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Abstract: Objective: To systematically assess the efficacy and safety of combined therapy with a mineralocorticoid
receptor antagonist (MRA) and an angiotensin receptor blocker (ARB) or angiotensin converting enzyme inhibitor
(ACEL) for patients with diabetic nephropathy (DN). Methods: PubMed, MEDLINE, Cochrane Library, Embase and
EBSCO were electronically searched to collect randomized controlled trails of the combined therapy of MRA and
ARB/ACEI versus ARB/ACEI alone for DN patients. The following outcomes were assessed: systolic blood pressure
(SBP), diastolic blood pressure (DBP), urinary albumin-to-creatinine ratio (UACR), 24-h urinary protein, serum cre-
atinine, estimated glomerular filtration rate (eGFR), serum potassium, plasma renin activity, plasma aldosterone,
hemoglobin Alc (HbAlc) and the incidence of hyperkalemia. Data were analyzed using RevMan 5.2. For continuous
data, mean difference (MD) and 95% confidence interval (Cl) were calculated. For dichotomous data, risk ratio (RR)
and 95% Cl were calculated. When heterogeneity was absent, meta-analysis was performed using a fixed-effects
model. Otherwise, a random-effects model was used. Results: A total of 16 studies involving 905 patients were in-
cluded. The meta-analysis showed that combined MRA with ARB/ACEI for DN patients reduce SBP [MD -1.21, 95%
Cl (-1.95, -0.47)], 24-h urinary protein [MD -0.33, 95% CI (-0.59, -0.08)], and UACR [MD -0.31, 95% CI (-0.56, -0.05)].
Compared with the control group, combination treatment demonstrated higher serum potassium level [MD 0.26,
95% CI (0.16, 0.35)], plasma renin activity [MD 0.52, 95% CI (0.21, 0.84)], plasma aldosterone [MD 0.59, 95% Cl
(0.39, 0.79)], HbA1c [MD 0.21, 95% CI (0.11, 0.32)] and the incidence of hyperkalemia [RR 3.89, 95% CI (2.20,
6.88)]. No statistical differences were observed for DBP, serum creatinine and eGFR. Conclusions: For patients
with DN, combined therapy could further reduce albuminuria and blood pressure (BP), and inhibit plasma renin
and aldosterone without decreasing renal function. A higher risk of hyperkalemia must be taken into consideration.

Keywords: Mineralocorticoid receptor antagonist, angiotensin-converting enzyme inhibitors, angiotensin receptor
blocker, diabetic nephropathy, meta-analysis

Introduction fore, reducing albuminuria in DN patients is
of great clinical significance [4].

As a common complication of diabetes, the

prevalence of diabetic nephropathy (DN) has
reached nearly 9% in 2014 in the global adult
population [1]. Previous studies of DN indicate
that reduction in albuminuria not only slows
the progression of end stage renal disease
(ESRD), but also decreases the incidence and
mortality of cardiovascular events [2, 3]. There-

Because the renin-angiotensin system (RAS)
has been demonstrated to play an important
role in the pathogenesis of chronic kidney dis-
ease (CKD) [5], angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin Il receptor block-
er (ARB) therapy is recommended to be an
effective treatment for diabetes mellitus (DM),
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especially in DN patients [6]. However, despite
RAS blockade by ARBs/ACEls, a relatively high-
level of albuminuria remains in DN patients re-
ceiving this treatment, and progression to ES-
RD can occur [7, 8]. This phenomenon is as-
sociated with aldosterone escape [9-11], which
exists in nearly half of the patients receiving
long-term treatment with RAS blockers [9, 12,
13]. To tackle this specific problem, several
clinical studies have examined the combined
use of mineralocorticoid receptor antagonist
(MRA) with ACEls/ARBs [14-16], and have dem-
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13 publications excluded:
7 non-DN
4 not treated with ACEIl or ARB

2 insufficient information on outcomes

Figure 1. Flow-chart of study selection.

onstrated effective renoprotection in DN pa-
tients [17-19].

Nevertheless, some disadvantages of the com-
bined therapy have been reported. For instance,
their renoprotection effects were accompanied
with reduced estimated glomerular filtration
rate (eGFR) [20-24]. Furthermore, it has been
reported that combined use of ACEls/ARBs
with MRA may lead to hyperkalemia and gy-
necomastia [17, 18] . The clinical efficacy and
safety of the combined therapy needs to be
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Table 1. Characteristics of 16 trials included in the meta-analysis

Intervention

Number

Reference, year Country M/C

Combined  Control Design

Follow-  Adverse
up events

therapy group  group

Esteghamati A, 2013 USA 52/45 SPI 25 mg ACEI Parallel RCT 18 mo  Reported
Chrysostomou A, 2006 Australia 11/10 SPI25 mg Placebo Parallel RCT 6 mo Reported
van den Meiracker, 2006 Netherlands 24/29 SPI50 mg Placebo ParallelRCT 12mo Reported

Ziaee A, 2013 Iran 29/31 SPI25mg Placebo Parallel RCT 12mo Reported
Schjoedt KJ, 2006 Denmark  20/20 SPI25 mg Placebo Cross-over RCT 2 mo Reported
Rachmani R, 2003 Israel 38/38 SPI50 mg Placebo Cross-over RCT 6 mo Reported
Mehdi UF, 2009 USA 17/21 SPI 25 mg ARB Parallel RCT 12mo  Reported
Saklayen MG, 2008 USA 24/24 SPI50 mg Placebo Cross-over RCT 3 mo Reported
Nielsen SE, 2012 Denmark 21/21 SPI 25 mg Placebo Cross-over RCT 2 mo Reported
Rossing K, 2005 Denmark  20/20  SPI25mg Placebo Cross-over RCT 2 mo Reported
Schjoedt KJ, 2005 Denmark  20/20 SPI25 mg Placebo Cross-over RCT 2 mo Reported
Kato S, 2015 Japan 26/26 SPI25mg Placebo Parallel RCT 2 mo Reported
Nielsen SE, 2013 Denmark  69/69 SPI 25 mg Placebo Cross-over RCT 2 mo Unreported
Van Buren PN, 2014 USA 27/27 SPI25 mg Placebo ParallelRCT 12mo Reported
Epstein M, 2002 USA 67/74 EPL200 mg Placebo Parallel RCT 6 mo Reported
Epstein M, 2006 USA 86/91 EPL 100 mg Placebo Parallel RCT 3 mo Reported

Spironolactone (SPI); Eplerenone (EPL); Combined group (M); Control group (C); Month (mo).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
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Incomplete outcome data (attrition bias)
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Other bias
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Figure 2. Risk of bias graph: Per the authors’ judgement, eac
included studies.

further explored because of limited sample
sizes used in existing studies. Thus, we per-
formed this meta-analysis to provide more
reliable evidence about efficacy and safety of
the combined therapy.

Material and methods
Search strategy

A literature search in PubMed, MEDLINE, Coch-
rane Library, Embase, EBSCO from inception to

5397

h risk of bias item is described as percentages in all

March 2017 was conducted, for articles com-
paring combined therapy (MRA with ARB/ACEI)
with a control group (ARB/ACEIl alone) for
patients with DN. The search terms included
mineralocorticoid receptor antagonists, diabet-
ic nephropathy, angiotensin Il type 1 receptor
blockers, angiotensin receptor blocker, angio-
tensin-converting enzyme inhibitors. The sear-
ch terms used in PubMed were: ((Mineralocor-
ticoid Receptor Antagonists) AND Diabetic Ne-
phropathy) AND (((Angiotensin Il Type 1 Recep-
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Figure 3. Risk of bias summary:
Per the authors’ judgement, each
risk of bias is described for each
included study (green: low; yel-
low: unclear; red: high).

tor Blockers) OR Angiotensin
Receptor Blocker) OR Angio-
tensin-Converting Enzyme In-
hibitors).

Inclusion and exclusion cri-
teria

Inclusion criteria were as fol-
lows: 1) published random-
ized controlled trials (RCTs)
comparing combined therapy
(MRA and ARB/ACEI) with the
control group (ARB/ACEI alo-
ne) in the English language;
2) participants were patients
with DN (defined as at least
30 mg albuminuria in a 24-h
urine collection or an albumin-
to-creatinine ratio of at least
30 mg/g of creatinine) [25]; 3)
all patients were treated with
the minimum recommended
dose of ACEI or ARB at least
3 months; and 4) assessed
outcomes included systolic
blood pressure (SBP), dias-
tolic blood pressure (DBP),
serum creatinine, 24-h uri-
nary protein, urinary albu-mi-
n-to-creatinine ratio (UACR),
eGFR, plasma potassium, pla-
sma renin activity, plasma
aldosterone, hemoglobin Alc
(HbA1c) and hyperkalemia.

The exclusion criteria were as
follows: 1) their quality was
too low; 2) it was not possible
to obtain complete data from
original trials.

Study selection and data ex-
traction

Two authors independently
assessed all identified titles/
abstracts using the eligibility
criteria, and abstracted key
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come assessments; 5) incom-
plete outcome data; 6) selec-
tive reporting; 7) other bias.

Statistical analysis

RevMan 5.2 (The Cochrane
Collaboration, Oxford, UK)
was used to perform stati-
stical analysis. If different
scales used in studies or
the mean had a wide differ-
ence, standardized mean dif-
ference (SMD) were calculat-
ed. Otherwise, weighted me-
MD an difference (WMD) were
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Figure 4. Funnel plots showing risk of bias in studies reporting hemoglobin

Alc.
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2 calculated. Dichotomous vari-
ables were assessed using
risk ratio (RR). Heterogeneity
was assessed using the I?
statistic with value of 25-
50% considered as low het-
erogeneity, 50-75% consid-
ered as moderate heteroge-
neity, and > 75% considered
as high heterogeneity [27].
When I? was < 50%, fixed-ef-
fect analysis was used. Other-
wise the random-effects mo-
del was applied. Funnel plots
were used to detect publica-

tion bias.

Results

Literature search and study
MWD characteristics

05

Figure 5. Funnel plots showing risk of bias in studies reporting serum potas-

sium.

features of included RCTs. These included first
author, year of publication, country, type of
study, sample size, the intervention drugs, do-
ses, follow-up time, main outcomes and treat-
ment-related adverse events.

Assessment of data quality

Risk of bias in eligible studies was assessed
using the Cochrane Collaboration’s core risk of
bias items [26]. The following items were con-
sidered: 1) random sequence generation; 2)
allocation concealment; 3) blinding of partici-
pants and personnel; 4) blinding of the out-
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Overall, a total of 414 re-
cords were identified in Pub-
Med, MEDLINE, Cochrane Li-
brary, Embase, and EBSCO.
After screening the titles or abstracts, 29 re-
cords remained (Figure 1). After full-text asse-
ssment, 16 records published in English com-
prising 905 patients (551 in the combined ther-
apy group and 548 in the control group)
remained [17, 18, 20-24, 28-36]. The main
characteristics of the included studies were
shown in Table 1.

Assessment of data quality
All 16 included trials exhibited low bias risk

according to the Cochrane Collaboration items.
Details of bias risks are shown in Figures 2 and
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peared to be asymmetric,
indicating the presence of
publication bias.

Outcome measures

Table 2 summarizes the ef-
fects of combined therapy
on diabetic nephropathy pa-
tients.

Effects of combined therapy
on blood pressure (BP)

(Figure 11)

Ten studies reported data on
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Figure 6. Funnel plots showing risk of bias in studies reporting hyperkalemia

1000 BP without heterogeneity, and

the fixed-effects model was
used to merge WMD values
for BP. Compared with control
group, SBP was decreased in
the combined therapy group
(WMD -1.21, 95% CI: -1.95,
-0.47; P < 0.01). There was no
statistical difference regard-
ing DBP between the two
groups (WMD 0.34, 95% CI:
-0.05, 0.73; P = 0.09).

Effects of combined therapy
on renal function (Figure 12)

Nine studies reported serum
creatinine without heteroge-
neity (P = 0.84, I2 = 0%). SMD

0 was 0.05 (95% Cl: -0.14, 0.23;
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P = 0.64), suggesting that
there was no significant differ-

Figure 7. Funnel plots showing risk of bias in studies reporting blood pres-

sure.

3. Selection bias was unclear in 18.75% stud-
ies, and low in 81.25%. Performance bias was
low in 12 studies and detection bias was un-
clear in 3 studies. Attrition bias was low in 15
studies (93.75%) and unclear only in one study.
There were 14 studies reporting bias. Nine
studies were low in other bias. The funnel plot
diagram of HbAlc, serum potassium and the
incidence of hyperkalemia was symmetrical,
indicating a low risk of publication bias. (Fig-
ures 4-6) However, as showed in Figures 7-10
(BP, renal function, albuminuria, plasma renin
activity and plasma aldosterone), funnel plots
of studies included in the meta-analysis ap-

5400

ence between the two groups.
Nine studies reported eGFR
without heterogeneity (P =
0.87, 12 =0%). The fixed-effect
model was used to merge SMD values. The
pooled data was -0.09 (95% CI: -0.26, 0.09; P =
0.34), demonstrating no significant difference
between the two groups.

Effects of combined therapy on albuminuria
(Figure 13)

In the combined therapy group, there was a sig-
nificant reduction in 24-h urinary protein com-
pared with the control group (SMD -0.33, 95%
Cl:-0.59, -0.08; P = 0.01). There was no signifi-
cant heterogeneity among four studies (P =
0.17, I2 = 41%). Four studies reported UACR

Int J Clin Exp Med 2018;11(6):5395-5408
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neity (P = 0.33, 12 = 13%)
among four studies. Plasma
aldosterone was increased in
the combined therapy group
compared with controls (SMD
0.59, 95% ClI: 0.39, 0.79; P <
0.01). There was no betwe-
en-study heterogeneity (P =
0.39, 12 = 5%) among seven
studies.

Effects of combined therapy
on hemoglobin Alc (HbAlc)
SMD (Figure 15)
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Figure 8. Funnel plots showing risk of bias in studies reporting renal function.

reported HbAlc without be-
tween-study heterogeneity (P
= 0.70, 12 = 0%). The fixed-ef-
fect model was used to merge
WMD values. WMD was 0.21
(95% CI: 0.11, 0.32; P < 0.01),
demonstrating a statistical
difference in HbA1c between
the two groups, with a higher
level in the combined therapy
group.

Safety of combined therapy

Of the sixteen studies, eight
compared serum potassium
without significant heteroge-
neity (P = 0.97, 12 = 0%). WMD
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Figure 9. Funnel plots showing risk of bias in studies reporting albuminuria.

without heterogeneity (P = 0.26, I2 = 26%), and
the fixed-effect model was used. SMD was
-0.31 (95% CI: -0.56, -0.05; P = 0.02), suggest-
ing that UACR in the combined therapy group
was decreased.

Effects of combined therapy on Renin-
angiotensin-aldosterone System (RAAS)
(Figure 14)

There was an increase in plasma renin activity
in the combined therapy group compared with
control (SMD 0.52, 95% CI: 0.21, 0.84; P <
0.01). There was no between-study heteroge-
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revealed that there was an
increase in serum potassium
in the combined therapy
group, compared with control
group. There were thirteen studies reporting
the incidence of hyperkalemia without betwe-
en-study heterogeneity (P = 0.88, 2 = 0%).
Compared with the control group, the meta-
analysis indicated an increase of hyperkalemia
in the combined therapy group (RR = 3.89,
95% Cl: 2.20, 6.88; P < 0.01, Figure 17).

Discussion
In this meta-analysis, we systematically evalu-
ated the efficacy and safety of combined th-

erapy of MRA and ARB/ACEI for DN patients.
The included studies reveal that additional

Int J Clin Exp Med 2018;11(6):5395-5408
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Several studies have shown
that plasma aldosterone lev-
els are correlated with gluco-
neogenesis and insulin resis-
tance [39-41]. Aldosterone
could stimulate the expres-
sion of gluconeogenesis-relat-
ed enzymes and inhibit the
expression of insulin recep-
tors [42-45]. Conversely, a hy-
perglycemia state could en-
hance the effects of aldoste-
rone. This vicious cycle of
aldosterone and hyperglyce-
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Figure 10. Funnel plots showing risk of bias in studies reporting on the renin-

angiotensin-aldosterone system.

MRA could significantly decrease albuminuria
and BP, and inhibit plasma renin and aldoste-
rone without decreasing in renal function in DN
patients. However, the findings indicated higher
risk of hyperkalemia in those treated with com-
bined therapy.

In DN patients, albuminuria reduction has been
shown to be a crucial contributor in the delay-
ing of CKD progression as well as in reducing
risk of cardiovascular events [4, 37, 38]. Pre-
vious publications have explored the effects of
MRA on albuminuria reduction. Alireza et al [17]
reported that combining spironolactone with
ARB/ACEI could gradually reduce urinary albu-
min excretion (UAE) over a period of 3-18 mon-
ths. Similarly, eplerenone has been demon-
strated to have the antialbuminuric effects
when administered together with an ARB [24].
Of note, in our meta-analysis, the 8 studies [20,
21, 23, 28, 29, 31, 32, 36] further confirmed
that adding MRA to ARB/ACEI for DN could fur-
ther diminish albuminuria, regardless of wheth-
er the UACR was assessed by 24-h urine collec-
tion or a urine spot collection.

More than half of selected studies have report-
ed combined therapy to be more effective than
continuous ARB/ACEI treatment in downregu-
lating both SBP and DBP. In this meta-analysis,
compared with the control group, SBP demon-
strated a much more remarkable reduction in
the combined therapy group.
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phropathy [46]. As aldostero-
ne levels increase with com-
bined therapy, HbAlc levels
increase, as verified in our
meta-analysis. In light of this,
we suggest that for DN patients receiving com-
bined therapy, regular blood glucose detection
should be performed, and a glucocorticoid re-
ceptor antagonist or antioxidant N-acetylcyste-
ine added if necessary.

Studies by Saklayen et al [29] and Nielsen et al
[30] have reported that GFR declines and se-
rum creatinine increases with combined thera-
py. However, no significant differences in eGFR
and serum creatinine were observed between
the two groups in our study, and we cannot
draw the conclusion that combining an MRA
with RAS inhibitors has a harmful effect in DN
based on our findings.

When adding an MRA to ARB/ACEI treatment in
DN patients, a leading concern is the patient’s
serum potassium levels. All clinical studies in-
cluded in the meta-analysis reported that the
combined therapy is more likely lead to raised
serum potassium, and potentially hyperkale-
mia. Apart from patients with severe hyperkale-
mia who were withdrawn from studies, the
majority of subjects had been effectively con-
trolled by dietary intervention and/or temporary
diuretics administration, such as in Nielsen et
al [30]. It has been suggested that patients
with higher baseline serum potassium, severe
renal function impairment and the elderly are
more likely to develop hyperkalemia [21]. There-
fore it seems reasonable to suggest that MRA
treatment should start with low doses with reg-
ular assessment of potassium levels, particu-

Int J Clin Exp Med 2018;11(6):5395-5408
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Table 2. Summary of the effects of combined therapy on diabetic nephropathy patients

Heterogeneity
Outcome No. No. 2 ind st Effect Std.mean net change P
studies  patients index  Q-stastic model (95% ClI) value
(%) P-value
SBP 10 602 33 0.15 Fixed -1.21 (-1.95,-0.47) <0.01
DBP 10 602 48 0.04 Fixed 0.34 (-0.05, 0.73) 0.09
Serum creatinine 9 443 0 0.84 Fixed 0.05 (-0.14, 0.23) 0.64
eGFR 9 505 0 0.87 Fixed -0.09 (-0.26, 0.09) 0.34
24 h urinary protein 4 239 41 0.17 Fixed -0.33 (-0.59, -0.08) 0.01
UACR 4 237 26 0.26 Fixed -0.31 (-0.56, -0.05) 0.02
Plasma renin activity 4 162 13 0.33 Fixed 0.52(0.21, 0.84) <0.01
Plasma aldosterone 7 406 5 0.39 Fixed 0.59 (0.39, 0.79) <0.01
HbAlc 4 196 0 0.70 Fixed 0.21(0.11, 0.32) <0.01
Serum potassium 8 343 0 0.97 Fixed 0.26 (0.16, 0.35) <0.01
Hyperkalemia 13 892 0 0.88 Fixed 3.89(2.20, 6.88)2 <0.01
aFor dichotomous data, the risk ratio (RR) was calculated.
Combined Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI

1.1.1 SBP

Chrysostomou A,2006 1264 1407 11 1235 117 10 04%  290[-8.13,13.93] T

Esteghamati A,2013 12528 1715 52 13804 227 45 0.8% -12.76[20.87,-4.65) -

Nielsen SE,2012 133 1275 21 135 1275 21 08%  -2.00[9.71,571) -1

Nielsen SE,2013 134 1246 B9 139 10799 68 00% -5.00[-43.90,33.90] —

Rachmani R,2003 128 1849 38 129 1849 38 08%  -1.00}9.31,7.31) -

Rossing K,2005 132 1849 20 138 2466 20 03% -6.00(19.51,751) I

Saklayen MG,2008 1416 1654 24 14882 2268 24 04% -7.22[-18.45, 4.01) T

Schjoedt KJ,2005 136 1789 20 144 1342 20 06% -8.00[-17.80,1.80] )

Schjoedt KJ,2006 137 1342 20 143 1342 20 08% -6.00[14.32,232) T

Ziaee A,2013 172 15 29 1182 15 31 949%  -1.00[1.76,-0.24) Ll

Subtotal (95% CI) 304 208 100.0%  -1.21[-1.95,.0.47) |

Heterogeneity: Chi*=13.40,df=9 (P=0.15), F=33%

Test for overall effect: Z= 3.21 (P = 0.001)

1.1.2 DBP

Chrysostomou A,2006 727 685 M 72 83 10 03% 0.70 [-5.85, 7.25] T

Esteghamati A,2013 7861 798 52 8321 612 45 19%  -460[7.41,-1.79) -

Nielsen SE,2012 64 458 N 65 917 21 08%  -1.00}5.38 338 T

Nielsen SE,2013 68 6645 B9 70 G645 69 0.0% -200[-24.17,2017) .

Rachrmani R,2003 30 1849 38 81 1849 38 02%  -1.00}9.31,7.31] -

Rossing K,2005 67 1849 20 71 2466 20 01% -4.00-17.51,951) ]

Saklayen MG,2008 7668 1174 24 7791 1132 24 04%  -1.23[-7.75,5.29 7

Schjoedt KJ,2005 69 894 20 72 884 20 05%  -3.00[854, 254 -

Schjoedt KJ,2006 77 894 20 81 894 20 05%  -4.00[9.54,1.54) —

Ziaee A,2013 706 068 29 701 088 31 953% 0.50 [0.10, 0.90) [ |

Subtotal (95% CI) 304 298 100.0% 0.34 [-0.05, 0.73]

Heterogeneity: Chi*=17.37, df= 9 (P = 0.04); F= 48%

Test for overall effect: Z=1.72 (P = 0.09)

50 <25 0 25 50

Test for subgroup differences: Chi*=13.27.df=1 (P = 0.0003). F=92.5%

Favours [combined] Favours [control]

Figure 11. Effects on blood pressure for the combined mineralocorticoid receptor antagonist group versus control

group.

larly in patients with impaired renal function. It
has been reported that finerenone at doses of
2.5 to 10 mg/day reduced albuminuria from
baseline in patients with CKD and heart failure,
with a lower incidence of hyperkalemia than
spironolactone [47], indicating that finerenone
may be preferable over spironolactone. Besi-
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des, two studies [17, 18] reported gynecomas-
tia in the combined therapy group, and only two
cases happened.

This meta-analysis had several limitations that
warrant discussion. First, only including studies
published in English may leads to language
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A meta-analysis of MRA with ARB/ACEI in DN

Combined Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Serum creatinine
Esteghamati A,2013 105.2 24.75 52 1105 32.71 45 21.8% -0.18 [[0.58, 0.22) 1
Nielsen SE,2012 101 36.66 21 93 275 21 9.5% 0.24 [-0.37, 0.85) -1
Rachmani R,2003 122 15 38 124 13 38 17.2% -0.14 [-0.59, 0.31] T
Rossing K,2005 132 4472 20 121 N3 20 9.0% 0.28 [-0.34, 0.90] -1
Saklayen MG,2008 156 062 24 15 054 24 10.9% 0.10 [-0.46, 0.67) I e
Schjoedt KJ,2005 120 49.19 20 115 4025 20 91% 011 [-0.51,0.73) -1
Schjoedt KJ,2006 149 67.08 20 141 67.08 20 91% 012 [-0.50,0.74) -1
van den Meiracker,2006 1} i} i} 0 i} i} Not estimable
Ziaee A 2013 1.086 0.2 29 1.051 0.1 31 135% 0.22 [-0.28,0.73] -1
Subtotal (95% CI) 224 219 100.0% 0.05[-0.14, 0.23] L
Heterogeneity: Chi*= 3.45,df=7 (P=0.84), F=0%
Test for overall effect: Z= 0.47 (P = 0.64)
1.2.2 eGFR
Esteghamati A,2013 66.03 17.29 52 61.79 2058 45 19.1% 0.22[-0.18,0.62] T
Nielsen SE,2012 72 275 21 78 275 21 8.3% -0.21 [-0.82,0.39] - 1
Nielsen SE, 2013 72 28 69 76 28 69 27.4% -0.14 [-0.48,0.19] —=
Rossing K,2005 71 26.83 20 74 26.83 20 8.0% -0.11 [-0.73, 0.51] - T
Saklayen MG, 2008 53.94 2358 24 5526 22.72 24 96% -0.06 [-0.62, 0.51] /T
Schjoedt KJ,2005 81 26.83 20 85 26.83 20 7.9% -0.15[-0.77,0.47) -1
Schjoedt KJ,2006 62 8.94 20 64 894 20 7.9% -0.22 [-0.84, 0.40] - 1
van den Meiracker,2006 i} i} i} 0 0 i} Not estimable
Ziaee A 2013 756 163 29 796 166 31 11.8% -0.24 [[0.75,0.27] A
Subtotal (95% CI) 255 250 100.0% -0.09 [-0.26, 0.09] *
Heterogeneity: Chi*=3.15,df=7 (P=0.87); F=0%
Test for overall effect: Z= 0.96 (P = 0.34)
2 A 0 1 2
Favours [combined] Favours [control]

Test for subgroup differences: Chi*=1.00.df=1 (P=032. F=04%

Figure 12. Effects on renal function for the combined mineralocorticoid receptor antagonist group versus control

group.

Combined Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
1.3.1 24h urinary protein
Chrysostomou A, 2006 -51.8 24.709 1 -11 34.668 10 71% -1.31 [-2.28,-0.35)
Nielsen SE,2013 433 72259 69 605 1,015 69 59.2% -0.19 [-0.53,0.14]
Rossing K,2005 1,067 1,429 20 1,566 2,632 20 171% -0.23[-0.85,0.39] -
Schjoedt KJ,2005 584 41452 20 831 514.94 20 16.6% -0.52 [1.15,0.11] ™
Subtotal (95% CI) 120 119 100.0%  -0.33[-0.59, -0.08] +
Heterogeneity: Chi*= 507, df=3 (P=0.17), F=41%
Test for overall effect: Z= 2.54 (P =0.01)
1.3.2UACR
Rachmani R,2003 189 163 38 187 2213 38 328% 0.01 [-0.44, 0.46] = 3
Saklayen MG,2008 0.79 0.99 24 1.57 213 24 202% -0.46 [-1.04,0.11] ]
van den Meiracker, 2006  -28.55 30.904 24 145288 77.998 29 21.3% -0.69 [-1.25,-0.13] —
Ziaee A2013 59.3 48.1 29 73.2 53.3 31 257% -0.27 [-0.78, 0.24) =
Subtotal (95% ClI) 115 122 100.0% -0.31 [-0.56, -0.05] *
Heterogeneity: Chi*= 4.03, df= 3 (P = 0.26), F= 26%
Test for overall effect. Z=2.33 (P=0.02)

I

Testfor subgroup differences: Chi*=0.02. df=1 {(P=0.88). F=0%

Favours [combined] Favours [control]

Figure 13. Effects on albuminuria for the combined mineralocorticoid receptor antagonist group versus control

group.

bias. Second, only one article [33] published in
the last three years was included in this study.
Third, units of measurement and the way data
were described varied among the 16 studies,
including 24-h urinary protein, UACR, serum
creatinine, plasma aldosterone and plasma re-
nin activity. Fourth, limited washout periods
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may have influenced efficacy in the cross-over
RCTs included [22, 23, 28-31, 36]. Finally, most
studies only depicted short-term (< 6 months)
observations, except for five studies that had
follow-up for > 12 months. This indicates that
the long-term effects of MRA therapy need to
be investigated further.
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Combined

1.4.1 Plasma renin activity

Nielsen SE,2012
Rossing K,2005

Schjoedt KJ,2005
Schjoedt KJ,2006
Subtotal (95% CI)

16.1

77 11424
1% 1111
21 .37
2019

Control

SD_Total Mean

21 46 8
20 ]
20 15
20 89
81

Heterogeneity: Chi*= 3.45, df=3 (P=0.33); F= 13%

Test for overall effect: Z= 3.25 (P = 0.001)

1.4.2 Plasma aldosterone

Kato 5.2015
MNielsen SE,2012
MNielsen SE, 2013
Rossing K,2005
Schjoedt KJ,2005
Schjoedt KJ,2006
an Buren PN,2014
Subtotal (95% CI)

103.5
119

476
120.83
50.86
68.89
44.87
45.94
49

63
87
68
68
4.9

26 947
21 43
69 31
20 39
20 44
20 38
27 4
203

Heterogeneity: Chi*= 6.34, df=6 (P=0.39); F= 5%
Testfor overall effect Z=5.81 (P < 0.000071)

4.879
6.67
11.75
8.23

438
76.34
31.79
26.67
3312
3312

45

Std. Mean Difference

Std. Mean Difference

SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
21 26.9% 0.30 [-0.31, 0.91] -
20 22.4% 1.07 [0.40,1.74] —
20 255% 0.34 [-0.28, 0.97] B
20 25.2% 0.46 [0.17,1.09] T
81 100.0% 0.52[0.21, 0.84] <>
26 135% 0.19 [-0.36, 0.73] ——
21 10.2% 0.74 [0.11,1.38) —_—
69 33.5% 0.75 [0.40,1.10] —-—
20 9.4% 0.90 [0.25, 1.55) —_—
20 9.9% 0.60 [-0.04, 1.23] ——
20 97% 0.73 [0.09, 1.38) —
27 14.0% 0.19 [-0.35,0.72] -

203 100.0% 0.59 [0.39, 0.79] *

Test for subgroup differences: Chi*=013.df=1 P =072).F=0%

T T
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Favours [combined] Favours [control]

Figure 14. Effects on the renin-angiotensin-aldosterone system for the combined mineralocorticoid receptor an-
tagonist group versus control group.

Study or Subgroup
Rachmani R,2003

Rossing K,2005
Schjoedt KJ,2005
Schjoedt KJ,2006

Total (95% CI)

Mean Difference

SD_Total Weight IV, Fixed. 95% CI

Mean Difference
IV, Fixed, 95% CI

Heterogeneity: Chi*=1.43, df=3 (P=0.70); F= 0%
Test for overall effect: Z= 4.00 (P < 0.0001)

Combined Control
Mean SD Total Mean
84 11 38 8.4 1
81 03 20 78 04
86 02 20 84 02
8.4 1.34 20 82 1.34
98

38
20
20
20

4.9%
22.7%
70.9%

1.6%

98 100.0%

0.00[-0.47, 0.47)
0.30 0.08, 0.52)
0.20 [0.08, 0.32)
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Figure 15. Effects on hemoglobin Alc for the combined mineralocorticoid receptor antagonist group versus control

group.

Study or Subgroup
Chrysostomou A, 2006

Kato 5.2015
Nielsen SE,2012
Rossing K,2005
Saklayen MG,2008
Schjoedt KJ,2005
Schjoedt KJ,2006
Ziaee A2013

Total (95% CI)

Combined Control Mean Difference Mean Difference
Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
49 082 11 47 042 10 3.0% 0.20[-0.35 075 B HcE—
451 034 26 427 042 26 21.3% 0.24[0.03, 045 o
45 046 21 4 138 21 24% 050[0.12,112) -
43 045 20 4 045 20 11.8% 0.30([0.02,058) T
464 055 24 427 042 24 120% 0.37[0.08, 0.65) —_—
42 045 20 4 045 20 11.8% 0.20[-0.08, 0.48) T
4.3 045 20 41 045 20 11.8% 0.20[-0.08,0.48) T=
44 046 29 416 0.25 31 257% 0.24(0.05043) o
171 172 100.0% 0.26 [0.16, 0.35] L 2

Heterogeneity: Chi*=1.74, df= 7 (P = 0.97), F= 0%
Test for overall effect Z= 5.27 (P < 0.00001)

-

+
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+
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Figure 16. Effects group on serum potassium for the combined mineralocorticoid receptor antagonist group versus

control group.

In summary, compared with the control group,
our meta-analysis revealed that combined ther-
apy demonstrates antihypertensive and anti-
proteinuric effects, and can inhibit the effect
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of renin and aldosterone in patients with DN.
Combined treatment may be beneficial for DN,
and may be a promising therapeutic option. Itis
important to note that our meta-analysis indi-
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Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M.H, Fixed, 95% ClI

Combined Control

Study or Subgroup Events Total Events Total Weight
Chrysostomou A,2006 2 1" 0 10 3.7%
Epstein M, 2002 8 67 2 74 13.7%
Epstein M,2006 5 86 3 81 20.9%
Esteghamati A,2013 3 52 0 45 3.8%
Mehdi UF,2008 2 27 0 27 3.6%
Nielsen SE,2012 2 21 0 21 3.6%
Rachmani R,2003 7 38 0 38 36%
Rossing K,2005 1 21 0 20 37%
Saklayen MG,2008 0 24 0 24

Schjoedt KJ,2005 3 22 1 20 7.5%
Schjoedt KJ,2006 1 20 2 20 14.4%
Van Buren PN,2014 12 27 2 27 14.4%
van den Meiracker,2006 5 29 1 30 7.1%
Total (95% CI) 445 447 100.0%

Total events 51 11
Heterogeneity: Chi*= 587, df=11 (P =0.88), F= 0%
Test for overall effect: Z= 4.66 (P < 0.00001)

4.58(0.25,85.33)
4.42(0.97,20.08]
1.76[0.43,7.16)
6.08 [0.32,114.55]
5.00[0.25, 99.51]
5.00([0.25, 98.27]
15.00 [0.88, 253.70]
2.86[0.12, 66.44]
Not estimable
2.73[0.31,24.14)
0.50 [0.05, 5.08]
6.00([1.48, 24.30]
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e ——
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5.17(0.64, 41.63) T

3.89[2.20,6.88]

*
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Figure 17. Effects on hyperkalemia events for the combined mineralocorticoid receptor antagonist group versus

control group.

cated that combining MRA with ARB/ACEI may
increase HbAlc levels and serum potassium,
which warrants careful attention. Because of
limitations in sample size and the length of
follow-up, further high quality studies with larg-
er sample sizes and longer duration are need-
ed to confirm our findings.

Disclosure of conflict of interest
None.

Address correspondence to: Ping Gao, Department
of Nephrology, Zhongnan Hospital of Wuhan Uni-
versity, No 169, Donghu Road, Wuchang District,
Wuhan 430071, China. Tel: +86-18971051281;
E-mail: gp6680@sina.com

References

[1] Mendis S, Davis S and Norrving B. Organiza-
tional update: the world health organization
global status report on noncommunicable dis-
eases 2014; one more landmark step in the
combat against stroke and vascular disease.
Stroke 2015; 46: e121-122.

Schmieder RE, Mann JF, Schumacher H, Gao P,
Mancia G, Weber MA, McQueen M, Koon T, Yu-
suf S; ONTARGET Investigators. Changes in al-
buminuria predict mortality and morbidity in
patients with vascular disease. J Am Soc
Nephrol 2011; 22: 1353-1364.

de Zeeuw D, Remuzzi G, Parving HH, Keane
WF, Zhang Z, Shahinfar S, Snapinn S, Cooper
ME, Mitch WE and Brenner BM. Proteinuria, a
target for renoprotection in patients with type

(2]

(3]

5406

(4]

(5]

(6]

(7]

(8]

(9]

[10]

2 diabetic nephropathy: lessons from RENAAL.
Kidney Int 2004; 65: 2309-2320.

Schmieder RE, Schutte R, Schumacher H,
Bohm M, Mancia G, Weber MA, McQueen M,
Teo K, Yusuf S; ONTARGET/TRANSCEND inves-
tigators. Mortality and morbidity in relation to
changes in albuminuria, glucose status and
systolic blood pressure: an analysis of the ON-
TARGET and TRANSCEND studies. Diabetolo-
gia 2014; 57: 2019-2029.

Gao J, Zhang K, Chen J, Wang MH, Wang J, Liu
P and Huang H. Roles of aldosterone in vascu-
lar calcification: an update. Eur J Pharmacol
2016; 786: 186-193.

American Diabetes Association. Standards of
medical care in diabetes--2014. Diabetes Care
2014; 37 Suppl 1: S14-80.

Bomback AS, Rekhtman Y, Klemmer PJ, Ca-
netta PA, Radhakrishnan J and Appel GB. Aldo-
sterone breakthrough during aliskiren, valsar-
tan, and combination (aliskiren + valsartan)
therapy. J Am Soc Hypertens 2012; 6: 338-
345.

Suissa S, Hutchinson T, Brophy JM and Kezouh
A. ACE-inhibitor use and the long-term risk of
renal failure in diabetes. Kidney Int 2006; 69:
913-919.

Staessen J, Lijnen P, Fagard R, Verschueren LJ
and Amery A. Rise in plasma concentration of
aldosterone during long-term angiotensin |l
suppression. J Endocrinol 1981; 91: 457-465.
Nishiyama A, Kobori H, Konishi Y, Morikawa T,
Maeda |, Okumura M, Kishida M, Hamada M,
Nagai Y, Nakagawa T, Ohashi N, Nakano D,
Hitomi H and Imanishi M. Mineralocorticoid re-
ceptor blockade enhances the antiproteinuric
effect of an angiotensin Il blocker through in-

Int J Clin Exp Med 2018;11(6):5395-5408


mailto:gp6680@sina.com

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

5407

A meta-analysis of MRA with ARB/ACEI in DN

hibiting podocyte injury in type 2 diabetic rats.
J Pharmacol Exp Ther 2010; 332: 1072-1080.
Nagase M, Shibata S, Yoshida S, Nagase T,
Gotoda T and Fujita T. Podocyte injury under-
lies the glomerulopathy of Dahl salt-hyperten-
sive rats and is reversed by aldosterone block-
er. Hypertension 2006; 47: 1084-1093.
Bianchi S, Bigazzi R and Campese VM. Antago-
nists of aldosterone and proteinuria in patients
with CKD: an uncontrolled pilot study. Am J Kid-
ney Dis 2005; 46: 45-51.

Bomback AS and Klemmer PJ. The incidence
and implications of aldosterone breakthrough.
Nat Clin Pract Nephrol 2007; 3: 486-492.
Bolignano D, Palmer SC, Navaneethan SD and
Strippoli GF. Aldosterone antagonists for pre-
venting the progression of chronic kidney dis-
ease. Cochrane Database Syst Rev 2014;
CDO0O07004.

Ma TK and Szeto CC. Mineralocorticoid recep-
tor antagonist for renal protection. Ren Fail
2012; 34: 810-817.

Gonzalez Monte E, Andres A, Polanco N, Toribio
MJ, Santana R, Gutierrez Martinez E, Gonzalez
J, Ramirez E, Hernandez A, Morales E, Praga M
and Morales JM. Addition of spironolactone to
dual blockade of renin angiotensin system dra-
matically reduces severe proteinuria in renal
transplant patients: an uncontrolled pilot study
at 6 months. Transplant Proc 2010; 42: 2899-
2901.

Esteghamati A, Noshad S, Jarrah S, Mousav-
izadeh M, Khoee SH and Nakhjavani M. 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 Trans-
plant 2013; 28: 2823-2833.

Mehdi UF, Adams-Huet B, Raskin P, Vega GL
and Toto RD. Addition of angiotensin recep-
tor blockade or mineralocorticoid antagonism
to maximal angiotensin-converting enzyme in-
hibition in diabetic nephropathy. J Am Soc
Nephrol 2009; 20: 2641-2650.

Matsumoto S, Takebayashi K and Aso Y. The
effect of spironolactone on circulating adipocy-
tokines in patients with type 2 diabetes melli-
tus complicated by diabetic nephropathy. Me-
tabolism 2006; 55: 1645-1652.
Chrysostomou A, Pedagogos E, MacGregor L
and Becker GJ. Double-blind, placebo-con-
trolled study on the effect of the aldosterone
receptor antagonist spironolactone in patients
who have persistent proteinuria and are on
long-term angiotensin-converting enzyme in-
hibitor therapy, with or without an angiotensin
Il receptor blocker. Clin J Am Soc Nephrol
2006; 1: 256-262.

van den Meiracker AH, Baggen RG, Pauli S,
Lindemans A, Vulto AG, Poldermans D and

[22]

(23]

(24]

[25]

(26]

[27]

(28]

[29]

[30]

Boomsma F. Spironolactone in type 2 diabetic
nephropathy: effects on proteinuria, blood
pressure and renal function. J Hypertens
2006; 24: 2285-2292.

Schjoedt KJ, Rossing K, Juhl TR, Boomsma F,
Tarnow L, Rossing P and Parving HH. Beneficial
impact of spironolactone on nephrotic range
albuminuria in diabetic nephropathy. Kidney
Int 2006; 70: 536-542.

Rossing K, Schjoedt KJ, Smidt UM, Boomsma F
and Parving HH. Beneficial effects of adding
spironolactone to recommended antihyperten-
sive treatment in diabetic nephropathy: a ran-
domized, double-masked, cross-over study. Di-
abetes Care 2005; 28: 2106-2112.

Epstein M, Williams GH, Weinberger M, Lewin
A, Krause S, Mukherjee R, Patni R and Becker-
man B. Selective aldosterone blockade with
eplerenone reduces albuminuria in patients
with type 2 diabetes. Clin J Am Soc Nephrol
2006; 1: 940-951.

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

Higgins JP, Altman DG, Gotzsche PC, Juni P,
Moher D, Oxman AD, Savovic J, Schulz KF,
Weeks L, Sterne JA; Cochrane Bias Methods
Group and Cochrane Statistical Methods
Group. The cochrane collaboration’s tool for
assessing risk of bias in randomised trials.
BMJ 2011; 343: d5928.

Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

Rachmani R, Slavachevsky |, Amit M, Levi Z,
Kedar Y, Berla M and Ravid M. The effect of
spironolactone, cilazapril and their combina-
tion on albuminuria in patients with hyperten-
sion and diabetic nephropathy is independent
of blood pressure reduction: a randomized
controlled study. Diabet Med 2004; 21: 471-
475.

Saklayen MG, Gyebi LK, Tasosa J and Yap J.
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,
crossover trial. J Investig Med 2008; 56: 714-
719.

Nielsen SE, Persson F, Frandsen E, Sugaya T,
Hess G, Zdunek D, Shjoedt KJ, Parving HH and
Rossing P. Spironolactone diminishes urinary
albumin excretion in patients with type 1 dia-
betes and microalbuminuria: a randomized
placebo-controlled crossover study. Diabet
Med 2012; 29: €184-190.

Int J Clin Exp Med 2018;11(6):5395-5408



(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

A meta-analysis of MRA with ARB/ACEI in DN

Schjoedt KJ, Rossing K, Juhl TR, Boomsma F,
Rossing P, Tarnow L and Parving HH. Beneficial
impact of spironolactone in diabetic nephropa-
thy. Kidney Int 2005; 68: 2829-2836.

Ziaee A, Abbas Vaezi A, Oveisi S, Javadi A,
Hashemipour S and Kazemifar AM. Effects of
additive therapy with spironolactone on albu-
minuria in diabetes mellitus: a pilot random-
ized clinical trial. Caspian J Intern Med 2013;
4: 648-653.

Kato S, Maruyama S, Makino H, Wada J, Ogawa
D, Uzu T, Araki H, Koya D, Kanasaki K, Qiso Y,
Goto M, Nishiyama A, Kobori H, Imai E, Ando M
and Matsuo S. Anti-albuminuric effects of spi-
ronolactone in patients with type 2 diabetic
nephropathy: a multicenter, randomized clini-
cal trial. Clin Exp Nephrol 2015; 19: 1098-
1106.

Van Buren PN, Adams-Huet B, Nguyen M,
Molina C and Toto RD. Potassium handling
with dual renin-angiotensin system inhibition
in diabetic nephropathy. Clin J Am Soc Nephrol
2014; 9: 295-301.

Epstein M, Buckalew V, Martinez F, Altamirano
J, Roniker B, Kleiman J and Krause S. Antipro-
teinuric efficacy of eplerenone, enalapril, and
eplerenone/enalapril combination therapy in
diabetic hypertensives with microalbuminuria.
American Journal of Hypertension 2002; 15:
A24.

Nielsen SE, Schjoedt KJ, Rossing K, Persson F,
Schalkwijk CG, Stehouwer CD, Parving HH and
Rossing P. Levels of NT-proBNP, markers of
low-grade inflammation, and endothelial dys-
function during spironolactone treatment in
patients with diabetic kidney disease. J Renin
Angiotensin Aldosterone Syst 2013; 14: 161-
166.

Yamout H, Lazich | and Bakris GL. Blood pres-
sure, hypertension, RAAS blockade, and drug
therapy in diabetic kidney disease. Adv Chronic
Kidney Dis 2014; 21: 281-286.

Holtkamp FA, de Zeeuw D, de Graeff PA,
Laverman GD, Berl T, Remuzzi G, Packham D,
Lewis JB, Parving HH and Lambers Heerspink
HJ. Alouminuria and blood pressure, indepen-
dent targets for cardioprotective therapy in pa-
tients with diabetes and nephropathy: a post
hoc analysis of the combined RENAAL and
IDNT trials. Eur Heart J 2011; 32: 1493-1499.
Kumagai E, Adachi H, Jacobs DR Jr, Hirai Y,
Enomoto M, Fukami A, Otsuka M, Kumagae S,
Nanjo Y, Yoshikawa K, Esaki E, Yokoi K, Ogata
K, Kasahara A, Tsukagawa E, Ohbu-Murayama
K and Imaizumi T. Plasma aldosterone levels
and development of insulin resistance: pro-
spective study in a general population. Hyper-
tension 2011; 58: 1043-1048.

5408

[40]

[42]

[43]

[44]

[45]

[46]

[47]

Bochud M, Nussberger J, Bovet P, Maillard MR,
Elston RC, Paccaud F, Shamlaye C and Burnier
M. Plasma aldosterone is independently asso-
ciated with the metabolic syndrome. Hyperten-
sion 2006; 48: 239-245.

Kidambi S, Kotchen JM, Grim CE, Raff H, Mao
J, Singh RJ and Kotchen TA. Association of ad-
renal steroids with hypertension and the meta-
bolic syndrome in blacks. Hypertension 2007;
49: 704-711.

Campion J, Maestro B, Molero S, Davila N,
Carranza MC and Calle C. Aldosterone impairs
insulin responsiveness in U-937 human pro-
monocytic cells via the downregulation of its
own receptor. Cell Biochem Funct 2002; 20:
237-245.

Wada T, Ohshima S, Fujisawa E, Koya D, Tsune-
ki H and Sasaoka T. Aldosterone inhibits insu-
lin-induced glucose uptake by degradation of
insulin receptor substrate (IRS) 1 and IRS2 via
a reactive oxygen species-mediated pathway in
3T3-L1 adipocytes. Endocrinology 2009; 150:
1662-1669.

Hitomi H, Kiyomoto H, Nishiyama A, Hara T,
Moriwaki K, Kaifu K, lhara G, Fujita'Y, Ugawa T
and Kohno M. Aldosterone suppresses insulin
signaling via the downregulation of insulin re-
ceptor substrate-1 in vascular smooth muscle
cells. Hypertension 2007; 50: 750-755.
Luther JM, Luo P, Kreger MT, Brissova M, Dai C,
Whitfield TT, Kim HS, Wasserman DH, Powers
AC and Brown NJ. Aldosterone decreases glu-
cose-stimulated insulin secretion in vivo in
mice and in murine islets. Diabetologia 2011;
54:2152-2163.

Sato A. The necessity and effectiveness of min-
eralocorticoid receptor antagonist in the treat-
ment of diabetic nephropathy. Hypertens Res
2015; 38: 367-374.

Bakris GL, Agarwal R, Chan JC, Cooper ME,
Gansevoort RT, Haller H, Remuzzi G, Rossing
P, Schmieder RE, Nowack C, Kolkhof P, Joseph
A, Pieper A, Kimmeskamp-Kirschbaum N, Rui-
lope LM; Mineralocorticoid Receptor Antago-
nist Tolerability Study-Diabetic Nephropathy
Study Group. Effect of finerenone on albumin-
uria in patients with diabetic nephropathy: a
randomized clinical trial. JAMA 2015; 314:
884-894.

Int J Clin Exp Med 2018;11(6):5395-5408



