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and meta-analysis
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Abstract

Background Mineralocorticoid receptor antagonists (MRAs) have been shown to improve outcomes in various pop-
ulations of heart failure (HF) patients. However, the impact of concomitant diseases, such as diabetes mellitus (DM),
on these outcomes remains unclear. This meta-analysis aimed to evaluate the efficacy and safety of MRAs in heart
failure patients with and without diabetes mellitus.

Methods A systematic search was conducted on PubMed, Scopus, and Google Scholar databases up to April 30,
2024. Data analysis was performed using a random-effects model to account for variability across studies, and statisti-
cal analysis was carried out using Review Manager 5.4. Efficacy and safety parameters were evaluated in accordance
with the Preferred Reporting Items for Systematic Review and Meta-Analysis guidelines.

Results The meta-analysis included a total of 21,832 subjects from ten studies. The pooled results demonstrated

that MRAs, compared to placebo, significantly reduced all-cause mortality in HF patients with and without DM (RR:
0.85; 95%Cl 0.75-0.96; p=0.009). A similar effect was observed in HF patients without DM (RR: 0.83; 95%Cl 0.71-0.97;
p=0.02), while no significant effect was detected in the DM subgroup (RR: 0.87; 95%Cl 0.69-1.11; p=0.27). Both
treatments had comparable effects on cardiovascular mortality in HF patients with and without DM (RR: 0.88; 95%Cl
0.82-0.94; p=0.0002), in HF patients with DM (RR: 0.90; 95%Cl 0.81-1.01; p=0.08), and in the non-DM subgroup

(RR: 0.86; 95%Cl 0.79-0.94; p=0.0009). MRAs significantly reduced the risk of cardiovascular mortality in HF patients
with and without DM (RR: 0.82; 95%CI 0.72-0.94; p=0.005) and in HF patients with DM (RR: 0.79; 95%C| 0.63-0.98;
p=0.03), but no significant effect was observed in the non-DM subgroup (RR: 0.85; 95%Cl 0.69-1.05; p=0.13). Further-
more, compared to placebo, MRAs were associated with an increased risk of hyperkalemia (> 5.5 mEg/L) in HF patients
with and without DM (RR: 1.63; 95%Cl 1.18-2.24; p=0.003), particularly in HF patients with DM (RR: 1.44; 95%Cl
0.97-2.13; p=0.07) and in the non-DM subgroup (RR: 1.87; 95%Cl 1.34-2.61; p=0.0002).

Conclusion MRAs are effective in reducing all-cause mortality, cardiovascular death, and cardiovascular mortality

in heart failure patients. However, the use of MRAs is associated with an increased risk of hyperkalemia, necessitating
careful monitoring, particularly in patients with diabetes mellitus.
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Background

According to the European Society of Cardiology (ESC
2016), the most noticeable symptoms of heart failure
are shortness of breath, swollen ankles, and excessive
fatigue. In addition to a reduction in cardiac output and/
or higher intracardiac pressure at rest and under stress,
other symptoms, such as peripheral edema, pulmonary
crackles, and raised jugular venous pressure, may sug-
gest a structural or functional cardiac abnormality [1].
It is possible to diagnose heart failure when symptoms
start to show. Heart failure cannot be diagnosed without
first identifying an underlying cardiac condition. The sys-
tolic and/or diastolic ventricles often become dysfunc-
tional due to a cardiac abnormality, such as a myocardial
infarction. A variety of cardiac rhythm and conduction
disorders, as well as those affecting the pericardium and
endocardium, as well as the valves (stenosis and regurgi-
tation), may lead to heart failure [2].

Studies conducted in the USA have shown that
ischemic heart disease, hypertension, diabetes melli-
tus, advanced age (>65 years), and obesity are the pri-
mary risk factors for the development of HF [3]. Similar
risk variables were also found in studies from European
nations; however, smoking was included as a primary risk
factor for heart failure (HF) [4, 5]. Changes in glycemic
status are frequently linked to other cardiovascular risk
factors, including obesity, dyslipidemia, and hyperten-
sion. These variables are early risk factors for the onset
of HF and have been underlined in the revised definition
of HF [6]. T2DM alone may hasten the development of
extracellular matrix collagen deposition, coronary and
systemic atherosclerosis, vascular alterations, and auto-
nomic dysfunction [7, 8].

There are other ways that type 2 diabetes can impact
the structure and function of the heart, but the most
significant way is related to insulin resistance in muscle,
liver, and pancreatic cells. In these systems, the absence
of an insulin response results in decreased levels of
incretin from the gastrointestinal tract, increased renal
glucose absorption, faster lipolysis, systemic glucotoxic-
ity, and fatty acid lipotoxicity. Notably, cardiac damage
can result from a variety of changes, including endothe-
lial (increased RAA activity, vascular growth factors,
and decreased NO synthase), metabolic (lipogenesis
and gluconeogenesis), renal (increased Na and glucose
resorption), myocardial (sarcomeric stiffness and fibrosis
overexpression), and inflammatory disorders (increased
expression of interleukins facilitating thrombogenesis).
The various HF patterns and heart structural adaptations
may be explained by the predominance of each patho-
logical cause [8]. The prognosis for hospitalized diabe-
tes mellitus DM patients with HF is significantly worse,
with higher rates of post-discharge HF hospitalization
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and cardiovascular (CV) death [9]. According to a recent
subgroup analysis of the data, hospitalized HF patients
with DM had a greater likelihood of experiencing adverse
effects during conventional treatment than did patients
without DM [10]. As a result, managing concurrent HF
and DM remains difficult [11].

Patients with CVD can benefit greatly from the use
of mineralocorticoid receptor antagonists (MRAs) as a
treatment [12]. MRA therapy has been shown to reduce
morbidity and mortality in HF patients, and as a result,
MRAs are now a regular component of HF treatment [13,
14]. Treatment with MRAs is linked to better outcomes
in patients with DM, similar to what has been observed
in HF patients without DM [15]. It is imperative to
acknowledge the potential side effects of hyperkalemia,
gynecomastia, irregular menstruation, and acute renal
injury [16]. However, how MRAs affect glycemic regu-
lation is unclear. While spironolactone has been linked
to significant increases in HbAlc levels and worsening
glycemic control in some studies [17, 18], a study found
that spironolactone may benefit patients with nonal-
coholic fatty liver disease in terms of serum insulin and
homeostatic model assessment for insulin resistance
(HOMA-IR) [19]. The idea that MRAs—spironolactone
or eplerenone—did not significantly alter glucose levels is
supported by a few studies [20-22]. Moreover, spironol-
actone increased HbA1lc in individuals with DM and HF,
while eplerenone did not, according to the findings of a
small direct comparison experiment [23]. It is necessary
to gain further insight into the safety and effectiveness of
MRAs in patients with DM and HF. No meta-analysis has
been performed to date on the association between MRA
treatment and patient outcomes. Consequently, it is logi-
cal to conduct a systematic review to evaluate the safety
and effectiveness of MRA treatment in patients who both
have DM and HF [11].

Methods
Consistent with the PRISMA guidelines, this systematic
review gathered and analyzed relevant studies [24].

Eligibility criteria

In this systematic review, studies meeting specific inclu-
sion and exclusion criteria were considered for analysis.
The included studies were required to compare the effi-
cacy and safety of mineralocorticoid receptor antagonists
against placebo in heart failure patients with and with-
out diabetes mellitus. Additionally, eligible studies were
expected to report outcome measures such as (1) efficacy
(all-cause mortality, CV mortality, and all mortality/CV
hospitalization), (2) safety (hyperkalemia>5.5 mEq/L),
and (3) randomized controlled trial (RCT) study designs;
additionally, (4) written in English was used. Conversely,
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studies not comparing MRA against placebo or those
lacking relevant outcome measures were excluded from
consideration. Furthermore, nonhuman studies were also
excluded from the analysis to ensure the relevance and
applicability of the findings to the target population of
HF patients.

Search strategy and selection of studies

From April 2024 onward, relevant subjects were iden-
tified by searching many other databases, including
PubMed, ScienceDirect, and Google Scholar. The for-
mula search used Boolean “AND” or “OR” with “MRA;
“T2DM; “heart failure, “diabetes mellitus,” “diabetes,’
“canrenone,” “spironolactone,” “hyperkalemia,” “aldoster-
one,” “placebo,” and “eplerenone” Furthermore, to find
more relevant and comparable research, we examined the

references included in the identified papers.

Data extraction

Upon selection of relevant studies, the extraction of per-
tinent data was meticulously carried out by designated
investigators (A.S.A. and J.S.W.) utilizing a predefined
data extraction form. The extracted data encompassed
various aspects, including study characteristics such as
author year, study design, study periods, location, popu-
lation (MRAs and placebo), mean age+SD, NYHA func-
tion class, EF (%), and eGFR (mL/min per 1.73 m?). To
maintain the integrity and precision of the data extrac-
tion process, a thorough cross-checking procedure
was implemented. Another investigator independently
reviewed the extracted data to verify its accuracy and
completeness, thereby mitigating the risk of errors or
omissions. This stringent validation process ensured the
reliability and robustness of the extracted data for subse-
quent analysis.

Quality assessment

We conducted an exhaustive evaluation of potential
bias using the Cochrane Risk of Bias (RoB) Tool, which
includes a seven-step method for assessing bias as rec-
ommended by the Cochrane Collaboration [25]. Criti-
cal components such as participant blinding, allocation
concealment, randomization procedures, insufficient
outcome data, selective reporting, and other types of bias
were investigated in depth to ascertain the possibility
of bias in the studies. ].S.W. and A.S.A. were the quality
assessors. All parties involved in this evaluation are com-
mitted to working together to resolve any disputes that
may emerge.

Outcome measure
The analysis considered several outcome measures,
encompassing efficacy and safety. Efficacy was evaluated
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in terms of all-cause mortality, death from CV, and CV
mortality from hospitalization for HF, while safety end-
points included hyperkalemia > 5.5 mEq/L.

Data synthesis and statistical analysis

Pooled risk ratios (RRs) and 95% ClIs for each outcome
measure were calculated in this research via a meta-anal-
ysis. Using the I” statistic, we reviewed the included stud-
ies for heterogeneity. It is possible to perform subgroup
analysis by taking into account whether heart failure
patients have diabetes mellitus. Furthermore, to assess
how resilient the findings are, sensitivity analysis will be
carried out. A significance level of p<0.05 was estab-
lished. Review Manager 5.4 was used to perform the sta-
tistical analyses [26].

Results

Study selection process and quality assessment

The search yielded 5164 records from Google Scholar
(n = 2235), PubMed (n = 1690), and ScienceDirect (n =
1239), with 316 duplicates removed. After screening titles
and abstracts, 5100 records were excluded, including
book chapters (n = 399), guidelines (n = 350), study pro-
tocols (n = 66), editorials (# = 95), observational stud-
ies (n = 1630), reviews (n = 1607), and case reports (n
= 953). Among the 64 reports sought for retrieval, two
could not be retrieved. Full-text screening of the remain-
ing 62 reports resulted in the exclusion of 25 due to inac-
cessibility, 12 involving eplerenone or other non-MRA
drugs, and 20 for irrelevance. Ultimately, five new studies
were included in the review, bringing the total number of
included studies to 10. A PRISMA flowchart summariz-
ing the study selection process is provided in Fig. 1.

Study characteristics

The association between HF with or without DM and our
outcomes of interest was examined in this meta-analysis,
which was drawn from ten studies including 21,832 indi-
viduals (Table 1). There were a total of five studies from
multiple sites (n=5); the next most common regions
were Europe (n=3), the US (n=1), and Asia (n=1). The
length of the follow-up ranged from 6 to 48 months.

Risk of bias

The ten included studies were classified as having a dif-
ferent risk of bias according to the method used (Table 2).
All studies were assessed by RoB, and all of the studies
were classified as having a low risk of bias, which indi-
cates that the studies included are of high quality. Based
on the results of the Cochrane risk of bias review, all of
the included studies were considered to have low bias
quality (Fig. 2). There was a substantial likelihood of per-
formance bias in all of the investigations [28, 30-32, 34,
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Fig. 1 PRISMA flow diagram of the study selection process

35, 37-40]. Nevertheless, it should be mentioned that
every single study was classified as having an uncer-
tain bias, especially in the area of detection bias, which
is caused by variables that impact the evaluation of the
results that cannot be explained. We need to find bias
in each result. Figure 3 shows that there was a mini-
mal probability of bias (=41%) since the funnel plots
for mortality from CV outcomes were symmetrical
The findings of the included studies were found to vary,
with funnel plots for all-cause mortality, CV mortality

following hospitalization for HF, and hyperkalemia dis-
playing asymmetry (> =52%, I?=77%, and I*=79%).

Efficacy and safety of mineralocorticoid receptor
antagonists vs placebo

All-cause mortality

In Fig. 4, a total of eight studies represented the total
number of participants in each treatment group across all
the included studies. There were 4532 participants in the
studies treated with MRAs and 4552 participants treated
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Fig. 2 Risk of bias summary and graph

with placebo. Our pooled analysis confirmed a significant
difference between the MRA and placebo groups, with a
pooled RR of 0.85 (95% CI 0.75-0.96, P=0.009; I2=52%).
The MRA group exhibited a significantly lower rate of
all-cause mortality in HF with DM participants (RR 0.87;
95% CI [0.69-1.11]; P=0.27; ?’=69%) and an insignifi-
cantly lower RR in HF without DM participants (RR 0.83;
95% CI [0.71-0.97]; P=0.02; 2=47%) (Table 3).

Death from CV

Six studies examined the risk ratio of cardiovascular
death in heart failure patients with and without diabetes
mellitus to that of patients receiving placebo or MRAs;
the findings are shown in Fig. 5. After combining all of the
data, we found that MRA treatment significantly lowered

the risk of death from CV causes in HF patients without
“DM” (RR 0.90, 95% CI 0.81-1.01, P=0.08, I*=25%) but
only marginally in HF patients with “DM” (RR 0.88, 95%
CI0.82-0.94, P=0.0002, I*=41%). The risk of death from
cardiovascular causes was significantly lower in the group
that received MRAs than in the placebo group (RR=0.86,
95% CI 0.79-0.94; P=0.0009, I*=55%).

CV mortality from HF hospitalization

Relative to the placebo, MRAs were linked to a reduced
risk of death from HF hospitalization in both DM and
non-DM patients, as shown in Fig. 6, which summa-
rizes the findings of five studies. With a pooled RR of
0.82 (95% CI 0.72-0.94, P=0.005, ’=77%), the MRA
group was shown to have a significantly lower risk
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Fig. 3 Funnel plot of publication bias for A all-cause mortality, B death from CV, C CV mortality from hospitalization for HF, and D hyperkalemia

(>5,5 mEg/L)

ratio than the placebo group. For heart failure patients
with diabetes mellitus (RR=0.79, 95% CI=0.63-0.98,
P=0.03, >=70%), compared with placebo, MRAs sig-
nificantly decreased the risk of diabetes mellitus. How-
ever, for heart failure patients without diabetes mellitus
(RR=0.85, 95% CI=0.69-1.05; P=0.13, I>=87%), the
reduction in risk was not statistically significant.

Safety of mineralocorticoid receptor antagonists vs
placebo

Hyperkalemia (> 5.5 mEq/l)

Hyperkalemia risk ratios in heart failure patients with
and without diabetes mellitus, as well as those receiving
placebo or MRAs, were evaluated in five studies (Fig. 7).
We found that the combined analysis showed that the
risk was “1.63 (95% CI 1.18-2.24, P=0.003, I*=79%)”
greater in the placebo group than in the MRA group.
Patients with diabetes and heart failure who take a pla-
cebo are at an increased risk of hyperkalemia (RR 1.44,

95% CI 0.97-2.13; P=0.07, ’=80%). If heart failure
patients without diabetes were to receive a placebo, the
risk of hyperkalemia would be much greater (RR 1.87,
95% CI 1.34-2.61; P=0.0002, I*=22%).

Discussion

In patients with DM, heart failure presents unique chal-
lenges due to the systemic effects of hyperglycemia and
insulin resistance. Diabetic cardiomyopathy, a condition
where heart muscle damage occurs independently of cor-
onary artery disease or hypertension, plays a significant
role in these challenges [41]. This condition is driven by
several mechanisms. Chronic hyperglycemia leads to the
formation of advanced glycation end-products (AGEs),
which impair cardiac function by increasing myocar-
dial stiffness and promoting fibrosis [42]. Additionally,
diabetes is associated with chronic inflammation, exac-
erbating endothelial dysfunction and promoting athero-
sclerosis, both of which further impair heart function
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MRAs Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

1.1.1 HF with DM

Ferreira 2021 198 1335 68 512 13.3% 1.12[0.86,1.44] ™

O'Keefe 2007 153 749 175 734 17.7% 0.86 [0.71,1.04] -

Yadugana than 2014 101 444 98 306 145% 0.71[0.56, 0.90] 5

Subtotal (95% CI) 2528 1552 45.5% 0.87 [0.69, 1.11] &

Total events 452 3

Heterogeneity: Tau®= 0.03; Chi*= 6.54, df= 2 (P = 0.04); F= 69%

Test for overall effect: Z=1.11 (P =0.27)

1.1.2 HF without DM

Bocanneli 2009 6 215 12 223 1.6% 0.52[0.20, 1.36) —

Pitt 1999 284 822 386 841 24.0% 0.75[0.67,0.85) =

Pitt 2003 478 3319 554 3313 24.6% 0.86[0.77,0.96] -

Tsusui 2017 17 111 10 110 2.6% 1.68[0.81, 3.51] S

Vizzardi 2014 8 B5 8 B5 1.7% 1.00[0.40, 2.50] S —

Subtotal (95% CI) 4532 4552 54.5% 0.83 [0.71,0.97] ¢

Total events 793 970

Heterogeneity; Tau®= 0.01; Chi*= 7.49, df= 4 (P=0.11); F= 47%

Test for overall effect. Z=2.31 (P=0.02)

Total (95% CI) 7060 6104 100.0% 0.85 [0.75, 0.96] ¢

Total events 1245 1311

Heterogeneity: Tau?= 0.01; Chi*=14.70, df= 7 (P = 0.04); = 52% :0 0 051 150 100:

Test for overall effect: Z= 2.60 (P = 0.009) ’ Favéurs [MRAs] Favours [Placebo]

Testfor subaroup differences: Chi*=0.14, df=1 (P=0.71), F= 0%

Fig. 4 Forest plot of all-cause mortality in patients treated with MRAs vs placebo
Table 3 Summary of results
End point DM M:P N-DM M:P p-value EF categories
RR (95% ClI) RR (95% CI)
HFmrEF M:P RR (95% Cl) HFrEF M:P RR (95% Cl) p-value

Efficacy
All-cause mortallity 0.87 (0.69-1.11) 0.83 (0.71-0.97) 0.009" 0.87 (0.73-1.04) 0.84 (0.70-1.02) 0.009"
Death from CV 0.90 (0.81-1.01) 0.86 (0.79-0.94) 0.0002 " 0.95 (0.83-1.08) 0.73(0.43-1.25) 0.19
CV mortallity from HF 0.79 (0.63-0.98) 0.85 (0.69-1.05) 0.005" 0.78 (0.62-0.97) 0.58 (0.20-1.69) 0.02"
hospitalization
Safety
Hyperkalemia 144 (0.97-2.13) 1.87 (1.34-2.61) 0.003" 143 (1.01-2.01) 2.05(1.26-3.36) 0.003"

Cl, Confidence interval; HFmrEF, Heart failure with mildly reduced ejection fraction; HFrEF, Heart failure with reduced ejection fraction; M: MRAs, Steroidal
mineralocorticoid receptor antagonist; P, Placebo; DM, Diabetes mellitus: N-DM, Non-diabetes mellitus; and RR, Risk ratio

*indicating statistical significance

[43]. Autonomic dysfunction is another complication
often seen in diabetic patients, where impaired regula-
tion of the sympathetic and parasympathetic nervous
systems leads to inadequate control of heart rate and vas-
cular tone, contributing to heart failure progression [44].
Furthermore, microvascular complications, including
capillary rarefaction and diabetic microvascular disease,
reduce the heart’s ability to receive sufficient oxygen and
nutrients, compounding the damage [45].

Steroidal MRAs, such as spironolactone and
eplerenone, significantly decreased the risk of death from
any cause, cardiovascular death, and cardiovascular mor-
tality in patients hospitalized with HF in both the HF
with DM and non-DM (N-DM) groups. A total of 15,272

participants were drawn from 10 randomized controlled
trials. There was no difference in efficacy between 25
mg of spironolactone and 25 mg of MRA eplerenone.
Research has shown that MRAs are effective, much
more so than our meta-analysis. According to one study,
individuals with chronic heart failure had reduced left
ventricular systolic performance and cardiovascular mor-
tality due to the use of eplerenone instead of spironolac-
tone [46]. However, another RESEARCH study showed
that both eplerenone and spironolactone reduced car-
diovascular mortality and hospitalization in heart failure
patients [47]; thus, spironolactone may have little advan-
tage in certain measures. When comparing spironolac-
tone with eplerenone in a cohort study from 2023, Larson



Adji et al. The Egyptian Heart Journal

(2024) 76:150

Placebo
Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio

Risk Ratio
M-H, Fixed, 95% CI

MRAs

Study or Subgroup Events

1.2.1 HF with DM

Ferreira 2021 151 1355
O'Keefe 2007 268 749
Vadugana than 2014 78 444
Subtotal (95% CI) 2548
Total events 497

51
300
66

417

512
734
306
1552

Heterogeneity: Chi*= 2.65, df=2 (P=0.27); F= 25%

Test for overall effect: Z=1.76 (P = 0.08)

1.2.2 HF without DM
Bocanneli 2009

Pitt 2003

Pitt 2014

Vadugana than 2014
Zannad 2011
Subtotal (95% CI)
Total events

17
407
160
143
147

874

216
3319
1722

801
1364
7422

34
483
176

69
185

947

225
3313
1723

447
1373
7081

Heterogeneity: Chi®= 8.94, df=4 (P = 0.06); F= 55%
Test for overall effect: Z= 3.31 (P = 0.0009)

Total (95% CI)
Total events 1

371

9970

1364

8633

Heterogeneity: Chi*=11.80,df=7 (P=0.11); F= 41%
Test for overall effect: Z= 3.75 (P = 0.0002)

Test for subaroup differences: Chi*=0.41, df=1 {P=052), F=0%

5.2%
21.3%
5.5%
32.0%

2.3%
34.0%
12.4%

6.2%
13.0%
68.0%

100.0%

1.12[0.83,1.51]
0.88[0.77,1.00]
0.81[0.61,1.09]
0.90 [0.81, 1.01]

0.52 [0.30, 0.90]
0.84 [0.74, 0.95]
0.91 [0.74,1.11]
1.16 [0.89, 1.50]
0.80 [0.65, 0.98]
0.86 [0.79, 0.94]

0.88 [0.82, 0.94]

9*#1

.+,+-’

0.05

Fig. 5 Forest plot of mortality from CVD for patients treated with MRAs vs placebo

MRAs

Study or Subgroup Eve

nts

Placebo
Total Events Total Weight M-H, Random, 95% CI

Risk Ratio

0.2 5
Favours [MRAs] Favours [Placebo]

Risk Ratio
M-H, Random, 95% CI

1.3.1 HF with DM

Bocanneli 2009 5
Eschalier 2013 99
Ferreira 2021 330
Vadugana than 2014 182
Subtotal (95% CI)

Total events 616

Heterogeneity: Tau*= 0.03; Chi*=10.04, df=3 (P=0.02); F=70%
Test for overall effect: Z=2.12 (P = 0.03)

1.3.2 HF without DM

Pitt 2003 885
Vadugana than 2014 280
Zannad 2011 170
Subtotal (95% ClI)

Total events 1345

Heterogeneity: Tau®= 0.03; Chi*= 14.91, df= 2 (P = 0.0008); F= 87%
Test for overall efiect Z=1.52 (P = 0.13)

Total (95% CI)
Total events

et al. discovered no statistically significant differences in
clinical outcomes; however, they did find disparities in
medication adherence and dosage [48]. Furthermore, a
network meta-analysis of RCTs and MRAs indicated that
they successfully decreased cardiovascular and all-cause

1961
Heterogeneity: Tau®= 0.02; Chi*= 26.12, df= 6 (P = 0.0002); F=77%
Test for overall effect. Z=2.82 (P = 0.005)

Testfor subaroup differences: Chi*=0.22, df=1 (P =0.64), F=0%

Fig. 6 Forest plot of mortality due to HF hospitalization in patients treated with MRAs vs placebo

215
459
1355
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2473
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5484

7957

9
4
132
147

429

993
157
262

1412

1841

mortality in patients with heart failure [49].

223
400
512
306
1441

3313

447
1373
5133

1.5%
13.8%
15.8%
16.5%
47.6%

20.0%
16.7%
15.7%
52.4%

6574 100.0%

0.58 [0.20, 1.68]
0.61 (0.4, 0.76]
0.94[0.79,1.12]
0.85[0.73,1.00]
0.79 [0.63, 0.98]

0.89 [0.82, 0.96]
1.03[0.88, 1.20]
0.65 [0.55, 0.78]
0.85 [0.69, 1.05]

0.82[0.72, 0.94]

®y

0.01

The effects of spironolactone and eplerenone on all-
cause mortality in HF patients with DM and N-DM
have been extensively studied. Both MRAs significantly
reduce all-cause mortality in HF patients, regardless
of diabetes status. Naser et al. showed that eplerenone
reduces cardiovascular mortality and improves left

0.1 10
Favours [MRAs] Favours [Placebo]
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MRAs Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

1.4.1 HF with DM

Eschalier 2013 80 447 41 387 189% 1.69[1.19, 2.40] -

Ferreira 2021 650 1355 227 512 23.8% 1.08[0.87,1.21] o

O'Keefe 2007 42 749 22 734 151% 1.87[1.13,3.10] -

Subtotal (95% CI) 2551 1633 57.9% 1.44[0.97,2.13] &

Total events 772 290

Heterogeneity: Tau®= 0.09; Chi*= 9.76, df= 2 (P = 0.008); F= 80%

Test for overall effect: Z=1.80 (P = 0.07)

1.4.2 HF without DM

Bocanneli 2009 23 ki 8 31 125% 2.88[1.53,5.41] =

Pitt 1999 14 822 10 841 95% 1.43[0.64,3.21] T

Pitt 2003 113 3307 66 3301 202% 1.71[1.27,2.31] 3

Subtotal (95% CI) 4160 4173 421% 1.87 [1.34, 2.61] 0

Total events 150 a4

Heterogeneity: Tau®= 0.02; Chi*= 2.55, df=2 (P = 0.28), F= 22%

Test for overall effect: Z= 3.72 (P = 0.0002)

Total (95% ClI) 6711 5806 100.0% 1.63[1.18, 2.24]) ®

Total events 922 374

Heterogeneity: Tau®=0.11; Chi*= 23.72, df= 5 (P = 0.0002); F= 79% "D 01 051 150 1DD=

Test for overall effect: Z= 3.00 (P = 0.003)

Test for subdgroup differences: Chi*=1.01, df=1 {P=032), F=0.9%

Fig. 7 Forest plot of MRAs vs placebo for hyperkalemia

ventricular function more effectively than spironolactone
in some cases [46]. Steroidal MRAs, such as spironolac-
tone and canrenone, play crucial roles in the treatment
of HF patients with and without DM. Spironolactone
is metabolized in the liver to its active metabolite can-
renone, which has a longer half-life and contributes to
its prolonged therapeutic effects. Studies indicate that
the effectiveness of spironolactone in reducing all-cause
mortality in HF patients is significant, but its benefits
may vary between diabetic and non-diabetic patients
due to differences in metabolism and drug response [47,
50]. In HF patients with diabetes, the pharmacokinetics
of MRAs can be affected by altered renal function, which
may necessitate dose adjustments to avoid hyperkalemia
and other adverse effects. Studies suggest that while both
spironolactone and eplerenone are effective, their safety
profile is crucial for determining the appropriate treat-
ment for diabetic patients [51, 52]. Overall, the thera-
peutic effectiveness of spironolactone and canrenone in
reducing all-cause mortality in HF patients with DM/N-
DM is supported by their ability to reduce cardiovascular
mortality and improve heart function, although careful
monitoring and dose adjustments are essential to manage
potential side effects in diabetic patients [49, 53].
Preventing CV death or mortality in HF patients with
DM or N-DM using MRAs such as spironolactone and
eplerenone has been the focus of several studies. These
studies highlighted that both MRAs significantly reduce
the risk of CV mortality and hospitalization due to HF.
For instance, a RESEARCH trial confirmed that both
spironolactone and eplerenone are effective at reducing

Favours [MRAs] Favours [Placebo]

all-cause and cardiovascular mortality in HF patients
[47]. Another study revealed that, compared with
spironolactone, eplerenone significantly improved left
ventricular function and reduced cardiovascular mor-
tality [46]. Moreover, a nationwide cohort study dem-
onstrated that both spironolactone and eplerenone had
comparable outcomes in reducing all-cause death and
hospitalization in patients with HF, although eplerenone
was associated with a slightly better adherence rate [48].
Additionally, studies have shown that MRAs effectively
reduce mortality and hospitalization in HF patients
with diabetic kidney disease when combined with ACE
inhibitors or ARBs [54]. The effectiveness of eplerenone
in preventing CV death and improving systolic function
has also been documented in a randomized controlled
trial [52]. Furthermore, comparative studies highlight
that eplerenone might have a better safety profile con-
cerning glucose homeostasis than spironolactone [23].
Overall, these findings underscore the importance of
MRAs in managing HF and reducing CV mortality, with
both spironolactone and eplerenone showing substantial
benefits.

Hyperkalemia in HF patients with DM or N-DM due
to the use of MRAs, specifically spironolactone and
eplerenone, has been a significant concern in clinical
practice. Studies have shown that these MRAs, while
beneficial for reducing cardiovascular mortality and
hospitalization, increase the risk of hyperkalemia, par-
ticularly in patients with renal dysfunction or those also
receiving other renin—angiotensin system inhibitors. For
instance, a meta-analysis revealed that hyperkalemia was
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more frequent in patients treated with MRAs than in
patients treated with a placebo [55]. Another study high-
lighted that spironolactone significantly increased serum
potassium levels in HF patients, with higher incidences
of severe hyperkalemia than eplerenone [51]. Addi-
tionally, a systematic review revealed that both MRAs
increase the risk of hyperkalemia, necessitating care-
ful monitoring, especially in patients with chronic kid-
ney disease (CKD) and DM [56]. Another meta-analysis
confirmed that MRAs were associated with a higher risk
of hyperkalemia but also demonstrated significant car-
diovascular benefits [47]. Furthermore, studies such as
those by Memon and Igbal (2022) emphasized that newer
non-steroidal MRAs such as finerenone might offer
similar benefits with a decreased risk of hyperkalemia
[57]. Additionally, long-term studies on spironolactone
in patients with HF and CKD highlighted the need for
stringent monitoring to manage the risks associated with
hyperkalemia [58]. Finally, the importance of patient-
specific risk factors such as baseline potassium levels
and renal function in predicting hyperkalemia has been
underscored in clinical practice [59]. While MRAs have
demonstrated efficacy in reducing mortality and cardio-
vascular events in heart failure patients, their safety pro-
file in diabetic patients with additional risk factors, such
as renal impairment, remains a concern. This has led to
the exploration of alternative therapies, including non-
steroidal MRAs (nsMRAs) like finerenone, which offer a
kidney-protective effect and a lower risk of hyperkalemia
[60]. In particular, finerenone has been shown to reduce
urinary albumin-to-creatinine ratio (WACR) and lower
the incidence of adverse outcomes such as heart fail-
ure hospitalizations, stroke, and kidney failure [60, 61].
Therefore, in heart failure patients with diabetes and con-
current CKD, nsMRAs provide a promising alternative to
traditional MRAs, offering both cardiovascular and renal
protection while minimizing the risk of hyperkalemia.
This highlights the need for further research and individ-
ualized treatment strategies in this population to address
these gaps in care.

In general, the use of spironolactone and eplerenone in
HF patients with and without DM has been extensively
studied. Spironolactone, though effective in treating
heart failure, is associated with endocrine-related side
effects such as gynecomastia and menstrual irregulari-
ties, due to its interaction with androgen and progester-
one receptors. Eplerenone, being more selective, causes
fewer of these side effects, but both drugs carry a risk of
hyperkalemia, which can become severe without proper
monitoring [62, 63]. Hyperkalemia remains a major con-
cern with both spironolactone and eplerenone, necessi-
tating regular monitoring of serum potassium levels to
avoid severe complications [64]. Future advancements
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may include optimizing dosing regimens and the devel-
opment of more selective MRAs, such as finerenone,
which could lower the risk of hyperkalemia while pre-
serving efficacy, particularly in patients with heart fail-
ure and renal impairment. These studies also revealed
that MRAs are effective at reducing all-cause mortality,
CV death, and CV mortality from hospitalization for
HE. However, these studies reported that using MRAs
can increase the risk of hyperkalemia in both groups;
similarly, Desai et al. reported that the use of MRAs also
increases the risk of hyperkalemia, especially in patients
with compromised renal function or those concur-
rently taking other renin—angiotensin system inhibitors
[59]. Therefore, dose adjustments of MRAs are essen-
tial for HF patients with DM/N-DM, especially for HF
patients with DM, to prevent side effects from treatment.
These findings underscore the dual benefit and risk of
MRA therapy in HF patients with and without diabetes,
emphasizing the importance of personalized treatment
and monitoring strategies to maximize therapeutic out-
comes while minimizing adverse effects.

Conclusions

The study findings indicate that MRAs significantly
reduce the risk of all-cause mortality, death from cardio-
vascular causes, and cardiovascular mortality from heart
failure hospitalization in both diabetic and non-diabetic
heart failure patients. However, compared to placebo,
MRAs significantly increased the risk of hyperkalemia in
heart failure patients with and without diabetes. Addi-
tionally, the risk of hyperkalemia was notably higher in
these patient subgroups when treated with MRAs. Over-
all, MRAs provide substantial benefits in mortality reduc-
tion but require careful monitoring for hyperkalemia risk
in diabetic and non-diabetic heart failure patients.
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