenone on renal outcome parameters like
proteinuria [10, 11]. Moreover, eplerenone
treatment had anti-inflammatory, antifibrotic
and antioxidative effects improving glomerular,
arteriolar and tubulointerstitial lesions in
rodent models, despite having no effect on
haemodynamics, thereby securing nephropro-
tection [12, 13]. Patients with CKD and diabetes
mellitus have an enhanced susceptibility to
adverse cardiovascular outcomes; hence these
patients theoretically stand to benefit the most
from add-on MRA therapy. The combination of
eplerenone with ACEi has been shown to be
beneficial in patients with chronic heart failure
[14]. Furthermore, this combination therapy
has been demonstrated to slow DKD progres-
sion in a rodent model [15] and to have addi-
tional anti-proteinuric effects in patients with
CKD and type 2 diabetes mellitus (T2DM)
[10, 14, 16, 17]. Besides functional conse-
quences, addition of MRA to ACEi might fun-
damentally affect the RAAS at the molecular
level. Although often combined with RAAS
blockers, the detailed effects of this therapeutic
approach on RAAS metabolism have not been
elucidated.

Accumulating evidence indicates that Ang-
(1–7), the key alternative RAAS effector peptide
may confer beneficial vasodilatory, anti-in-
flammatory and antifibrotic effects opposing
the actions of the ‘classical RAAS’ with its main
effector Ang II [18–23]. Therefore, in this study
we have investigated the effects of eplerenone
on top of ACEi therapy compared to placebo on
systemic RAAS metabolism with its key effector
molecules.

Using a mass spectrometry-based approach
[24], we have analysed quantitative differences
between key Ang profiles of patients with CKD
and diabetes mellitus receiving eplerenone on
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top of ACEi compared to placebo-treated
patients in a prospective randomized trial.

METHODS

Patient Recruitment

This 10-week prospective, randomized, con-
trolled exploratory trial included 15 patients
with diabetes mellitus and proteinuric CKD.
Patients had a mean HbA1c of 6.9 ± 1.6% and a
diagnosis of diabetes mellitus for a median 14.5
(IQR [7–23]) years. Nine of 15 patients had
insulin dependence.

Patients were eligible for inclusion if they
were diagnosed with albuminuric CKD stage
2–3 (defined by an estimated glomerular filtra-
tion rate (eGFR) (CKD-EPI) of 30–90 ml/min/
1.73 m2) and diagnosed T2DM (defined by
World Health Organization (WHO) criteria).
Proteinuria was defined by urinary albumin-to-
creatinine ratio (UACR)[300 mg/g on a spot
urine sample or[200 mg/g if they already
received RAAS blockade with an ACEi or ARB
[25]. Additionally, patients had to be neither
hypo- nor severely hypertensive at the time of
inclusion (systolic blood pressure[ 120 mmHg
and\ 180 mmHg on ambulatory measure-
ment). According to the Seventh Report of the
Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High
Blood Pressure (JNC7) classification, all patients
classified as having high normal blood pressure
or stage 1 or 2 hypertension [26].

Exclusion criteria were as follows:
age\18 years,[ 80 years, UACR[ 3500 mg/g,
severe hypertension, pregnancy (or planned
pregnancy), coronary heart disease, severe renal
insufficiency (eGFR \ 30ml/min/1,73m2) sys-
tolic blood pressure\120 mmHg, additional
RAAS interfering drugs (ACEi, ARB, direct renin
inhibitors), 25-hydroxy vitamin D levels below
16.6 ± 8.3 pg/ml, 1,25-dihydroxy vitamin D
33.1 ± 15.5 pg/ml, severe liver insufficiency
(Child-Pugh class C), potassium sparing diuret-
ics, strong CYP3A4-inhibitors, serum potassium
level[5mmol/L at study inclusion, intolerance
to eplerenone or an excipient of it.

All patients were recruited from the outpa-
tient clinic of the Clinical Division of Nephrol-
ogy and Dialysis of the Medical University of
Vienna, Austria between 2013 and 2017. We
had a total dropout of four patients (two
because of non-compliant study medication
intake, two because of suspected unexpected
serious adverse reaction (hospitalisation during
study period).

Study Procedures

This study was approved by the Ethics Com-
mittee of the Medical University of Vienna (EK
1329/2012). It was registered at the European
Clinical Trials Database (EUDRACT No.
2012-002175-34) and at a publicly available
clinical trial database [https://clinicaltrials.gov
(NCT01832558)]. The study was carried out
according to good clinical and scientific practice
guidelines and in accordance with the Helsinki
Declaration of 1964, and its later amendments.
All participants provided their written informed
consent prior to participation.

All study participants underwent a 2-week
run-in phase to unify their ACEi therapy to
enalapril (20 mg daily). Blood collection was
then performed for baseline RAAS analysis,
measurement of renin and aldosterone as well
as a urine analysis for albuminuria. If severely
hypertensive blood pressure values were elicited
through this measure, additional antihyperten-
sive treatment, preferably with calcium channel
blockers or beta-blockers were introduced.

Subsequently, patients were randomized to
either receive eplerenone 25 mg (Fig. 1 and
Supplementary Fig. 1) or placebo on top of ACEi
for 8 weeks. Patients were instructed to take the
study medication 2 h before blood collection. A
routine laboratory control of electrolytes and
creatinine was performed after the first week of
the study phase. At the end of the active study
phase, analysis of RAAS components as well as
routine blood analysis was performed again.
After the end of the study phase (after 8 weeks),
patients continued to be treated at the outpa-
tient clinic of the Clinical Division of Nephrol-
ogy according to good clinical practice
guidelines. Continuation or discontinuation of
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eplerenone treatment after the end of the study
was the choice of the medical team of the out-
patient clinic.

Blood Collection and Processing

For the quantification of angiotensin metabo-
lites and aldosterone, a blood collection via
cubital vein was performed. Six millilitres of
heparinized peripheral blood was collected.
Plasma was obtained by centrifugation (4 �C) at
20009g for 10 min and 2-ml aliquots were
stored at - 80 �C until analysis. Equilibrium
concentrations of the peptides Ang I, Ang II,
Ang III, Ang IV, Ang-(1–7) and Ang-(1–5), as
well as the level of the steroid aldosterone, were
measured in human plasma by LC–MS/MS (At-
toquant Diagnostics, Vienna). Briefly, samples
were spiked with stable isotope-labelled (pep-
tides) or deuterated (aldosterone) internal
standards after equilibration [27] and analytes

were extracted using C18-based solid-phase
extraction. Extracted samples were analysed
using mass spectrometry analysis using a
reversed-phase analytical column (Acquity
UPLC C18, Waters) operating in line with a
XEVO TQ-S triple quadrupole mass spectrome-
ter (Waters Xevo TQ/S, Milford, MA) in multiple
reaction monitoring mode. Internal standards
were used to correct for analyte recovery across
the sample preparation procedure in each indi-
vidual sample. Analyte concentrations were
calculated from integrated chromatograms
considering the corresponding response factors
determined in appropriate calibration curves in
plasma matrix, when integrated signals excee-
ded a signal-to-noise ratio of 10. The lower
limits of quantification were 3 pmol/l; (Ang I),
2 pmol/l (Ang II), 2.5 pmol/l (Ang III), 2 pmol/l
(Ang IV), 3 pmol/l (Ang-(1–7)), 2 pmol/l (Ang-
(1–5)) and 20 pmol/l (aldosterone), respectively.

Fig. 1 Schematic model of the RAAS affected by MRA
(eplerenone) and ACEi. RAAS enzymes, angiotensins and
interfering substances used in the study are displayed in the
figure. Eplerenone on top of ACEi upregulates renin,

Ang I and Ang-(1–7) and aldosterone while Ang II
remains suppressed. This therapeutic interference might
act synergistically to inhibit the detrimental effects of MR
activation
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Angiotensin-based markers for renin (PRA-S)
and angiotensin-converting enzyme (ACE-S)
were derived from Ang II and Ang I levels by
calculating their sum and their ratio, respec-
tively [28, 29]. Additionally, direct renin con-
centration was measured with a clinical
chemiluminescence immunoassay (Diasorin,
Saluggia, Italy).

Statistical Analysis

Demographic data are presented as mean values
with standard deviation (SD) if normally dis-
tributed (verified by Shapiro–Wilk’s test) and
unpaired Student’s t test was performed to
determine differences between treatment and
placebo groups. Non-parametric data are shown
as medians [interquartile range] and
Mann–Whitney’s U test was applied to deter-
mine differences between treatment and pla-
cebo groups.

Angiotensin values below the lower limit of
quantification (LLOQ) were substituted by
LLOQ/Sqrt(2) [30, 31]. In Fig. 4, calculated
median values, which were below the LLOQ,
were specified as such. For the analysis of
angiotensins before and after medical inter-
vention, Wilcoxon’s signed-rank test was used.
A p value of 0.05 or less was considered statis-
tically significant. IBM SPSS System version
20.0.0 (SPSS, Inc., 2010, Chicago, IL) and
GraphPad Prism Version 6 were used for all
analyses (San Diego, CA).

RESULTS

Baseline Clinical Characteristics

Both study groups were comparable in demo-
graphic and baseline laboratory characteristics
at the time of study inclusion (Table 1 and
Supplementary Table 1). Of note, serum

Table 1 Demographic and baseline values at study medication start (after 2 weeks run-in phase)

Variable Placebo (n = 8) Eplerenone (n = 7) p value

Female sex, n (%) 3 (37.5) 0 (0) 0.079

Age, years 56 ± 10 63 ± 9 0.162

Body mass index, kg/m2 30.5 ± 8.8 27.8 ± 1.8 0.523

Serum creatinine mg/dl 1.49 ± 0.53 1.97 ± 0.43 0.080

eGFR, ml/min/1.73 m2 61.7 [35.7–96.3] 42.3 [32.5–57.5] 0.328

Glucose, mg/dl 136 ± 75 142 ± 35 0.843

HbA1c % 7.2 ± 0.6 6.5 ± 0.5 0.416

UPCR, mg/g 1253 ± 755 1388 ± 923 0.761

UACR, mg/g 1000 ± 592 1142 ± 735 0.709

RR systolic, mmHg 139 ± 17 151 ± 18 0.247

RR diastolic, mmHg 83 ± 9 82 ± 5 0.823

PRA-S, pmol/l 222.5 [92.6–1701] 73.50 [33.4–799.0] 0.593

ACE-S, (pmol/l)/(pmol/l) 0.01 [0.01–0.03] 0.04 [0.02–0.04] 0.454

Data are shown as mean ± SD or median [interquartile range]
eGFR estimated glomerular filtration rate, UPCR urinary protein-to-creatinine ratio, UACR urine albumin-to-creatinine
ratio, PRA plasma renin activity, ACE angiotensin-converting enzyme
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creatinine levels of the eplerenone group were
significantly higher at inclusion; however, no
differences in eGFR were observed. Three
patients in the placebo group received addi-
tional antihypertensive therapy (beta-blocker
and/or calcium antagonist) and one patient in
the treatment group received a beta-blocker in
addition to ACEi therapy. Therapy adherence of
all study patients was assessed after the 2-week
run-in phase and at the end of the active study
phase by mass spectrometry-based measure-
ments of enalaprilat levels (data not shown). All
patients had previously received dietary coun-
selling addressing the requirements of CKD
stages 2–3.

Eplerenone on top of ACEi Upregulates
Ang I, Ang-(1–7) and Aldosterone

While we found Ang II to be similarly sup-
pressed in the eplerenone (median 3.0 [IQR
2.7–37.5 pmol/l]) and placebo group (2.6 [1.4–-
11.8 pmol/l]), we observed a significant Ang I
upregulation after eplerenone treatment (me-
dian 487.6 [48.3–2894.2 pmol/l]) (Fig. 2) com-
pared to placebo (median 119.3
[39.7–359.1 pmol/l], (p\ 0.05)). The key effec-
tor of the alternative RAAS axis Ang-(1–7) was
also significantly upregulated after eplerenone
treatment (median 22.2 [2.1–166.1 pmol/l])
versus placebo (median 6.3 [2.1–14.8 pmol/l],
(p\ 0.05)), while downstream RAAS effectors
such as Ang-(1–5), Ang III and Ang IV remained
close to or below the lower limit of quantitation

Fig. 2 Classical and alternative RAAS metabolites after
eplerenone treatment. Ang I, Ang II, Ang-(1–7) and
aldosterone levels are shown before and after 8 weeks of
eplerenone or placebo treatment in patients with CKD

and T2DM. Concentrations are given in pmol/l.
*p\ 0.05. For better visualization data are plotted
logarithmically on the y-axis

2490 Diabetes Ther (2021) 12:2485–2498



(LLOQ,\2.0 pmol/l) in both study groups
(Fig. 3 and Table 2). Individual angiotensin
levels before and after placebo or eplerenone
treatment are shown in Supplementary Fig. 3.

Eplerenone on top of ACEi Upregulates
Renin While ACE Activity Remains
Suppressed

Both renin and aldosterone concentrations
were prominently affected by eplerenone treat-
ment, with eplerenone treatment inducing a
seven-fold increase in PRA-S (angiotensin-based
marker for renin (calculated by sum of
Ang I ? Ang II) [28] (median 73.5 [IQR

33.4–799.0 pmol/l] before treatment vs. 495.5
[49.3–2932 pmol/l] after treatment; p\0.05),
while PRA-S remained stable in the placebo
group during the treatment period (222.5
[92.6–1701 pmol/l] before treatment vs. 176.2
[40.7–363.1 pmol/l] after treatment; p = 0.161)
(Fig. 4). Direct renin concentrations showed
only a moderate correlation with plasma renin
activity (Supplementary Fig. 2). However, the
observed increase in plasma renin in the epler-
enone group remained significant. Similarly,
plasma aldosterone concentration was upregu-
lated following eplerenone treatment (median
90.2 [IQR 78.0–122.7 pmol/l] before treatment
vs. 222.2 [206.1–329.9 pmol/l] after treatment;

Fig. 3 Group median angiotensin levels of the study
cohort. The illustration on the left shows the median Ang
values of all 15 patients after the run-in phase, during
which unification to the ACEi enalapril occurred. The
right upper illustration shows median Ang values after
additional placebo intake; the right lower illustration

shows median values after additional eplerenone intake.
Size of spheres and numbers represent median Ang
concentrations in pmol/l analysed by mass spectrometry
directly from each patient’s plasma. Median values, which
were below the lower limit of quantification (LLOQ), were
specified as\ 2.0;\ 2.5
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p\0.05), while aldosterone concentrations
remained stable in the placebo group (median
142.0 [47.9–245.0 pmol/l] before treatment vs.
66.5 [21.0–376.7 pmol/l] after treatment;
p = 0.87). Individual aldosterone, PRA-S and
ACE-S levels before and after placebo or epler-
enone treatment are shown in Supplementary
Fig. 4. In both patient groups, plasma ACE
activity (ACE-S, calculated by ratio Ang II/Ang I
[29]) was not significantly affected by epler-
enone treatment (median 0.02 [0.01–0.03]
compared to placebo (0.03 [IQR 0.01–0.05];
p = 0.411). To further analyse the main

enzymes responsible for Ang-(1–7) synthesis we
measured plasma ACE2 levels and calculated
the Ang-(1–7)/Ang I ratio representing neprily-
sin (NEP) activity. We found that neither ACE2
levels nor Ang-(1–7)/Ang I ratios were different
between the placebo and eplerenone group
(Fig. 5).

Blood Pressure, Kidney Function
and Proteinuria

There were no significant differences in arterial
blood pressure decrease between the eplerenone

Table 2 Angiotensin concentrations before and after medication

Variable
(pmol/l)

Placebo Eplerenone

Baseline 8 weeks eplerenone p value Baseline 8 weeks eplerenone p value

Ang I 218.1 [91.6–1676] 119.3 [39.7–359.1] 0.123 72.5 [32.4–752.9] 487.6 [48.3–2894.2] 0.018*

Ang II 4.0 [1.8–19.7] 2.6 [1.4–11.8] 0.498 1.4 [1.4–39.8] 3.0 [2.7–37.5] 0.752

Ang-(1–7) 13.3 [3.8–71.8] 6.3 [2.1–14.8] 0.075 4.6 [2.1–91.5] 22.2 [2.1–166.1] 0.043*

Ang-(1–5) 1.4 [1.4–1.4] 1.4 [1.4–1.4] 0.317 1.4 [1.4–1.4] 1.4 [1.4–1.4] 0.655

Ang III 1.8 [1.8–1.8] 1.8 [1.8–1.8] 1.0 1.8 [1.8–1.8] 1.8 [1.8–1.8] 1.0

Ang IV 1.4 [1.4–1.4] 1.4 [1.4–1.4] 0.317 1.4 [1.4–1.4] 1.4 [1.4–1.4] 0.317

PRA-S 222.5 [92.6–1701] 176.2 [40.7–363.1] 0.161 73.50 [33.4–799.0] 495.5 [49.3–2932] 0.018*

Aldosterone 142.0 [47.9–245.0] 66.5 [21.0–376.7] 0.866 90.2 [78.0–122.7] 222.2 [206.1–329.9] 0.018*

Ang angiotensin
*p\ 0.05

Fig. 4 Renin and ACE activity. PRA-S (marker for renin
activity) and ACE-S (marker for ACE activity) before and
after 8 weeks of eplerenone or placebo treatment in

patients with CKD and T2DM. *p\ 0.05. For better
visualization data are plotted logarithmically on the y-axis
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and the placebo group (Table 3). We observed
no change in eGFR (median 42 [32–57] ml/min/
1.73 m2 before treatment vs. 41 [29–52–] ml/
min/1.73 m2 after treatment) and proteinuria
(urinary protein/creatinine ratio (UPCR)) (me-
dian 1388 ± 923 mg/g before treatment vs.
1041 ± 63 mg/g after treatment) within the
eplerenone group. Similarly, no change in the
placebo group was observed. As measures of
patient safety, serum potassium and eGFR were
measured regularly. At 1 week of eplerenone
treatment, potassium levels increased from
4.5 ± 0.3 mmol/l to 4.8 ± 0.3 mmol/l
(p\ 0.05), while eGFR remained stable (42
[33–56] ml/min/1.73 m2 vs. 37 [30–43] ml/min/
1.73 m2). At the end of the 8-week study phase,
plasma potassium increased to 5.1 ± 0.5 mmol/
l in the eplerenone group and remained
stable in the placebo group 4.5 ± 0.4 mmol/l.

DISCUSSION

The underlying molecular mechanisms of the
renoprotective effects of MRA in patients with
DKD remain largely unknown. In this placebo-
controlled study we have found a distinct
molecular response of the RAAS reflected by
upregulation of renin, Ang I and high systemic
Ang-(1–7) levels while Ang II remained sup-
pressed in DKD patients receiving 8 weeks of

treatment with the MRA eplerenone in addition
to ACEi, indicative of a superior nephroprotec-
tive angiotensin pattern.

The overall effect on blood pressure and
kidney function was comparable in both study
groups. At the molecular level, eplerenone
treatment activated the systemic RAAS reflected
by upregulation of renin and Ang I, while Ang II
remained suppressed. Interestingly, the key
effector molecule of the alternative RAAS, Ang-
(1–7), was significantly upregulated by epler-
enone possibly contributing to the observed
beneficial clinical outcomes following this
treatment in these patients [11].

RAAS blockade with ACEi has been the
cornerstone for antihypertensive treatment of
patients with CKD and diabetes mellitus [4, 5].
While it has been shown in some studies that
ACEi were superior to ARB regarding cardio-
vascular death and all-cause mortality in
patients with CKD and DKD [8], there still
remains a substantial residual renal risk,
favouring add-on therapy such as MRA.

We have previously shown that beneficial
effects associated with ACEi use are not solely
mediated by the reduction in blood pressure
and decrease in glomerular pressure, but also by
fundamental changes of RAAS effector peptide
profiles [32, 33]. Following RAAS blockade with
ACEi an upregulation of renin and Ang I via a
negative feedback mechanism has been

Fig. 5 ACE2 and Ang-(1–7)/Ang I ratio. ACE2 and Ang-
(1–7)/Ang I ratio (marker for NEP activity) before and
after 8 weeks of eplerenone or placebo treatment in

patients with CKD and T2DM. For better visualization
data are plotted logarithmically on the y-axis
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previously described [27, 32]. Importantly,
therapeutic ACE inhibition suppresses pro-in-
flammatory and pro-fibrotic plasma Ang II
levels and upregulates plasma Ang-(1–7), which
might confer various renoprotective effects
[32, 33].

MRA treatment has beneficial effects in ani-
mal models of DKD and has been shown to
lower the risk of CKD progression and cardio-
vascular events [11, 13]. Specifically eplerenone
administration reduced proteinuria and
glomerular, arteriolar and tubulointerstitial
lesions in the kidney, despite having no effect
on haemodynamics and fewer clinical side
effects compared to spironolactone [13].

Here, we combine ACEi with MRA treatment
and could show that eplerenone on top of ACEi
further upregulates the nephroprotective RAAS
effector Ang-(1–7). Accumulating data indicate
that this angiotensin is centred in the alterna-
tive neprilysin (NEP)/angiotensin-converting
enzyme 2 (ACE2)/angiotensin (Ang)-(1–7)/Mas
receptor (MasR) axis, which has beneficial anti-
inflammatory, vasodilatatory and anti-protein-
uric effects [21, 23, 34]. Hence, our results pro-
vide a strong incentive to further investigate
Ang-(1–7) as a therapeutic target in the treat-
ment of diabetes-induced hypertension and
renal damage in human studies. While Ang-

(1–7) has no direct agonistic activity on aldos-
terone secretion, this heptapeptide has been
reported to act as a negative modulator of
aldosterone secretion in vitro and in vivo
[35, 36].

As expected, eplerenone treatment neither
affected Ang-(1–5), the product of ACE-driven
Ang-(1–7) conversion, nor downstream prod-
ucts of Ang II such as Ang III and Ang IV.

It is known that MRA blockade upregulates
plasma renin and aldosterone levels in patients
with hypertension [37, 38]. Our study therefore
implies that treatment with eplerenone on top
of ACEi results in additional proximal substrates
for the RAAS cascade represented by increased
renin activity (PRA-S) and Ang I levels. Fur-
thermore, eplerenone on top of ACEi results in
an upregulation of Ang-(1–7) while simultane-
ously suppressing Ang II.

However, ACE2 levels and the Ang-(1–7)/
Ang I ratio (reflecting NEP activity) remained
similar in patients receiving eplerenone com-
pared to placebo indicating no relative differ-
ences in enzyme activity for Ang-(1–7)
formation. Therefore, it is tempting to speculate
that the additional upregulation of Ang-(1–7)
observed in our study might stem from overall
RAAS activation, which is also reflected by

Table 3 Secondary outcome parameters

Variable Placebo (n = 8) Eplerenone (n = 7) p value

D Renin, lIU/ml - 25.4 [- 216.9 to 15.5] 14.5 [1.5–568.0] 0.04

D Aldosterone, pmol/l - 14.5 [- 83.5 to 104.3] 120.5 129.9 [120.5–215.9] 0.05

D eGFR, ml/min/1.73 m2 - 0.7 ± 9.3 - 2.1 ± 4.4 0.738

D UPCR, mg/g 86.50 ± 298.4 - 346.1 ± 443.6 0.04

D UACR, mg/g 47.0 [11.0–80.3] - 75.0 [- 486.0 to 324.0] 0.52

D RR systolic, mmHg - 3.0 [- 12.8 to 22.8] 0.0 [- 9.0 to 3.8] 0.90

D RR diastolic, mmHg - 2.0 [- 6.8 to 5.0] 5.5 [- 6.3 to 15.8] 0.38

D Potassium, mmol/l - 0.06 [- 0.45 to 0.16] 0.58 [0.31–0.90] 0.00

D PRA-S, pmol/l 565.1 ± 921.9 746.7 ± 1058 0.02

D ACE-S, (pmol/l)/(pmol/l) 0.07 ± 0.20 - 0.01 ± 0.03 0.23

D change from baseline, eGFR estimated glomerular filtration rate, UPCR urinary protein-to-creatinine ratio, UACR urinary
albumin-to-creatinine ratio, RR blood pressure
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elevated renin, PRA-S and Ang I concentrations
in the eplerenone treatment group.

Our findings offer a reasonable targeted
therapeutic strategy aimed at the alternative
RAAS metabolism to enforce high plasma Ang-
(1–7) levels and to reduce the residual renal risk
in patients with DKD under conventional RAAS
inhibitor therapy.

Accumulating data obtained from prospec-
tive clinical trials have established that the risk
for developing severe hyperkalemia in patients
with CKD is significantly less prevalent than
previously thought, and that instituting MRA in
combination with RAAS blockade in these
patients with appropriate laboratory surveil-
lance may be a reasonable treatment option
[16, 39]. Furthermore, recent studies demon-
strating the efficacy of novel non-absorbed,
orally administered, potassium-binding poly-
mers indicate that adequate surveillance, mod-
erate or low-dose MRA, and use of these
potassium-binding polymers may help to ade-
quately control serum potassium in patients
with CKD even in advanced CKD stages [40].
Therefore, successful RAAS blockade in patients
with CKD can be employed when careful con-
sideration to the individual patient character-
istics along with consequent and careful
monitoring of eGFR and serum-potassium is
given.

Our study has some limitations: first, it is of
exploratory design and the number of included
patients is small. Second, of the 15 included
patients, only 3 were women, precluding the
potential to make a statement on the influence
of gender on RAAS regulation. Third, there is no
long-term (i.e. more than 3 months) follow-up
data of the studied patients. Forth, no women
were in the eplerenone subgroup.

Strengths of the study are its prospective,
placebo-controlled nature, examination of
human subjects and the simultaneous quan-
tification of several RAAS metabolites by a
highly selective and specific assay (internal
standardization, UPLC–MS/MS analysis)
[24, 41].

CONCLUSIONS

This is the first trial studying the molecular
changes of both the classical and alternative
RAAS under eplerenone treatment on top of
ACEi in patients with CKD and T2DM. We
demonstrate that eplerenone on top of ACEi
further increases renin and Ang I levels and the
key alternative RAAS peptide Ang-(1–7). As the
alternative RAAS potentially confers nephro-
protective effects, these findings might be taken
into consideration in the treatment of patients
with CKD and T2DM.
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