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Abstract

Background: Heart failure with preserved ejection fraction (HFpEF)
accounts for ~50% of HF cases and carries an annual mortality of ~15%.
Unlike in HFrEF, where mineralocorticoid receptor antagonists (MRAs)
substantially reduce morbidity and mortality, no HFpEF therapy has
yet shown a clear survival benefit. The role of MRAs (spironolactone,
eplerenone, finerenone) in HFpEF remains uncertain.

Objectives: To evaluate whether MRA therapy reduces mortality in
HFpEF and to assess effects on surrogate measures (diastolic function,
blood pressure).

Methods: We systematically reviewed RCTs comparing MRAs to control
in HFpEF patients (EF>50%) and performed random-effects meta-analysis.
Primary outcomes were pooled all-cause and cardiovascular mortality;
secondary outcomes included echocardiographic parameters (E/e’, LAVI)
and systolic blood pressure (SBP). Adverse events (hyperkalemia) were
summarized.

Results: We included ten trials. Pooling across trials, MRAs did not
significantly alter all-cause mortality or cardiovascular mortality (pooled
risk ratios =1.00, p>0.05). By contrast, MRAs significantly improved
diastolic function and hemodynamics: the E/e’ ratio was reduced (SMD
~—0.22, p=0.0008), and SBP was modestly lower (SMD ~—0.33, p=0.02)
than controls, whereas left atrial volume (LAVI) was unchanged.
Hospitalizations for HF trended lower with MRAs. MRAs increased the
risk, consistent with prior reports.

Conclusions: In HFpEF, MRA therapy yielded improvements in diastolic
filling and blood pressure but no significant survival advantage. Our
findings align with earlier meta-analyses showing mortality-neutral effects
in HFpEF. Clinicians should balance modest functional benefits against
risks (e.g., hyperkalemia) when considering MRAs in HFpEF. These
results underscore the need for larger, phenotype-driven trials to identify
HFpEF subgroups (e.g., those with high fibrosis burden or concomitant
CKD) that might derive long-term benefit.

Introduction

Heart failure with preserved ejection fraction (HFpEF) has emerged as
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a common and challenging subtype of heart failure, accounting for roughly
half of all HF cases [1,2]. HFpEF predominantly affects older adults with
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hypertension, obesity, diabetes, and other comorbidities, and
its incidence is projected to rise further as populations age
[3,4]. Patients with HFpEF experience substantial morbidity
and frequent hospitalizations, and community studies suggest
that long-term mortality rates are comparable to those in
heart failure with reduced EF (HFrEF) [5, 6]. Despite this
burden, effective therapies to improve survival in HFpEF
have proven elusive, making HFpEF a critical unmet need
in cardiovascular care [7]. Consensus definitions now
generally classify HFpEF as symptomatic heart failure with
a left ventricular ejection fraction (LVEF) >50%, whereas
LVEF 41-49% is termed mildly reduced (HFmrEF) and
<40% reduced (HFrEF) [8]. However, trials and guidelines
have historically used heterogeneous criteria (e.g., LVEF
>45% or >50%), complicating comparisons of study results.
Moreover, HFpEF is a heterogeneous syndrome with
varied underlying pathophysiology. A hallmark is diastolic
dysfunction and stiff ventricles, but systemic factors such
as hypertension, endothelial dysfunction, renal impairment,
and metabolic inflammation all contribute. These factors
lead to neurohormonal activation, particularly of the renin—
angiotensin—aldosterone  system (RAAS). Aldosterone
excess promotes renal sodium retention, potassium loss,
endothelial dysfunction, and maladaptive myocardial fibrosis
and hypertrophy [9]. Mineralocorticoid receptor (MR)
overactivation thus drives key adverse processes in HFpEF
as well as HFTEF, suggesting a potential therapeutic role
for MR antagonism. Steroidal mineralocorticoid receptor
antagonists (MRASs) such as spironolactone and eplerenone
have been shown in landmark trials to significantly reduce
morbidity and mortality in HFrEF and post-myocardial
infarction heart failure [10]. For example, the RALES and
EPHESUS trials demonstrated large reductions in total and
cardiovascular mortality with spironolactone and eplerenone,
respectively, in patients with HFrEF [11]. As a result, MRAs
are guideline-recommended (Class I) in HFrEF and post-MI
HF. By contrast, evidence for MRAs in HFpEF has been
far less definitive. Several randomized trials have evaluated
MRAs in HFpEF or diastolic dysfunction. The Aldo-DHF
trial (2013) tested spironolactone 25 mg daily versus placebo
in 422 symptomatic HFpEF patients (LVEF >50%) over
12 months. Spironolactone improved echocardiographic
indices of diastolic function (lowered E/e’) but had no effect
on maximal exercise capacity, symptoms, or quality of life
[12]. Hospitalizations were not reduced. More recently,
the TOPCAT trial (2014) enrolled 3445 patients with
symptomatic HF and LVEF >45% and randomized them to
spironolactone versus placebo for a median of 3.3 years [13-
18]. The primary outcome (composite of CV death, aborted
cardiac arrest, or heart-failure hospitalization) occurred in
18.6% of the spironolactone group versus 20.4% of placebo
(hazard ratio 0.89, 95% CI 0.77-1.04; P=0.14), a non-
significant trend towards benefit [19-23]. Only heart-failure

Volume 10 « Issue 5 | 299

hospitalizations were modestly reduced (HR 0.83, 95%
CI 0.69-0.99), whereas total mortality and cardiovascular
mortality were not significantly different between groups [24-
27]. Notably, substantial geographic differences in TOPCAT
(e.g., lower event rates in Russia/Georgia) have fueled debate
about generalizability. Other smaller RCTs have similarly
failed to show robust mortality or symptomatic benefit of
spironolactone or eplerenone in HFpEF cohorts. In summary,
large trials in HFpEF have shown improved diastolic function
with MRAs but no clear effect on death or major composite
outcomes. The cumulative evidence from trials has been
synthesized in meta-analyses, but conclusions have been
mixed. A 2015 meta-analysis by Chen et al. (pooled data
from RCTs of MRAs in preserved-EF patients) found that
MRASs reduced heart-failure hospitalizations and improved
quality-of-life metrics, but did not confer any benefit on all-
cause mortality [28]. Likewise, a 2016 systematic review
(including TOPCAT and other trials) found that the overall
reduction in all-cause mortality seen with MRAs was
driven by HFrEF populations, with no mortality benefit in
the (scarce) HFpEF subgroup [29]. Recent meta-analyses
focusing on “diastolic” HF similarly report improvements in
surrogate outcomes (e.g., BNP levels, symptoms) with MR As,
but high heterogeneity and no definitive survival gain. Thus,
despite multiple analyses, the impact of MRAs on the hard
outcomes of all-cause and cardiovascular mortality in HFpEF
remains uncertain. The lack of a clear mortality benefit may
reflect several issues. Definitions of HFpEF vary (some
trials included “mid-range” EF), and enrolled populations
differ in age, comorbidity, and background therapy. Follow-
up durations in HFpEF trials may be insufficient to detect
mortality differences. Furthermore, many HFpEF patients
die of noncardiovascular causes, diluting any signal for CV
benefit. Finally, concerns about hyperkalemia and renal
dysfunction may limit MRA dosing in practice. Notably, new
nonsteroidal MRAs have shown promise: the FINEARTS-HF
trial (2024) of finerenone in patients with EF >40% reported
a significant reduction in the composite of total heart-failure
events plus cardiovascular death (rate ratio 0.84, 95% CI
0.74-0.95; P=0.007), though cardiovascular mortality alone
was not significantly different [30]. This finding, along with
recent guidelines (e.g., FDA approval in 2025 and Japanese
HF guidelines Class Ila), suggests renewed interest in
MRAs for HFpEF [31,32]. However, even this trial did not
demonstrate clear CV mortality reduction, underscoring the
persisting knowledge gap. Given this context, a rigorous
synthesis of existing RCT data is needed to clarify whether
MRAs truly improve survival in HFpEF. Prior reviews
have mostly focused on intermediate endpoints or pooled
mixed populations; no consensus has emerged on mortality
outcomes. We therefore undertook a systematic review
and meta-analysis of randomized trials comparing MRAs
(spironolactone, eplerenone, or finerenone) with placebo or
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usual therapy in HFpEF patients. Our primary interest is in
mortality: specifically, all-cause mortality and cardiovascular
mortality. Secondary considerations include assessment of
trial heterogeneity (e.g., EF thresholds, comorbidities) and
gaps in the evidence. This review aims to provide definitive
pooled estimates of the effect of MRAs on survival in HFpEF
and to identify whether any mortality benefit exists.

Rationale: Heart failure with preserved ejection fraction
(HFpEF), defined as HF with left ventricular ejection fraction
(LVEF) >50%, is increasingly prevalent and accounts for
roughly half of all HF cases. Despite its high morbidity and
an annual mortality rate of ~15%, no therapy has definitively
improved survival in HFpEF. In contrast, in heart failure
with reduced EF (HFrEF), mineralocorticoid receptor
antagonists (MRAs) such as spironolactone and eplerenone
have halved mortality (e.g., the RALES and EPHESUS trials)
[33,34]. The TOPCAT trial of spironolactone in HFpEF did
not reduce deaths or overall hospitalizations [35]. Recent
analyses suggest MRAs may reduce HF hospitalizations even
in HFmrEF/HFpEF, but have not shown a clear mortality
benefit [36, 37]. In sum, the efficacy of MRAs for reducing
mortality in HFpEF remains uncertain, warranting a rigorous
systematic review and meta-analysis.

Table 1: PICO framework.

P | Adults with HFpEF (LVEF 250%)

Mineralocorticoid receptor antagonists (spironolactone,
eplerenone, finerenone)

C | Placebo or standard care (no MRA)

All-cause mortality (primary); cardiovascular mortality
(secondary)

Objectives: To systematically identify and synthesize
evidence on whether treatment with MRAs reduces all-cause
and cardiovascular mortality in adults with HFpEF.

Methodology

This protocol follows established systematic review
methodology and reporting guidelines [38]. The review
will be conducted in accordance with the PRISMA 2020
statement.

Study design

We performed a systematic review and meta-analysis of
all eligible studies. Our approach is informed by Cochrane
methods and prior reviews. We designed and documented a
detailed protocol (and registered it on PROSPERO) before
conducting the review.

Eligibility criteria
Eligible studies included randomized controlled trials

(RCTs) and observational cohort studies published in peer-
reviewed journals, in English, involving human subjects with
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HFpEF. HFpEF was defined as clinical HF with LVEF >50%.
The intervention group must receive an MRA (spironolactone,
eplerenone, or a nonsteroidal MRA such as finerenone)
on top of usual care. The comparator must be placebo or
standard care without an MRA. We excluded studies of acute
HF, HFrEF (LVEF <40%), and those not reporting mortality
outcomes. From each study, two reviewers independently
extracted relevant data (study design, patient characteristics,
interventions, mortality outcomes) [39]. Discrepancies in
data extraction or interpretation were resolved by consensus.

Search strategy

We conducted a comprehensive search of multiple
databases from inception to the present: MEDLINE (via
PubMed), Embase, Cochrane CENTRAL, and ClinicalTrials.
gov. We will also screen references of included articles and
relevant reviews. The search will use controlled vocabulary
(MeSH terms) and text words for HFpEF and MRAs. For
example, MeSH terms like “Heart Failure, Diastolic” or “Heart
Failure” combined with “Spironolactone” OR “Eplerenone”
OR “Finerenone”’[40]. Boolean operators AND/OR combine
concepts. A sample PubMed search string might be: (“Heart
Failure, Diastolic” OR “heart failure preserved ejection’)
AND (“spironolactone” OR “eplerenone” OR “finerenone”
OR “mineralocorticoid antagonist”). We will apply filters for
human studies and article types where appropriate. Following
Cochrane guidance, we used both subject headings and free-
text terms to maximize sensitivity.

Selection process

Two reviewers independently screened all titles and
abstracts against the eligibility criteria. Articles deemed
potentially relevant were obtained in full text and assessed
by both reviewers for inclusion. A third reviewer adjudicated
any disagreements. This “dual review” process follows
best practices and recommendations to minimize bias [41].
We documented the study selection process in a PRISMA
flowchart.

Statistical Analysis (RevMan)

We extracted the number of events and total participants
for mortality outcomes in each arm. Meta-analysis will be
performed using Review Manager (RevMan 5.4, Cochrane
Collaboration). We anticipated between-study heterogeneity,
so we will use a random-effects model (DerSimonian-Laird)
[42]. Statistical heterogeneity will be assessed by Cochran’s
Q and quantified with the I? statistic. We considered I2
>50% as indicative of moderate-to-high heterogeneity. If
heterogeneity was substantial, we explored it via subgroup or
sensitivity analyses (e.g., by study design or duration). When
studies report continuous outcomes, we use mean differences
or standardized mean differences [43].
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Quality Assessment (ROB 2.0)

Two reviewers will independently assess risk of bias for
each RCT using the Cochrane Risk of Bias 2.0 tool [44]. This
tool evaluates domains including randomization, blinding,
incomplete outcome data, and selective reporting. Each
domain and overall bias will be rated as “low risk,” “some
concerns,” or “high risk”. Any disagreements will be resolved
by consensus. For observational studies (if included), we
will use an appropriate tool (e.g., Newcastle-Ottawa Scale)
to assess quality. The results of risk-of-bias assessment will
inform interpretation; we will present a summary in tables
and consider bias in sensitivity analyses. We will present the
findings in accordance with PRISMA guidelines. Because
the question focuses on mortality, we will emphasize clinical
endpoints, but adverse event rates (e.g., hyperkalemia) will
be noted descriptively.

Results
Study selection and screening

The initial search of the database yielded 1987 papers.
After the removal of duplicates and the application of the
inclusion criteria, a total of 45 studies were selected for
full-text analysis. Based on the methodological quality
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assessment and inclusion and exclusion criteria, a total
of 10 articles finally met the criteria to be included in this
systematic review. Figure 1 presents the detailed PRISMA
flowchart diagram of the selection process of the included
studies.

of new studies vi

and registers

Records removed belore screening:
Duplicate records (n = 631)
Records marked as ineligible by automation
tools (n = 438)

Riecords removed for other reasons (n =
316)

Records identified from
Databases (n = 1,987)

.

Identification

Records screened
in=602)

!

H

Records excluded
(n = 538)

2 Reporls sought for relrieval Reports nl retrieved
5 (n=64) (n=19)
l Reports excluded
| REDOHNSS?_S?S'D’ elghilty Irrelevant Outcomes (n = 15)
il Irrelevant Study Outcomes (n = 20)
E New studies included in review
g in=10)

Figure 1: PRISMA Flow diagram of included studies.

Table 2: Study Characteristics.

Sample Size

QOutcome

Study (Years) Country (MRA/Control) Population LVEF Intervention Measures Key Findings Side Effects Results
The primary
. .. composite outcome
P”n;fa(?;a?ﬁ ?:g;sne occurred in 18.6%
cardiovascular (Spironolactone) vs  Increased serum Did not
causes. aborted 20.4% (Placebo)  creatinine levels. significantly
Symptomatic heart cardiac ‘arrest or (HR 0.89; P = 0.14). Doubling of reduce the
failure (NYHA ) N Hospitalization for hyperkalemia primary
Spironolactone  hospitalization for ) o !
_ [I-1V), age 50, heart failure alone  rate (18.7% vs composite
. ) N=3445 ' (15t0 45 HF management. _— o :
TOPCAT (Pitt International . . controlled systolic : ) was significantly ~ 9.1% in placebo).  outcome. Post-
- . (Spironolactone: A o mg daily) or Secondary: .
etal, 2014)  (Americas, Russia, " BP. Entry criteria: 45% P lower in the Reduced hoc subgroup
. 1722 | Placebo: . placebo. Mean Hospitalization : ) .
[45] Georgia) previous HF spironolactone hypokalemia. analysis
1723) PR follow-up 3.3 for HF alone, o
hospitalization or cars otal deaths group (12.0% vs  Increased breast suggested
elevated natriuretic Y o 14.2%; HR 0.83; tenderness or benefit in the
) hospitalization _ : : .
peptide P =0.04). Neither gynecomastia Americas
for any reason, ) .
: total deaths nor leading to region and BNP
hyperkalemia, o . Y
hospitalizations discontinuation. stratum.
elevated serum for any reason
creatinine. were significantly
reduced.
Co-primary
endpoints: Changes  Diastolic function . Modestly
Ambulatory S : - increased serum Treatment
) . . in diastolic function significantly . .
patients with Spironolactone ) potassium levels.  improved LV
. at 12 months. improved o )
chronic NYHA 25 mg once Secondary: (decreased) with Decreased diastolic function
Aldo-DHF N=422 class Il or Il HF, daily or v ) estimated and remodeling
. . ’ ; . Changes in spironolactone. .
(Edelmann Germany and (Spironolactone:  echocardiographic o matching ) . . glomerular but did not
X ) ; ) 50% cardiac function/ Spironolactone N :
etal., 2013) Austria (10 sites) 213/ Placebo: evidence placebo. . ) filtration rate. affect maximal
h ) remodeling, induced reverse ) !
[46] 209) of diastolic Follow-up 12 . h Worsening renal exercise
. symptoms, quality remodeling (LV . ) .
dysfunction, and months (mean . ) function reported  capacity, patient
) . of life (SF-36, mass index .
maximal exercise 11.6 months). o in 36% of symptoms, or
) MLWHFQ), declined; P = . ) .
capacity ) . spironolactone vs  quality of life.
6-minute walking 0.009). o
. 21% of placebo.
distance.
Citation: Venkata Avinash Ugripelli, Hashim Mahmood, Aishwarya Arunkumar Kamble, Mehakdeep Singh Brar, Ayesha Syeda, Shumail Rana,

Asad Nadeem, FNU Sanjana, Imdad Ullah. Efficacy of Mineralocorticoid Receptor Antagonists in Reducing Mortality in Heart Failure with
Preserved Ejection Fraction (HFpEF)- A Systematic Review and Meta-Analysis. Cardiology and Cardiovascular Medicine.10 (2026):

298-309.


https://doi.org/10.1056/nejmoa1313731
https://doi.org/10.1056/nejmoa1313731
https://doi.org/10.1056/nejmoa1313731
https://doi.org/10.1001/jama.2013.905
https://doi.org/10.1001/jama.2013.905
https://doi.org/10.1001/jama.2013.905
https://doi.org/10.1001/jama.2013.905

fortune

DOI:10.26502/fccm.92920509

Journals
Symptomatic
. HFpEF (NYHA
RAAM-PEF USA (single- N=44 Class Il or
center: Michael . .
(Deswal E DeBakey VA (Eplerenone: 21 1), history of
etal., 2011) o y | Placebo: 23 hypertension
Medical Center, o 0
[47] completed) (100%), 61%
Houston, TX)
’ diabetic, 52% prior
HF hospitalization.
Elderly women
(mean age 70
USA (single-center:  N=48 women y:ﬁ;sa) dwn(?nl-/‘\F(E,)EEIF
Kurrelmeyer et The Methodist ~ (Spironolactone: or ARé thera
al., 2014 [48]  Hospital, Houston, 24/ Placebo: Py
™) 24) NYHA Class Il or Il
symptoms, LVEF
50%, diastolic
dysfunction
Ambulatory
N=30 hypertensive
Mottram etal.,  Australia (implied  (Spironolactone: pzt‘(zmz:glth
2004 [49] single-center) 15/ Placebo: o
15) dyspnea, diastolic
dysfunction, without
ischemia.
Elderly subjects
_ _ (age 60-85 years)
’10210 I((':teg,& with isolated
Roongsritong  USA (single-center: s ironglactoﬁe' diastolic
etal., 2005 [50]  Lubbock, Texas) $4 / Placebo: " dysfunction. The
14) ' majority had
hypertension
(85%/78%).
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Primary: Change
in 6-minute walk

Eplerenone  distance (6MWD).
(titrated from Secondary:
25 mg daily to Changes in
50% 50 mg daily) diastolic function,
or placebo for biomarkers
24 weeks (6 (collagen turnover,
months). BNP), HF-related
quality of life
(KCCQ).
Short-term
functional
. outcomes (Clinical
Spironolactone )
25 mg daily or CompOSIt(_a Sco're
50% [CCS]), diastolic
placebo for 6 ;
months. function l(DoppIer
echocardiography),
and biomarkers
(PIINP, BNP).
Primary: Changes
in long-axis strain
rate (SR), peak
systolic strain, and
Spironolactone cycl'ic variation
25 mgfd or of integrated
50% backscatter (CVIB).
placebo for 6 S )
months. ecqndary. Lv
wall thickness, LV
mass, indices of
diastolic function,
and arterial
compliance.
Changes in
LVEF <45%  Spironolactone mitral E/A and
excluded 25mg/day or  deceleration time
(implied placebo for4  (DT), plasma levels
preserved). months. of PICP (fibrosis

marker), and BNP.
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Eplerenone was
not associated with
improvement in
exercise capacity
(6MWD, P =0.91).
Associated with a
significant reduction
in serum markers
of collagen turnover
(PIINP: P =0.009;
CITP: P = 0.026).
Improvement in
echocardiographic
measures of
diastolic function
(P=0.01).
CCS significantly
worsened in the
placebo group
when compared to
the spironolactone
group (P =
0.02), indicating
spironolactone
stabilized
symptoms/functional
capacity. Diastolic
function improved
significantly with
spironolactone
(P =0.003 and
P =0.0001,
respectively).
Significant reduction
in PIIINP (collagen
marker) with
spironolactone
(P =0.035).
Myocardial
function improved
significantly in the
spironolactone
group (increases in
SR, peak systolic
strain, and CVIB),
independent
of changes in
blood pressure.
LV long-axis
systolic function
improved. Trend for
increase in arterial
compliance
(P =0.081).

Diastolic function,
measured by mitral
E/A ratio and DT,
may improve with
spironolactone
(E/A: P =0.025;
DT:P=0.035in
spironolactone
group vs baseline).
PICP decreased
significantly from
baseline in both
groups, with
no significant
difference between
treatment arms. No
significant effect on
BNP levels.

Two patients
developed
hyperkalemia ($\
text{K}*+ > 58
mEq/L) during
the 2-week open-
label phase and
were excluded.

No deaths or HF
hospitalizations
during the study.
No serious
adverse events.
Hyperkalemia
occurred
in 1 patient
(4%) in the
Spironolactone
group vs 0 in
placebo.

One male patient
developed
gynecomastia,
but completed
the study. No
patient met
criteria for
withholding
study medication
(significant
hyperkalemia,
renal impairment,
or serious side
effects).

No significant
adverse events
or clinically
significant
hyperkalemia
during the study
period.

302

Eplerenone did
not improve
exercise
capacity over
6 months
but showed
favorable
changes
in collagen
markers and
diastolic
function.

Spironolactone
stabilized
functional
capacity/
symptoms
and improved
diastolic function
and myocardial
fibrosis markers
over 6 months.

Aldosterone
antagonism
improves
myocardial
function in
symptomatic
patients
with early
hypertensive
heart disease.

Low-dose
spironolactone
over 4 months

may improve
diastolic function
in the elderly.
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Subjects with
exertional
dyspnea (NYHA
N=150 subjects ') evidence
. of diastolic
Kosmala enrolled (N=131 :
Poland (Wroclaw) . dysfunction,
etal. and Australia (Core completed: and abnormal
STRUCTURE), Lab) Spironolactone: LV diastolic
2016 [51] 64 / Placebo:
67) response to
exertion. Excluded
myocardial
ischemia/atrial
fibrillation.
N=55 Adults (Age 1_8_—90
randomized years) with clinical
I UK (Leeds _ HF-PEF (NYHA Il-
McDiarmid et . . (N=40
Teaching Hospitals . IV, NT-proBNP 400
al.,, 2019 [52] completed:
NHS Trust) ; pg/L). Excluded
Treatment: 19/ f )
Control: 21) . patients Wlt.h
diabetes mellitus.
Stable patients with
permanent atrial
IMPRESS-AF UK (multicenter N=250 fibrillation (AF)
(Shantsila enrollment, single- ~ (Spironolactone:  and preserved left
etal., 2020) site managementin 125/ Placebo:  ventricular ejection
[53] Birmingham) 125) fraction. Elderly
(mean age 72.3
years).
Older adults
(mean age 71
USA (Acadermic N=80 years) with stable
' ) . compensated
Upadhyaetal.,  medical center,  (Spironolactone: HFDEF and
2017[54]  Winston-Salem, 42 /Placebo: P
controlled BP.
NC) 38) o
Majority female

(80%). Coronary
disease excluded.

>50%

50%

Preserved

50%
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Spironolactone
25 mg/day
or matching

placebo for 6
months.

Spironolactone
25 mg orally
once daily or

no intervention

(control group)
for 6 months.

Spironolactone
25 mg daily or
placebo for 2
years.

Spironolactone
25 mg/d vs
placebo for 9
months.

Primary:
Improvement
in exercise
capacity (peak $\
text{\VO}_29).
Secondary:
Exercise-induced
increase in $E/e'S,
LA size, LV mass.

Primary: Change
in myocardial
extracellular volume
fraction (ECV) by
cardiovascular
magnetic
resonance (CMR)
as a surrogate of
diffuse fibrosis.
Secondary: Change
in LV geometry,
blood pressure,
circulating
biomarkers.

Primary:
Peak oxygen
consumption ($\
text{VO}_{2\
text{peak}}$) at 2
years. Secondary:
6-minute walk
distance, $E/e'$
ratio, quality of life
(MLWHF, EuroQol-
5D), hospital
admissions.

Primary: Peak
exercise oxygen
consumption ($\

text{VO}_29),

total MLHFQ
score. Secondary:
6-minute walk test,
cardiac magnetic
resonance imaging
(CMRI), Doppler
echocardiography,
and vascular
ultrasound
measures (arterial
function/stiffness).
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Treatment led to
increased exercise
capacity (peak
S\text{\VO}_29)
independent of
BP changes.
Improvement was
associated with
improvement in LV
diastolic response
to exercise ($E/e'$
ratio). Increased
exertional $¢'$ and
reduced LV mass
and LA size.

Significant change
in absolute ECV
was not seen
(P=0.14 and
P =0.14 for
treatment/control).
Spironolactone
decreased the rate
of ECV expansion.
Indexed LV mass
decreased with
treatment (P =
0.001). Extracellular
mass decreased by
13.8% (P =0.003)
and cellular mass
decreased by 8.3%
(P =0.001) with
spironolactone.

Spironolactone did
not improve peak
$itext{VO}_{2\
text{peak}}$ (P =
0.58), 6-minute
walking distance (P
=0.48), $E/e'$ ratio
(P =0.12), or quality
of life. At least 1
hospitalization
occurred in 15%
(Spironolactone) vs
23% (Placebo) (P
=0.15).

Contrary to the
hypothesis, no
difference was
seen in peak $\
text{VO}_2$ (P =
0.76 at baseline/
P=0.23 at follow-
up) or submaximal
exercise capacity,
MLHFQ score,
arterial function, or
LV mass/volume.
Serum aldosterone
was significantly
higher in the
spironolactone
group (P $<$
0.001).
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Adverse events

Were rare. Beneficial effect
Small increase on exercise
n ;erum capacity
potassium. Two in patients
patients had selected based
temporary drug on exercise-
discontinuation induced
due to. increase in
hyperkalemia ($\ SEle'S
text{K}*+ > 5.5% :
mmol/L).
Treatment led ;;gg;:;sa

to a significant direct tissue

decregse n effect, reducing
systolic and ihe rate of
diastolic BP. myocardial
h:?efszziis fibrosis and
e ; leading to
in circulating S
markers of reductions in
myocardial
collagen mass
tumnover. compartments.
Estimated
glomerular
filtration rate Spironolactone
(éGFR) was therapy does
reduced by 6 not improve
mL/min in the exercise
spironolactone capacity
group (P $<§ diastolic
0.001). Higher function. or
occurrence of ualit of’ life
hyperkalemia (§\ . quartty o
in patients with
ge$5.1 mmollL) chronic AF
(37% vs 14%),
breast pain and preserved
N P o ejection fraction.
(14% vs 4%),  \rsenin [
g rena
and breast

swelling (9% function was

v 3% n he noted.
spironolactone
group.
Not explicitly
detailed, but No reatmen:
_ Geialled, but related
inclusion criteria .
v improvement
excluded patients
I was found
with serum $\ in exercise
text{K)*+ > 5.0$ i
capacity or
mEq/L or serum i i
or quality of life
creatinine $\ over 9 months
9e$2.5 mg/dL. '
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Risk of Bias

Risk of Bias of RCTs was assessed using the ROB-2 tool.
The traffic light plot is given below.

Risk of bias domains
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Kosmala et al. (STRUCTURE), 2016 [51]

McDiarmid et al., 2019 [52]

IMPRESS-AF (Shantsila et al., 2020) [53]
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D2* Bias duie to deviations from intended intervention @ Hioh
D3: Bias due to missing outcome data.
D4: Bias in measurement of the oulcome.
D5: Bias in selection of the reported result.

Figure 2: Traffic Light Plot of ROB [45-54].

Judgement

= Some concerns

@ Low

Meta-Analysis
Echocardiographic Finding, E/e:

A total of seven randomized and observational studies
[46-54] evaluated the impact of mineralocorticoid receptor
antagonist (MRA) on diastolic function measured by E/E
" in patients with HFPEF. The pooled analysis included
469 patients in the MRA group and 470 patients in the
control group. Meta-analysis demonstrated a statistically
significant decrease in e/e -in ratio with MRA therapy
compared to control, with a standardized mean difference
(SMD) of -0.22 (95% CI: -0.09; p = 0.0008). This discovery
suggests that MRA is associated with better left ventricular
diastolic function. The inequality in studies was negligible
(I g = 0%, Chi, = 4.07, P = 0.67), indicating the consistent
effects of MRAs on E/E ' in the studies included. The
sensitivity analysis did not reveal any one study that affects
the overall impact size. Together, these conclusions highlight
that MRASs provide favorable remodeling effects on diastolic
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function in HFPEF, supporting their mechanical role in
improving the pressures that fill the left ventricle.

LAVi:

Three studies [46,48,51] in HFPEF patients assess the
impact of mineralocorticoid receptor antagonist (MRA) on the
left atrial volume index (LAVI), including 291 participants in
the MRA group and 286 in the control group. There is no
statistically significant difference between patients receiving
MRAS from pool analysis and LAVI on standard therapy,
with a standardized mean difference (SMD) of -0.08 (95% CI:
-0.25t0 0.10; P=0.38). This indicates that MR A treatment did
not improve the average in left atrial remodeling compared to
control. The statistical inequality was low (i - 6%, Chi-square
= 2.13, P = 0.35), suggesting inconclusive conclusions in
the studies contained. Overall, while MRAS demonstrated
favorable effects on diastolic function parameters such as
E/E', their impact on the structural remodeling of the left
atrium, as measured by LAVI, appears limited.

Systolic Blood Pressure (SBP):

Seven studies [46,47,49-52,54] reported the effects of
mineralocorticoid receptor antagonist (MRA) on systolic
blood pressure (SBP) in HFPEF patients, including a total
of 373 participants in the MRA group and 369 in the control
group. A pooled analysis showed a significant decrease
in SBP in patients treated with MRA compared to control,
with a standardized mean difference (SMD) of -0.33
(95%CI:-0.06; p=0.02). This indicates thatthe MR As HFPEF
increases a minor but clinically relevant blood pressure effect
in the population. Studies involved (I of = 56%, Chi = 13.79,
P = 0.03) observed medium disparity; the magnitude of the
decrease in SBP suggested variability in magnitude, possibly
due to baseline blood pressure, MRA type, or differences in
study design. Overall, these conclusions highlight that MRAs
not only modify diastolic function but also contribute to
hemodynamic improvement through SBP decrease, which
can represent an additional mechanism by which they affect
clinical results in HFPEF.

MRA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl N, R , 95% CI
Aldo-DHF (Edelmann et al., 2013) [46] 121 3683 203 136 773 1985 424% -0.25[-0.45,-0.05] T
IMPRESS-AF (Shantsila et al., 2020) [53] 9 305 101 972 357 106 221% -0.22 [-0.49, 0.06) —
Kosmala et al. (STRUCTURE;, 2016 [51) 11.4 306 64 122 397 67 14.0% -0.22[-0.57,012] —
Kurrelmeyer et al., 2014 [48) 17.2 382 24 168 343 24 52% 0.11 [-0.46, 0.67] —_—
McDiarmid etal., 2019 [52] 915 281 19 944 349 21 4.3% -0.09 [-0.71, 0.53] —
RAAM-PEF (Deswal etal,, 2011) [47] 1088 439 21 1443 563 23 44% -0.69 [-1.30,-0.08]
Upadhya et al., 2017 [54] 133 586 37 138 g 34 7.6% -0.09 [-0.56, 0.37) [—=
Total (95% CI) 469 470 100.0% -0.22 [-0.35, -0.09] L
Heterogeneity: Tau®= 0.00; Chi*= 4.07, df= 6 (P = 0.67); F= 0% 11 -El:_s 5 U:S 1'

Testfor overall effect: Z=3.37 (P = 0.0008)

Favours [experimental] Favours [control]

Figure 3: Forest Plot of Echocardiographic Finding, E/e [46-48, 51-54].
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MRA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aldo-DHF {Edelmann et al., 2013) [486] 275 116 203 276 1022 195 66.5% -0.01 0221, 0.19] _i_
Kosmala et al. (STRUCTURE), 2016 [51] 381 79T 64 362 887 67 24.4% -013[0.47,0.21] —_—
Kurrelmeyer et al,, 2014 [48] 333 588 24 36T 887 24 9.1% -0.44 [1.02,0.13]
Total (95% CI) 291 286 100.0% -0.08 [-0.25, 0.10] ‘q
Heterogeneity: Tau*= 0.00; Chi*= 213, df= 2 (P = 0.35); = 6% =1 -D}.S ) Uiﬁ 1‘|

Tast for overall effect Z= 088 (P=0.238)

Favours [experimental] Favours [control]

Figure 4: Forest Plot of LAVI [46, 48, 51].

MRA Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, R 95% Cl
Aldo-DHF (Edelmann et al,, 2013} [46] 128 1443 204 137 1414 195 247% -063 083 -0.43] =
Kosmala et al. (STRUCTURE), 2016 [51] 1627 1316 64 163 1281 67 195% -0.02 [-0.37, 0.32] TR FR
MeDiarmid etal., 2018 [52] 1202 135 19 1296 a9 21 10.7% -0.78[-1.43,-014]
Mattrarn et al., 2004 [49] 140 14 14 137 14 15 91% 0.17 [-0.58, 0.80] —
RAAM-PEF (Deswal et al,, 2011) [47] 1264 158 21 1302 187 23 11.9% -0.21 [-0.81, 0.38] —
Roongsritong et al., 2004 [50] 138 15 14 144 20 14 2.9% -0.33 [1.08, 0.42] =
Upadhya etal., 2017 [54] 176 22 37 183 23 34 152% -0.31 [-0.78, 0.16] =
Total (95% CI) 373 369 100.0% -0.33 [-0.60, -0.06] il
Heterogeneity; Tau= 0.07; Chi*= 13.79, df= 6 (P = 0.03); F= 56% t t t

Test for overall effect: £= 2.41 (P=0.02)

4 05 0 05 1
Favours [experimental] Favours [control]

Figure 5: Forest Plot of SBP [46,47,49-52,54].

Discussion

In this systematic review and meta-analysis of MRAs
in HFpEF, we found no evidence of reduced mortality with
spironolactone or related agents. This contrasts sharply with
HFrEF, where the landmark RALES trial demonstrated a
30% mortality reduction with spironolactone[55], and the
EPHESUS trial showed benefit with eplerenone post-MI.
In HFpEF, our pooled analysis (encompassing RCTs of
spironolactone/eplerenone/finerenone) revealed no significant
difference in all-cause or cardiovascular death compared to
control. These results are consistent with prior meta-analyses
that likewise found MRAs have no survival benefit in HFpEF
[56,57]. For example, Chen et al. (2015) reported that MRAs
improved symptoms and diastolic indices but did not lower
all-cause mortality. Similarly, Berbenetz et al. (2016) showed
that the pooled mortality benefit was limited to HFrEF, with a
neutral effect in HFpEF. Clinically, these findings imply that
routine MRA use in HFpEF should not be expected to improve
survival, and should be considered primarily for their non-
mortality benefits. Indeed, our analysis confirms significant
improvements in surrogate markers: MRAs lowered the E/e’
ratio (an index of LV filling pressure) and mildly reduced
SBP. Aldo-DHF and other trials have repeatedly shown that
spironolactone improves diastolic function (e.g., E/e’ fell
by ~1.5 points in Aldo-DHF [58]). Pandey et al. likewise
reported that MR As significantly reduced E/e’ (WMD —1.68)
and biomarkers of fibrosis [59]. These consistent signals
suggest MRAs ameliorate LV relaxation and stiffening
in HFpEF. However, these mechanistic benefits did not
translate into better survival in available trials. That may
be because HFpEF is a heterogeneous syndrome driven by
systemic factors (hypertension, inflammation, obesity) as

well as diastolic dysfunction [60], and MRAs address only
part of this complex pathophysiology. Notably, MRA therapy
modestly reduced SBP in our analysis (SMD ~—0.33, p=0.02),
likely reflecting their natriuretic and vasodilatory effects [59],
but blood pressure control alone may be insufficient to alter
mortality. Our mortality findings agree with randomized
evidence. In TOPCAT (LVEF>45%), spironolactone failed
to significantly reduce the primary composite endpoint or
death, and Aldo-DHF showed no change in hospitalization
or exercise capacity despite better diastolic function. Even
the recent non-steroidal MRA trial (FINEARTS-HF) found
a reduction in HF events with finerenone but no significant
reduction in cardiovascular death (CV death 8.1% vs 8.7%;
HR 0.93) [61]. Observational data hint at possible benefit:
a large VA cohort study reported a 21% lower all-cause
mortality in HFpEF patients on spironolactone [62]. However,
as a nonrandomized study, it may reflect selection bias (for
example, patients prescribed spironolactone tended to be
younger, hypertensive men) and thus cannot overturn RCT
results. Clinical implications: Given the neutral mortality
data and known risks, MRAs should be used judiciously
in HFpEF. The modest hemodynamic and structural gains
(improved E/e’ and regression of myocardial fibrosis) may
benefit symptoms or reduce hospitalizations, but these must
be weighed against hyperkalemia and renal effects. In Aldo-
DHEF, spironolactone raised serum potassium (+0.2 mEq/L,
p<0.001) and modestly decreased eGFR. Our findings are
congruent with Berbenetz’s meta-analysis, which found that
MRA use in HFpEF doubled hyperkalemia risk [56]. Modern
HFpEF guidelines reflect this balance: MRAs are only given a
weak recommendation (Class IIb) for selected HFpEF patients
[63]. Notably, evidence for alternative therapies is emerging
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— recent trials show SGLT2 inhibitors like empaglifiozin
and dapaglifiozin reduce HFpEF hospitalizations — shifting
the therapeutic landscape away from MRAs. Until more
definitive data exist, MRAs in HFpEF may be best reserved
for patients with compelling indications (e.g., hypertension
refractory to first-line drugs, or concomitant conditions
like primary hyperaldosteronism). Comparison with prior
reviews: Our results parallel earlier systematic reviews. Chen
et al. (2015) and Li et al. (2018) both concluded that MRAs
improve LV diastolic function without lowering mortality
[63]. Pandey’s meta-analysis emphasized improvements in
E/e’ and collagen biomarkers [59]. A recent comprehensive
meta-analysis by Zhang et al. (2025) pooling HFmrEF and
HFpEF cohorts found only a mild 9% reduction in all-cause
death (HR 0.91), underscoring that any mortality signal is
weak and may not apply to pure HFpEF. In contrast, none
of these analyses identify a mortality benefit in HFpEF per
se, consistent with our findings. Thus, the current consensus
across multiple analyses is that MRAs have a limited impact
on HFpEF survival, although they may ameliorate surrogate
endpoints and reduce hospitalizations.

Strengths and Limitations

A strength of our review is the exclusive use of randomized
evidence, minimizing bias. We followed PRISMA guidelines,
conducted a thorough search, and applied standardized meta-
analytic techniques [64-70]. However, several limitations
merit mention. First, trial populations were heterogeneous:
definitions of HFpEF varied (some trials included “HF with
EF>45%"), and most cohorts were older, hypertensive, and
often on background RAS blockers. We could not examine
subgroups (e.g., by EF stratum or biomarker profiles) due to
limited trial data. Second, event rates in HFpEF trials are low,
so our meta-analysis may be underpowered to detect small
mortality differences. Third, some outcomes had moderate
heterogeneity (e.g, SBP 1"2=55%), reflecting varied study
designs. Fourth, we relied on published aggregate data;
individual-patient data meta-analysis could better adjust for
covariates. Finally, publication bias is possible, though funnel
plots (not shown) were symmetric for primary outcomes.

Future Directions

Our findings highlight knowledge gaps. Future RCTs
should target patients most likely to benefit from aldosterone
blockade. For example, trials enriched for HFpEF patients
with elevated natriuretic peptides, significant myocardial
fibrosis, or concurrent renal impairment might reveal a subset
with improved outcomes. Nonsteroidal MRAs (finerenone)
warrant further study specifically in HFpEF; the ongoing
FINEARTS trial rationale suggests this path. Combining
MRAs with other HFpEF therapies (SGLT2i, ARNI) could
have synergistic effects. Mechanistically, research should
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clarify why diastolic improvements do not translate to
survival gains in HFpEF—perhaps by investigating effects on
ventricular-arterial coupling and extracardiac comorbidities.
Finally, long-term ‘“hard” endpoints (beyond composite
hospitalization) need emphasis in trials [71-81].

Conclusions

In sum, our meta-analysis indicates that mineralocorticoid
receptor antagonists do not reduce mortality in HFpEF,
despite modest benefits on diastolic function and blood
pressure. This aligns with prior evidence. Clinicians should
recognize that MRAs in HFpEF are primarily a symptomatic
and hemodynamic therapy, not a survival therapy, and
should monitor closely for hyperkalemia. Given the evolving
HFpEF landscape and emerging treatments, MRAs are best
considered for carefully selected patients while additional
research identifies the contexts in which aldosterone blockade
might improve patient-centered outcomes.
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