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ABSTRACT ARTICLE DETAILS
Heart failure with preserved ejection fraction (HFpEF) is a complex syndrome characterized by preserved  Published On:

left ventricular systolic function, diastolic dysfunction, and systemic inflammation, often coexisting with 04 January 2025
metabolic and hemodynamic disorders. Primary hyperaldosteronism (PHA), a condition marked by

excessive aldosterone secretion, is increasingly recognized as a pivotal contributor to the

pathophysiological mechanisms underpinning HFpEF. This review explores the intricate relationship

between hyperaldosteronism and HFpEF, emphasizing the role of aldosterone in myocardial remodeling,

endothelial dysfunction, and systemic inflammation. Additionally, it highlights emerging evidence on

aldosterone antagonists as potential therapeutic agents in mitigating HFpEF-related morbidity. By

integrating clinical findings with molecular insights, we aim to elucidate how hyperaldosteronism

exacerbates HFpEF phenotypes and propose strategies for targeted management. This synthesis

underscores the need for tailored interventions in patients with concomitant hyperaldosteronism and

HFpEF.
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remodeling

INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF)
constitutes nearly half of all heart failure cases and is
characterized by diastolic  dysfunction,  systemic
inflammation, and impaired ventricular compliance, despite
preserved systolic function. Unlike heart failure with reduced
ejection fraction (HFrEF), HFpEF has eluded precise
therapeutic targets, largely due to its multifaceted
pathophysiology and diverse clinical presentations.
Hyperaldosteronism, particularly primary
hyperaldosteronism (PHA), has emerged as a critical
modulator in the HFpEF spectrum. This condition, defined by
inappropriate aldosterone secretion independent of renin
stimulation,  promotes  cardiovascular ~ remodeling,
hypertension, and microvascular dysfunction, which are
hallmarks of HFpEF.1,2

The effects of aldosterone extend beyond its classical role in
sodium and water retention; it is a potent pro-inflammatory

and pro-fibrotic agent. Through mineralocorticoid receptor
activation, aldosterone induces myocardial fibrosis, left
ventricular hypertrophy, and endothelial dysfunction,
culminating in increased ventricular stiffness and reduced
compliance. Moreover, the systemic inflammation and
oxidative stress associated with hyperaldosteronism
exacerbate vascular and myocardial injury, creating a milieu
conducive to the development and progression of HFpEF.1,2
In this article, we delve into the pathophysiological
underpinnings of the hyperaldosteronism-HFpEF connection.
We discuss clinical manifestations and diagnostic strategies
for identifying hyperaldosteronism in HFpEF patients, along
with the potential of mineralocorticoid receptor antagonists
(MRAs) to mitigate disease progression. By exploring this
interplay, we aim to shed light on hyperaldosteronism as a
modifiable target in the personalized management of HFpEF,
advancing therapeutic paradigms in this challenging
population.1,2
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EPIDEMIOLOGY

Heart failure with preserved ejection fraction (HFpEF)
represents approximately 50% of all heart failure (HF) cases,
and its prevalence continues to rise globally, paralleling the
aging population and increasing burden of comorbidities such
as obesity, diabetes mellitus, and hypertension.
Epidemiological studies indicate a higher prevalence of
HFpEF among elderly individuals, particularly women, with
estimates suggesting that up to 10% of individuals aged 70
years or older may exhibit features of HFpEF. This subset of
HF is also associated with a significant economic burden due
to frequent hospitalizations and prolonged disease
progression, often rivaling the impact of heart failure with
reduced ejection fraction (HFrEF).1,2

Primary hyperaldosteronism (PHA), traditionally regarded as
a rare cause of secondary hypertension, has undergone a
paradigm shift in its recognized prevalence. Historically
thought to account for less than 1% of hypertensive cases,
newer screening strategies have revealed that PHA affects
approximately 5-10% of the hypertensive population, with a
higher prevalence in individuals with resistant hypertension
(estimated at 20%). As resistant hypertension is a common
precursor to HFpEF, the intersection between PHA and
HFpEF is becoming increasingly apparent. Notably,
undiagnosed or subclinical hyperaldosteronism  may
contribute to the systemic and cardiovascular remodeling
processes that predispose individuals to HFpEF, suggesting
that the true burden of this condition may be
underestimated.1,2

Regional and demographic variations also influence the
epidemiology of hyperaldosteronism and HFpEF. The
prevalence of PHA is notably higher in populations with a
high dietary sodium intake, which exacerbates aldosterone-
mediated effects on vascular and myocardial function.
Similarly, racial disparities in HFpEF prevalence have been
documented, with  African  American  populations
experiencing disproportionately higher rates, potentially due
to genetic predispositions and greater susceptibility to
comorbidities such as hypertension and obesity. The interplay
of these factors underscores the need for region-specific and
population-tailored approaches in understanding and
addressing the hyperaldosteronism-HFpEF nexus.3
Moreover, the overlap of PHA with obesity and metabolic
syndrome, both of which are established risk factors for
HFpEF, highlights an epidemiological synergy. Obesity-
associated HFpEF phenotypes are frequently linked to
hyperaldosteronism due to adipose tissue-mediated
upregulation of the renin-angiotensin-aldosterone system
(RAAS). This reinforces the notion that hyperaldosteronism
may act as a critical upstream mediator in the pathogenesis of
HFpEF in these populations.3

Hospitalization rates and outcomes further emphasize the
clinical importance of this relationship. Patients with
concomitant hyperaldosteronism and HFpEF often present

with worse clinical trajectories, including more frequent
hospital admissions and higher rates of mortality compared to
those with HFpEF alone. These observations necessitate
heightened clinical vigilance and early screening for
hyperaldosteronism in HFpEF patients, particularly in high-
risk subgroups such as those with resistant hypertension,
obesity, or metabolic syndrome.3

Overall, the epidemiological data underscore the growing
recognition of hyperaldosteronism as a contributing factor to
HFpEF, with substantial implications for public health. A
nuanced understanding of this relationship is essential for
developing targeted diagnostic, preventive, and therapeutic
strategies, particularly in an era of precision medicine.3

CLINICAL MANIFESTATIONS

The clinical manifestations of heart failure with preserved
ejection fraction (HFpEF) in the context of
hyperaldosteronism represent a complex interplay of
hemodynamic, structural, and metabolic abnormalities.
While HFpEF is characterized by symptoms of heart failure
despite preserved systolic function, the presence of
hyperaldosteronism exacerbates its pathophysiology, leading
to distinctive clinical and subclinical features. Understanding
these manifestations is critical for timely diagnosis and
management.4

CARDIOVASCULAR MANIFESTATIONS
Hyperaldosteronism significantly influences cardiovascular
health through its pro-hypertensive, pro-inflammatory, and
pro-fibrotic effects. These mechanisms amplify the typical
clinical features of HFpEF:

e Dyspnea and Exercise Intolerance:
Dyspnea, particularly exertional dyspnea, is the
hallmark symptom of HFpEF. This arises from
diastolic dysfunction, which leads to increased left
ventricular filling pressures during physical activity.
Hyperaldosteronism exacerbates this by inducing
left ventricular hypertrophy (LVH) and myocardial
fibrosis, reducing compliance and worsening
pulmonary venous congestion.4

e Hypertension:

Chronic hypertension is a major risk factor for
HFpEF, and hyperaldosteronism often presents with
resistant or poorly controlled hypertension. The
mineralocorticoid receptor activation by aldosterone
promotes  sodium retention and  systemic
vasoconstriction, further burdening the left ventricle
and contributing to diastolic dysfunction.4

e Left Ventricular Hypertrophy and Stiffness:
Hyperaldosteronism accelerates LVH, a defining
feature of HFpEF, through its effects on myocardial
fibroblasts and extracellular matrix deposition.
Patients frequently exhibit increased ventricular
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stiffness, which impairs diastolic relaxation and
filling.4

e Atrial Fibrillation (AF):
A significant proportion of patients with
hyperaldosteronism and HFpEF develop AF, likely
due to atrial remodeling caused by chronic pressure
overload, atrial fibrosis, and systemic inflammation.
AF further complicates the HFpEF phenotype by
increasing left atrial pressure and reducing cardiac
output.4

Pulmonary Manifestations

Pulmonary symptoms are commonly observed due to the
backward failure associated with elevated left atrial
pressures:

e Paroxysmal Nocturnal Dyspnea and Orthopnea:
These symptoms are manifestations of pulmonary
congestion and are more pronounced in patients with
coexistent hyperaldosteronism due to its propensity
to worsen fluid retention.4

e Pulmonary Hypertension:
Secondary pulmonary hypertension is a frequent
complication in HFpEF and is aggravated by chronic
hyperaldosteronism-induced endothelial
dysfunction and vascular remodeling.4

Renal and Volume Overload Manifestations
Hyperaldosteronism, by its very nature, leads to sodium and
water retention, significantly contributing to fluid overload:

e Peripheral Edema:
Many patients exhibit significant lower extremity
edema, often misattributed solely to HFpEF, but
exacerbated by hyperaldosteronism-driven renal
sodium retention.4

e Refractory Volume Overload:
The volume overload in these patients often proves
resistant to standard diuretic therapy, necessitating
the use of mineralocorticoid receptor antagonists
(MRAS) for effective management.4

Systemic and Metabolic Manifestations
The systemic effects of hyperaldosteronism play a significant
role in amplifying the HFpEF phenotype:

e Fatigue and Reduced Functional Capacity:
Patients frequently report nonspecific symptoms
such as fatigue, attributable to decreased cardiac
output, systemic inflammation, and microvascular
dysfunction.4

e Obesity and Metabolic Syndrome:
Hyperaldosteronism is closely linked to obesity-
related HFpEF phenotypes. Adipose tissue
stimulates aldosterone production, promoting
metabolic dysregulation and worsening diastolic
function.5

e Hypokalemia and Muscle Weakness:
Hypokalemia is a hallmark of hyperaldosteronism,
resulting from aldosterone-mediated potassium

wasting. Chronic hypokalemia can contribute to
muscle weakness and exacerbate exercise
intolerance in HFpEF patients.5
Subclinical and Laboratory Manifestations
The biochemical signature of hyperaldosteronism offers
valuable clues to its coexistence with HFpEF:
e Elevated Aldosterone Levels with Suppressed
Renin:
Laboratory evaluation often reveals a high
aldosterone-to-renin ratio (ARR), a hallmark of
primary hyperaldosteronism.5
e Markers of Myocardial Fibrosis:
Elevated levels of biomarkers such as galectin-3 and
procollagen peptides are commonly observed in
HFpEF patients with hyperaldosteronism, reflecting
enhanced myocardial fibrosis.5
e Inflammatory and Oxidative Stress Markers:
Increased circulating levels of inflammatory
cytokines and oxidative stress markers are indicative
of the systemic effects of aldosterone and its
contribution to the HFpEF phenotype.5
Overlap Syndromes and Unique Phenotypes
Patients with hyperaldosteronism and HFpEF may present
with overlapping syndromes such as obesity-related HFpEF
or HFpEF with pulmonary hypertension. These phenotypes
are often more severe and require specialized management
strategies.5
The manifestations of hyperaldosteronism in HFpEF extend
beyond conventional heart failure symptoms, involving a
spectrum of cardiovascular, pulmonary, renal, and systemic
features. Recognizing these manifestations is pivotal for early
diagnosis, optimal management, and improving outcomes in
this high-risk population.5

PATHOPHYSIOLOGY

The relationship between hyperaldosteronism and heart
failure with preserved ejection fraction (HFpEF) is
underpinned by a complex interplay of hemodynamic,
cellular, and molecular mechanisms that collectively impair
myocardial function and promote systemic vascular
dysfunction. Hyperaldosteronism, particularly in its primary
form (PHA), involves excessive aldosterone production,
which acts through mineralocorticoid receptors (MRs) to
induce widespread cardiovascular, renal, and systemic
effects. These effects align with the key pathophysiological
features of HFpEF, including diastolic dysfunction,
myocardial fibrosis, systemic inflammation, and endothelial
dysfunction.6

Aldosterone and Myocardial Fibrosis

One of the hallmark pathophysiological effects of
hyperaldosteronism is the induction of myocardial fibrosis.
Aldosterone promotes fibroblast activation and collagen
deposition in the myocardial extracellular matrix through
multiple mechanisms:
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e Mineralocorticoid Receptor Activation: MRs on
cardiac fibroblasts upregulate profibrotic signaling
pathways, including transforming growth factor-
beta (TGF-B) and connective tissue growth factor
(CTGF), resulting in enhanced fibrosis and
ventricular stiffness.6

e Oxidative Stress: Aldosterone stimulates reactive
oxygen species (ROS) production, particularly in the
myocardium, exacerbating oxidative injury and
facilitating fibrotic remodeling.6

e Inflammatory Cytokine Production: Elevated
aldosterone levels promote the release of pro-
inflammatory cytokines, such as interleukin-6 (IL-
6) and tumor necrosis factor-alpha (TNF-a), which
further drive fibrosis and impair myocardial
compliance.6

The resulting myocardial fibrosis increases left ventricular
stiffness, impairs diastolic relaxation, and reduces ventricular
compliance—core features of HFpEF.

Left Ventricular Hypertrophy and Remodeling

Chronic aldosterone excess leads to left ventricular
hypertrophy (LVVH), a key structural abnormality in HFpEF:

e Pressure  Overload and Hypertension:
Aldosterone-mediated  sodium  retention and
vascular stiffening elevate systemic blood pressure,
creating a chronic pressure overload that promotes
LVH.6

e Direct Cardiomyocyte Effects: Aldosterone
induces hypertrophy of cardiomyocytes via MR
activation and downstream signaling pathways,
including activation of mitogen-activated protein
kinase (MAPK) and extracellular signal-regulated
kinase (ERK).7

LVH contributes to increased myocardial oxygen demand,
reduced coronary reserve, and diastolic dysfunction,
aggravating HFpEF pathogenesis.

Endothelial Dysfunction and Vascular Stiffness
Aldosterone has profound effects on vascular endothelial
cells, leading to impaired endothelial function and arterial
stiffening:

e Reduced Nitric Oxide (NO) Bioavailability:
Aldosterone decreases endothelial NO production
by upregulating NADPH oxidase and ROS, which
scavenge NO. This impairs endothelium-dependent
vasodilation, a common feature in HFpEF.7

e Increased Vascular Inflammation: Aldosterone
promotes leukocyte adhesion and endothelial
expression of vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1
(ICAM-1), facilitating vascular inflammation and
remodeling.7

e Vascular Stiffness: By promoting collagen
deposition in the arterial wall, aldosterone increases
arterial ~ stiffness, exacerbating afterload and

contributing to the hemodynamic burden in
HFpEF.7
Systemic Inflammation and Oxidative Stress
Hyperaldosteronism amplifies systemic inflammation and
oxidative  stress, which are pivotal in HFpEF
pathophysiology:

e Inflammatory Cell Recruitment: Aldosterone
induces the recruitment of inflammatory monocytes
and macrophages, which infiltrate the myocardium
and vasculature, perpetuating tissue damage and
fibrosis.8

e ROS and Mitochondrial Dysfunction: Elevated
aldosterone  levels  stimulate  mitochondrial
dysfunction, increasing ROS production in the
myocardium and vasculature, thereby aggravating
oxidative damage and reducing functional reserve.8

Renal Contributions and Volume Overload
The renal effects of aldosterone are critical in the context of
HFpEF:

e Sodium and Water Retention: By increasing
sodium reabsorption in the distal tubules,
aldosterone promotes volume expansion, which
exacerbates pulmonary and systemic congestion.8

e Hypokalemia: Aldosterone-mediated potassium
loss can impair myocardial electrical stability,
predisposing patients to arrhythmias, particularly
atrial fibrillation, a common comorbidity in
HFpEF.8

Microvascular Dysfunction and Coronary Reserve
Impairment

Microvascular dysfunction is a key feature of HFpEF, and
aldosterone plays a central role in its development:

e Coronary Microvascular Inflammation:
Aldosterone-induced endothelial dysfunction and
inflammation  impair coronary microvascular
function, reducing coronary reserve and
contributing to myocardial ischemia, even in the
absence of obstructive coronary artery disease.8

e Capillary Rarefaction: Chronic exposure to
aldosterone leads to capillary rarefaction, further

compromising myocardial perfusion  and
oxygenation.8
Obesity and Metabolic Dysregulation in

Hyperaldosteronism
Hyperaldosteronism often coexists with obesity and
metabolic syndrome, amplifying HFpEF pathophysiology:

e Adipose Tissue Contribution to Aldosterone
Production: Obesity-associated adipose tissue
increases RAAS activity, promoting aldosterone
secretion.9

e Metabolic  Dysfunction:  Hyperaldosteronism
exacerbates insulin resistance and dyslipidemia,
metabolic factors that contribute to endothelial
dysfunction and myocardial remodeling.9
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ATRIAL REMODELING AND
FIBRILLATION

Hyperaldosteronism significantly impacts atrial structure and
function:

e Atrial Fibrosis: Aldosterone promotes atrial
fibrosis, increasing the risk of atrial fibrillation, a
common precipitant of HFpEF decompensation.9

e Atrial Enlargement: Volume overload and
diastolic dysfunction contribute to left atrial
enlargement, impairing atrial contractility and
exacerbating hemodynamic compromise.9

Hyperaldosteronism exacerbates the pathophysiological
mechanisms of HFpEF through its effects on myocardial
fibrosis, vascular and endothelial dysfunction, systemic
inflammation, and renal sodium handling. These interrelated
processes underscore the importance of recognizing and
addressing hyperaldosteronism as a modifiable factor in
HFpEF, with potential implications for improving patient
outcomes and guiding therapeutic interventions.9

ATRIAL

DIAGNOSIS

Diagnosing the relationship between hyperaldosteronism and
heart failure with preserved ejection fraction (HFpEF)
requires a comprehensive and multidisciplinary approach.
This process involves recognizing the clinical overlap of
these conditions, understanding their shared
pathophysiological mechanisms, and using targeted
diagnostic tests to identify hyperaldosteronism in patients
presenting with HFpEF. Accurate diagnosis is critical for
initiating appropriate therapy to improve outcomes in this
complex patient population.9

CLINICAL EVALUATION
The diagnostic process begins with a thorough clinical history
and physical examination to identify features suggestive of
HFpEF and hyperaldosteronism:
e Symptoms of HFpEF:
Dyspnea on exertion, fatigue, exercise intolerance,
and symptoms of fluid overload (e.g., orthopnea,
paroxysmal nocturnal dyspnea, and peripheral
edema) are common in HFpEF. These symptoms are
nonspecific but may be exacerbated by the fluid-
retentive effects of aldosterone.9
e Features of Hyperaldosteronism:
Resistant hypertension, hypokalemia, and muscle
weakness are key clinical clues. In milder cases,
hyperaldosteronism  may be  asymptomatic,
underscoring the need for biochemical testing.9
e Comorbid Conditions:
Patients with obesity, diabetes, metabolic syndrome,
or atrial fibrillation are at higher risk of having both
HFpEF and hyperaldosteronism.9

LABORATORY ASSESSMENT

Biochemical testing plays a central role in diagnosing
hyperaldosteronism and differentiating it from other causes
of hypertension and HFpEF.

e Screening for Hyperaldosteronism:
The aldosterone-to-renin ratio (ARR) is the
cornerstone of hyperaldosteronism diagnosis. An
elevated ARR, typically with suppressed plasma
renin activity (PRA) and elevated plasma
aldosterone concentration (PAC), strongly suggests
hyperaldosteronism.9

o APAC>15ng/dL and an ARR > 20 (using
ng/dL for aldosterone and ng/mL/hour for
renin) are  considered  diagnostic
thresholds.9

o Itis essential to ensure that patients are not
on medications that may interfere with
renin or aldosterone levels, such as
mineralocorticoid receptor antagonists or
diuretics.9

e Potassium Levels:

Hypokalemia is a hallmark of hyperaldosteronism
but is not universally present, especially in milder or
early stages of the disease.9

e Additional Tests:

Assessing bicarbonate levels may reveal metabolic
alkalosis, a common finding in hyperaldosteronism
due to potassium depletion and hydrogen ion loss.10

IMAGING AND FUNCTIONAL STUDIES
After biochemical confirmation of hyperaldosteronism,
imaging studies help determine the underlying etiology,
distinguishing between unilateral aldosterone-producing
adenomas (APA) and bilateral adrenal hyperplasia (BAH):
e Adrenal CT Scan:
High-resolution computed tomography (CT) is used
to detect adrenal masses or hyperplasia. In APA, a
discrete adenoma is typically visualized, whereas
BAH is characterized by bilateral adrenal gland
enlargement.10
e Adrenal Venous Sampling (AVS):
AVS is the gold standard for differentiating APA
from BAH. This procedure involves measuring
aldosterone levels in blood samples from each
adrenal vein and comparing them to peripheral
levels. Lateralization of aldosterone production
confirms APA, whereas bilateral hypersecretion is
consistent with BAH.10

ECHOCARDIOGRAPHIC AND HEMODYNAMIC
ASSESSMENT
To establish HFpEF, echocardiographic evaluation and
hemodynamic studies are essential:

e Echocardiography:
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o Preserved Ejection Fraction: Left
ventricular ejection fraction > 50%
confirms the HFpEF phenotype.10

o Diastolic Dysfunction: Key findings
include left ventricular hypertrophy,
reduced mitral annular relaxation velocities
(e.g., E/e’ ratio > 15), and left atrial
enlargement.10

o Pulmonary Hypertension: Elevated
pulmonary arterial pressures, often seen in
HFpEF, can be assessed using Doppler
echocardiography.10

e Cardiac Catheterization:
Invasive hemodynamic measurements during rest
and exercise can confirm elevated left ventricular
filling pressures, a hallmark of HFpEF.10

BIOMARKERS OF HFPEF AND
HYPERALDOSTERONISM
Emerging biomarkers can aid in diagnosing the relationship
between hyperaldosteronism and HFpEF:
e BNP and NT-proBNP:
Elevated natriuretic peptide levels support the
diagnosis of HFpEF, particularly in the setting of
volume overload or elevated cardiac filling
pressures. However, levels may be lower in obese
patients with HFpEF.10
e Markers of Fibrosis and Inflammation:
Galectin-3, soluble ST2, and procollagen peptides
are often elevated in HFpEF and reflect myocardial
fibrosis, a key consequence of
hyperaldosteronism.10

DIFFERENTIAL DIAGNOSIS

The overlapping  presentations of HFpEF and
hyperaldosteronism  necessitate a careful differential
diagnosis:

e Secondary Hypertension: Conditions such as renal
artery stenosis, pheochromocytoma, or Cushing
syndrome should be ruled out in hypertensive
patients with suspected hyperaldosteronism.10

e Non-RAAS Mediated HFpEF: HFpEF caused by
systemic inflammation, amyloidosis, or coronary
microvascular dysfunction may mimic the clinical
presentation of hyperaldosteronism-related
HFpEF.10

Screening in High-Risk Populations
Given the underdiagnosis of hyperaldosteronism, targeted
screening in high-risk HFpEF populations is warranted:

e Resistant Hypertension: Patients with
uncontrolled hypertension on >3 antihypertensive
medications  should be  evaluated for
hyperaldosteronism.10

e Obesity and Metabolic Syndrome:
Hyperaldosteronism is common in obese patients,
particularly those with HFpEF, and screening should
be considered.11

The  diagnosis  of  the relationship  between
hyperaldosteronism and HFpEF involves integrating clinical,
biochemical, imaging, and echocardiographic findings. Early
identification and characterization of hyperaldosteronism in
HFpEF patients allow for targeted interventions, including
the use of mineralocorticoid receptor antagonists (MRAS), to
address the shared pathophysiological pathways and improve
clinical outcomes.12

TREATMENT

The management of the relationship  between
hyperaldosteronism and heart failure with preserved ejection
fraction (HFpEF) involves addressing the dual
pathophysiological mechanisms driving these conditions.
This includes targeted therapies for hyperaldosteronism to
mitigate its cardiovascular and systemic effects, along with
comprehensive management strategies for HFpEF. Optimal
treatment aims to reduce morbidity, improve symptoms, and
prevent disease progression.12

Pharmacological Management of Hyperaldosteronism
Therapeutic interventions for hyperaldosteronism focus on
inhibiting the effects of excess aldosterone.
Mineralocorticoid Receptor Antagonists (MRAS)

MRAs, such as spironolactone and eplerenone, are the
cornerstone of therapy for hyperaldosteronism and have
demonstrated benefits in HFpEF.

e Spironolactone:

As a non-selective MRA, spironolactone blocks
aldosterone  receptors in the myocardium,
vasculature, and renal tubules. Clinical benefits
include:
o Reduction in myocardial fibrosis and
diastolic dysfunction.12
o Improvement in left ventricular relaxation
and compliance.
o Attenuation of systemic hypertension and
endothelial dysfunction.

e However, spironolactone may cause side effects
such as gynecomastia, breast tenderness, and
menstrual irregularities due to its anti-androgenic
properties.12

e Eplerenone:

Eplerenone, a selective MRA, provides similar
benefits without the anti-androgenic side effects,
making it a preferred option in some patients.12
Direct Renin-Angiotensin-Aldosterone System (RAAS)
Inhibitors
Drugs targeting the RAAS pathway can further mitigate the
effects of aldosterone:

19  Volume 05 Issue 01 January 2025

Corresponding Author: Carlos Emmanuel Guzman Solorzano



The Interplay between Hyperaldosteronism and Heart Failure with Preserved Ejection Fraction: Pathophysiological

Insights and Therapeutic Implications

e Angiotensin-Converting Enzyme (ACE)
Inhibitors:
ACE inhibitors reduce angiotensin 1l levels,
indirectly decreasing aldosterone synthesis. They
also have antifibrotic and vasodilatory effects
beneficial in HFpEF.13
e Angiotensin Il Receptor Blockers (ARBSs):
ARBs like losartan or valsartan block the effects of
angiotensin 1, reducing aldosterone secretion and
improving vascular compliance.13
e Angiotensin  Receptor-Neprilysin  Inhibitors
(ARNISs):
Sacubitril/valsartan, which combines an ARB with
neprilysin inhibition, has shown promise in HFpEF
by reducing myocardial stress and improving
cardiac remodeling.13
Potassium-Sparing Diuretics
In patients with hypokalemia due to hyperaldosteronism,
potassium-sparing diuretics (e.g., amiloride) can be used
adjunctively to correct potassium levels and reduce
arrhythmogenic risk.14
Definitive Treatment for Hyperaldosteronism
For primary hyperaldosteronism (PHA), the underlying cause
dictates the definitive treatment strategy.14
Unilateral Aldosterone-Producing Adenoma (APA)
e Adrenalectomy:
Laparoscopic adrenalectomy is the treatment of
choice for unilateral APA. It effectively resolves
hyperaldosteronism, normalizes blood pressure, and
prevents aldosterone-induced cardiac remodeling.14
o Outcomes: Studies indicate significant
improvement in left  ventricular
hypertrophy, myocardial fibrosis, and
diastolic dysfunction following
adrenalectomy.14
Bilateral Adrenal Hyperplasia (BAH)
e Medical Therapy:
In BAH, MRAs remain the mainstay treatment due
to the diffuse nature of hyperaldosterone
production.14
Management of HFpEF in Hyperaldosteronism
The management of HFpEF in the context of
hyperaldosteronism involves addressing shared
pathophysiological mechanisms while targeting HFpEF-
specific goals.14
Diuretics
e Loop diuretics (e.g., furosemide) are used to
alleviate volume overload and pulmonary
congestion. However, over-diuresis should be
avoided to prevent hypovolemia and worsening
renal function.14
Blood Pressure Control
e Antihypertensive therapy is crucial to reduce
afterload and improve ventricular relaxation. MRAs

and RAAS inhibitors are particularly effective in
controlling hyperaldosterone-driven
hypertension.14

Heart Rate Management

e Beta-blockers or calcium channel blockers may be
used to optimize heart rate, particularly in patients
with concomitant atrial fibrillation.14

Atrial Fibrillation Management

e Rhythm Control: Antiarrhythmic drugs or catheter
ablation may be considered for maintaining sinus
rhythm.14

e Anticoagulation: Patients with atrial fibrillation
require anticoagulation to mitigate thromboembolic
risk.14

Emerging Therapies and Novel Approaches

Ongoing research is expanding therapeutic options for
hyperaldosteronism and HFpEF.15

Aldosterone Synthase Inhibitors

e Drugs like baxdrostat directly inhibit aldosterone
synthase (CYP11B2), providing a novel targeted
approach to hyperaldosteronism. These agents hold
potential for reducing aldosterone levels more
effectively than MRAs.15

Anti-Fibrotic Agents

e Drugs targeting myocardial fibrosis pathways, such
as pirfenidone, are being investigated for their
potential role in reversing cardiac remodeling in
HFpEF.15

Metabolic Interventions

e Therapies addressing obesity, insulin resistance, and
dyslipidemia, such as GLP-1 receptor agonists, may
improve outcomes in patients with metabolic
syndrome-associated HFpEF.15

Lifestyle Modifications and Comorbidity Management
Non-pharmacological interventions are essential components
of comprehensive care:

e Sodium Restriction: Reducing dietary sodium
intake  mitigates  volume  retention  and
hypertension.15

e Weight Management: Obesity exacerbates both
hyperaldosteronism and HFpEF, making weight
reduction a key therapeutic goal.15

e Exercise Therapy: Structured exercise programs
can improve functional capacity and quality of life
in HFpEF patients.15

Follow-Up and Monitoring
Long-term monitoring is essential to evaluate treatment
efficacy and prevent disease progression:

e Biochemical Monitoring: Regular assessment of
plasma aldosterone, renin, and potassium levels
ensures optimal management of
hyperaldosteronism.15
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e Echocardiographic Surveillance: Periodic
imaging evaluates the reversal of cardiac
remodeling and diastolic function.15

e Blood Pressure Control: Ambulatory blood
pressure monitoring aids in achieving target blood
pressure levels.15

The treatment of hyperaldosteronism and its relationship with
HFpEF requires an integrated approach that targets the
pathophysiological mechanisms of both conditions.
Advances in pharmacological and surgical therapies offer
promising avenues for improving outcomes in this
challenging patient population. Multidisciplinary
collaboration and personalized care remain central to
optimizing therapeutic success.15

Treatment

The therapeutic approach to addressing the intersection of
hyperaldosteronism and heart failure with preserved ejection
fraction (HFpEF) involves treating the hormonal
dysregulation driving cardiovascular remodeling and
managing the hemodynamic and symptomatic manifestations
of HFpEF. Treatment strategies focus on mitigating
aldosterone’s deleterious effects on the cardiovascular
system, alleviating heart failure symptoms, and preventing
long-term complications through pharmacological and non-
pharmacological interventions.15

Pharmacological Treatment of Hyperaldosteronism
Therapies targeting excess aldosterone are essential in
mitigating its systemic effects, which include hypertension,
fibrosis, and endothelial dysfunction.15

Mineralocorticoid Receptor Antagonists (MRAS)

MRAs, such as spironolactone and eplerenone, are the first-
line treatment for hyperaldosteronism and form the
cornerstone of therapy.

e Mechanism of Action:

MRAs block aldosterone binding to
mineralocorticoid receptors in the renal tubules,
vasculature, and myocardium, preventing sodium
retention, potassium excretion, and tissue fibrosis.15

e Clinical Benefits:

o Reduction in left ventricular hypertrophy
and myocardial fibrosis.

o Improvement in diastolic relaxation and
vascular compliance.

o Lowering of systemic blood pressure.15

e Comparative Features:

o Spironolactone: Effective but associated
with anti-androgenic side effects such as
gynecomastia and menstrual irregularities.

o Eplerenone: A selective MRA with a
lower risk of these side effects, making it a
preferred option for some patients.15

e Dosing Considerations:
Treatment should start at low doses and titrate based
on clinical response, blood pressure control, and
serum potassium levels to avoid hyperkalemia.15
Aldosterone Synthase Inhibitors
Emerging therapies such as baxdrostat target aldosterone
synthase (CYP11B2) to directly reduce aldosterone
production. These agents show promise in providing a more
targeted approach with fewer side effects than traditional
MRAs.15
Potassium-Sparing Diuretics
For patients with persistent hypokalemia or intolerance to
MRAs, agents such as amiloride may be used adjunctively to
address potassium depletion while reducing blood
pressure.15
RAAS Blockade
While hyperaldosteronism involves aldosterone escape from
the renin-angiotensin-aldosterone system (RAAS), additional
RAAS blockade offers synergistic benefits in HFpEF:15
e Angiotensin-Converting Enzyme (ACE)
Inhibitors and Angiotensin Receptor Blockers
(ARBS):
These agents reduce angiotensin Il-mediated
stimulation of aldosterone production and improve
myocardial and vascular remodeling.15
e Angiotensin  Receptor-Neprilysin  Inhibitors
(ARNIs):
Sacubitril/valsartan has demonstrated benefits in
improving diastolic function and reducing
myocardial wall stress in HFpEF.15
Management of HFpEF
Therapies for HFpEF in the setting of hyperaldosteronism
focus on optimizing hemodynamics, alleviating symptoms,
and targeting comorbidities.
Volume Management
e Diuretics:

o Loop diuretics (e.g., furosemide) are used
to relieve symptoms of congestion and
volume overload.15

o  Careful titration is necessary to prevent
hypovolemia and  worsening  renal
function.15

Blood Pressure Control
e Hypertension exacerbates both HFpEF and
hyperaldosteronism. Optimal control using MRAS,
RAAS inhibitors, or calcium channel blockers is
essential to reduce afterload and improve ventricular
relaxation.15

Rate and Rhythm Control

Atrial fibrillation is common in HFpEF and may be
aggravated by hyperaldosteronism-induced atrial
remodeling.15
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e Rate Control: Beta-blockers  or  non-
dihydropyridine calcium channel blockers can be
used to optimize ventricular rate.15

e Rhythm Control: Antiarrhythmic therapy or
catheter ablation may be considered for maintaining
sinus rhythm.16

e Anticoagulation:  Oral anticoagulants are
recommended for stroke prevention in patients with
atrial fibrillation.16

Targeting Fibrosis and Inflammation

e Anti-fibrotic Therapies:

Investigational agents targeting fibrosis pathways,
such as pirfenidone and galectin-3 inhibitors, are
under evaluation for reversing myocardial
remodeling in HFpEF.16

e Inflammation Modulators:

Therapies such as sodium-glucose cotransporter 2
inhibitors (SGLT2is) have shown potential
benefits in reducing inflammation and improving
cardiac function.16
Definitive Treatment for Primary Hyperaldosteronism
The treatment of primary hyperaldosteronism varies based on
its etiology:
Unilateral Aldosterone-Producing Adenoma (APA)

e Surgical Management:

Laparoscopic adrenalectomy is the treatment of
choice for unilateral APA.

o  Benefits include resolution of
hyperaldosteronism,  normalization  of
potassium levels, and reversal of
aldosterone-induced cardiac
remodeling.16

e Postoperative Monitoring:

Regular follow-up is required to assess for residual
hypertension or incomplete biochemical
resolution.16

Bilateral Adrenal Hyperplasia (BAH)

e Medical Therapy:

MRAs remain the mainstay for managing BAH, as
surgical resection is not feasible in this diffuse
pathology.16

Non-Pharmacological Interventions

Lifestyle modifications and risk factor control play a crucial

role in managing hyperaldosteronism and HFpEF:

e Sodium Restriction:

Limiting dietary sodium intake to <2 g/day reduces
aldosterone-driven sodium retention and volume
overload.16

e \Weight Loss and Exercise:
Obesity  contributes to both HFpEF and
hyperaldosteronism;  structured  weight  loss
programs and tailored exercise regimens improve
functional capacity.16

e Comorbidity Management:
Optimizing glycemic control in diabetes and lipid
management in dyslipidemia is crucial.16
Long-Term Monitoring and Follow-Up
Ongoing assessment is necessary to ensure treatment efficacy
and mitigate complications:
e Biochemical Monitoring:
Regular monitoring of serum potassium, aldosterone
levels, and renin activity helps adjust therapy.16
e Cardiac Imaging:
Serial echocardiography evaluates improvement in
diastolic function and regression of left ventricular
hypertrophy.16
e Blood Pressure Surveillance:
Ambulatory ~ monitoring  ensures  adequate
hypertension control.16
The treatment of hyperaldosteronism and its contribution to
HFpEF requires a multidisciplinary, personalized approach.
Advances in pharmacological therapies and surgical
techniques offer opportunities to optimize outcomes. A focus
on early detection, targeted intervention, and comprehensive
care is essential to address the complex interplay of these
conditions.16

CONCLUSION

The intricate relationship between hyperaldosteronism and
heart failure with preserved ejection fraction (HFpEF)
underscores the critical role of aldosterone in cardiovascular
pathology. Hyperaldosteronism, whether primary or
secondary, exacerbates the pathophysiological mechanisms
central to HFpEF, including systemic and pulmonary
hypertension, endothelial dysfunction, myocardial fibrosis,
and diastolic dysfunction. These processes contribute to the
progression of HFpEF, a condition that remains a clinical
challenge due to its heterogeneity and lack of universally
effective therapies.

From a pathophysiological perspective, aldosterone’s actions
extend beyond sodium retention and potassium excretion. By
promoting collagen synthesis and fibroblast activation,
aldosterone fosters myocardial remodeling, particularly in the
atria and ventricles. This structural remodeling leads to
impaired ventricular compliance, elevated filling pressures,
and the hallmark symptoms of HFpEF, including exercise
intolerance and dyspnea. Moreover, aldosterone’s pro-
inflammatory and oxidative stress-inducing effects further
aggravate endothelial dysfunction and microvascular
rarefaction, perpetuating HFpEF’s vicious cycle.

Diagnosis of the interplay between hyperaldosteronism and
HFpEF requires a high index of suspicion, particularly in
patients  with  resistant  hypertension,  unexplained
hypokalemia, or signs of diastolic heart failure. The
integration of biochemical testing, imaging modalities such
as echocardiography, and advanced hemodynamic
assessments allows for a comprehensive evaluation.
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Identifying the primary or secondary nature of
hyperaldosteronism is paramount, as it guides targeted
therapy, ranging from medical management with
mineralocorticoid receptor antagonists (MRAS) to surgical
interventions like adrenalectomy in cases of aldosterone-
producing adenomas.

Therapeutically, MRAs, including spironolactone and
eplerenone, represent the cornerstone of hyperaldosteronism
management. Their dual benefit in attenuating aldosterone-
mediated cardiac remodeling and improving diastolic
function makes them pivotal in the treatment of HFpEF.
Emerging therapies, such as aldosterone synthase inhibitors,
offer promising avenues for more selective and efficacious
blockade of aldosterone’s effects, while agents targeting
myocardial fibrosis, systemic inflammation, and metabolic
dysfunction hold potential to revolutionize HFpEF
management. Lifestyle interventions, including sodium
restriction, weight loss, and structured exercise programs,
further augment clinical outcomes by addressing modifiable
risk factors.

Despite these advances, significant challenges remain. The
heterogeneity of HFpEF, compounded by the variable
manifestations of hyperaldosteronism, necessitates a
personalized approach to treatment. Further research is
required to elucidate the molecular and cellular pathways
linking aldosterone excess to HFpEF and to develop
biomarkers for early detection and therapeutic monitoring.
Large-scale clinical trials assessing the efficacy of novel
therapies, particularly in the context of HFpEF’s diverse
phenotypes, are also essential.

In summary, the interplay between hyperaldosteronism and
HFpEF exemplifies the complex interdependence of
endocrine and cardiovascular systems. Recognizing and
addressing this relationship is vital for improving patient
outcomes. A multidisciplinary approach, combining
endocrinological expertise with cardiology and nephrology
insights, is key to achieving optimal care. By advancing our
understanding and therapeutic strategies, we can better
address the dual burden of hyperaldosteronism and HFpEF,
ultimately enhancing the quality of life and prognosis for
affected individuals.
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