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ABSTRACT

Aims/Introduction: We aimed to evaluate the potential benefits and adverse effects
of adding a mineralocorticoid receptor antagonist (MRA) to angiotensin-converting
enzyme inhibitors (ACEl) and/or angiotensin receptor blockers (ARB), as standard treatment
in patients with diabetic nephropathy.

Materials and Methods: We scanned the Embase, PubMed and Cochrane Central
Register of Controlled Trials databases for human clinical trials published in English until
June 2016, evaluating renal outcomes in patients with diabetic nephropathy.

Results: A total of 18 randomized controlled trials involving 1,786 patients were
included. Compared with ACEI/ARB alone, co-administration of MRA and ACEI/ARB signifi-
cantly reduced urinary albumin excretion and the urinary albumin—creatinine ratio (mean
difference —69.38, 95% confidence intervals —103.53 to —35.22, P < 0.0001; mean difference
—215.74, 95% confidence intervals —409.22 to —22.26, P = 0.03, respectively). A decrease of

blood pressure was also found in the co-administration of MRA and ACEI/ARB groups.
However, we did not observe any improvement in the glomerular filtration rate. There
was a significant increase in the risk of hyperkalemia on the addition of MRA to ACEI/ARB
treatment (relative risk 3.74, 95% confidence intervals 2.30-6.09, P < 0.00001).
Conclusions: These findings suggest that co-administration of MRA and ACEI/ARB has
beneficial effects on renal outcomes with increasing the incidence of hyperkalemia.

INTRODUCTION

Diabetic nephropathy (DN) is the leading cause of chronic kid-
ney disease (CKD) in developed countries, and its prevalence
has increased dramatically over the past decades. Although
there has been a significant progress in slowing the progression
of DN, renal dysfunction and the development of end-stage
renal disease remain major concerns in diabetes". However, a
failure to achieve adequate anti-albuminuric renoprotective
effects even after the administration of renin—angiotensin—aldos-
terone system inhibitors has been reported. An inadequate
blockade of aldosterone could be one of the reasons why long-
term administration of renin—angiotensin—aldosterone system
inhibitors has not been effective in patients with DN. Mineralo-
corticoid receptor (MR) blockade is emerging as a new para-
digm in diabetes’. In a number of animal models of type 1 and
type 2 diabetes, studies have shown a beneficial effect of
spironolactone, a MR antagonist (MRA), as well as that of the
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more selective MRA, eplerenone®”. The effects of these agents

in reducing albuminuria or urinary albumin excretion (UAE)
and inhibiting the progression of DN have been evaluated in
clinical trials, with small sample sizes. Finerenone is a novel
non-steroidal MRA with a higher selectivity towards the MR
compared with spironolactone, and a stronger MR-binding
affinity compared with eplerenone. The addition of finerenone
to angiotensin-converting enzyme inhibitors (ACEI) and/or
angiotensin receptor blockers (ARB) therapy resulted in an
improvement of the urinary albumin—creatinine ratio (UACR)
in patients with DN®. However, the risk of life-threatening
hyperkalemia after MRA treatment in patients with DN could
severely limit the clinical use of this drug,

Although a number of studies have examined the effects of
spironolactone on DN, to date, no meta-analysis has been car-
ried out to examine all MRAs, especially the novel MRAs, and
their impact on DN progression. The objectives of the present
study were to analyze the renal outcomes, the efficacy and the
safety of adding an MRA to ACEI/ARB treatment of patients
with DN, and to increase the understanding of dual blockade
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with co-administration of MRA and ACEI/ARB in this patient
population.

MATERIALS AND METHODS

Search strategies

The Embase, PubMed and Cochrane Central Register of Con-
trolled Trials databases (up to June 2016) were searched for
clinical trials published in English, involving human subjects
and evaluating the effect of MR blockade in patients with DN.
The search terms used were ‘spironolactone,’ ‘eplerenone,
‘finerenone,’ ‘mineralocorticoid receptor antagonist’ ‘aldactone,
‘mineralocorticoid receptor blockade,” ‘aldosterone antagonist,’
‘diabetic nephropathy,” ‘albuminuria’ ‘glomerular filtration rate’
and ‘proteinuria.” The search was supplemented by reviewing
lists of references, manual searching of relevant journals and by
direct correspondence with authors. Case reports, commen-
taries, review articles, abstracts, case series and single-group
cohort studies were excluded from this review. All subjects were
patients with DN, and there were no restrictions on sample size
or duration of follow up. The end-points identified in these
studies included changes in UAE, UACR, glomerular filtration
rate (GFR), systolic blood pressure (SBP) and diastolic blood

Initial independent references from all
databases n =772

Embase: n = 405

Cochrane:n =28

PubMed databases: n = 339

v

http://onlinelibrary.wiley.com/journal/jdi

pressure (DBP). Adverse effects, such as hyperkalemia, were
also reviewed.

Data collection

Two reviewers (LJS and YNS) independently carried out data
extraction. The search strategy was used to obtain titles and
abstracts of studies relevant to the review. The reviewers inde-
pendently assessed the retrieved abstracts and the full text,
rejecting studies that did not meet the inclusion criteria. Dis-
agreements between the reviewers were resolved by consensus
or by a third investigator (GR]).

Data on the first author, year and country of publication,
study design, classification of MRA, treatment duration, sample
size, and study end-point were collected. The indexes of renal
outcome (UAE, UACR, GFR) and BP were extracted. Further-
more, data on safety and adverse events, including hyper-
kalemia, were also included.

Assessment of risk of bias

The risk of bias in the included studies was assessed indepen-
dently by two authors (LJS and YNS). Random sequence gener-
ation, allocation concealment, blinding of participants and

429 articles excluded after review
of titles and abstract
270 articles excluded for duplicate

search

Full-text articles assessed for eligibility

n=73

v

55 articles excluded based on
specific criteria:

32 articles outcome not
appropriate

14 did not report outcomes

9 were review articles

18 RCT included in the meta-analysis

Figure 1 | Study flow chart for the process of selecting the final 18 randomized controlled trials (RCT).
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Table 1 | Basic characteristics of diabetic nephropathy patients included studies

No Author Year  Country Study Treatment  Control  Classification Study UAE UACR GFR BP Hyperkalemia
design number number  of MRA duration
1 Mehdi et al. 2009 USA Parallel RCT 27 26 Spironolactone 48 weeks  NR R R N R
2 Nielsenetal 2012 Denmark Cross-over RCT 21 21 Spironolactone 60 days R NR R R R
3 Ogawa et al. 2006 Japan Parallel RCT 20 10 Spironolactone 12 months NR R NR R R
4 Rossing et al. 2005 Denmark Cross-over RCT 21 21 Spironolactone 8 weeks R NR R R R
5 Saklayen et al. 2008 USA Cross-over RCT 24 24 Spironolactone 7 months  NR R R R R
6  Schjoedt et al 2005 Denmark Cross-over RCT 20 20 Spironolactone 2 months R NR R R R
7 Schjoedt et al. 2006 Denmark Cross-over RCT 20 20 Spironolactone 2 months R NR R R R
8 Meiracker et al. 2006 Netherlands  Parallel RCT 24 29 Spironolactone 12 months N R R R R
9 Hase et al. 2013 Japan Parallel RCT 18 15 Spironolactone 24 weeks  NR R R R NR
10  Esteghamati 2013 lran Parallel RCT 52 45 Spironolactone 18 months R NR R R R
et al.

11 Momeni et al. 2015 Iran Parallel RCT 20 20 Spironolactone 3 months R NR R R R
12 Nielsen et al 2013 Denmark Cross-over RCT 69 69 Spironolactone 60 days R NR R R NR
13 Ziaee et al. 2013 Iran Parallel RCT 29 31 Spironolactone 12 weeks ~ NR R R R R
14 Buren et al. 2014 USA Parallel RCT 27 27 Spironolactone 48 weeks  NR  NR NR  NR R
15 Kato et al. 2015  Japan Parallel RCT 26 26 Spironolactone 8 weeks N R N R R
16 Epstein et al. 2002 USA Parallel RCT 67 74 Eplerenone 24 weeks  NR N NR R R
17 Epstein et al. 2006 USA Parallel RCT 86 91 Eplerenone 12 weeks  NR N R N R
18 Bakris et al. 2015 23 countries  Parallel RCT 727 %4 Finerenone 90 days NR R R N R

BP, blood pressure; GFR, glomerular filtration rate; N, No numeric data; NR, not-reported; R, reported; RCT, randomized controlled trial, UACR: urinary

albumin—creatinine ratio; UAE, urinary albumin excretion.

personnel, blinding of outcome assessment, incomplete out-
come data, selective outcome reporting, and other potential
sources of bias were assessed using the risk of bias assessment
tool, and discrepancies were resolved by discussion with a third
investigator (GR]).

Statistical analysis

Analyses were carried out using Revman 5.3 (The Cochrane
Collaboration, London, UK). For dichotomous outcomes (hy-
perkalemia), results were expressed as relative risks (RR) with
95% confidence intervals (CI). Continuous variables (UAE,
UACR, BP and GFR) were analyzed using the mean difference
(MD) and 95% CI. Statistical heterogeneity was measured using
the P-statistic and the y’-test. Heterogeneity was not consid-
ered to be significant when I* was <50%, whereas I* > 50%

Random sequence generation (selection bias

Allocation concealment (selection bias,

Blinding of participants and personnel (performance bias
Blinding of outcome assessment (detection bias
Incomplete outcome data (attrition bias

Selective reporting (reporting bias

Other bias

was considered an indication of statistically significant hetero-
geneity among the included studies. Data were pooled using a
fixed-effects model when I* was <50%. We chose the random-
effects model to analyze data when I was >50%. A P-value
<0.05 for any test or model was considered statistically
significant.

Sensitivity analyses (excluding 1 study at a time) were carried
out to assess the contribution of the individual trials to the
pooled effect estimates by sequentially omitting each trial. For-
est plots were used for graphic representation of the data.

RESULTS

Search results

The combined search of the Embase, PubMed and Cochrane
Central Register of Controlled Trials databases identified 772

I

0% 25% 50% 75%  100%

| B Low risk of bias

] Unclear risk of bias

[l High risk of bias

Figure 2 | Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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citations. We excluded 429 articles after a review of the title
and abstract, and 270 articles because of a duplication of stud-
ies; 73 articles were retrieved for a detailed evaluation, and 18
randomized controlled trials (RCTs) involving 1,786 patients
satisfying the inclusion criteria were finally analyzed in a meta-
analysis published between 2002 and 2015. The process used to
select studies for the meta-analysis is shown in Figure 1.
Table 1 shows the baseline characteristics of patients with DN
in each trial included in the present study.

Risk of bias

The risks of bias in the included studies are shown in Figures 2
and 3. Random sequence generation was unclear in seven stud-
ies, and allocation concealment was adequate in four out of 18
trials (22.2%) and unclear in the remaining 14 studies (77.8%).
Blinding of participants was unclear in three studies, and out-
come assessors blinding was clear in only one study. Incom-
plete outcome was clear in 14 studies (77.8%) and unclear in
three studies. There was selective reporting in 14 studies. Seven
studies were unclear in other biases. Publication bias was not
evident in the present study.

Study outcomes

Effects of MRA on Proteinuria in Patients with DN

There was a significant reduction in UAE after MRA plus
ACEI/ARB therapy (7 studies, 287 patients; MD —69.38, 95%
CL: —103.53 to —35.22, P < 0.0001) compared with ACEI/ARB
monotherapy” *>. No significant heterogeneity was observed
between the trials included in this analysis (3> = 7.84,
P =025, P = 23%). Forest plots showing the effect of MRA
plus ACEI/ARB on UAE changes are shown in Figure 4a.

Of the 18 trials, just four recorded UACR from baseline to
the end of the study'®'®. The results showed that MRA plus
ACEI/ARB therapy, compared with ACEI/ARB monotherapy,
significantly improved UACR in patients with DN (MD -
215.74, 95% CIL. —409.22 to —22.26, P = 0.03; Figure 4b). We
chose a random model, because obvious heterogeneity was
found in this analysis (x* = 61.09, P < 0.00001, = 95%).
Three studies reported UACR percentage change from the
baseline, and the differences between the groups were signifi-
cant (MD —14.71, 95% CI: —29.03 to —0.39, P = 0.04)*> *2. We
found no heterogeneity in this analysis (y* = 1.47, P = 0.48,
PP = 0%; Figure 4c).

Effects of MRA on GFR in patients with DN

Compared with ACEI/ARB monotherapy, MRA plus ACEI/
ARB therapy did not improve GFR in 11 RCTs (MD -248,
95% CI: —4.96 to 0.00, P = 0.05)° ">'7?° and no heterogeneity
was found in this analysis (x* =373, P =096, I* = 0%;
Figure 5a). No significant improvement in GFR change from
the baseline to the end of the study was observed after MRA
plus ACEI/ARB therapy, compared with ACEI/ARB monother-
apy (MD 432, 95% CL 358 to 1223, P = 0.28)**, and
heterogeneity was found in this analysis (Figure 5b).

http://onlinelibrary.wiley.com/journal/jdi
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Mean difference

IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Esteghamati 2013 29 3919 52 1055 35963 45 105% -76.50 [-182.11,29.11] ¢ "
Momeni 2015 2246 172 20 3594 2122 20 81% -134.80[-254.51,-15.09] ¢
Nielsen 2012 35 6151 21 90 6591 21 785%  -5500[-9356,-1644 —— W
Nielsen 2013 433 709.74 69 605 99696 69 14%  -172.00[-460.76,116.76] ¢ 4
Rossing 2005 1,067 1,428.89 20 1566263185 20 0.1% -499.00[-1,81147,813.47] ¢ ’
Schjoedt 2005 584 41452 20 831 51495 20 14% -247.00 [-536.72,42.72] ¢
Schjoedt 2006 2,510 1,720.05 20 3,718 196471 20 0.1%-1,208.00 [-2,352.41,-63.59] —
Total (95% Cl) 222 215 100.0% -69.38 [-103.53, -35.22] ’-
Heterogeneity: x2 = 7.84, df = 6 (P =0.25); 2 = 23% ‘ ‘ ‘ *
Test for overall effect: 7= 3.98 (P < 0.0001) -100 -0 0 >0 100
Favours MRA+ACEI/ARB Favours ACEI/ARB
(b) MRA+ACEI/ARB ACEI/ARB Mean difference Mean difference
Study or subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
Saklayen 2008 790 990 24 1,570 2,130 24 3.8% -780.00[-1,719.71,159.71] * »
Kato 2015 32028 12052 26 719.83 2802 26 30.1% -399.55[-516.79,-282.31] 4
Ogawa 2006 140 38 20 329 103 10 32.5% -189.00[-254.98,-123.02] {
Ziaee 2013 593 481 29 732 533 31 33.6% —-13.90 [-39.56, 11.76] ——T
Total (95% Cl) 99 91100.0% -215.74 [-409.22, —22.26) nmmm———

Heterogeneity: 12 = 28,817.51; %2 = 61.09, df = 3 (P < 0.00001); I? = 95%
Test for overall effect: Z7=2.19 (P=0.03)

(c)

I T 1
-100

T
-50 0 50 100
Favours [MRA+ACEI/ARB] Favours [ACEI/ARB]

MRA+ACEI/ARB ACEI/ARB Mean difference Mean difference
Study or subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Hase 2013 -576 213 18 -484 271 15 720%  -9.20[-26.08,7.68] —-
Mehdi 2009 -516 61.68 27 =246 102 27 10.1% -27.00[-71.96, 17.96] T
Van den Meiracker 2006 —44.2 47.84 24 143 76.77 29 179% -29.90[-63.77,3.97]  E
Total (95% Cl) 69 71 1000% -14.71[-29.03,-0.39] i
ity 2 — — — <12 =09 I } t |
Heterogeneity: x? = 147,df =2 (P=048); 1 = 0% 100 A 0 0 100

Test for overall effect: Z=2.01 (P=0.04)

Favours [MRA+ACEI/ARB] Favours [ACEI/ARB]

Figure 4 | Forest plot of therapeutic effect on proteinuria in patients with diabetic nephropathy, pooled mean difference and 95% confidence
interval (Cl) for mineralocorticoid receptor antagonist (MRA) plus angiotensin-converting enzyme inhibitors (ACEI) and/or angiotensin receptor
blockers (ARB) therapy vs ACEI/ARB monotherapy. (a) Urinary albumin excretion (UAE) value at the end of the study. (b) Urinary albumin—creatinine
ratio (UACR) value at the end of the study. () UACR percentage change from the baseline.

Effects of MRA on BP in patients with DN

SBP and DBP were recorded in 296 patients receiving MRA plus
ACEI/ARB therapy, and in 281 patients receiving ACEI/ARB
monotherapy” >'> %% Tt is important to note that SBP and
DBP were significantly decreased in MRA plus ACEI/ARB ther-
apy, compared with ACEI/ARB monotherapy in patients with
DN (MD -5.61, 95% CI: —9.38 to —1.84, P = 0.004; MD -2.17,
95% CI: —4.23 to —0.11, P = 0.04, respectively). We found obvi-
ous heterogeneity in this analysis (> = 29.05, P = 0.006,
P =69%; y° =3131, P=00003 P =71% respectively;
Figure 6a,b). Just three RCTs recorded BP changes from the
baseline to the end of the study'**"*%. We also found that MRA
plus ACEI/ARB therapy significantly improved the SBP change

and the DBP change from the baseline to the end of the study
(MD —4.83, 95% CI: =9.50 to —0.16, P = 0.04; MD —3.27, 95%
CI: =5.99 to —0.56, P = 0.02, respectively), and no heterogeneity
was found in this analysis (x° = 1.10, P=0.58, I’ = 0%;
x> = 071, P = 0.70, * = 0%, respectively; Figure 6c,d).

Effects of MRA on hyperkalemia in patients with DN

As shown in Figure 7, the incidence of hyperkalemia after the
MRA plus ACEI/ARB therapy was significantly higher than
that after ACEI/ARB monotherapy (16 studies, 1,684 patients;
RR 3.74; 95% CI: 2.30 to 6.09; P < 0.00001)” '*1°21%2¢ No
significant heterogeneity was observed among the trials
included in this analysis (x* = 8.98, P = 0.62, I* = 0%).
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(a) MRA+ACEI/ARB ACEI/ARB Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Esteghamati 2013 64.16  20.73 52 6027 2047 45 91% 3.89[-4.33,12.11] r
Kato 2015 654 661 26 685 6.6 26 47.7% -3.10 [-6.69, 0.49]
Mehdi 2009 516 3514 27 643 4272 26 14% -12.70[-33.80, 840] I
Momeni 2015 855 239 20 889 255 20 26% -340[-1872,11.92] T
Nielsen 2012 72275 21 78 275 21 2.2% -6.00[-22.63,10.63] =
Nielsen 2013 72 23259 69 76 23259 69 0.1% -4.00[-81.61,73.61] -
Rossing 2005 71 2683 20 74 2883 20 2.1% -3.00[-20.26, 14.26] =
Saklayen 2008 5394 2358 24 5526 2272 24 36% -132[-1442,11.78] I
Schjoedt 2005 81 2683 20 85 26.83 20 22% -4.00[-20.63,12.63] T
Schjoedt 2006 62 894 20 64 894 20 20.0% —-2.00 [-7.54,3.54] o B
Ziaee 2013 756 163 29 796 166 31 8.9% —4.00[-1233,4.33] -1
Total (95% Cl) 328 322 100.0% -2.48 [-4.96, -0.00] .]
Heterogeneity: x2 = 3.73,df = 10 (P=0.96); 12 = 0% | t - ‘ ‘
Test for overall effect: Z=1.96 (P =0.05) ~100 -0 0 >0 100
S e Favours [MRA+ACEI/ARB] Favours [ACEI/ARB]
(b) MRA+ACEI/ARB ACEI/ARB Mean difference Mean difference
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Hase 2013 93 76 18 94 12 15 454% -0.10[-7.11,691]
Van den Meiracker 2006 129 829 24 49 1065 29 546% 8.00[2.90, 13.10] L
Total (95% Cl) 42 44 100.0%  4.32[-3.58,12.23]
Heterogeneity: T2 = 23.01; 2 = 3.35, df = 1 (P=0.07); I = 70% ’ ‘ - ’ !
-100 -50 0 50 100

Test for overall effect: Z=1.07 (P=0.28)

Favours [MRA+ACEI/ARB] Favours [ACEI/ARB]

Figure 5 | Forest plot of therapeutic effect on glomerular filtration rate (GFR) in patients with diabetic nephropathy, pooled mean difference and
95% confidence interval (Cl) for mineralocorticoid receptor antagonist (MRA) plus angiotensin-converting enzyme inhibitors (ACEl) and/or
angiotensin receptor blockers (ARB) monotherapy. (a) GFR value at the end of the study. (b) GFR change from the baseline to the end of the

study.

DISCUSSION

The present findings show that MRA plus ACEI/ARB therapy,
compared with ACEI/ARB  monotherapy, significantly
improved the UAE and UACR in patients with DN. We also
observed a significant reduction in the SBP and DBP in the
present study population. However, MRA plus ACEI/ARB ther-
apy does not seem to improve the GFR, which is an important
index of renal function. There was a significant difference in
the incidence of hyperkalemia between the MRA plus ACEI/
ARB therapy patients and the ACEI/ARB monotherapy
patients.

DN is a leading cause of chronic kidney disease worldwide.
Although efforts have been made to develop novel therapeutic
approaches, DN remains a severe disease condition with high
rates of morbidity and mortality. An inadequate blockade of
aldosterone might fail to achieve adequate anti-albuminuric
effects in patients with DN. Studies show that renin—an-
giotensin—aldosterone system blockade with ACEI/ARB alone
sometimes does not achieve adequate renoprotective effects and
does not reduce the progression of kidney disease, despite ther-
apy”’. There is increasing evidence suggesting that the use of
MRA in combination with ACEI/ARB has a protective effect
on CKD patients; however, this combination treatment still
requires further investigation®*’, Several studies have reported

the effects of spironolactone therapy on renal outcomes in
patients with CKD** 2. The available data confirmed the pro-
tective effects of MRA plus ACEI/ARB treatment on major
renal events in CKD patients; however, these studies were not
limited to DN patients and did not include a novel MRA, such
as finerenone. The present study focused on a ‘DN’ population,
and specifically analyzed three MRAs including finerenone. The
current data about finerenone on DN are very limited, only
one study was involved in our analysis, so our pool results were
consistent with previous studies.

UAE and UACR are considered important markers for pro-
teinuria. Increased UAE or UACR can accelerate the progres-
sion of DN, and a reduction in UAE or UACR has been
associated with a favorable effect on renal outcome. Our pooled
analysis of these studies showed a significant improvement in
the UAE and UACR after MRA plus ACEI/ARB therapy com-
pared with their values after ACEI/ARB monotherapy. The
overall findings are consistent, to a certain extent, with previous
studies. In 2006, Epstein et al> reported that compared with
ACEI monotherapy, co-administration of eplerenone with an
ACEI significantly reduced the UACR in patients with DN;
however, we did not include this RCT in our UACR analysis,
because we were unable to obtain detailed data from the
authors. Some studies showed beneficial effects of MRAs on
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(@ MRA+ACEI/ARB ACEI/ARB Mean difference Mean difference
Study or subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
Esteghamati 2013 12528 17.15 52 13803 227 45 10.1% -12.75[-20.86, -4.64] -
Momeni 2015 1335 126 20 133 11.5 20 10.8% 0.50 [-6.98, 7.98] -
Nielsen 2012 133 1375 21 135 1375 21 9.8%  -2.00[-10.32,6.32] e
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Figure 6 | Forest plot of therapeutic effect on blood pressure in patients with diabetic nephropathy, pooled mean difference and 95% confidence
interval (Cl) for mineralocorticoid receptor antagonist (MRA) plus angiotensin-converting enzyme inhibitors (ACEI) and/or angiotensin receptor
blockers (ARB) monotherapy. (a) Systolic blood pressure value at the end of the study. (b) Diastolic blood pressure value at the end of the study. ()
Systolic blood pressure change from baseline to the end of the study. (d) Diastolic blood pressure change from baseline to the end of the study.

proteinuria; however, these studies did not include data for a

analysis was limited owing to insufficient data on proteinuria

combined MRA plus ACEI/ARB treatment. Therefore, we did  parameters in the trials included in this study. Additionally, the

not include these studies in our analysis’>**. Thus, the

present

number of the trials included in this study was too small.
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Figure 7 | Forest plot of therapeutic effect on adverse events of hyperkalemia in patients with diabetic nephropathy, pooled relative risk and 95%
confidence interval (Cl) for mineralocorticoid receptor antagonist (MRA) plus angiotensin-converting enzyme inhibitors (ACEl) and/or angiotensin

receptor blockers (ARB) monotherapy.

Further RCTs are necessary to investigate the validity of our
conclusions.

The GFR is an important index for the evaluation of renal
function. We observed that co-administration of MRA and
ACEI/ARB had no impact on GFR compared with ACEI/ARB
monotherapy in patients with DN. However, the present results
might have been affected by the fact that just 11 RCTs in our
analysis reported the GFR, whereas GFR data were not
reported in a number of the reviewed trials, and others
reported GFR data but did not provide complete information.
While discussing the GFR findings, it is important to note that
the GFR was only examined in the context of a study popula-
tion with DN, and this has not been extensively studied in
other populations. It seems plausible that co-administration of
MRA and ACEI/ARB maintain a relatively stable GFR in
patients with DN.

Control of BP is another crucial factor in the treatment of
DN, and is associated with survival and renal prognosis. Our
pooled analysis of 10 RCTs showed a significant reduction in
SBP and DBP after MRA and ACEI/ARB therapy, compared
with ACEI/ARB monotherapy. In three RCTs, we observed a
reduction in SBP and DBP compared with the baseline BP.
Improved BP control after a combination therapy significantly
reduces the elevated systemic blood pressure to the glomeruli,
which can lead to beneficial effects on renal outcome, specifi-
cally, proteinuria, and GFR*".,

As the evidence supporting the use of MRA in the treatment
of DN accumulates, the question of safety arises, particularly
given the pre-existing risk of hyperkalemia. In a recent

narrative review, Mavrakanas® analyzed the effects of MRA
combined with ACEI/ARB in patients with DN. That review
included just nine trials, and confirmed that combined treat-
ment increased the risk of hyperkalemia. We carried out an
analysis of the development of hyperkalemia, even though each
trial included in our analysis defined hyperkalemia differently.
We confirmed that the risk of hyperkalemia was significantly
higher after MRA and ACEI/ARB therapy compared with that
after ACEI/ARB monotherapy in patients with DN. This find-
ing is consistent with previous studies. Some studies have
reported on the safety of including MRA in the treatment of
DN or end-stage renal disease population treated with ACEI/
ARB>?. For example, Epstein et al>> found that eplerenone
plus ACEI had no significant effect on serum potassium levels
compared with ACEI monotherapy in patients with DN. The
most likely explanation is the careful selection of patients, with
the exclusion of patients with a previous event of hyperkalemia.
There are reports that finerenone with ACEI did not change
potassium levels in patients with DN*°. Furthermore, co-admin-
istration of MRA and ACEI/ARB in patients with DN should
be carried out under appropriate laboratory surveillance.

The present study had several limitations. First, the short
study duration designed to assess surrogate end-points might
affect the results. Further limitations include the relatively small
sample size, and the limited or absent long-term follow-up data
on the cumulative effects of MRA and ACEI/ARB therapy on
study end-points. In addition, some relevant data were not
available or complete. More detailed information is required to
clarify the effect of MRA on renal outcome. Second, although
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our statistical analyses suggested a low probability of publica-
tion bias, which remains a concern. Selection bias cannot be
completely ruled out, as we only retrieved articles from Eng-
lish-language journals and published trials. Third, although
most studies were RCTSs, there were cross-over design studies,
and some trials did not report their study methods in enough
detail to determine the methods used and the trial quality.
Finally, heterogeneity was found in some of our analyses, and a
single, heavily weighted study could confuse the outcomes of
the present meta-analysis.

In conclusion, the co-administration of MRA and ACEI/
ARB in patients with DN confers greater renoprotection com-
pared with ACEI/ARB alone. However, the inclusion of MRA
to the ACEI/ARB therapy results in a higher incidence of
hyperkalemia, suggesting that co-administration of MRA and
ACEI/ARB, under appropriate laboratory surveillance, might be
a reasonable treatment option in these patients.

The potential effects of MRA remain unclear and require
further clarification. The majority of studies focused on
spironolactone, whereas studies on DN involving new MRAs,
such as finerenone, are currently limited. Large-scale, multicen-
ter, randomized, double-blind, placebo-controlled trials are
required to provide new insights into the effects of MRA, as a
therapeutic agent, on the renal outcomes in patients with DN.

ACKNOWLEDGMENT
This work was supported by Scientific Research grant (No.
13YJ15) from Xinhua Hospital.

DISCLOSURE
The authors declare no conflict of interest.

REFERENCES

1. Mima A. Diabetic nephropathy: protective factors and a
new therapeutic paradigm. J Diabetes Complications 2013;
27: 526-530.

2. Van Buren PN, Toto R. Hypertension in diabetic
nephropathy: epidemiology, mechanisms, and management.
Adv Chronic Kidney Dis 2011; 18: 28-41.

3. Mavrakanas TA, Gariani K, Martin PY. Mineralocorticoid
receptor blockade in addition to angiotensin converting
enzyme inhibitor or angiotensin Il receptor blocker
treatment: an emerging paradigm in diabetic nephropathy:
a systematic review. Fur J Intern Med 2014; 25: 173-176.

4. Ahn JH, Hong HC, Cho MJ, et al. Effect of eplerenone, a
selective aldosterone blocker, on the development of
diabetic nephropathy in type 2 diabetic rats. Diabetes Metab
J2012; 36: 128-135.

5. Lian M, Hewitson TD, Wigg B, et al. Long-term
mineralocorticoid receptor blockade ameliorates progression
of experimental diabetic renal disease. Nephrol Dial
Transplant 2012; 27: 906-912.

6. Guo C, Martinez-Vasquez D, Mendez GP, et al.
Mineralocorticoid receptor antagonist reduces renal injury in

ORIGINAL ARTICLE
MRAs on DN

rodent models of types 1 and 2 diabetes mellitus.
Endocrinology 2006; 147: 5363-5373.

Hofni A, El-Moselhy MA, Taye A, et al. Combination therapy
with spironolactone and candesartan protects against
streptozotocin-induced diabetic nephropathy in rats. Eur J
Pharmacol 2014; 744: 173-182.

Liu LC, Schutte E, Gansevoort RT, et al. Finerenone: third-
generation mineralocorticoid receptor antagonist for the
treatment of heart failure and diabetic kidney disease. Expert
Opin Investig Drugs 2015; 24: 1123-1135.

Nielsen SE, Persson F, Frandsen E, et al. Spironolactone
diminishes urinary albumin excretion in patients with type 1
diabetes and microalbuminuria: a randomized placebo
controlled crossover study. Diabet Med 2012; 59:
€184-e190.

. Rossing K, Schjoedt KJ, Smidt UM, et al. Beneficial effects of

adding spironolactone to recommended antihypertensive
treatment in diabetic nephropathy: a randomized, double-
masked, cross-over study. Diabetes Care 2005; 28:
2106-2112.

. Schjoedt KJ, Rossing K, Juhl TR, et al. Beneficial impact of

spironlactone in diabetic nephropathy. Kidney Int 2005; 68:
2829-2836.

. Schjoedt KJ, Rossing K, Juhl TR, et al. Beneficial impact of

spironolactone on nephrotic range albuminuria in diabetic
nephropathy. Kidney Int 2006; 70: 536-542.

. Esteghamati A, Noshad S, Jarrah S, et al. Long-term effects

of addition of mineralocorticoid receptor antagonist to
angiotensin Il receptor blocker in patients with diabetic
nephropathy: a randomized clinical trial. Nephrol Dial
Transplant 2013; 28: 2823-2833.

. Momeni A, Behradmanesh MS, Kheiri S, et al. Evaluation of

spironolactone plus hydrochlorothiazide in reducing
proteinuria in type 2 diabetic nephropathy. J Renin
Angiotensin Aldosterone Syst 2015; 16: 113-118.

. Nielsen SE, Schjoedt KJ, Rossing K, et al. Levels of NT-

proBNP, markers of low-grade inflammation, and
endothelial dysfunction during spironolactone treatment in
patients with diabetic kidney disease. J Renin Angiotensin
Aldosterone Syst 2013; 14: 161-166.

. Ogawa S, Takeuchi K, Mori T, et al. Spironolactone further

reduces urinary albumin excretion and plasma B-type
natriuretic peptide levels in hypertensive type Il diabetes
treated with angiotensin-converting enzyme inhibitor. Clin
Exp Pharmacol Physiol 2006; 33: 477—-479.

. Saklayen MG, Gyebi LK, Tasosa J, et al. Effects of additive

therapy with spironolactone on proteinuria in diabetic
patients already on ACE inhibitor or ARB therapy: results of
a randomized, placebo-controlled, double-blind,
crossovertrial. J Investig Med 2008; 56: 714-719.

. Ziaee A, Abbas Vaezi A, Oveisi S, et al. Effects of additive

therapy with spironolactone on albuminuria in diabetes
mellitus: a pilot randomized clinical trial. Caspian J Intern
Med 2013; 4: 648-653.

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

617

J Diabetes Investig Vol. 8 No. 4 July 2017



ORIGINAL ARTICLE
Sun et al.

http://onlinelibrary.wiley.com/journal/jdi

19. Kato S, Maruyama S, Makino H, et al. Anti-albuminuric moderate chronic kidney disease. Br J Clin Pharmacol 2012;
effects of spironolactone in patients with type 2 diabetic 73: 447-454.
nephropathy: a multicenter, randomized clinical trial. Clin 29. Edwards NC, Steeds RP, Stewart PM, et al. Effect of
Exp Nephrol 2015; 19: 1098-1106. spironolactone on left ventricular mass and aortic stiffness
20. Mehdi UF, Adams-Huet B, Raskin P, et al. Addition of in early-stage chronic kidney disease: a randomized
angiotens in receptor blockade or mineralocorticoid controlled trial. J Am Coll Cardiol 2009; 54: 505-512.
antagonism to maximal angiotensin-converting enzyme 30. Bolignano D, Palmer SC, Navaneethan SD, et dl.
inhibition in diabetic nephropathy. J Am Soc Nephrol 2009, Aldosterone antagonists for preventing the progression of
20: 2641-2650. chronic kidney disease. Cochrane Database Syst Rev 2014;
21. van den Meiracker AH, Baggen RG, Pauli S, et al. 29: CD007004.
Spironolactone in type 2 diabetic nephropathy: effects on 31. Shavit L, Lifschitz MD, Epstein M. Aldosterone blockade and
proteinuria, blood pressure and renal function. J Hypertens the mineralocorticoid receptor in the management of
2006; 24: 2285-2292. chronic kidney disease: current concepts and emerging
22. Hase M, Babazono T, Ujihara N, et al. Comparison of treatment paradigms. Kidney Int 2012; 81: 955-968.
spironolactone and trichlormethiazide as add-on therapy to  32. Navaneethan SD, Nigwekar SU, Sehgal AR, et al.
renin—angiotensin blockade for reduction of albuminuria in Aldosterone antagonists for preventing the progression of
diabetic patients. J Diabetes Investig 2013; 4: 316-319. chronic kidney disease: a systematic review and meta-
23. Van Buren PN, Adams-Huet B, Nguyen M, et al. Potassium analysis. Clin J Am Soc Nephrol 2009; 4: 542-551.
handling with dual Renin-Angiotensin system inhibition in 33. Takebayashi K, Matsumoto S, Aso Y, et al. Aldosterone
diabetic nephropathy. Clin J Am Soc Nephrol 2014; 9: blockade attenuates urinary monocyte chemoattractant
295-301. protein-1 and oxidative stress in patients with type 2
24. Epstein M, Buckalew V, Martinez F, et al. Antiproteinuric diabetes complicated by diabetic nephropathy. J Clin
efficacy of eplerenone, enalapril, and eplerenone/enalapril Endocrinol Metab 2006; 91: 2214-2217.
combination in diabetic hypertensives with 34. Makhlough A, Kashi Z, Akha O, et al. Effect of
microalbuminuria [Abstract]. Am J Hypertens 2002; 15: 24A. spironolactone on diabetic nephropathy compared to the
25. Epstein M, Williams GH, Weinberger M, et al. Selective combination of spironolactone and losartan. Nephrourol
aldosterone blockade with eplerenone reduces albuminuria Mon 2014; 6: e12148.
in patients with type 2 diabetes. Clin J Am Soc Nephrol 35. Xie X, Atkins E, Lv J, et al. Effects of intensive blood
2006; 1: 940-951. pressure lowering on cardiovascular and renal outcomes:
26. Bakris GL, Agarwal R, Chan JC, et al. Mineralocorticoid updated systematic review and meta-analysis. Lancet 2016;
Receptor Antagonist Tolerability Study-Diabetic 387: 435-443,
Nephropathy (ARTS-DN) Study Group. Effect of Finerenone 36. Peterson JC, Adler S, Burkart JM, et al. Blood pressure
on Albuminuria in Patients With Diabetic Nephropathy: a control, proteinuria, and the progression of renal disease.
Randomized Clinical Trial. JAMA 2015; 314: The Modification of Diet in Renal Disease Study. Ann Intern
884-894. Med 1995; 123: 754-762.
27. Cagnoni F, Njwe CA, Zaninelli A, et al. Blocking the RAAS at  37. Taheri S, Mortazavi M, Pourmoghadas A, et al. A
different levels: an update on the use of the direct renin prospective double-blind randomized placebo-controlled
inhibitors alone and in combination. Vasc Health Risk clinical trial to evaluate the safety and efficacy of
Manag 2010; 6: 549-559. spironolactone in patients with advanced congestive heart
28. Edwards NG, Steeds RP, Chue CD, et al. The safety and failure on continuous ambulatory peritoneal dialysis. Saudi J
tolerability of spironolactone in patients with mild to Kidney Dis Transpl 2012; 23: 507-512.
618 J Diabetes Investig Vol. 8 No. 4 July 2017 © 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



