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Abstract

Background Mineralocorticoid receptor antagonists (MR As) were shown to delay chronic kidney disease (CKD) progression
in patients with hypertension and/or heart failure (HF) and proteinuria.

Objective We conducted a systematic literature review on real-world evidence to identify the literature gaps related to the
efficacy and safety outcomes of MRAs administered to CKD patients.

Results A total of 751 records were identified of which, 23 studies (26 publications) were analyzed. Studies included het-
erogeneous populations, including the overall CKD, CKD and diabetes, CKD and HF, and CKD and a history of cardiovas-
cular disease. Most of the studies were small and non-rigorous, resulting in a notable lack of evidence in these populations.
In the overall CKD population, steroidal MRAs resulted in a significant or sustained eGFR reduction but no efficacy in
delaying progression to end-stage kidney disease. No cardiovascular protection was found. Results for all-cause mortality
and hospitalization for HF were inconsistent; however, the longest follow-up studies indicate similar or lower incidence for
spironolactone non-users. Most results consistently reported a higher incidence of hyperkalemia among patients on steroidal
MRAs in all CKD stages, and side effects led to high discontinuation rates in the real-world setting.

Conclusions Despite the limited availability of evidence on the effectiveness and safety of steroidal MRAs in CKD patients
and subgroups with diabetes, HF or history of cardiovascular disease, MRAs were shown to have a limited effect on renal
and cardiovascular outcomes. Gaps in the evidence regarding the efficacy and safety of MRAs are particularly relevant in
diabetic CKD patients; therefore, further research is warranted.
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Introduction

Chronic kidney disease (CKD) is a progressive and irre-
versible disease, causing gradual loss of kidney function.
CKD is defined as the presence of abnormalities in kidney
structure or function, occurring for longer than three months.
Diagnosis is based on decreased glomerular filtration rate
(GFR) and markers of kidney damage, usually persistent
albuminuria or other structural abnormalities [1]. Comor-
bidities, including diabetes, hypertension and cardiovascular
diseases are frequent in patients with CKD [2]. One of the
key risk factors for the development of CKD is type 2 diabe-
tes (T2D). Long-term hyperglycemia can be associated with
serious complications such as retinopathy, neuropathy and
nephropathy, which can lead to CKD [3].

Treatment of patients with CKD focuses on slowing the
progression of the disease, reducing the risk of cardiovascu-
lar (CV) events and mortality, preventing end-stage kidney
disease (ESKD), and managing the various metabolic and
other complications of CKD [1, 3-5]. The key to slowing
the progression of CKD is to treat all underlying conditions
and to use disease-modifying drugs [5]. Patients with CKD
are treated with angiotensin-converting enzyme inhibi-
tors (ACEIs) or angiotensin receptor blockers (ARBs) to
reduce CV risk, but benefits of other medications have been
reported [6]. In patients with T2D, sodium/glucose cotrans-
porter-2 inhibitors were found to protect the heart and kidney
in addition to reducing blood glucose [7]. Both dapaglifozin
(Farxiga, Astra Zeneca, Luton, UK) [8] and empagliflozin
(Jardiance, Boehringer Ingelheim, Bracknell, UK) [9] reduce
the risk of CKD progression and CV mortality [9, 10].

Mineralocorticoid receptor antagonists (MRAS) are pri-
marily included in the standard management of heart failure
(HF) and hypertension, yet they have been shown to delay
the progression of CKD in patients with hypertension and/
or HF and proteinuria [11-13]. Although the use of steroi-
dal MRAs is low, it increases with disease severity, indicat-
ing that their use may be associated with greater disease
burden. Moreover, patients receiving steroidal MRAs were
more likely to have HF (at least threefold), other comorbidi-
ties, advanced CKD, and higher medication load [14]. The
use of MRAs in patients with heart failure with reduced
ejection fraction (HFrEF), resistant hypertension, and edema
carries the risk of occurrence of adverse effects such as
hyperkalemia, acute kidney injury, and gynecomastia when
compared to placebo or standard of care. In a recent system-
atic literature review, Chung et al. reported that MRAs had
uncertain effects on kidney failure, CV events and death.
The study concluded that the identified evidence for the
primary efficacy and safety outcomes was of very low to
low certainty, mainly due to methodological limitations in
the included studies, as well as serious imprecision in the
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estimated treatment. Finally, long-term data for MRAs on
major patient-centered outcomes of interest were absent or
sparse and most studies focused on surrogate outcomes [15].

Chung et al. [15] analyzed randomized controlled trials
(RCTs) and quasi-RCTs with most studies lasting between
3 and 12 months. Complementing their review with a sum-
mary of results observed in real-world practice may provide
more insight into such long-term outcomes. Therefore, the
objective of this study was to conduct a systematic literature
review on real-world evidence in patients with CKD treated
with MRAs, to identify the gaps in the literature.

Methods
Literature search

This systematic literature review was performed based on
a prespecified protocol and conducted following the meth-
ods developed by the Cochrane Handbook for Systematic
Review of Interventions [16] and the Centre for Reviews and
Dissemination [17] to reduce the risk of bias.

We searched Embase, Medline and Medline In-Process
Citations, Daily Update and Epub Ahead of Print (access
via the OVID interface) until October 2021. No language
or geographical scope restrictions were imposed. Abstracts
published before 2017 were excluded. Additionally, clinical
trial registries (ClinicalTrials.gov, WHO International Clini-
cal Trials Registry Platform, EU Clinical Trials Register,
and PharmNet.Bund) were searched to identify ongoing and
completed clinical trials. Selected conference websites were
searched manually to make sure that all important data, even
those published as abstracts only, were identified. The search
was based on keywords and medical subject headings related
to the population (chronic kidney disease, chronic kidney
diseases, CKD, chronic nephropathy, chronic renal disease,
chronic renal diseases, diabetic nephropathy, diabetic kidney
disease, diabetic renal disease, renal insufficiency), MRAs
(mineralocorticoid antagonist, aldosterone antagonist,
mineralocorticoid receptor antagonism, mineralocorticoid
receptor blockade) and individual drug names, as well as
terms characteristic of observational studies. Abstracts and
full texts were screened by two independent reviewers to
select relevant articles based on the inclusion criteria. Any
discrepancies between reviewers were resolved by a third
reviewer. Afterwards, we grouped papers reporting results
from the same studies.

We included all observational studies assessing the effec-
tiveness and/or safety of MRAs in adult patients with CKD.
We selected studies that reported at least one of the fol-
lowing effectiveness outcomes (CV events, renal events,
including composites, and death), or safety outcomes
(adverse events, including but not limited to hyperkalemia),
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or other outcomes such as persistence of treatment or treat-
ment discontinuation. The scope of the review was inten-
tionally broad to ensure high sensitivity. We excluded tri-
als with fewer than 100 participants, as well as literature
reviews, pooled analyses, editorials, letters, opinion articles,
pre-clinical studies and general discussions. Studies with
mixed populations of patients, including patients with ESKD
or pediatric patients, were included in the review if they
reported separate data for eligible patients.

Data extraction process

Data from studies meeting the PICOS criteria were extracted
using extraction templates created in Excel (Microsoft
Corp., Redmond, WA, USA). Data were extracted by one
reviewer, while another reviewer validated the accuracy
of the extracted data. Data extraction included: publica-
tion details, study design, baseline characteristics, relevant
results, and data necessary for quality assessment.

Quality assessment

The Newcastle-Ottawa Scale was used to assess the meth-
odological quality of the included real-world evidence
(RWE) studies [18]. This tool uses a star rating system to
assess the appropriateness of the three domains: selection
of study groups, comparability of groups and ascertainment
of exposure and outcomes for case—control and cohort stud-
ies. A star system is used to rate quality: the highest-quality
studies are awarded a maximum of one star for each item
except for an item related to comparability that allows the
assignment of two stars. The total score ranges between zero
up to nine stars.

Results

A total of 751 records were identified from the literature
search. After identifying duplicates and screening abstracts,
105 publications were reviewed as full texts. Finally, we
considered 23 studies (26 publications), including 11 (11
publications) reporting results in the overall CKD popula-
tion, three studies (four publications) in CKD in diabetes of
which two reported results for CKD in T2D, 11 studies (11
publications) in CKD and HF (or reporting results on CKD
with HF as a subgroup) and one study (one publication) in
CKD and a history of cardiovascular disease (CVD) (report-
ing results on CKD with CVD history as a subgroup).
Several studies reported results for different populations.
For example, Blankenburg et al. [14] presented results for
overall CKD, CKD in T2D, as well as CKD (with or without
T2D) and HF populations separately, and Tseng et al. [19]
reported results for overall CKD, CKD and HF, as well as

for CKD and history of CVD. In addition, Qu et al. [20]
reported results for overall CKD and CKD in diabetes.

Of the included studies, 83% were retrospective based on
many sources of data, including various medical registries or
national and commercial hospital/clinical registries. Study
cohorts of patients treated with MRAs varied from 105 [21]
to 13,726 patients [22]. The duration of the follow-up ranged
from one year [22-24] to a maximum of eight years [25].

The overall quality of the studies assessed with the New-
castle-Ottawa Scale ranged from poor to good. Case—control
studies received from four to eight stars; one had good and
two had fair quality. Cohort studies received from five to
nine stars; 13 had good quality, two had fair quality and
eight had poor quality. Caveats regarding quality included
lack of information regarding adequacy of the follow up,
no evidence that the outcome of interest was not present at
start of the study, and lack of comparability of cohorts on
the basis of the design or analysis. In two studies, published
as abstracts only, information was not sufficient to make an
assessment.

The study selection process is depicted in Fig. 1, and the
characteristics of the included studies are described in Sup-
plementary Table 1.

RWE in overall CKD

Effectiveness and safety outcomes among patients with
overall CKD treated with MRAs were presented in 11 stud-
ies (Table 1). The definition of the overall CKD population
varied among the included studies (Supplementary Table 1);
most were based on eGFR values, and frequently used a
threshold of eGFR < 60 mL/min/1.73 m?. To illustrate this
heterogeneity, one study[19] included patients with CKD
in pre-dialysis stage 5, another included patients with CKD
stage 3—4 [26], while another one was comprised of patients
with CKD stage 2 or worse [27].

Effectiveness
Renal outcomes

The results are inconclusive when it comes to eGFR decline.
On one hand, in the Gillis et al. study [28], patients with
CKD treated with MRAs had a significantly greater decline
in eGFR per year compared to the non-MRA treatment
arm at the end of the follow up (3 vs. 2.3 mL/min/1.73
m?, p<0.001). On the other hand, in the Herget-Rosenthal
et al. study [29], the odds ratio of eGFR decline> 7.5 mL/
min/1.73 m? among patients at high risk of CKD exclu-
sively managed in primary care, where they were treated
with MRAs, was 0.9 (95% CI: [0.12; 1.36]), compared to
patients not receiving MRAs.

@ Springer
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Fig.1 Summary of study flow

Records identified through database search (n=751)

Identification

Duplicates removed
(n=36)

v

Records excluded: (n=610)

v Not human (n=6)

Screening

Not relevant population (n=279)
Not relevant intervention (n=142)
Not relevant outcome (n=22)

Not relevant study design (n=121)

Records screened
(n=715) >

Not relevant study size (n=39)
Duplicate (n=1)

Full-text articles excluded: (n=81)

Eligibility

Full-text articles assessed for eligibility

Not relevant population (n=39)
Not relevant intervention (n=24)
Not relevant outcome (n=6)

Not relevant study design (n=10)
Abstracts published before 2017

(n=105)

Inclusion

The results are inconclusive regarding the progression
to ESKD as well. Gillis et al. [28] reported a comparable
proportion of patients progressing to ESKD for MRA users
and MRA non-users (11.4% vs. 14.9%, p=0.06). On the
contrary, Yang et al. [26] reported a lower cumulative inci-
dence of ESKD for spironolactone users in comparison to
those not taking spironolactone (p <0.001).

CV outcomes

The event rates of major adverse cardiovascular events,
defined as myocardial infarction or ischemic stroke, were
found to be similar between MRA users vs. non-users. Yang
et al. reported that event rates in spironolactone users and
non-users were 24.94 vs. 24.83/1000 person-years among
patients with CKD stage 3—4 [26], and Tseng et al. reported
3.2 vs. 2.2/100 person-years in pre-dialysis patients in CKD
stage 5 [19].

No significant difference in CV death rates was identi-
fied between spironolactone users and non-users, either in
patients with CKD stage 3—4 (11.41 vs. 10.97/ 1000 person-
years[26], respectively) or in patients in pre-dialysis CKD
stage 5 (1.4 vs. 0.7/person-years[19], respectively), after
adjustment was considered in the statistical analysis.

The incidence of hospitalization for HF was not sig-
nificantly different between spironolactone users and
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Studies included in the synthesis:

(n=1)
e Duplicate (n=1)

v Publications from hand searches and
additional sources (n=2)

23 (26 publications)

non-users, as reported by Yang et al. (event rates of 12.92
vs. 15.34/1000 person-years in patients with CKD stage 3—4
[26], p=0.225). Blankenburg et al. [30] reported higher
event rates among steroidal MRA users than in non-users
(0.704 vs 0.394 per person-year). In the Hassan et al. study
[27], the hazard ratio for hospitalization for HF was found
to be lower in patients treated with spironolactone than in
the controls (HR =0.37,95% CI [0.19; 0.74], p<0.0001).

Blankenburg et al. [30] found that steroidal MRA users
had almost twice the frequency of HF compared to patients
not treated with MRAs (83.0% vs 46.8%). In another study
by Blankenburg et al. [14], the incidence of HF and myo-
cardial infarction was numerically higher among patients
treated with spironolactone (for more and less than six
months) compared to the non-MRA treatment arm, how-
ever, no statistical tests were performed. The percentage of
patients that experienced strokes was similar among patients
treated with spironolactone for more than six months and
non-MRA users (p-value not reported).

All-cause mortality

In the Tseng et al. study [19], over a median follow-up of
31 months (85,758 person-years), the use of spironolactone
was associated with a significantly higher risk of all-cause
mortality, irrespective of the drug dose (HR=2.1, 95% CI
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[1.93; 2.27], p<0.001). In the Hassan, et al. study [27], a
numerically greater risk of all-cause mortality was reported
for MRA users, compared to non-MRA users; however,
results were not statistically significant. In the Yang et al.
study [26], the difference between the incidence of all-cause
death in spironolactone users versus non-users was not sig-
nificant (event rates 64.42 vs. 60.47/1000 person-years,
p=0.432). In the Qu et al. [20] study, spironolactone use
was related to significantly lower risk of all-cause mortality
compared to standard treatment (HR =0.389, 95% CI [0.276;
0.548], p<0.001). Moreover, the reduction in the risk of
all-cause mortality in spironolactone users was consistent
among analyzed subgroups, including patients with different
levels of eGFR.

All-cause hospitalization

In the Qu et al. [20] study, spironolactone use was associated
with significantly lower risk of re-hospitalization compared
to standard treatment (HR =0.664 95% CI [0.522; 0.846],
p=0.004). Additionally, the reduction in the risk of re-
hospitalization among spironolactone users was consistent
among analyzed subgroups including patients with different
levels of eGFR.

The results for renal outcomes, CV outcomes, all-cause
mortality and all-cause hospitalization are shown in Table 2.

Safety

The most frequently reported safety outcomes were hyper-
kalemia and hospitalization due to hyperkalemia (Table 3).
The definition of hyperkalemia differed greatly among stud-
ies and included risk of any, mild or moderate to severe
hyperkalemia, incident hyperkalemia and various serum
potassium levels.

Around 30% of the studies did not use statistical tests
to compare the rates between MRA users and non-users;
however, the rates were generally higher for MRA users.
Only four studies calculated p-values. Blankenburg et al.
[30] reported a higher event rate in steroidal MRA users
than in non-users (0.105 vs 0.038 per person-year).
In the Jun et al. study [31], a likelihood of medication
change following incident hyperkalemia was significantly
higher in patients on MRAs (eplerenone or spironolac-
tone) in comparison to ACEI treatment (HR=1.5, 95%
CI [1.29-1.75]; p<0.001). Trevisan et al. [22] reported
a significantly increased risk of hyperkalemia after ini-
tiation of MRA therapy in patients with CKD across all
stages compared to patients without CKD. Gillis et al.
[28] observed no significant difference (p=0.60). In the
Qu et al. [20] study, assessing CKD patients with acute
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myocardial infarction, hyperkalemia occurred in the
spironolactone group more often than in the standard
treatment group (9.0%, 5.0%, respectively, HR =1.879,
95% CI [0.954; 3.700], p=0.068). In the same study,
hyperkalemia occurred in 5.0%, 9.8% and 8.5% in the
CKD stage 3, 4 and 5 groups, respectively, however the
differences among the CKD groups were not statistically
significant (p <0.133). In the study of Yang et al. [26],
spironolactone use was associated with a significantly
higher risk of hyperkalemia-related hospitalization in
comparison to spironolactone non-use across all study
subgroups and spironolactone doses (HR =2.98, 95% CI
[2.28; 3.9], p<0.001) in patients with CKD stage 3—4. In
the Tseng et al. study[19], no statistical difference between
the incidence of hospitalization for hyperkalemia between
spironolactone users and non-users was found (event rates
9.8 vs. 7.1/100 person-years, HR =1.04, 95%CI [0.91;
1.19]). However, hyperkalemia-associated hospitalization
was defined differently in those studies. Yang et al. [26]
used the first listed ICD-9 code 428 or 276.7 at discharge,
while Tseng et al. [19] used the code 276.7 at discharge or
the administration of potassium-lowering agents.

RWE in subgroups of CKD in diabetes (T2D and/
orT1D)

The availability of evidence for CKD in T2D was poor: the
results are from two retrospective studies (3 publications)
assessing spironolactone [14, 32, 33] conducted in the USA.
Blankenburg et al. [14] included adult patients with a first
diagnosis of CKD and patients with a first prescription for
steroidal MRAs, but results were presented also for a sub-
group of patients with CKD and T2D which comprised of
1360 MRA users and 75,616 MRA non-users. Patients using
spironolactone or eplerenone were searched; however, due
to the low number of patients receiving eplerenone, only
data from spironolactone users were reported as MRA users.
In another paper by Blankenburg et al. [32, 33], matched
cohorts of spironolactone users and non-users with CKD
and T2D (n=15465 each) were assessed.

Two other studies were conducted among patients
regardless of the type of diabetes. The study conducted
by Yamazaki et al. [25], published as an abstract, assessed
MRAs in CKD in diabetes, yet, no details regarding the
type of diabetes were reported. This study included 19,582
patients of whom 2295 were MRA users. Another study
conducted by Qu et al. [20] in China and published as a
manuscript, assessed spironolactone in CKD in diabetes.
This study included 560 patients of whom 200 were spirono-
lactone users.



1143

Journal of Nephrology (2023) 36:1135-1167

v[€0'T 801 TL0

G a3e)s sIsATeIp

nnl8S°T $19SN 3U0) Oskep g1 -oxd ut (31D
HYAINTA vL'0 (#'7) 1#S/LSS T -oejouondS-uoN v (LD Tg/peiT  euoipejouondg UM mim sjuaned  [61] nrT ‘Sussy,
s1eak £(¢7°¢)
gego=d '€ sI9sn-uou
VIPLTSSLO0lPT'T suojorjouosidge
Iv6'0=d s1eak $(7°€)
apl€ST SI9ST SUO) LG¢ is1asn  H—¢ 33e1s (D
1£9°01 201 L6'01 J#0L/98¢1  -oejouonds-uoN 711 L#YE/€69  euoweouondg  suolrouosdge nim sjuened  [9g] 103 ‘Suex yiesp AD
2000=d
4P1'1:69°0]1 680
vITIT 12701 68°0 G 93®)s SISATeIp
nolSLT t6'9) $19811 U0} -o1d w1 (3D
Trilov vi'C $6L1/0S8°ST  -oejouonds-uoN va'e  (209) 78/€9¢1  ouojoejouoiidg AN yim sjuened  [61] nry ‘Sussy,
s1eak £(€7'¢)
Ly90=d ‘v "¢ sIasn-uou
[8T'T:L9°0] €60 suojoe[ouordge
Ly90=d s1eak $(7°€) (SI
,auFNA SIasn Quo) LG¢ s1asn  H—¢ 33e1s (D pue [N Jo o
8901 €6°0 €8'%C J®€T1/98¢1  -oejouondg-uoN Y6'+C 4%95/€69  suoyoe[ouosidg  duojoejouoidge yim sjuened  [9g] Joyf ‘Suex  -sodwod) OV
ADINISDAOIPADY)
ared Arewrid ur
paSeuew A[QATS
-NOXe A3D [67] uauteq
W [9€'T sjstuo3ejue Jo st y3iy je ‘TeyIuasoy
21’0l 06°0 AN AN AN AN 0C QUOIASOPIY AN 10 s sjusned -10810H
6v1) ao
90'0=d AN L60T/F9EL  SIesn VIIN-UON AN #'11) 9%/20% SYIN AN M siuaned  [87] s9 SO
sreak £(€7°¢)
1000>d% $7°€ :S198n-U0U
[¥8°0°15°0199°0 suojorjouosidge
1000>d s1eak $(7°€)
‘€870 SI19SN QUO) LG€ s8N H—¢ 9381 (D
11601 $9°0 69°¢S 4997/98¢1  -oe[ouoidg-uoN 6¢ #88/c69  euojoejouonidg  duojoejoucrdge yim syuened  [9g] 1oy ‘Suex asd
(W €L T/ur
aiD /) 1ok 1od
10000>d AN 1€T- sIosn VYN-UON AN fe- SYIN AN Mim sjuened  [87] o9 SHIID YD ul e3uey)
[pudy
Ad Ad
0001/°ye1 0001/9yed
JUQAH (%) WN QOURIYY JUQAH (%) WN  WIe Judueal],
anpea-d
‘1D %S6] ¥H s[onuo)) SYIIN jutodoury, uonendoq ouwreu pue IoyINy QwoonQ

@D [[BISAO SAWOIINO SSIUSANIIAYH T d|qelL

pringer

a's



Journal of Nephrology (2023) 36:1135-1167

1144

&pos
-10ul aSNNI-|y
e
AN AN 1286/0ELTIT AN (L'8) Tr/18Y syuowt 9 <
L) @i [¥1] B
AN AN 1T86/0ELTIT  SIasn VYN-UON AN (8°€D) 0T1/698  duojoejouoiidg syjuowt 9 > s sjuaned ‘Siquaxuerg 3ons
(re¢)
AN AN 0Pe/0ELTI T AN (#°9) 9T/18% syquowr 9 <
(1 aio [¥1] 104
AN AN OPPE/OELTIT  SIoSN VYIN-UON AN (89) 65/698  duoyoe[ouondg syjuowt 9 > Yim sjuated ‘Siquaue[g IN
09) 09) sjuoned [og] e
AN %89 LLL'S/VSSTT SVIAN-UON %E8 LLL'S/VSSTT SVIN Jeak T ungpIpm I Inpv ‘Siquaxuerg
Lo
AN AN 990°€/0€LTTT AN (T'9) 0¢/18% sypuowt 9 <
Lo aio [¥1] 1
AN AN 990°C/0ELTIT  sIasn VIIN-UON AN (#'11) 66/698  duojoejouondg syjuowt 9 > m sjuatyed ‘Sinquaxuerg AH
9sI0M IO
T 93818 D
ym pasougerp
QIoM oYM
s00'0=d $I19sn QUO) (soseo) (8¢ syuaned A103 [L2]
vIrL0:61°01 LEO AN (¢°61) T8/STHy -or[ouondg-uoN AN (€11) 8y/Scy  duojoejouondg ‘g°¢) srehk 9y -e[nque NPy [ysamnQ) ‘uesseyq
vleL1:60'1] LET G a5e1s SIsA[eIp
wolLTE vy SIasn auo} Avmb% 0ocl -a1d ur (@30
€relyoe vi'l 1001/LSS‘TT  -oe[ouondg-uoN vSy  (61°8) To/bTIT  duojoejouoidg urpIm s sjuaned  [61] nr ‘Sudsy,
09) (9] syuoned [og] e
¢¥6€°0 LLL'S/¥SSTT SVIN-UON s¥0L°0 LLL'S/¥SSTT SVIN Jeak T unpIpm o Inpy ‘Smquoyue[g
189k $(€7°¢)
¢ :sIasn-uou
szro=d quojoejouoridge
VIST'T:¢0l LLO s1eak £(7°¢)
gczo=d SI9SN QUOY LG€ s1osn $—¢ a3.Is (D
‘apl6T°T 5601 LLO 123! a®9L/98¢€1 -og[ouosidg-uoN 6Tl L#6T/£69 suojoejouotdg  suojoejouorndge im sjuatred [92] 103 ‘Suex AHH
Ad Ad
0001/°yel 0001 /el
JUQAH (%) WN QOUIYY JUQAH (%) WN WLIB JUQUBAI],
anpea-d
‘1D %S6] IH s[onuo)) SYIIN jutodaury, uonendoq ouwreu pue IoyINy awoonQ

(ponunuoo) zsjqey

pringer

Qs



1145

Journal of Nephrology (2023) 36:1135-1167

uoyn21ID}
-1dsoy asnvo-]1y

9SIOM IO
T 9%e1s 3D
)M pasougerp
QToM oYM
wxx600=d (soseo) (8¢ syuaned A10) [£z]  Knpeyrow 9sned
VIET'T 199°0] L8O AN AN/STY dnois Jonuo) AN AN/STy  duojoejouondg 'g'g) s1eOk 9y -B[NQWE J[NPY  [YSAINQ) ‘UesSeH  -[& UT UONONPIY
JdE€ST9TTI6ET
vIor T Tl set G o3e)s SISAerp
10000>d (SO'T¢) $I19SN QUO) (86°LY) -oxd ur (3D KjpeyIow asned
‘aplLTTE6'TITT v9'0Il 1088/08°6z  -oejouondg-uoN vL'¥C ¥$9/€9¢1  ouojoejouondg AN Im spuaned -[[e 10J SYSTY
vI9T'T 19601 90°1 G d3e)s SISAeIp
ol 1€ (19°¢¢) SI9SN U0} (ST'LY) -oxd ur 31D Ayey
YOIl 11T vC 0l T8SL/LSS TT -oejouonds-uoN v§eT 0£S/¥cIT  euopeouontds  SAEp 07T UIPIAL Mim sjuaned  [6[] NI Sussy  -Touw asned-[[y
s1eak $(¢7'¢)
7€ 1sIasn-uou
yez0=d quojoejouoridge
VIETT60l T'T s1eak £(z°¢)
sy=d SI9SN QUO) LG¢ is1asn  H—¢ 33e1s (OID Aypeyrows asned
“uplLTT 601 LO'T L¥09 4998€/98¢1  -oe[ouoridg-uoN w9 4#C61/€69  duojejouonds  ouojoejouorndge nim syuened  [9g] 103 ‘Suex -1Te 10 STy
vLIT'0
AN [1SO'T dnoi3 juow dnoi3 AU €L T/uru
1660°0]1 TTE0 AN AN -Jean plepuels AN AN euojoejouondg squowr ¢ /TW G >Y¥AD?
vLIT0 L EL /ur
AN (12970 dnoi3 juow dnoi3 /T Qg >-G1
‘Ts10l TE0 AN IN  -Jean plepuel§ AN AN duoyejouonds syjuow O¢ ddH°
vLIT'0 JUEL T/um
AN (6580 dnoi3 juow dnoi3 /TW 09 >-0¢
1€9€°0] LSS0 AN AN -Jean plepuels AN AN euojoejouondg syjuowr O¢ dd4D°
100°0>d “[8%5°0 dnoig yuow dnoig aIO pue NV Ky
9,701 68€°0 AN (F'¥P) 091  -1een pIepuelg AN ($'00) 1+ suopeouordg syjuow O¢ im syuaned [0zl Tere N -Towr asned-[y
Ad Ad
0001 /°ye1 0001 /°ye1
JUQAH (%) WN QOUIYY JUQAH (%) WN WLIB JUQUBAI],
anpea-d
‘1D %S6] IH s[onuo)) SYIIN jutodaury, uonendoq ouwreu pue IoyINy awoonQ

(ponunuoo) zsjqey

pringer

a's



Journal of Nephrology (2023) 36:1135-1167

1146

-pry o5e1s pusd (ZYST ‘1Rl JB[NISWO[S PAIRWNSS Y72 ‘TR[NISBAOIPILD A)) ‘SISA[BUER SPILIO 71.1) ‘dSBISIP KSUPTY JIUOIYD (7Y)) ‘[BAISIUI OUIPYUOD ) ‘UONOILJUT [BIPILIOAW nde [y ‘paisnipe y

(W €L /Uty TU 6T > YD SA (W €/°/UIly TW O¢ >—GT YADI SA W ¢/ /Ul TW 09 >—0¢ YDI) uonoeraur 1oy d,
sKep (9 pue (¢ 10 e1ep os[e Aqe[reAy ()

ORI SPPO Y
(as) ueo

(JOD) ueIpoAL:

steak-uosiad 000 19d$

s1eak-uosiad (O Iody

SJUQAQ JO JOqUINN ¢

(It'€F) 69€/0S8 SUILAP JO JOqUINU :KN[L}IOW-ISNBI-[[E UL UOHONPIY s

Q€L T/UIU/TUI G/, <QUIIIP YADD YIA PIJRIOOSSE SI0NBY NS e

(a1oy pajuasald jou) VYA 90p YSIY pue YVYIA 2S0p mo[ ‘ouojoejouoards ‘ououara[ds Joj sINSaI S[qR[IBAY .

s1eak-uosiad g4 ‘Suryorews 2100s Aysuadord 19358 g ‘pariodar jou YN uaad ue yim syuaned jo requnu/syusnied jo zoquunu u/y ‘systuoSejue 103dadar
PIOOT)IO0[RISUIW SV ‘UONDIBJUI [RIPIEIOAW JJ4 ‘YUSAD OBIPIRD ISISAPE JofewW OV ‘9ONIS OTWAYOSI §7 ‘Onel pIezey Y ‘dInjrej }1edy Joy uonezijeyidsoy JH ‘QInjrej 11edy Jf ‘Oseasip Aou

v6LO0
AN [88€°T dnoi3 juow dnoi3 AU €L T/uru
‘S1T°0] LYS0 AN AN -Jean plepuels AN AN euojoejouondg squowr ¢ /TW G >Y¥AD?
v6L00 L EL /ur
AN dnoi3 juowr dnoi3 /TW ¢ >-GT
‘[¥0°1 *9€°01 2190 AN IN  -Jean) plepuel§ AN AN duojoejouondg syquowr O¢ ddH9
v6LO0 AL T/um
AN [LOT T dnoi3 juow dnoi3 /TW 09 >-0¢
1999°0] L68°0 AN AN -Jean plepuels AN AN euojoejouondg syjuowr O¢ dd4D°
+00°0=d ‘[9%8°0 dnoi3 juow dnoi3 @ID pue [INV uon
7TS01¥99°0 AN (€09) L1  -1eom prepuelg AN (S'Ly) 66 euoioejouondg syuowr O¢ YIm spuaned [0zl e ‘nd  -ezrendsoy-oy
Ad Ad
0001 /°ye1 0001 /°ye1
JUQAH (%) WN QOUIYY JUQAH (%) WN  WlIe Jusueal],
anpea-d
‘1D %S6] IH s[onuo)) SYIIN jutodaury, uonendoq ouwreu pue IoyINy awoonQ

(ponunuoo) zsjqey

b
)
)
5
et
|9
A
&l



1147

Journal of Nephrology (2023) 36:1135-1167

[co€60Tl 1ST

[€€T¥81180C

LU gL /U
/TW 0> ¥dD°
pue a3D
IM sjuened
LU gL /U
/T SH—0¢
YAD? pue @D
M sjuened

LU gL T /un

(Fug, 1 /umu (ououorodo /T 09—S¥ (/10w (g <)
/T 09 < YAD9) ‘ouopoejouonds) (1AL 1:Ng)  WAD? puB (3D 11 erwoeadAy [zz] 0ooq
[So1 pe Tl 61 AN AN ao oN AN UN SIosn VYN Qul[eseq 1y Pim syusiied Aue jo s10301paIg 9p ‘UBSIAALL
100'0>d
GL8T erwaesIedAy jo
‘sz1l €sT (suojoeouonds SVVY SISOUSEIP PIPIOIAX
1000>d ‘ououaro[da) ue paquiosald 1X9)-991J 10 POpod
‘alsLt Jstuogejue M oyM (3D JO "/[oWwwI g < winis [1€]
‘61161 AN AN 140V AN UN/BYIL QUOIAISOPTY AN Pim sjuslied -sejod wnrog suIpref ‘unf
AN 601 AN (@D €S/€Le syuow 9 < D [$1] mog
AN AN €6ST/€S9T SIosn VYIN-UON AN (T'ST) 8L/TIS suojoe[ouortdg syjuowr 9 > M sjuslied AN ‘Smquoyuerg
AN ) AN (I1) €5/18% syuow 9 < D [$1] m0g
AN AN L8IS/0ELTIT SIosn VYIN-UON AN (8°01) ¥6/698 auojoe[ouoridg syuowr 9 > PIim sjusiied AN ‘Smquoyuerg
(09) (09) sjuaned [og] T80
AN 8¢ LLL'S/PSSTI VIN-UON SOT  LLLSHPSSTL VI Teak [ urgiip D Nnpy AN ‘Smquoyuerg
vEET'0 dnoi3 dnoi3
AN AN AN AN Jusiean) plepuel§ AN (S8 ¢ suojoe[ouortdg syjuowr O¢ ¢ d8eIs (31D
vE€ET0 dnoi3 dnoi3
AN AN AN UN jusunean plepuel§ AN (86) Tl auojoe[ouortdg squowr )¢ ¥ 98e1s (D
<mm~,o dnoi3 dnoi3 7J/[owu GG ueyy
AN AN AN AN Judwiear) prepuels AN ©) 61 Juojoejouonrdg syjuowr ()¢ €931 D arow .1 Juonbasqns
890'0=d ‘[L¢ dnoi3 dnoi3 @D pue [INV Surmp pajo9[od [
$56°0] 6L8'T AN (S) 81 IuoUnELN pIEpUBIS AN (6) 8T suoje[ouordg syjuow O¢ mim syuaned  -A9] wnissejod wnteg  [og] e 10 ‘0O
prud)vyI2dLp
Ad Ad
0001/1el 0001/91et
JUAY (%) WN QIUIJY JUAAY (%) WN WLIB JUQU)eal],
anpea-d dureu
‘1D %S6] YH s[onuo)) SYIIN jutodauur], uonendog UONIUYIp AWodNQ pue Joyny

@D [1e12A0 :erwoeyIadAy uo synsay € a|qel

pringer

a's



Journal of Nephrology (2023) 36:1135-1167

1148

[oce 6T Tl 8LT

[LyzizeTlLTe

[eoT1eTIONT AN

l6r'szrel €ov

[vre 81zl 19c

[vOT 9Tl eLt AN

[ 8511 96°1

[91'2:99'T] 68°1

[29T 6T 1] S¥'1 AN

IN

IN

AN

(g, 1/ura
/T 09 < YID9)
@D oON AN AN

(g, 1/ura
/T 09 < YID9)
@D ON AN AN

(Fug, 1/ura
/TW 09 < YID9)
@D ON AN AN

(euouarsrda
‘ouojoejouoads)
s1osn VN

(reak 1 :0A)
qurpeseq 1y

(euouarorda
‘ouojoeouoaids)
s1osn VN

(reak T :NeD)
QuIfaseq 1y

(euouarorda
‘ouojoejouoaids)
s19sn VYN

(1o 1 :0A)
qurpaseq 1y

LU gL /U
/Ta 0> ¥ID°
pue a0

I sjuaned

LA gL /U
/T S—0¢

d4D9 pue 3D
YIm sjuaned

LU EL /U
/T 09—

d4D9 pue 3D
M sjuaned

LU gL /U
/T 0g>¥dD°
pue 3D

I sjuaned

LA gL /U
/W G—0¢

d4D9 pue 3D
M sjuened

LA gL /U
/T 09—

ddD9 pue 3O
M sjuened

LU €L T/um
/TW 0g > ID?
pue a0
s syuaned
LU €L T/um
/T S—0€
AA09 pue @D
s syuaned
LU €L T/un
/TW 095t
AA09 pue @D
s syuaned

(/10w (g <+3)
SLI BIUId[EY
-10d4y Auy

(/10w ¢°¢ <)

st erwareyIadAy

QI0A9S/9)EIdpOW
JO s10391pald

(7/1oww §'6—(°¢ <)
st erworeyradAy
PIIW JO SI0)9Ipald

Ad

0001 /o181

JUAA
anpea-d q

(%) WN

Ad
0001 /181

JUSAY]

QIUIJY (%) WN

ULIe juauuealy,

‘1D %S6] 9H

s[onuo)

SYIIN yurodoury,

uonendog

ueu

uonIuYIp 2WodNINQ pue Joyiny

(ponunuoo) ¢ 3jqey

pringer

fH's



1149

Journal of Nephrology (2023) 36:1135-1167

09:0=d

[S0°9°95° €1 ¥9'

[ScrocTl L8T

[Srzicilgl

[89C69°11€1C

[cTT 6911661

[yST T 9¢T

AN

AN

AN

(ssm

IPTI/P9EL SIS VYIN-UON AN

(g, 1/um
/T 09 < YID9)
AN @ID ON AN

(g, 1/uma
/TW 09 < YID9)
AN @D oON AN

(691) 89/20%

IN

AN

SYVIN AN

(suouarsrda
‘ouojoejouoads)

SI9SN VA

(xeak T :N:D)
auIfaseq 1y

(euouarsrda
‘ouojoejouoads)
s1osn VYN

1ok 1 :nA)
qurfeseq 1y

@D
IM sjuened
AU EL /U
/T 0> ¥dDH°
pue @D
IM sjuened
AU EL /U
/T SH—0¢
YID° pue @D
IM sjuened
AU EL /U
/T 09-S¥
YID° pue @D
IM sjuened
LU EL /U
/TW 0> ¥ID°
pue a0
IM sjuened
LU EL /U
/T SH—0¢
YID° pue @D
M sjuened
LA EL /U
/T 09-S¥
YID° pue @D
IM sjuened

“J/1owu §°9 < wns [82]
-sejod S99 SIIID

(ponunuod) g 3jqeL

(1/loww ¢°¢ <+3)
st erworeyIadAy
QI0AS/)BISPOIAL

(110w ¢°g
—0°S <+ ysut
erweredAy piiy

anpea-d
‘1D %56l dH

Ad

0001/9ex
juaAg

Ad
0001 /9e1
JUOAT

(%) WN QIUIJY

(%) WN

ULIe juauealy,

s[onuo)

SVIIN jurodsuury,

uonendog

Queu

uonruyap awodNnQ pue Joyny

(ponunuoo) € 3jqel

pringer

a's



Journal of Nephrology (2023) 36:1135-1167

1150

100°0>d
VLT
el Lre
100°0>d
upl6°€ S19SN-U0U (SLL1) seak  —¢ 98®Is (D
‘8T 86'C LS'8T (¥9'9) T6/98€E1 suojoefouorndg 6LvS €C1/£69 auojoeouondg HTe) LSE Pim sjusieq AN [9¢] 103 ‘Suex
erwaresrod Ay 10 uonezifeirdsoy
sdadv
10 STHOV pue
goo=d 4 suojoejouoids [zl
[LSLo1] LT JO UOTRUIqUOD reydiduny,
€0 0=d »EuF 3unyel @D J/[ow (y'G < Wnis ‘Suomel
[cosiLotlLee AN AN erwoesedAy-uoN AN (€00 6/ auojoe[ouoIids AN Pim sjusied -sejod wnrog -usqeIng
costom  (T/bHW 9 <erwarey
AN AN (@ LYTA9EL AN (©) T1/eor 10 7 25e1s K10) -1od£y 210408
SIasn-uou s1eak -e[nque ‘@D (1/bqu 9—G°¢ [£2] ysamg)
AN AN (W) S6T/v9¢EL auoje[ouondg AN (S) oz/eor suopejouonds  (8°G€€) 9F Pim sjusiied erweredAy priy ‘uessey
JPTTTL0l 60
vlI'T L0l 680 (Sw ¢'z1 > 9s0p
apl 1T A[rep ueowr)
7L0]1 68°0 AN AN AN AN suojoejouondg
Jdert
‘8L°01 ¥6°0
vITI' 1801560 (8w ¢ <9sop
wplCI'T SIosn-uou A[rep ueow)
8°0]1 S6°0 AN AN Juoyoeouondg AN AN Juooeouondg
4lLoT
1201 L8°0
v[90'T
‘TL'0l L8°0 (Sw OSL1 > 9sop
w6171 pare[nunode)
‘1801 86°0 AN AN AN AN suojoejouondg
JLTT
‘6,01 96°0
vI9T°1:8°01 960 (8w g LT <9sop G 93e1s sIsA[eIp
Eomm; s19sn-uou pare[nundoe) -oxd ur (31D [61]
‘6'01 80'1 AN AN auojoe[ouondg AN AN auojoejouorids  sAep (6 UIYIA YIM sjusied AN n1 ‘Suds],
Ad Ad
0001/1ex 0001/9et
JUdAY (%) WN QIUIJY JuAY (%) WN WLIR JUaUeal],
anpea-d Juweu
‘1D %561 dH sjonuo) SVIIN jutodow], uonerndod uonIuyop AaWodnQ) pue loyiny

(ponunuoo) ¢ 3jqey

pringer

Qs



Journal of Nephrology (2023) 36:1135-1167

1151

Table 3 (continued)

HR [95% CI],
p-value

Controls

MRAs

Population Timepoint

Outcome definition

Author and
name

Event

N/n (%)

Event Reference

N/n (%)

Treatment arm

rate/1000

PY

7.1%

rate/1000

PY

9.8%

1156 OFY

25,850/NR

Spironolactone

Patients with 31 (14; 57)* Spironolactone 1363/NR

NR

Tseng, Liu

1.04 [0.91;

non-users

months

CKD in pre-

[19]

1.19]Cm

0.92 [0.81;

dialysis stage 5

1.061*
0.93 [0.79;
1.071°

ARBs angiotensin receptor blockers, ACEI angiotensin-converting-enzyme inhibitor, AMI acute myocardial infarction, CI confidence interval, CKD chronic kidney disease, eGFR estimated glo-

merular filtration rate, FU follow up, HR hazard ratio, MRA mineralocorticoid receptor antagonist, N/n number of patients/number of patients with an event, NR not reported, PY person-years,

RAAS renin—angiotensin—aldosterone system

~p for interaction (CKD stage 3 vs CKD stage 4 vs CKD stage 5)

*As defined by the CKD-EPI equation

*Median (IQR)
#Mean (SD)
3rOdds ratio

AAdjusted; ™ crude FU full multivariable model; °FY observed person-years; © propensity score matching; Y univariate analysis

Effectiveness

Renal outcomes

No result was reported in the identified studies.
CV outcomes

In the study by Blankenburg et al. [14], the percentage of
patients who experienced myocardial infarction, stroke and
HF was numerically higher among patients treated with
spironolactone compared to non-MRA users; yet, residual
confounding could be a cause, while at the same time they
had more comorbidities, consumed more medications, and
used more healthcare resources. Also, as reported by Blank-
enburg et al. [32], patients who were not persistently on
spironolactone presented with a higher incidence of stroke,
ischemic stroke and HF events compared to persistent users
(59.7% vs 43.4%, 31.3% vs 27.5% and 27.5% and 23.5%,
respectively). In the population of patients with CKD and
diabetes studied by Yamazaki et al., the risk of composite
CV outcomes was significantly higher among the subgroup
of patients with an eGFR of 30—44 mL/min/1.73 m? com-
pared to patients with an eGFR of 45-59 mL/min/1.73 m?
(HR=1.22,95% CI [1.09; 1.36]) [25].

All-cause mortality

Results reported by Blankenburg et al. [33] for the younger
sub-cohort of patients with CKD and T2D with lower rates
of HF showed that the mortality rate/person-years was 4%
vs. 7% for spironolactone users and non-users, respectively.
In the Qu et al. [20] study, an association with statistically
significantly lower risk of all-cause mortality in the spirono-
lactone users compared to standard treatment group was
reported among the CKD in diabetes population (HR =0.338
[0.184; 0.619], p for interaction (history of diabetes mel-
litus—Yes vs No): 0.544).

All-cause hospitalization

Blankenburg et al. [32] reported results on all-cause hos-
pitalization for patients with CKD and T2D. In the overall
population and across all stages of CKD, treatment with
spironolactone was associated with numerically higher rates
of all-cause hospitalization compared with those among
non-spironolactone users.

In the Qu et al. [20] study, spironolactone use was asso-
ciated with a numerically lower risk of re-hospitalization
compared to standard treatment among CKD in the diabetes
population, however the results were not statistically signifi-
cant (HR=0.699 [0.468; 1.046], p for interaction (history of
diabetes mellitus—Yes vs No): 0.833).
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Safety
Hyperkalemia

Blankenburg et al. [14, 32] reported a numerically higher
incidence of hyperkalemia among spironolactone users
than among non-users. The rate was highest in patients
on spironolactone for less than 6 months (16.7%) and was
lower in patients treated with spironolactone for longer than
6 months (14.3%). In patients not using spironolactone, it
was 9.1% [14]. Also, a higher incidence of hyperkalemia was
observed among non-persistent patients compared to persis-
tent patients (30.4% and 24.3%, respectively) [32]. Yamazaki
et al. [25] reported a cumulative incidence of hyperkalemia
among Japanese patients with CKD and diabetes treated
with MRAs of 7.63%, but did not provide information about
CKD stage and the characteristics of diabetes.

The results for effectiveness and safety in a subgroup of
CKD in diabetes are shown in Table 4.

RWE in subgroups of CKD and HF (with
or without diabetes)

The effectiveness of MRAs was reported in 11 studies (11
publications, Table 1) in patients with CKD and HF, while
safety was reported in four studies. One study reported
results for both patients with CKD and HF, as well as in
CKD and T2D and HF [14]. Most studies considered both
HF with preserved and reduced ejection fraction, only 2
studies reported results of HF with reduced ejection frac-
tion [24, 34]. Of note, Oh et al. reported that no difference
in clinical outcomes and significance in interaction with
spironolactone use could be identified between both HF
types [21]. Again, the definition of the CKD population
varied among the included studies (Supplementary Table 1).

Effectiveness
Renal outcomes

Renal outcomes were retrieved only from the study by
Mavrakanas et al. [12] There was a similar incidence of
eGFR decline of >30% from baseline among patients treated
with MRAs compared to a non-MRA population; however,
the difference was not statistically significant (22.6% vs.
19.7%, respectively, HR=1.2, 95% CI [0.77-1.88] not
adjusted; HR=1.1, 95% CI [0.62-1.98] after adjustment
for NYHA stage > I1I, systolic blood pressure, baseline left
ventricular ejection fraction, diuretic use, and the propensity
score for MRA use) [12]. There was also a lower incidence
of doubling of serum creatinine among patients treated with
MRASs compared to MRA non-users, however, it was not sta-
tistically significant [12]. The risk of a composite outcome

@ Springer

of serious hyperkalemia or any doubling of serum creatinine
in patients not yet on dialysis was similar in both MRA users
and non-users [12].

CV outcomes

In the study by Inampudi et al., the incidence of hospitaliza-
tion for HF was similar between spironolactone users and
non-users, and the incidence was 44% vs. 40% in patients
with HF and advanced CKD [24]. In patients with pre-dial-
ysis CKD stage 5 and both mild and severe HF, the hazard
of hospitalization for HF was higher but not significantly,
among spironolactone users compared to non-users.
Blankenburg et al. reported that the incidence of myo-
cardial infarction was numerically higher among patients
treated with spironolactone (more and less than six months)
compared to the non-MRA treatment arm, whereas a similar
percentage of patients in both treatment arms experienced
strokes. However, no statistical tests were performed [14].

All-cause mortality

In the Lofman et al. study [35], patients with CKD receiving
MRAs were at a statistically significant lower risk of all-
cause mortality compared to MRA non-users (event rates
during three years of follow up: 21.5 vs. 26.9/100 person-
years, respectively, p <0.001), whereas in the Tseng et al.
study [19], spironolactone use was related to a significantly
higher risk of all-cause mortality compared to spironolac-
tone non-users, irrespective of the severity of HF. In two
other studies (Martinez-Milla et al. [36], Devesa et al. [34]),
a numerically greater risk of all-cause mortality associated
with MRA use compared to non-MRA use was shown, how-
ever, the results presented in these studies were not statisti-
cally significant. In the Inampudi et al. study [24], there was
no statistical difference between the incidence of all-cause
death between spironolactone users and non-users (49% vs.
46%, respectively, p=0.441).

All-cause hospitalization

Two studies reported all-cause hospitalization defined as
rehospitalization. Both included patients with HF and CKD
[21, 24]. In one study, spironolactone use was associated
with a statistically significant higher incidence of all-cause
hospitalization compared to spironolactone non-users (77%
vs 70%, p=0.001 post score matching [24]). Subgroups
of patients with eGFR < 15 mL/min/1.73 m? and eGFR
15-45 mL/min/1.73 m? receiving spironolactone after one
year post-discharge were at higher risk of all-cause readmis-
sion in comparison to spironolactone non-users [24].

The results for effectiveness in a subgroup of CKD and
HF are shown in Table 5.
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Safety

None of the included studies compared the rates of hyper-
kalemia between MRA users and non-users. The overall
incidence of hyperkalemia among patients treated with
MRAs with CKD and HF ranged from 7.5% [37] to 15.2%.
[14]; however, Buckallew et al. [38] showed its relationship
with EF, with patients with EF > 40% having higher rates of
hyperkalemia than those with EF < 40% (9.52% vs 3.44%).
[38] In the Blankenburg et al. study[14], the incidence of
hyperkalemia was driven by the presence of HF and T2D
and was higher in MRA users than in non-users, especially
in patients with a short duration of spironolactone use [14].
In the Trevisan et al. study [22], patients with CKD and HF
receiving MRAs were at statistically significantly higher risk
of any, mild or moderate/severe hyperkalemia compared to
patients without CKD at baseline, irrespective of the base-
line eGFR level [22].

The results for safety in a subgroup of CKD and HF are
shown in Table 6.

RWE in subgroups of CKD and a history of CVD

Only one study conducted by Tseng et al. [19] among
patients with CKD in pre-dialysis stage 5 reported results in
subgroups of patients stratified by CVD events, including
the presence or absence of coronary artery disease, atrial
fibrillation and stroke [19]. Results for those subgroups were
available with regard to hospitalization for HF and to all-
cause mortality (Table 7).

Hospitalization for HF

The risk of hospitalization for HF was significantly higher
in spironolactone users compared to non-users only in the
subgroup of patients with a history of coronary artery dis-
ease (HR=1.37,95% CI [1.03; 1.83]) [19].

All-cause mortality

The use of spironolactone was associated with a significantly
higher risk of all-cause mortality when compared with non-
use of spironolactone in each subgroup of CV events [19].

Discussion

An important finding from this review is the low availability
of RWE for MRAs, especially among patients with CKD and
diabetes, even though diabetes is the most significant contri-
bution to the global CKD burden. Limited robust data on the
efficacy and safety of steroidal MRAs in CKD is on one hand
due to the focus on CV outcomes, but on the other hand, due

to the fact that most existing studies were not powered to
detect hard primary outcomes including mortality or long-
term renal outcomes. Moreover, among the included studies,
only around half of the cohort studies were of good qual-
ity, while the remaining studies were rated as fair or poor
quality. On top of this, a notable lack of studies with robust
population sizes was noted. In the overall CKD population,
MRASs appeared to have a limited effect on renal outcomes;
a significant or sustained eGFR reduction was observed but
available data suggest no efficacy in delaying progression
to ESKD. No CV protection, determined as a reduction in
major adverse cardiovascular event rates and the occurrence
of CV death, was revealed by RWE studies. Results for all-
cause mortality and hospitalization for HF were inconsistent
as well; however, evidence from studies with the longest
follow-up indicate similar or lower incidence for spironolac-
tone non-users. In terms of safety, most results consistently
reported a higher incidence of hyperkalemia among patients
on MRAs in all CKD stages, regardless of the hyperkalemia
definitions considered by the authors. The association of
MRAs with a range of side effects and adverse events trans-
lated into high rates of discontinuation reaching 44% [14]
in the real-world setting in contrast to clinical trials, where
observed rates can be as low as 2% [39, 40]. For the sub-
group of patients with CKD and diabetes (especially T2D),
the evidence was low and limited to retrospective studies of
poor quality. The covered outcomes were sparse and lim-
ited to all-cause mortality, persistence and discontinuation of
treatment, hyperkalemia, and CV outcomes. However, while
limited data exist regarding CKD patients, adverse events
are seen to play a significant role in the discontinuation of
treatment with MRAs.

The Cochrane review, conducted by Chung et al. [15],
concluded that there is consistent evidence from RCTs sup-
porting the use of MRAs in patients with CKD, as MRAs
may reduce proteinuria, eGFR, and systolic blood pressure
in adults who have mild-to-moderate CKD. At the same
time, MRAs may increase the risk of hyperkalemia, acute
kidney injury and gynecomastia when added to an ACEi
and/or ARB, and the effects of MRAs added to an ACEi and/
or ARB on the risks of death, major cardiovascular events,
and kidney failure in people with proteinuric CKD are uncer-
tain. However, long-term data on the effectiveness and safety
of MRAs, especially on major patient-centered outcomes
such as death, kidney failure or CV events were insufficiently
reported in RCTs. Moreover, results from RCTs may differ
from those observed in the real world. A surprising finding
from a review of real-world studies conducted in this paper
was the association of MRAs with a higher incidence of
myocardial infarction, stroke and HF while data from RCTs
indicated only uncertain effects on CV events. The incidence
of hyperkalemia was shown to be higher in MRA users than
in the overall CKD population. Chung et al. [15] found that
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MRAs were also associated with acute kidney injury and
gynecomastia, however, such data were not available in the
studies included in our review.

More evidence is available for the CKD population with
HF. Khan et al. [41] conducted a systematic literature review
evaluating the efficacy and safety of MRAs in patients with
CKD and HF with only three observational studies meet-
ing inclusion criteria. The authors did not identify benefits
related to treatment with MRAs, however, the conclusions
from these studies were limited due to residual confound-
ing and concern for bias [41]. Our review of 21 literature
reports showed that in this subgroup, treatment with MRAs
had an unclear effect on hospitalization for HF. We also
found inconsistent results for all-cause mortality, with most
studies reporting no significant difference in the incidence
of all-cause death between MRA users and non-users. The
incidence of hyperkalemia was found to be driven by the
presence of HF and T2D, and was higher in MRA users than
in non-users, especially in patients with a short duration of
spironolactone use [14, 33].

Our review and other reports from the literature suggest
that treatment with MRAs is associated with unclear renal
benefits and insufficient CV protection; however, they con-
sidered only steroidal MRAs. Nonsteroidal selective MRAs
have been shown to delay chronic kidney disease progres-
sion and to reduce the occurrence of CV events in patients
with CKD and T2D when compared with placebo [42—44].
Recent head-to-head comparisons of pharmacological and
clinical characteristics between steroidal and non-steroidal
MRAs concluded that both agents exhibit comparable effi-
cacy but the safety of nonsteroidal MRAs may be superior in
high-risk patients suffering from CKD and/or HF [45]. Addi-
tional cardiorenal benefits of nonsteroidal MRAs may be
rooted in their natriuretic effect as well as anti-inflammatory
and antifibrotic actions resulting from selective inhibition
of overactivation of the mineralocorticoid receptor which
may further translate into tissue remodeling [43]. These
antifibrotic and anti-inflammatory properties of nonsteroi-
dal MRAs were not seen for classical steroidal MRAs, but
results were observed in the experimental animal model.
[46].

Gaps identified in this review showed the lack of suf-
ficient evidence that particularly applied to renal outcomes.
No effectiveness and safety data, such as a change in eGFR,
urinary albumin-to-creatinine ratio, kidney failure, injury
and death, the occurrence of fatal adverse events and adverse
events leading to discontinuation of treatment, as well as
health-related quality of life in the population of patients
with CKD treated with MRAs were available. However,
there are several ongoing and planned analyses on steroidal
MRAs in patients with CKD and T2D, which may address
the outlined efficacy and safety gaps in this population. The
BARACK D trial is an ongoing randomized, open, blinded

@ Springer

end-point, 36-month study that aims to evaluate the efficacy
of spironolactone in a patient with stage 3b CKD and place
the focus on cardio-protection and a delay of renal impair-
ment [47]. The DISCOVER CKD global observational study
aims to investigate the clinical and financial burden of CKD
in the real-world setting by focusing on treatment patterns,
effectiveness, patient outcomes and patient quality of life
[9]. The Health ABC Study investigated the degree of kid-
ney disease progression in community-living elders mainly
focusing on safety [48]. Acquiring additional evidence will
support a choice of treatment in patients with CKD and T2D.

This review is a comprehensive review of effectiveness
and safety real-world data for MRAs among a broad popula-
tion of patients with CKD. This approach aimed to collect all
the relevant studies (e.g., studies conducted among patients
with CKD and T2D, but also conducted in overall CKD
and reporting data for subgroups of patients with T2D). It
was conducted based on a predefined protocol with clear
inclusion and exclusion criteria and followed the Cochrane
guidelines for systematic review reporting. A comprehen-
sive search strategy was used to reduce reporting bias in the
review process. To minimize publication bias, we did not
apply any restrictions in terms of language and any specific
geographical scope.

Although this review was conducted with strict selection
criteria, there were several potential limitations. Even though
the search strategy was not limited to steroidal MRAs, no
real-world study for non-steroidal MR As was identified. One
of the main limitations was the large heterogeneity of stud-
ies. First, this heterogeneity was evident in terms of CKD
definition. Studies with a population described simply as
CKD, DKD or diabetic nephropathy were included in this
systematic literature review, meaning it may have a compo-
nent of publication bias. The applied CKD criteria differed
among studies while, in some studies, the CKD definition
was not provided at all. Additionally, heterogeneity was pre-
sent in terms of the patients’ baseline characteristics. That
is, baseline characteristics, namely in CKD severity differed
considerably among studies. For example, Blankenburg et al.
[14] enrolled patients irrespective of CKD severity, resulting
in about 20% of patients with ESKD being included. How-
ever, CKD stage 3 was the most common stage identified at
baseline in other identified studies.

The main limitation of most studies included in this
review was their retrospective design or reliance on histori-
cal databases. Residual confounding occurring in such stud-
ies could lead to an over- or underestimation of the observed
association between the use of MRAs and assessed patient-
centered outcomes. In addition, the robustness of the results
may be limited by the lack of availability of data, medical
records entry errors, or coding limitations. Moreover, around
half of the studies were assessed as having fair or poor qual-
ity, driven mainly by the poor comparability between cohorts
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or by insufficient information on all domains to make an
assessment. Furthermore, due to the considerable heteroge-
neity among the included studies regarding the population
(CKD definitions, baseline characteristics, namely in CKD
severity), as well as the follow-up and outcome definitions,
conducting a meta-analysis was not feasible.

Conclusions

Although our comprehensive review of real-world data
revealed limited availability of evidence on the effective-
ness and safety of MRAs in patients with CKD, as well as in
subgroups with diabetes, HF or history of CVD, they were
shown to have a limited effect on renal and CV outcomes in
these patients. Moreover, identified studies were small and
non-rigorous, resulting in a notable lack of evidence in this
population. Gaps in the evidence regarding the efficacy and
safety of MRAs are particularly relevant in patients with
CKD and diabetes, therefore, further research is warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-022-01492-w.
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