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Background and objectives: Addition of aldosterone antagonists (AA) might provide renal benefits to proteinuric chronic
kidney disease (CKD) patients over and above the inhibition of renin-angiotensin system blockers (RAS). We evaluated the
benefits and harms of adding selective and nonselective AA in CKD patients already on RAS.

Design, setting, participants, & measurements: MEDLINE, EMBASE, and Renal Health Library were searched for relevant
randomized clinical trials in adult CKD patients. Results were summarized using the random-effects model.

Results: Eleven trials (991 patients) were included. In comparison to angiotensin- converting enzyme inhibitors (ACEi)
and/or angiotensin receptor blockers (ARB) plus placebo, nonselective AA along with ACEi and/or ARB significantly reduced
24 h proteinuria (seven trials, 372 patients, weighted mean difference [WMD] �0.80 g, 95% CI �1.27, �0.33) and BP. This did
not translate into an improvement in GFR (WMD �0.70 ml/min/1.73m2, 95% CI �4.73, 3.34). There was a significant increase
in the risk of hyperkalemia with the addition of nonselective AA to ACEi and/or ARB (relative risk 3.06, 95% CI 1.26, 7.41).
In two trials, addition of selective AA to ACEi resulted in an additional reduction in 24 h proteinuria, without any impact on
BP and renal function. Data on cardiovascular outcomes, long-term renal outcomes and mortality were not available in any of
the trials.

Conclusions: Aldosterone antagonists reduce proteinuria in CKD patients already on ACEis and ARBs but increase the risk
of hyperkalemia. Long-term effects of these agents on renal outcomes, mortality, and safety need to be established.
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C hronic kidney disease (CKD) affects 25 to 30 million
Americans and several million people across the
globe in both developed and developing nations

(1,2). A number of treatment options have been shown to delay
the progression of kidney damage (3,4). To date, the major
impact on delaying the progression of CKD and the risk of
end-stage kidney disease (ESKD) has been provided by the use
of renin-angiotensin system (RAS) blockers such as angioten-
sin-converting enzyme inhibitors (ACEi) and angiotensin re-
ceptor-blocking agents (ARB). These agents have become stan-
dard of care in proteinuric CKD patients (5–8). Both ACEi and
ARB significantly reduce proteinuria and the risk of ESKD by
about 20 to 30% (9). But this is suboptimal given the higher
costs and burden of ESKD (10). Thus, studies exploring inter-
ventions for traditional and nontraditional risk factors for CKD
are advocated (11).

Animal studies have shown that aldosterone has an indepen-
dent role in the development of hypertensive nephropathy and
vascular injury resulting in myocardial and renal fibrosis, and
its blockade reduces proteinuria (12–16). In humans, RAS
blockade with ACEi or ARB results in an incomplete suppres-
sion of serum aldosterone levels, a phenomenon known as
“aldosterone escape” (17). When patients are treated with ACEi
or ARB, aldosterone levels decrease during the earlier part of
the treatment period but subsequently increase within a few
months, despite continued treatment with ACEi or ARB ther-
apy. This aldosterone escape is associated with enhanced ex-
cretion of urinary albumin and decline in GFR.

Commercially available aldosterone antagonists include se-
lective (eplerenone) and nonselective antagonists (spirinolac-
tone). Both selective and nonselective aldosterone antagonists
reduce the risk of cardiovascular mortality and hospitalization
in patients with congestive heart failure (18–20). These benefi-
cial effects may be counterbalanced by harms. In the general
population, gynecomastia occurs in about 10% of patients with
spirinolactone but not with the selective aldosterone blocker,
eplerenone (21). Hyperkalemia is a concern with both these
agents, and the combined use of aldosterone blockade with
ACEi and ARB in patients with CKD could further affect it (22).

Received September 18, 2008. Accepted November 26, 2008.

Published online ahead of print. Publication date available at www.cjasn.org.

Correspondence: Dr. Sankar D. Navaneethan, Department of Nephrology and
Hypertension, Cleveland Clinic, 9500 Euclid Avenue, Q7–155, Cleveland, Ohio
44195. Phone: �1 216 444 8415; Fax: �1 216 444 9378; E-mail: navanes@ccf.org

Copyright © 2009 by the American Society of Nephrology ISSN: 1555-9041/403–0542



Both these agents have been tested in randomized controlled
trials (RCTs) to analyze their role in reducing the albuminuria
or proteinuria and retarding the progression of CKD (23–27).
We analyzed the benefits and harms of adding selective and
nonselective aldosterone antagonists to patients with CKD and
proteinuria who were already on ACEi or ARB or both and the
effects of aldosterone antagonist alone on proteinuria, renal
function, and other major patient level end-points in compari-
son to placebo in these same populations.

Materials and Methods
We searched MEDLINE (1966 to August 2008); EMBASE (1980 to

August 2008); the Renal Health Library (Issue 2, 2008); and hand-
searched reference lists of textbooks, articles, and scientific proceedings
for relevant articles (Search strategy-appendix 1) (28,29).

Type of Studies
All RCTs and quasi-RCTs of aldosterone antagonists (both selective

and nonselective antagonists) used alone or in combination with ACEi
alone, ARB alone, or both for preventing the progression of CKD in
patients with proteinuria or albuminuria and CKD were included. The
first period of randomized cross-over studies was also considered for
inclusion. There was no language restriction.

Types of Participants
Studies enrolling any patient with CKD stages 1 to 4 (as defined by

the Kidney-Disease Outcomes and Quality Initiative [K-DOQI] guide-
lines: stage 1 � GFR �90 ml/min/1.73 m2; stage 2 � GFR 60 to 89
ml/min/1.73 m2; stage 3 � GFR 30 to 59 ml/1.73 m2; stage 4 � GFR 15
to 29 ml/min/1.73 m2) with albuminuria or proteinuria secondary to
both diabetic and nondiabetic CKD were included. We excluded stud-
ies enrolling patients with CKD stage 5 (GFR �15 ml/min/1.73 m2)
and/or receiving hemodialysis or other forms of renal replacement
therapy.

Types of Interventions
We included studies of aldosterone antagonists (both selective and

nonselective antagonists) with ACEi or ARB or both given for at least
four weeks.

Types of Outcome Measures
Data on the effects of aldosterone antagonists over and above that of

renin-angiotensin blockade on the following outcome measures were
planned to be analyzed: a) end of treatment urinary albumin/protein
excretion (24 h proteinuria or 24 h albuminuria in g/d); b) renal
function measured as end of treatment GFR (ml/min or ml/min/1.73
m2); c) end of treatment BP – systolic BP and diastolic BP (mmHg); d)
doubling of serum creatinine; e) progression of micro- to macroalbu-
minuria; f) regression of macro- to microalbuminuria; g) regression of
micro- to normoalbuminuria; h) need for renal replacement therapy; i)
mortality rates; j) hospitalization rates; and k) adverse events – hyper-
kalemia (defined as serum potassium �5.5 mEq/L or mmol/L), and
gynecomastia or breast pain.

Data Collection
The search strategy was used to obtain titles and abstracts of studies

that may be relevant to the review. Titles and abstracts were screened
independently by two reviewers (SDN, SUN), who discarded studies
that did not meet the inclusion criteria. Studies and reviews that might
include relevant data or information on trials were retained initially.

The reviewers independently assessed retrieved abstracts and, if nec-
essary, the full text of these studies to determine if they satisfied the
inclusion criteria.

Data extraction was carried out by the reviewers independently,
using standard data extraction forms. It was planned that studies
reported in non-English language journals would be translated before
assessment. It was also planned that where more than one publication
of one trial existed, reports would be grouped together and the most
recent or complete dataset would be used. Further information re-
quired from the original authors was requested by written correspon-
dence whenever needed, and any relevant information obtained was
included in the review. Disagreements between reviewers were re-
solved in consultation with Giovanni FM Strippoli.

Study Quality
The quality of included studies was assessed independently by

(SDN) and (SUN) without blinding to authorship or journal using the
checklist developed by the Cochrane Renal Group. The quality items
assessed were allocation concealment, intention-to-treat analysis, com-
pleteness to follow-up and blinding of investigators, participants, and
outcome assessors.

Statistical Assessment
For dichotomous outcomes (hyperkalemia, gynecomastia), results

were expressed as relative risks (RR) with 95% confidence intervals
(CI). Data were pooled using a random-effects model (30) but the
fixed-effects model was also analyzed to ensure robustness of the
model chosen and susceptibility to outliers. Where continuous scales of
measurement were used to assess the effects of treatment (24 h pro-
teinuria or albuminuria, GFR, BP) the WMD and its 95% CI were used.
Heterogeneity was analyzed with a chi-squared test on N-1 degrees of
freedom, with an alpha of 0.05 used for statistical significance and with
the I2 test (31). Analyses were performed using Revman 5 (©2007, The
Cochrane Collaboration, UK).

Separate analyses were conducted for selective and nonselective
aldosterone antagonists. An I2 value of �50% indicates statistically
significant heterogeneity among the included studies. If substantial
statistical heterogeneity were noted (I2 � 50%), we planned to explore
individual study characteristics and those of subgroups of the main
body of evidence. Plausible reasons for variations in treatment effect
(heterogeneity) were explored using subgroup analysis specifically for
length of follow-up, and baseline kidney disease. We also conducted a
post hoc subgroup analysis to compare the incidence of hyperkalemia in
patients who received spirinolactone plus two RAS inhibitors versus
two RAS inhibitors alone, and in patients who received spirinolactone
plus one RAS inhibitor, either ACEi or ARB versus ACEi or ARB alone.

Results
Search Results

The combined search of MEDLINE, EMBASE, CENTRAL,
and the Renal Health Library identified 133 citations, of which
116 were excluded (non-RCTs, trials that evaluated other inter-
ventions not relevant to this review). Full-text assessment of 17
potentially relevant articles resulted in the identification of 11
eligible trials (ten published studies {n � 776} and one abstract
{n � 215}) enrolling a total of 991 patients (23–27,32–37) (Figure
1). Nine trials (482 patients) compared non-selective aldoste-
rone antagonists plus ACEi and/or ARB to ACEi and/or ARB
alone (23,24,26,27,32–36), and two trials (509 patients) com-
pared selective aldosterone antagonists plus ACEi and/or ARB
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to ACEi and/or ARB alone (25,37). We did not find any studies
that compared aldosterone antagonists alone to placebo (with-
out ACEi and/or ARB). Authors of all included trials were
contacted for additional information and clarification relating
to study methods and any unreported data, with four respond-
ing to our queries (23,24,26,27).

Trial Characteristics
Eight studies included diabetic patients; the large study of

Bianchi et al. included patients with various forms of glomer-
ulonephritis (23); the remaining two studies included patients
with nondiabetic renal disease encompassing IgA nephropathy,
benign nephrosclerosis, and membranous nephropathy (35,36).
All studies excluded patients with GFR �30 ml/mim/1.73m2.
Baseline albuminuria/proteinuria ranged from 0.8 g/d to 3.6
g/d. Of nine studies analyzing the efficacy of nonselective
aldosterone antagonists, three compared spirinolactone plus
ACEi to ACEi alone (24,32,33) and six compared spirinolactone
plus ACEi and/or ARB to ACEi and/or ARB alone
(23,26,27,34–36).

In all studies 25 mg/d of spirinolactone was used throughout
the study period except for the study of Meiracker et al., which
used spirinolactone 25 to 50 mg/d (32). Study duration varied
from two to 20 mo. Sample size of all studies was small (n � 18
to 268), and none were powered to detect hard primary out-
comes including mortality or long-term renal outcomes. All
studies reported change in 24 h proteinuria or albuminuria as
the primary end-point. Studies that analyzed the role of selec-
tive aldosterone antagonist included patients with type 2 dia-
betes and the change in urinary albumin-creatinine ratio was
the primary outcome measure. Other characteristics of the par-

ticipants and the interventions of the included trials are de-
tailed in Table 1.

Trial Quality
By current methodological standards, trial quality was vari-

able. Allocation concealment was adequate in five of 11 trials
(45%), and unclear in six out of 11 trials (55%). Participants,
investigators, and outcome assessors were not blinded in any of
the trials. Only one of the 11 trials (9%) was analyzed on an
intention-to-treat basis. The drop-out rate ranged from 0 to 15%
and did not differ between the treatment and control groups.

Study Outcomes
Nonselective aldosterone antagonists (Spirinolactone) plus
ACEi and/or ARB versus ACEi
and/or ARB alone
End of Treatment 24 h Proteinuria

There was a significant reduction in 24 h proteinuria with
spirinolactone plus ACEi and/or ARB (seven RCTs, 372 pa-
tients, WMD �0.80 g, 95% CI �1.27, �0.33) compared with
ACEi and/or ARB alone. There was a significant heterogeneity
between the studies included in this analysis (chi square �

20.56, P � 0.001, I2 � 76%) (Figure 2).

End of Treatment GFR
There was no significant difference in GFR with spirinolac-

tone plus ACEi and/or ARB compared with ACEi and/or ARB
alone (five RCTs, 306 patients, WMD �0.70 ml/min, 95% CI
�4.73 to 3.34) and there was no significant heterogeneity be-
tween the studies included in the analysis (chi square � 1.13,
P � 0.77, I2 � 0%) (Figure 3).

End of Treatment Systolic BP
There was a significant reduction in systolic BP with spiri-

nolactone along with ACEi and/or ARB compared with ACEi
and/or ARB alone (seven RCTs, 372 patients, WMD �3.40
mmHg, 95% CI �5.13, �1.68) with no significant heterogeneity
in this analysis (chi square � 3.67, P � 0.72, I2 � 0%).

End of Treatment Diastolic BP
There was a significant reduction in diastolic BP with spiri-

nolactone along with ACEi and/or ARB compared with ACEi
and/or ARB alone (six RCTs, 336 patients, WMD �1.79 mmHg,
95% CI �2.99, �0.59) and with no significant heterogeneity
between the included studies (chi square � 2.87, P � 0.72,
I2 � 0%).

Adverse Effects
Hyperkalemia

There was a significant increase in the risk of hyperkale-
mia with spirinolactone along with ACEi and/or ARB com-
pared with ACEi and/or ARB alone (eight trials, 436 pa-
tients, RR 3.06, 95% CI 1.26, 7.41) with no heterogeneity in
this analysis (chi square � 1.69, P � 0.98, I2 � 0%) (Figure 4).
In subgroup analyses, there was a significant increase in the
risk of hyperkalemia with spirinolactone plus two RAS in-
hibitors (ACEi and ARB) in comparison to ACEi and ARB
alone (four RCTs, 149 patients, RR 4.30, 95% CI 1.12, 16.51)

Full text analysis: 17 

Studies included in final 
review: 11 
Selective aldosterone 
antagonist versus placebo: 2 
Non selective aldosterone 
antagonist versus placebo: 9 

Excluded: 6 
Reviews and retrospective 
studies: 6

Search Results 
 MEDLINE: 21  
 CENTRAL: 17 
  EMBASE: 80 

RENAL REGISTER: 13 

Excluded: 114
 Search overlap: 15 
 Review articles: 59 
 Irrelevant to this review: 40 

Figure 1. Flow chart showing the number of citations retrieved
by individual searches and number of trials included in the
systematic review.
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while there was a nonsignificant increase in the risk of
hyperkalemia when spirinolactone in addition to one RAS
inhibitor only (ACEi or ARB) was compared with ACEi or
ARB alone (five RCTs, 277 patients, RR 2.41, 95% CI 0.79,
7.31). A formal test of interaction found no significant dif-
ferences across the estimates (P � 0.31).

Gynecomastia
In six included studies, there was no incidence of gynecom-

astia reported in both the treatment and control groups. Bianchi
et al. reported that six out of 83 patients developed gynecom-
astia (only one patient warranting discontinuation of medica-
tion and five patients with mild gynecomastia) in the spirino-
lactone group but none (out of 82 patients) in the placebo arm
(23). Furamatsu et al. reported one of 15 patients who devel-
oped gynecomastia in the spironolactone group that did not
require discontinuation of therapy (35).

Analysis of Heterogeneity
Heterogeneity in the effects of nonselective aldosterone an-

tagonists on 24 h proteinuria was explored through subgroup
analyses by type of kidney disease and study duration. We
could not explore the influence of baseline kidney function on
the heterogeneity, as relevant data were not available from the
studies.

Type of Baseline Kidney Disease
There was a significant reduction of 24 h proteinuria at the

end of treatment period in studies that included patients with
nondiabetic kidney disease (three RCTs, 231 patients, WMD
�0.99 g/d, 95% CI �1.40, �0.57), but not in studies that in-
cluded patients with diabetic kidney disease (four RCTs, 141
patients, WMD �0.46 g/d, 95% CI �1.00, 0.08). However, a
formal test of interaction showed that the type of baseline
kidney disease was not an effect modifier (P � 0.13).

Study Duration
There was a significant reduction of 24 h proteinuria at the

end of the treatment period in both studies that had follow-up
�6 mo (five RCTs, 177 patients, WMD �0.53 g/d, 95% CI
�0.88, �0.18) and in studies that had follow-up �6 mo (two
RCTs, 195 patients, WMD �1.21 g/d, 95% CI �1.40, �1.02),
with no significant interaction (P value � 0.001).

Other Outcomes
We did not have outcome data for a) doubling of serum

creatinine, b) progression of micro to macroalbuminuria, c)
regression of macro to microalbuminuria, d) regression of mi-
cro to normoalbuminuria, e) need for renal replacement ther-
apy, f) mortality rates, or g) hospitalization rates in the studies.
Thus, a meta-analysis could not be conducted for these out-
comes.

Selective Aldosterone Antagonists (Eplerenone) Plus ACEi
and/or ARB versus ACEi and/or ARB alone
End of Treatment Proteinuria

At 12 wk, there was a significant reduction in proteinuria
with the use of eplerenone plus ACEi in comparison to ACEi
plus placebo.

End of Treatment BP
At 12 wk, there was a significant reduction in end of treat-

ment systolic and diastolic BP with eplerenone plus ACEi in
comparison to ACEi plus placebo arm.

End of Treatment GFR
There was no significant difference in end of treatment GFR

with eplerenone plus ACEi compared with ACEi plus placebo.
We could not conduct a meta-analysis for the above out-

comes as only two studies (one published study and one ab-
stract) were included and additional data could not be obtained
from the investigators.

Adverse Events
Hyperkalemia

There was no significant increase in the risk of hyperkalemia
with eplerenone plus ACEi compared with ACEi plus placebo
(two trials, 509 patients, RR 1.62, 95% CI 0.66, 3.95). There was
no significant heterogeneity between the included studies (chi
square � 0.02, P � 0.89, I2 � 0%) (Figure 4).

Gynecomastia
In one study, there was no incidence of gynecomastia, or

female breast pain, reported in the eplerenone arm in compar-
ison to ACEi (25).

Discussion
Key Findings

Our analysis of existing trials of selective and nonselective
aldosterone antagonists administered over RAS inhibition in
patients with CKD found that both reduced end-of-treatment
24 h proteinuria and BP but have not been found to have
significant impact on end-of-treatment GFR. There was, how-
ever, a significantly higher incidence of hyperkalemia (�5.5
mEq/L) with nonselective antagonists compared with RAS
inhibition only. This was not found with selective antagonists
compared with RAS inhibition only, but direct comparison
trials of selective versus nonselective aldosterone antagonists
are not available. The impact of adding aldosterone blocking
agents to RAS blockers on mortality and long-term renal out-
comes has not been evaluated in existing studies.

Comparison to Other Studies
Introduction of RAS inhibition and the widespread use of

this approach in both diabetic and nondiabetic CKD patients
has determined a significant reduction, by about 20 to 30%, in
the risk of progression of CKD to ESKD requiring renal replace-
ment therapy (9,38,39). In addition, these agents have been
found to have cardioprotective effects (9,38,39). Some patients
exhibit aldosterone escape, a phenomenon resulting in blunting
of the effect of ACEi or ARB (17). Addition of both selective and
nonselective aldosterone antagonists has been purported to
avoid this phenomenon. The beneficial effects noted with this
add-on therapy are attributed to the profibrotic and BP lower-
ing effects of aldosterone antagonists both in animal and hu-
man studies (40,41). Our data show that these agents contribute

Clin J Am Soc Nephrol 4: 542–551, 2009 Aldosterone Blockade and Kidney Disease 545



T
ab

le
1.

C
ha

ra
ct

er
is

ti
cs

of
th

e
po

pu
la

ti
on

s
an

d
in

te
rv

en
ti

on
s

in
th

e
in

cl
ud

ed
tr

ia
ls

of
al

d
os

te
ro

ne
an

ta
go

ni
st

sa

St
ud

y
Ba

se
lin

e
ki

dn
ey

di
se

as
e

Ba
se

lin
e

pr
ot

ei
nu

ri
a

(in
g/

24
h)

or
U

A
C

R
(m

ea
n

�
/�

SD
)

Ba
se

lin
e

re
na

l
fu

nc
tio

n
(m

l/
m

in
/1

.7
3

m
2

)
N

o.
of

pa
tie

nt
s

In
te

rv
en

tio
n

C
o-

in
te

rv
en

tio
n

in
tr

ea
tm

en
t

ar
m

(n
)

(A
C

EI
an

d/
or

A
R

B)

St
ud

y
du

ra
tio

n
(m

on
th

s)
St

ud
y

en
d

po
in

ts

Bi
an

ch
i2

00
6

(2
3)

Id
io

pa
th

ic
G

N
Tr

ea
tm

en
t:

2.
1�

/
�

0.
08

C
on

tr
ol

:
2.

0�
/�

0.
07

62
.3

�
/�

1.
6

16
5

Sp
ir

in
ol

ac
to

ne
25

m
g

da
ily

A
C

EI
al

on
e:

29
A

R
B

al
on

e:
17

A
C

EI
�

A
R

B:
37

12
24

h
pr

ot
ei

nu
ri

a,
BP

,s
er

um
cr

ea
tin

in
e,

eG
FR

,
hy

pe
rk

al
em

ia
,

gy
ne

co
m

as
tia

C
hr

ys
os

to
m

ou
20

06
b

(2
4)

D
ia

be
tic

an
d

no
n-

di
ab

et
ic

ne
ph

ro
pa

th
y

A
C

EI
al

on
e:

2.
6�

/�
1.

6
A

C
EI

�
A

R
B:

2.
5

�
/�

1.
8

A
C

EI
�

Sp
ir

in
ol

ac
to

ne
:

2.
2�

/�
1.

4
A

C
EI

�
A

R
B

�
Sp

ir
in

ol
ac

to
ne

:
3.

1�
/�

1.
9

A
C

EI
al

on
e:

81
.6

A
C

EI
�

A
R

B:
68

.0
A

C
EI

�
Sp

ir
in

ol
ac

to
ne

:
59

.4
A

C
EI

�
A

R
B

�
Sp

ir
in

ol
ac

to
ne

:
57

.6

41
Sp

ir
in

ol
ac

to
ne

25
m

g
da

ily
A

C
EI

al
on

e:
10

A
C

EI
�

A
R

B:
10

A
C

EI
�

Sp
ir

in
ol

ac
to

ne
:

10
A

C
EI

�
A

R
B

�
Sp

ir
in

ilo
ac

to
ne

:
11

6
Pr

im
ar

y:
24

h
pr

ot
ei

nu
ri

a
Se

co
nd

ar
y:

BP
,s

er
um

cr
ea

tin
in

e,
C

oc
kr

af
t-

G
au

lt
cr

ea
tin

in
e

cl
ea

ra
nc

e
hy

pe
rk

al
em

ia

Ep
st

ei
n

20
02

(3
7)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
2)

N
A

N
A

21
5

EP
L

20
0

m
g/

d
vs

.A
C

EI
40

m
g/

d
vs

.E
PL

20
0

m
g/

d
�

A
C

EI
10

m
g

N
A

6
24

h
pr

ot
ei

nu
ri

a,
BP

,s
er

um
cr

ea
tin

in
e,

eG
FR

,
hy

pe
rk

al
em

ia
,

gy
na

ec
om

as
tia

Ep
st

ei
n

20
06

(2
5)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
2)

U
A

C
R

Tr
ea

tm
en

t
50

m
g:

42
2

10
0

m
g:

24
0

C
on

tr
ol

:2
80

Ep
le

re
no

ne
50

m
g:

91
10

0
m

g:
86

C
on

tr
ol

:9
1

26
8

EP
L

50
m

g
an

d
10

0
m

g
da

ily

A
C

EI
:2

68
12

Pr
im

ar
y:

Pe
rc

en
ta

ge
ch

an
ge

in
U

A
C

R
,

in
ci

de
nc

e
of

hy
pe

rk
al

em
ia

Se
co

nd
ar

y:
ch

an
ge

in
BP

,e
G

FR
,

ad
ve

rs
e

ev
en

ts
,

gy
na

ec
om

as
tia

Fu
ra

m
at

su
20

08
(3

5)
N

on
-d

ia
be

tic
ne

ph
ro

pa
th

y
�

0.
5

g/
da

y
(b

ot
h

gr
ou

ps
)

u-
Pr

ot
/

u-
C

r
(g

/g
�C

r)
Tr

ea
tm

en
t:

1.
42

�
0.

28
C

on
tr

ol
:

1.
44

�
0.

28

Tr
ea

tm
en

t:
91

.8
�

11
.8

C
on

tr
ol

:6
8.

9
�

7.
8

30
Sp

ir
in

ol
ac

to
ne

25
m

g
da

ily
A

C
EI

�
A

R
B:

30
12

Pr
im

ar
y:

R
ed

uc
tio

n
in

pr
ot

ei
nu

ri
a

Se
co

nd
ar

y:
BP

,C
oc

kr
af

t-
G

au
lt

cr
ea

tin
in

e
cl

ea
ra

nc
e,

hy
pe

rk
al

em
ia

,
gy

na
ec

om
as

tia

546 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 4: 542–551, 2009



T
ab

le
1.

(C
on

ti
nu

ed
)

St
ud

y
Ba

se
lin

e
ki

dn
ey

di
se

as
e

Ba
se

lin
e

pr
ot

ei
nu

ri
a

(in
g/

24
h)

or
U

A
C

R
(m

ea
n

�
/�

SD
)

Ba
se

lin
e

re
na

l
fu

nc
tio

n
(m

l/
m

in
/1

.7
3

m
2

)
N

o.
of

pa
tie

nt
s

In
te

rv
en

tio
n

C
o-

in
te

rv
en

tio
n

in
tr

ea
tm

en
t

ar
m

(n
)

(A
C

EI
an

d/
or

A
R

B)

St
ud

y
du

ra
tio

n
(m

on
th

s)
St

ud
y

en
d

po
in

ts

R
ac

hm
an

i2
00

4
(3

3)
D

ia
be

tic
ne

ph
ro

pa
th

y
(T

yp
e

2)

U
A

C
R

Tr
ea

tm
en

t:
45

6
m

g/
g

C
on

tr
ol

:4
51

m
g/

g

Se
ru

m
cr

ea
tin

in
e

�
16

0
m

m
ol

/l
46

Sp
ir

in
ol

ac
to

ne
10

0
m

g
da

ily
an

d
de

cr
ea

se
d

to
50

m
g

da
ily

N
A

20
U

A
C

R
,B

P,
se

ru
m

cr
ea

tin
in

e,
hy

pe
rk

al
em

ia

R
os

si
ng

20
05

c

(2
6)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
2)

�
30

0
m

g/
24

h
G

FR
�

30
21

Sp
ir

in
ol

ac
to

ne
25

m
g

da
ily

N
A

2
24

h
al

bu
m

in
ur

ia
,B

P,
G

FR
(b

as
ed

on
ED

TA
),

hy
pe

rk
al

em
ia

,
Sc

hj
oe

dt
20

05
c

(2
7)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
1)

�
30

0
m

g/
24

h
G

FR
�

30
20

Sp
ir

in
ol

ac
to

ne
25

m
g

da
ily

N
A

2
Pr

im
ar

y:
24

h
al

bu
m

in
ur

ia
Se

co
nd

ar
y:

BP
,s

er
um

cr
ea

tin
in

e,
G

FR
(b

as
ed

on
ED

TA
),

hy
pe

rk
al

em
ia

,
gy

na
ec

om
as

tia
Sc

hj
oe

dt
20

06
c

(3
4)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
1

an
d

2)

�
2.

5
g/

24
h

G
FR

�
30

20
Sp

ir
in

ol
ac

to
ne

25
m

g
da

ily
2

24
h

al
bu

m
in

ur
ia

,B
P,

se
ru

m
cr

ea
tin

in
e,

G
FR

(b
as

ed
on

ED
TA

),
hy

pe
rk

al
em

ia
Ty

lic
ki

20
08

(3
6)

N
on

-d
ia

be
tic

ne
ph

ro
pa

th
y

0.
97

�
0.

18
at

th
e

ra
nd

om
iz

at
io

n
po

in
t

M
ea

n
G

FR
10

7.
8

(9
3-

14
0.

9)
18

Sp
ir

in
ol

ac
to

ne
25

m
g

da
ily

A
C

EI
�

A
R

B:
18

2
Pr

im
ar

y:
24

h
pr

ot
ei

nu
ri

a
Se

co
nd

ar
y:

BP
,C

oc
kr

af
t-

G
au

lt
cr

ea
tin

in
e

cl
ea

ra
nc

e,
hy

pe
rk

al
em

ia
V

an
de

n
M

ei
ra

ck
er

20
06

(3
2)

D
ia

be
tic

ne
ph

ro
pa

th
y

(T
yp

e
2)

Tr
ea

tm
en

t:
0.

7
C

on
tr

ol
:1

.0
Tr

ea
tm

en
t:

87
C

on
tr

ol
:6

4
53

Sp
ir

in
ol

ac
to

ne
50

m
g

da
ily

A
C

EI
:1

7A
R

B:
7

12
24

h
pr

ot
ei

nu
ri

a,
BP

,s
er

um
cr

ea
tin

in
e,

eG
FR

,
hy

pe
rk

al
em

ia
,

gy
ne

co
m

as
tia

a
U

A
C

R
,U

ri
ne

A
lb

um
in

C
re

at
in

in
e

R
at

io
;A

C
E

I,
A

ng
io

te
ns

in
-C

on
ve

rt
in

g
E

nz
ym

e
In

hi
bi

to
r;

A
R

B
,A

ld
os

te
ro

ne
R

ec
ep

to
r

B
lo

ck
er

;G
FR

,G
lo

m
er

ul
ar

Fi
lt

ra
ti

on
R

at
e;

B
P,

B
lo

od
Pr

es
su

re
;N

A
,N

ot
av

ai
la

bl
e;

E
PL

,E
pl

er
en

on
e;

G
N

,G
lo

m
er

ul
on

ep
hr

it
is

.
b
T

hi
s

st
ud

y
ha

d
4

ar
m

s.
c T

he
se

st
ud

ie
s

d
id

no
t

re
po

rt
th

e
ex

ac
t

nu
m

be
r

of
pa

ti
en

ts
w

ho
ha

d
A

C
E

i
an

d
/

or
A

R
B

in
tr

ea
tm

en
t

an
d

co
nt

ro
l

ar
m

se
pa

ra
te

ly
.

Clin J Am Soc Nephrol 4: 542–551, 2009 Aldosterone Blockade and Kidney Disease 547



Figure 2. Effect of aldosterone antagonists plus ACEi and/or ARB compared with ACEI and/or ARB alone on the end of treatment
proteinuria.

Figure 3. Effect of aldosterone antagonists plus ACEi and/or ARB compared with ACEI and/or ARB alone on the end of treatment
GFR.

Figure 4. Incidence of hyperkalemia with aldosterone antagonists plus ACEi and/or ARB in comparison to ACEI and/or ARB
alone.
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to a significant decrease in end-of-treatment 24 h urine protein
excretion, independent of effects on BP but without any impact
on the decline of GFR.

Bomback et al. recently analyzed the effects of adding min-
eralocorticoid receptor blockade to RAS blockers in patients
with CKD in a systematic review (42). They included both
observational and RCTs and concluded that this regimen de-
creases proteinuria without causing any hyperkalemia or im-
paired renal function. Authors did not conduct a meta-analysis
due to the lack of relevant data despite their attempts to contact
the investigators, and thus only reported a qualitative data.
They did not find an increase in the risk of hyperkalemia in
individual studies possibly due to the smaller sample size and
because studies excluded patients with baseline potassium
�5.0 mEq/L.

Our pooled analysis of these studies did show a threefold
increase in the risk of hyperkalemia. In a subgroup analysis,
restricting to triple blockade resulted in a fourfold increase in
hyperkalemia when compared with dual blockade alone (with
either ACEi or ARB alone). We also found that adding spirino-
lactone to ACEi or ARB alone in comparison to ACEi or ARB
alone resulted in a nonsignificant increase in the risk of hyper-
kalemia. Thus, it appears that triple blockade might further
increase the risk for hyperkalemia in comparison to ACEi or
ARB plus spirinolactone. This is under the assumption (which
is unique to good quality randomized controlled trials) that
patients included in the studies had received similar doses of
ACEi or ARB in both arms of the study, as varying doses of
ACEi or ARB would alter the risk in treatment and control
groups. However, we could not exclude a potential confound-
ing due to imbalanced dosing of RAS inhibitors across the
treatment and control group, as these data were not consis-
tently reported and trials were small. Most patients who devel-
oped hyperkalemia in these studies had GFR between 30 to 60
ml/min/1.73m2. A separate analysis based on the severity of
kidney disease could not be conducted as data stratified by
GFR were unavailable from all the studies.

After publication of the Randomized Aldactone Study
(RALES study), a higher incidence of hyperkalemia was re-
ported as spirinolactone use increased in patients with conges-
tive heart failure (43). Phillips et al. showed that combination
therapy with ACEi and ARB in participants with symptomatic
left ventricular dysfunction was accompanied by a fourfold
increase in the risk of hyperkalemia (RR, 4.87, 95% CI, 2.39 to
9.94) (44). The recently published Ongoing Telmisartan Alone
and in Combination with Ramipril Global Endpoint Trial found
a higher incidence of hyperkalemia in patients who were on
ACEi and ARB in comparison to ACEi or ARB alone (45).
Thus, physicians should be aware of this risk of hyperkale-
mia whenever RAS blockade is being used and that addition
of aldosterone antagonist may further increase this risk.
Close monitoring of potassium levels is warranted when
spirinolactone is added to treat proteinuria in patients on ARBs
and/or ACEi in all patients and especially in patients with GFR
�30 ml/min/1.73m2.

Strengths and Limitations
Our review has a number of strengths and limitations.

Strengths include a systematic search of medical databases,
data extraction and analysis, and trial quality assessment by
two independent reviewers based on a prespecified protocol
(46). The major limitation is the lack of long-term studies ana-
lyzing the efficacy of aldosterone antagonists on mortality,
progression of CKD, and development of ESKD. The majority
of the included studies enrolled few patients and were powered
to observe differences in surrogate end-points rather than pa-
tient-focused outcomes. Five studies had a cross-over design
(26,27,33,34,36) and most did not adequately report study
methods to assess methods and trial quality.

There was a significant heterogeneity noted in our analysis of
effects of adding an aldosterone antagonist to RAS inhibition
on proteinuria. Our subgroup analyses, although limited by a
very small number of trials, show that heterogeneity can be
partly explained by the differences in the study duration of
included studies. This may be interpreted as if duration of
treatment seems to influence the reduction in proteinuria, i.e.,
longer the treatment duration, better the treatment effect (based
on the WND). Although tempting, it would not be appropriate
to conclude that proteinuria stabilizes after an initial favorable
response with aldosterone antagonists, or longer treatment du-
ration would result in better outcomes, as these results are from
a subgroup analyses that included only a small number of
studies/patients. We used the mean and SD of proteinuria
(rather than geometric mean) from the included studies (either
reported or obtained from the authors by request). Albumin-
uria/proteinuria has, however, a skewed distribution, which
further limits the interpretation of these analyses.

Implications for Practice
In CKD patients with GFR �30 ml/min/1.73m2 who have

persistent proteinuria despite being on maximal doses of ACEi
and/or ARB, aldosterone antagonists could be added to reduce
proteinuria. These agents may, however, have to be added at
the lowest dose (spirinolactone should be initiated at 25 mg
daily and eplerenone 50 mg daily) with close monitoring for
hyperkalemia during the treatment period.

Implications for Research
Long-term studies analyzing the effect of aldosterone antag-

onists on surrogate end- points such as decline in GFR, dou-
bling of serum creatinine, progression of micro- to macroalbu-
minuria, regression of micro- to normoalbuminuria, and hard
end points such as development of ESKD and mortality are
warranted. Studies could also compare the addition of aldoste-
rone antagonists to ACEi and ARB separately and to their
combination. These studies may analyze the efficacy of aldo-
sterone antagonists in patients who exhibit aldosterone escape
versus those who do not, as the beneficial effects and risk of
hyperkalemia might be different between these two groups.
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