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Abstract: Aortic stenosis (AS), the most prevalent valvular heart disease, is increasingly
recognized as an active disease process driven by a convergence of hemodynamic stress,
inflammation, oxidative injury, and metabolic remodeling. While transcatheter and surgical
valve replacement remain the standard interventions for severe AS, they fail to reverse the
chronic myocardial remodeling that underlies adverse outcomes in many patients. Sodium–
glucose cotransporter 2 (SGLT2) inhibitors have emerged as promising cardioprotective
agents, with effects extending well beyond glycemic control. Recent mechanistic studies
reveal that SGLT2 is expressed in the myocardium of patients with AS and is linked to
pathways of fibrosis, inflammation, and energetic dysfunction. Experimental models and
translational data demonstrate that SGLT2 inhibition attenuates maladaptive remodeling
through modulation of TGF-β, NF-κB, NLRP3 inflammasome, and oxidative stress sig-
naling while enhancing mitochondrial energetics and endothelial function. Importantly,
clinical evidence from randomized and real-world studies suggests that SGLT2 inhibitors
improve heart failure outcomes following valve replacement and may slow AS progression.
This review integrates current pathophysiological insights with emerging molecular and
clinical data to delineate the therapeutic rationale for SGLT2 inhibition in AS. By targeting
both myocardial and valvular components of the disease, SGLT2 inhibitors may offer a
novel disease-modifying strategy with potential implications across the AS continuum—
from asymptomatic stages to the post-interventional setting. Ongoing and future trials
are warranted to define optimal patient selection, timing, and biomarkers for response to
SGLT2 inhibitor therapy in this increasingly high-risk population.

Keywords: aortic stenosis; SGLT2 inhibitors; heart failure; valve replacement; myocardial
remodeling; fibrosis; inflammation; oxidative stress; cardiometabolic therapy

1. Introduction
Aortic valve stenosis (AS) is the most prevalent valvular heart disease in industrialized

nations and a growing public health challenge in aging populations [1–6]. Characterized
by progressive calcification and narrowing of the aortic valve, AS imposes chronic pressure
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overload on the left ventricle, triggering a cascade of maladaptive myocardial remod-
eling that includes hypertrophy, interstitial fibrosis, and, ultimately, heart failure [7–9].
Despite the widespread adoption of transcatheter and surgical aortic valve replacement
(TAVI/AVR) as definitive interventions [10], clinical outcomes remain suboptimal in many
patients, particularly those with advanced myocardial damage at the time of interven-
tion [11–18]. Notably, structural remodeling often persists even after valve replacement,
underscoring the need for adjunctive therapies capable of modifying the underlying
pathophysiology [11,16,19].

Recent advances in cardiovascular pharmacotherapy have positioned sodium–glucose
cotransporter 2 (SGLT2) inhibitors as promising agents in the management of heart fail-
ure [20–22]. Initially developed as glucose-lowering agents, SGLT2 inhibitors have demon-
strated significant cardioprotective effects across diverse clinical settings and patient popu-
lations, including those without diabetes [23–27]. Emerging preclinical and clinical evidence
suggests that these benefits may extend to patients with AS, where myocardial SGLT2
expression has been implicated in the pathogenesis of fibrosis, inflammation, oxidative
stress, and metabolic dysfunction [28–30]. These findings raise the possibility that SGLT2 in-
hibitors may modulate key pathophysiological processes in AS and complement structural
interventions such as TAVI or AVR.

This review explores the molecular and cellular mechanisms underlying AS progres-
sion, highlights the emerging role of SGLT2 inhibitors as modulators of cardiometabolic
remodeling, and discusses the therapeutic implications of integrating SGLT2 inhibition into
the management of aortic valve disease.

2. Pathophysiological Overview of Aortic Valve Stenosis
The literature search and selection process underlying this review are summarized in

Supplementary Figure S1.
AS is increasingly recognized not as a passive degenerative condition but as an ac-

tive, multifaceted disease driven by molecular, mechanical, inflammatory, and metabolic
cues [31,32]. The pathological process evolves through two distinct yet overlapping phases:
initiation and propagation, each contributing uniquely to the fibrotic and calcific degenera-
tion of the aortic valve and subsequent myocardial remodeling [31,32].

2.1. Hemodynamic Stress and Pressure Overload

The hallmark of AS is the progressive narrowing of the aortic valve orifice due to
fibrocalcific thickening of the valve cusps [33]. This structural abnormality imposes chronic
pressure overload on the left ventricle (LV), necessitating increased myocardial wall tension
to maintain cardiac output [34]. In the early stages, this pressure overload induces concen-
tric hypertrophy of the LV myocardium—a compensatory response aimed at preserving
systolic function [35]. However, over time, this adaptation becomes maladaptive, with
impaired coronary perfusion, increased myocardial oxygen demand, and eventual LV de-
compensation [36–38]. As outlined by Shah et al. [31], maladaptive hypertrophy progresses
to interstitial fibrosis, microvascular rarefaction, and systolic dysfunction, culminating in
heart failure—a major determinant of post-intervention outcomes [39–44].

2.2. Myocardial Remodeling: Fibrosis, Microvascular Dysfunction, and Energetic Impairment

The sustained hemodynamic stress and neurohormonal activation in AS stimulate a
cascade of profibrotic signaling pathways, including TGF-β, galectin-3, and matrix metal-
loproteinases, leading to collagen deposition and extracellular matrix expansion [45–51].
This structural remodeling stiffens the ventricular myocardium, impairing diastolic re-
laxation and coronary reserve [52–54]. Microvascular dysfunction—driven by increased
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wall stress, capillary rarefaction, and endothelial dysfunction—exacerbates ischemia and
promotes further fibrosis. In advanced disease, impaired energetics [55], characterized by
mitochondrial dysfunction and substrate switching from fatty acids to glucose, contribute
to contractile inefficiency and myocardial vulnerability [56,57].

2.3. Inflammation, Oxidative Stress, and Metabolic Reprogramming in Valve and Myocardium

At the valvular level, disease initiation begins with endothelial injury due to shear
stress [58], particularly on the fibrosa surface, triggering endothelial-to-mesenchymal tran-
sition (EndMT) [59] and infiltration of lipoproteins, such as Lp(a) and oxidized LDL [60–62].
These lipids provoke local inflammation, recruiting macrophages and T cells that release
proinflammatory cytokines (IL-6, TNF-α, IL-1β) [63–65] and activate the NF-κB path-
way [66]. Valvular interstitial cells (VICs) differentiate into myofibroblast- and osteoblast-
like phenotypes, driving the development of fibrosis and calcification [47,67]. Apoptotic
bodies and extracellular vesicles from VICs and immune cells serve as nucleation sites for
hydroxyapatite deposition [68,69].

Metabolically, the AS myocardium undergoes significant reprogramming [70,71].
Downregulation of PPAR-α and mitochondrial enzymes, coupled with an increased re-
liance on glycolysis and ketone utilization, reflects a shift toward an energetically inefficient
state [72,73]. These changes mirror those observed in pressure overload and heart fail-
ure, indicating a shared molecular substrate between valvular and myocardial disease
components [71,74,75].

3. SGLT2 Inhibitors in Aortic Valve Stenosis: Mechanisms Beyond
Glycemic Control

Given the complex interplay of hemodynamic stress, inflammation, oxidative damage,
endothelial dysfunction, and metabolic dysregulation that underpins AS progression [76],
therapeutic strategies that target these interconnected pathways are urgently needed [77].
Traditional interventions focus primarily on relieving valvular obstruction; yet, they leave
the underlying myocardial and vascular pathology largely unaddressed. In this context,
SGLT2 inhibitors have garnered considerable interest due to their ability to modulate
multiple cellular and molecular processes implicated in both valvular and myocardial
remodeling [78–81]. Although initially developed for glycemic control in diabetes, emerg-
ing evidence highlights their cardioprotective effects in non-diabetic settings—including
AS—through mechanisms that extend well beyond glucose lowering (Table 1).

Table 1. Mechanistic evidence supporting the cardiovascular and valvular effects of SGLT2 inhibitors.

Author, Year Model/Study
Design

Key Molecular
Targets or Pathways Main Findings Implications for AS

Zheng et al.,
2025 [82]

Retrospective
cohort; 4964 T2DM
patients (1942
SGLT2i users)

Inflammation (CRP,
neutrophils,
lymphocytes),
oxidative stress (uric
acid, bilirubin, GGT)

SGLT2i use was associated with a
9% lower risk of aortic aneurysm
(adjusted HR: 0.91, p = 0.001);
effects mediated in part by
reductions in inflammatory and
oxidative stress markers.
Dapagliflozin and empagliflozin
showed the strongest risk
reduction.

Supports
anti-inflammatory and
antioxidative effects of
SGLT2i; suggests
vascular benefits may
extend to aortic
pathology, relevant for
AS patients with vascular
remodeling and
inflammation.
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Table 1. Cont.

Author, Year Model/Study
Design

Key Molecular
Targets or Pathways Main Findings Implications for AS

Alsereidi et al.,
2024 [83]

In vitro
(cardiomyocytes,
aortic endothelial
cells, SC-β cells)

AKT/PI3K, SGLT2,
NHE1, GLUT1, NRF2,
MAPK, NF-κB, NLRP3

Dapagliflozin attenuated
ISO-induced cardiomyocyte
hypertrophy and inflammation via
AKT/PI3K activation, reduced
ROS, and suppressed NLRP3
inflammasome activity. In AECs, it
restored eNOS expression,
suppressed TNFα-induced NF-κB
and VCAM/ICAM expression,
and reduced GRP78 (ER stress
marker). In SC-β cells, DAPA
enhanced insulin functionality and
MAFA expression while reducing
NHE1 and GRP78 expression
under inflammatory stress.

Demonstrates
multifaceted
anti-inflammatory,
antioxidant, and
anti-hypertrophic effects
of SGLT2i across relevant
cardiovascular and
endocrine cell types,
supporting their
therapeutic potential in
AS-associated
myocardial and vascular
remodeling.

Yue et al., 2024
[84]

Obese mice model;
aortic proteomics
with empagliflozin
intervention
(10 mg/kg/day for
12 weeks)

Fatty acid metabolism
(FASN, SCD3, ACSL1,
ACSL5),
mitochondrial
energetics, aortic
stiffness (PWV)

Empagliflozin reduced expression
of FASN, SCD3, ACSL1, and
ACSL5 in the aorta; improved
lipid/glucose profile; attenuated
aortic stiffness (PWV ↓), collagen
deposition, and endothelial injury.
Proteomics confirmed shift in
metabolic pathways.

Suggests empagliflozin
may modulate aortic
fatty acid metabolism,
reduce stiffness, and
preserve vascular
integrity—mechanisms
relevant to AS
progression and its
vascular complications.

Wen et al., 2024
[85]

Murine model;
transverse aortic
constriction (TAC)
with Langendorff-
perfused heart
analysis

INaL (late Na+
current), p-CaMKII,
Nav1.5, NCX, RyR2,
Ca2+ transient
alternans, CaTD80,
TTP100

Empagliflozin attenuated
TAC-induced cardiac hypertrophy,
restored ejection fraction and
fractional shortening, and reversed
electrophysiologic remodeling
(shortened APD80, improved Ca2+

handling, reduced
arrhythmogenicity). It reduced
p-CaMKII and Nav1.5 expression
and improved Ca2+ transient
kinetics and alternans under
isoproterenol stress.

Demonstrates that
empagliflozin
counteracts pressure
overload-induced cardiac
remodeling, restores Ca2+

homeostasis, and
prevents ventricular
arrhythmias—findings
highly relevant to
AS-associated
hypertrophy and
decompensation.

Chandrasekar
et al., 2023 [86]

In vitro (human
aortic SMCs
exposed to OxLDL);
molecular assays
and confocal
microscopy

RECK, MMP2/9,
miR-30b, NF-κB, CT-1,
LIFR, gp130

Empagliflozin reversed
OxLDL-induced miR-30b
expression and RECK suppression;
inhibited MMP2/9 activation,
SMC proliferation/migration, and
inflammatory phenotype. Also
inhibited CT-1-mediated
mitogenic effects via LIFR/gp130.

Highlights
empagliflozin’s direct
vascular protective
effects in modulating
matrix remodeling,
inflammation, and
oxidative
stress—relevant to aortic
wall changes and
valvular sclerosis in AS.

Campeau et al.,
2024 [87]

In vitro (human
aortic endothelial
cells exposed to
tunicamycin-
induced ER stress)

TXNIP, NLRP3, CHOP,
phospho-
eIF2α/eIF2α, NRF2

Empagliflozin (50–100 µM)
reduced tunicamycin-induced ER
stress and inflammation in ECs by
downregulating CHOP, TXNIP,
and NLRP3 and dampening NRF2
nuclear translocation. Effects were
dose-dependent.

Supports a role for
SGLT2i in reducing
endothelial ER stress and
inflammasome activation,
mechanisms implicated
in valvular inflammation
and aortic endothelial
dysfunction in AS.
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Table 1. Cont.

Author, Year Model/Study
Design

Key Molecular
Targets or Pathways Main Findings Implications for AS

Kawade et al.,
2023 [88]

Diet-induced obese
mice; luseogliflozin
treatment with free
or paired feeding

SOD2, ROS, ICAM-1,
VCAM-1, MCP-1,
FFA-induced oxidative
stress

Luseogliflozin improved
endothelial function by increasing
SOD2 expression and reducing
ROS in the thoracic aorta. It
reversed FFA-induced endothelial
dysfunction and metabolic
abnormalities under caloric
restriction.

Provides mechanistic
evidence that SGLT2i
enhances vascular
antioxidant defenses and
restores endothelial
function—critical
processes in AS-related
aortic remodeling.

Liu et al., 2022
[89]

Murine model of
AAA
(PPE-induced);
dapagliflozin 1 or
5 mg/kg for
14 days

Inflammation
(macrophages, T/B
cells), MMP2/9,
angiogenesis (CD31),
SMCs

Dapagliflozin reduced aneurysm
formation and progression by
decreasing aortic leukocyte
infiltration, attenuating MMP2/9
expression, preserving SMCs, and
reducing mural angiogenesis. Also
limited progression of existing
AAAs.

Reinforces
anti-inflammatory,
anti-proteolytic, and
vascular-stabilizing
effects of SGLT2i; may
translate to benefits in
AS-related aortic wall
inflammation and
remodeling.

Ashry et al.,
2021 [90]

Hypercholesterolemic
rabbit model;
canagliflozin
(10 mg/kg/day)
for 4 weeks

Oxidative stress (SOD,
MDA, GSH), NOx,
CRP, PPARγ,
endothelial function

Canagliflozin improved lipid
profile, decreased CRP and
oxidative markers (MDA, NOx),
restored antioxidant enzymes
(SOD, GSH), and enhanced
acetylcholine-induced aortic
relaxation. It also reduced aortic
intima/media ratio and
atherosclerotic lesion area.

Provides evidence for
vascular protective
effects of SGLT2i via
anti-inflammatory,
antioxidative, and
endothelial mechanisms,
supporting their
relevance in
AS-associated vascular
remodeling.

Sukhanov
et al., 2021 [91]

In vitro (human
aortic SMC); IL-17A
stimulation ±
empagliflozin
(1 µM)

TRAF3IP2, ROS,
NLRP3, caspase-1,
IL-1β, IL-18

Empagliflozin inhibited
IL-17A-induced oxidative stress,
NLRP3 expression, caspase-1
activation, and IL-1β/IL-18
secretion in SMCs. Reduced SMC
proliferation and migration were
observed, independent of glucose
levels.

Provides strong
mechanistic support for
anti-inflammatory and
anti-remodeling effects of
empagliflozin in aortic
smooth muscle—a key
cellular contributor to
vascular thickening and
stiffness in AS.

Ortega et al.,
2019 [92]

ApoE−/− mice
infused with Ang II;
empagliflozin 1 or
3 mg/kg/day for
28 days

CCL-2, CCL-5, VEGF,
MMP-2/9, TIMP-1,
p38 MAPK, NF-κB,
VCAM-1, ICAM-1

Empagliflozin significantly
reduced Ang II induced dissecting
AAA by limiting aortic dilation,
elastin degradation, macrophage
infiltration, and
neovascularization. It
downregulated inflammatory
chemokines, MMPs, and
endothelial adhesion molecules.
Also inhibited activation of p38
MAPK and NF-κB pathways and
preserved SMCs.

Demonstrates robust
vascular
anti-inflammatory and
anti-proteolytic effects of
empagliflozin; supports
potential role in
modulating aortic wall
integrity and
inflammation relevant to
AS progression and
complications.

El-Daly et al.,
2018 [93]

In vitro (mouse
aortic rings,
endothelial cells);
hyperglycemia-
induced
dysfunction model

SGLT2, ROS, NADPH
oxidase, Src, EGFR,
PKC, Rho-kinase,
eNOS, PAR2

Hyperglycemia impaired
PAR2-mediated vasodilation via
ROS generation and downstream
signaling. Empagliflozin
preserved endothelial
NO-dependent vasodilation by
inhibiting SGLT2-mediated
glucose uptake, reducing ROS,
and modulating NADPH oxidase,
EGFR/Src/PKC/Rho-kinase
signaling.

Highlights aortic
endothelial expression of
SGLT2 and provides
mechanistic basis for
vascular protection via
antioxidative,
eNOS-preserving
pathways—highly
relevant for
AS-associated endothelial
dysfunction.
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Table 1. Cont.

Author, Year Model/Study
Design

Key Molecular
Targets or Pathways Main Findings Implications for AS

Solini et al.,
2017 [94]

Pilot clinical study;
16 T2DM patients
treated with
dapagliflozin vs. 10
on HCT (2-day
intervention)

Endothelial function
(FMD), aortic stiffness
(PWV), renal resistive
index (RI), oxidative
stress (urinary
isoprostanes)

Dapagliflozin acutely improved
FMD (2.8% → 4.0%), reduced
PWV (10.1 → 8.9 m/s), and
decreased RI (0.62 → 0.59). These
effects occurred independently of
natriuresis or blood glucose
changes and were associated with
a reduction in urinary
isoprostanes. No similar vascular
improvements were seen with
HCT.

Provides early clinical
evidence that SGLT2i
enhances vascular
function and reduces
oxidative
stress—mechanisms that
may contribute to
improved aortic and
valvular compliance in
AS.

Urbano Pagan
et al., 2023 [95]

Rat model of AS
(supravalvular
banding);
empagliflozin
10 mg/kg/day for
8 weeks

Collagen I/III, IL-6,
NF-κB (p65),
glutathione
peroxidase, MMP-2,
catalase, lipid
hydroperoxides

Empagliflozin improved LV
remodeling and diastolic function
and reduced interstitial fibrosis,
oxidative stress, and inflammatory
signaling (IL-6, p65 NF-κB). It
enhanced antioxidant enzyme
activity (GPx), modulated MMP-2
activation, and reduced
myocardial collagen content.

Provides direct in vivo
evidence that SGLT2i
improves myocardial
remodeling, oxidative
balance, and diastolic
function in
AS—supporting
disease-modifying
potential in pressure
overload-induced cardiac
pathology.

Abbreviations: AECs, aortic endothelial cells; AS, aortic stenosis; AAA, abdominal aortic aneurysm; ACSL, acyl-
CoA synthetase long-chain; CaMKII, Ca2+/calmodulin-dependent protein kinase II; CHOP, C/EBP homologous
protein; CT-1, cardiotrophin-1; ECs, endothelial cells; EGFR, epidermal growth factor receptor; eNOS, endothelial
nitric oxide synthase; FASN, fatty acid synthase; FFA, free fatty acid; FMD, flow-mediated dilation; GGT,
gamma-glutamyl transferase; GSH, glutathione; ICAM-1, intercellular adhesion molecule-1; IL, interleukin; LIFR,
leukemia inhibitory factor receptor; MAPK, mitogen-activated protein kinase; MAFA, v-maf musculoaponeurotic
fibrosarcoma oncogene homolog A; MCP-1, monocyte chemoattractant protein-1; MDA, malondialdehyde; MMP,
matrix metalloproteinase; NADPH, nicotinamide adenine dinucleotide phosphate; NF-κB, nuclear factor kappa-
light-chain-enhancer of activated B cells; NOx, nitric oxide metabolites; NRF2, nuclear factor erythroid 2–related
factor 2; PAR2, protease-activated receptor-2; PPAR, peroxisome proliferator-activated receptor; PWV, pulse wave
velocity; RECK, reversion-inducing cysteine-rich protein with Kazal motifs; RI, renal resistive index; ROS, reactive
oxygen species; SC-β, stem cell-derived β cells; SGLT2i, sodium–glucose cotransporter 2 inhibitor; SMCs, smooth
muscle cells; SOD2, superoxide dismutase 2; T2DM, type 2 diabetes mellitus; TNFα, tumor necrosis factor alpha;
TXNIP, thioredoxin-interacting protein; VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial
growth factor.

3.1. Molecular Targets in the AS Myocardium

SGLT2 expression, although traditionally thought to be restricted to the proximal renal
tubules, has been identified in extra-renal tissues under pathological conditions, including
the myocardium and vasculature [96,97]. Scisciola et al. [98] demonstrated significant
myocardial SGLT2 expression in patients with severe AS, particularly those with low-flow,
low-gradient phenotypes. Importantly, SGLT2 expression correlated positively with pro-
fibrotic (TGF-\u03b2, collagen) and pro-inflammatory (IL-6, NF-\u03baB) markers while
inversely correlating with antioxidant defenses such as SOD2 (Figure 1). This provides a
rationale for the direct myocardial effects of SGLT2 inhibitors in AS [98].

Beyond SGLT2 itself, several key signaling nodes have been implicated in the SGLT2
inhibitors’ actions. The inhibition of the sodium–hydrogen exchanger 1 (NHE1) leads to
reductions in intracellular sodium and calcium overload, thus alleviating mitochondrial
dysfunction and contractile inefficiency. Alsereidi et al. [83] demonstrated that dapagliflozin
modulates multiple inflammatory and oxidative pathways in cardiomyocytes, aortic en-
dothelial cells (AECs), and stem cell-derived \u03b2-cells, including AKT/PI3K, NHE1,
MAPK, and NLRP3 inflammasome suppression [83]. The antioxidant nuclear factor NRF2
was also modulated, indicating a broad cytoprotective profile [83].
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Figure 1. Mechanistic actions of SGLT2 inhibitors in aortic valve stenosis. SGLT2 inhibitors exert 
cardiometabolic benefits in aortic stenosis (AS) by modulating key molecular pathways involved in 
myocardial, vascular, and valvular remodeling. In the myocardium, SGLT2 inhibitors attenuate 
pressure overload-induced remodeling by suppressing profibrotic signaling (e.g., TGF-β, collagen 
I/III), reducing inflammatory activation (e.g., IL-6, NF-κB, NLRP3 inflammasome), and limiting 
oxidative stress through upregulation of antioxidant enzymes (e.g., SOD2, catalase, glutathione 
peroxidase). Metabolically, SGLT2 inhibitors restore myocardial energetic efficiency by enhancing 
mitochondrial ATP production, increasing ketone body utilization, and reducing cytosolic Na+/Ca2+ 
overload via NHE1 inhibition. These effects are supported by reactivation of PPAR-α signaling and 
attenuation of maladaptive PPAR-γ-dominant responses, promoting fatty acid oxidation over 
lipogenesis. Concurrently, lipotoxic enzyme expression (e.g., FASN, SCD3, ACSL1/5) is 
downregulated. In the vasculature, SGLT2 inhibitors preserve endothelial function by restoring 
eNOS activity, suppressing adhesion molecules (ICAM-1, VCAM-1), and reducing ER stress (↓ 
TXNIP, CHOP). Aortic stiffness is alleviated through improved vascular compliance and metabolic 
remodeling. At the valvular level, emerging evidence suggests SGLT2 inhibitors may inhibit oxLDL 
uptake, VIC osteogenic activation, and calcification. Together, these integrated effects support a 
disease-modifying role for SGLT2 inhibitors across the AS continuum. Solid lines with arrowheads 
indicate pathways or processes promoted by SGLT2 inhibitors; dashed lines with flat ends indicate 
inhibition. 
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Figure 1. Mechanistic actions of SGLT2 inhibitors in aortic valve stenosis. SGLT2 inhibitors exert
cardiometabolic benefits in aortic stenosis (AS) by modulating key molecular pathways involved
in myocardial, vascular, and valvular remodeling. In the myocardium, SGLT2 inhibitors attenuate
pressure overload-induced remodeling by suppressing profibrotic signaling (e.g., TGF-β, collagen
I/III), reducing inflammatory activation (e.g., IL-6, NF-κB, NLRP3 inflammasome), and limiting
oxidative stress through upregulation of antioxidant enzymes (e.g., SOD2, catalase, glutathione
peroxidase). Metabolically, SGLT2 inhibitors restore myocardial energetic efficiency by enhancing
mitochondrial ATP production, increasing ketone body utilization, and reducing cytosolic Na+/Ca2+

overload via NHE1 inhibition. These effects are supported by reactivation of PPAR-α signaling
and attenuation of maladaptive PPAR-γ-dominant responses, promoting fatty acid oxidation over
lipogenesis. Concurrently, lipotoxic enzyme expression (e.g., FASN, SCD3, ACSL1/5) is downregu-
lated. In the vasculature, SGLT2 inhibitors preserve endothelial function by restoring eNOS activity,
suppressing adhesion molecules (ICAM-1, VCAM-1), and reducing ER stress (↓ TXNIP, CHOP).
Aortic stiffness is alleviated through improved vascular compliance and metabolic remodeling. At
the valvular level, emerging evidence suggests SGLT2 inhibitors may inhibit oxLDL uptake, VIC
osteogenic activation, and calcification. Together, these integrated effects support a disease-modifying
role for SGLT2 inhibitors across the AS continuum. Solid lines with arrowheads indicate pathways or
processes promoted by SGLT2 inhibitors; dashed lines with flat ends indicate inhibition.

3.2. Anti-Inflammatory and Antioxidative Effects

Chronic inflammation and oxidative stress are pivotal in the progression of AS, driv-
ing both valvular calcification and myocardial fibrosis. Multiple studies underscore the
anti-inflammatory potential of SGLT2 inhibitors [99,100]. For example, Chandrasekar
et al. [86] found that empagliflozin reversed oxidized LDL-induced suppression of RECK
and inhibited MMP2/9 activation in aortic smooth muscle cells (SMCs) while suppress-
ing NF-\u03baB signaling and pro-inflammatory cytokine release. Similarly, Sukhanov
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et al. [91] reported that empagliflozin blocked IL-17A-induced ROS production, NLRP3
inflammasome activation, and downstream release of IL-1\u03b2 and IL-18 in SMCs,
independent of glucose levels.

In endothelial models, Campeau and Leask [87] demonstrated that empagliflozin
attenuated tunicamycin-induced endoplasmic reticulum stress and NLRP3 activation via
downregulation of TXNIP and CHOP, thereby preserving endothelial homeostasis. El-Daly
et al. [93] further showed that empagliflozin improved NO-dependent vasodilation in
hyperglycemia-exposed aortic rings by inhibiting oxidative signaling through NADPH
oxidase and restoring eNOS activity.

Vascular effects have also been demonstrated in vivo. Liu et al. [50] reported that
dapagliflozin reduced AAA formation by lowering MMP expression, reducing mural
inflammation, and preserving SMC integrity. Ortega et al. [92] corroborated these findings,
showing that empagliflozin inhibited Ang II-induced dissecting aneurysms in ApoE−/−

mice by targeting VEGF, MMPs, and MAPK/NF-\u03baB signaling.
Kawade et al. [88] extended these findings by demonstrating that luseogliflozin in-

creased SOD2 expression and reversed free fatty acid-induced oxidative stress in the
thoracic aorta of obese mice. These antioxidative effects likely contribute to the broader
vasoprotective actions of SGLT2 inhibitors in AS.

3.3. Effects on Endothelial and Vascular Function

Endothelial dysfunction is a central feature of AS-associated vascular pathology.
SGLT2 inhibitors have been shown to preserve endothelial integrity through several mech-
anisms. Ashry et al. [90] found that canagliflozin restored acetylcholine-induced aortic
relaxation in hypercholesterolemic rabbits while reducing oxidative stress (MDA, NOx) and
inflammation (CRP). In a pilot clinical study, Solini et al. [94] observed that dapagliflozin
improved flow-mediated dilation, reduced aortic stiffness (PWV), and decreased renal
resistive index within 48 h, independent of natriuresis or glycemic changes.

These vascular effects have been further corroborated in proteomic studies. Yue
et al. [84] showed that empagliflozin downregulated fatty acid metabolic enzymes (FASN,
SCD3, ACSL1, ACSL5) and improved aortic compliance in obese mice, indicating a direct
role in modulating vascular lipid handling and stiffness.

3.4. Metabolic and Energetic Effects

As previously discussed, a defining feature of advanced AS is myocardial metabolic
reprogramming, characterized by impaired fatty acid oxidation, dysfunctional mitochon-
drial respiration, and increased reliance on glycolysis and ketone bodies [70,71]. These
metabolic shifts reduce ATP availability and impair cardiac efficiency, particularly under
conditions of increased wall stress and restricted perfusion.

SGLT2 inhibitors have demonstrated the ability to promote a more favorable metabolic
profile, restoring mitochondrial function and substrate flexibility [101]. In addition to
enhancing ketone body handling, reducing cytosolic sodium and calcium overload, and
increasing ATP generation [101–103], accumulating evidence supports a broader, more
integrated role for these agents in reprogramming cellular energetics. Specifically, SGLT2 in-
hibitors appear to induce a starvation-mimetic state that activates evolutionarily conserved
nutrient-sensing pathways, including AMPK [104], sirtuins (SIRT1/3/6) [105,106], and
PGC-1α, while concurrently suppressing anabolic signaling via mTOR inhibition [107–109].

This molecular pattern triggers an adaptive shift toward enhanced autophagic flux—a
cellular housekeeping mechanism essential for removing damaged organelles, mitigating
oxidative stress, and preserving mitochondrial integrity [101]. The augmentation of mi-
tophagy and restoration of mitochondrial biogenesis have been consistently observed in
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both in vivo and in vitro models, including in tissues that do not express SGLT2, such as
the myocardium. This implies that SGLT2 inhibitors may act directly on nutrient and redox
sensors, independent of glycosuria or systemic metabolic changes [101].

The net effect is the preservation of cardiomyocyte viability, attenuation of fibrosis,
and improvement in myocardial structure and function [101]. These benefits align closely
with the pathophysiologic mechanisms driving AS progression, which is marked by energy
depletion, oxidative stress, and maladaptive remodeling [110,111].

Supporting this view, Yue et al. [84] demonstrated that empagliflozin downregulates
fatty acid synthesis enzymes (FASN, SCD3, ACSL1, ACSL5) and improves metabolic
balance in obese mice. In a rat model of supravalvular AS, Urbano Pagan et al. [95]
showed that empagliflozin ameliorates left ventricular remodeling, enhances antioxidant
defenses, and improves diastolic function—effects closely linked to metabolic remodeling
and suppression of inflammatory mediators.

Taken together, these findings suggest that SGLT2 inhibitors not only optimize sub-
strate utilization but also restore energetic and proteostatic homeostasis via autophagy-
mediated stress resolution mechanisms. This multifaceted role provides a compelling
mechanistic rationale for their evaluation in AS, where mitochondrial dysfunction, im-
paired energy signaling, and maladaptive hypertrophy are central to disease progression.

3.5. Cardiac Remodeling and Electrophysiologic Effects

A key contributor to morbidity in AS is myocardial remodeling and the associ-
ated risk of arrhythmias. Wen et al. [85] utilized a transverse aortic constriction (TAC)
model to demonstrate that empagliflozin restored ejection fraction, reduced hypertrophy,
and reversed calcium-handling abnormalities. Electrophysiologic remodeling was im-
proved through a reduction in late sodium current (INaL), CaMKII phosphorylation, and
Nav1.5 expression, while calcium transient alternans and action potential duration were
normalized [85].

3.6. Effects on Erythropoiesis

Anemia is increasingly recognized as a clinically meaningful comorbidity in AS,
portending worse outcomes across the disease continuum. In a landmark analysis of
7292 patients with severe AS, anemia was independently associated with a 75% higher risk
of all-cause mortality and a 42% increase in sudden cardiac death (SCD), even after multi-
variable adjustment [112]. These findings are further corroborated by a recent meta-analysis
involving over 12,500 patients undergoing transcatheter aortic valve replacement (TAVR),
wherein anemia predicted heightened risks of periprocedural transfusion, acute kidney
injury, and both short- and mid-term mortality [113]. Mechanistically, anemia exacerbates
myocardial oxygen supply–demand mismatch and may amplify AS-related left ventricu-
lar hypertrophy, neurohormonal activation, and frailty [113]. Despite its prevalence and
adverse prognostic weight, anemia remains under-targeted in AS management algorithms.

Intriguingly, SGLT2 inhibitors—beyond their glycemic and cardiorenal effects—have
demonstrated consistent capacity to stimulate erythropoiesis. In a mechanistic substudy of
the EMPA-HEART trial, empagliflozin induced early and sustained increases in erythro-
poietin, hematocrit, and red blood cell mass in patients with type 2 diabetes and coronary
artery disease [114]. The EMPATROPISM-FE trial further showed that empagliflozin en-
hanced myocardial iron content and activated hematopoiesis in non-diabetic patients with
heart failure, with reverse remodeling being particularly pronounced in those with baseline
anemia [115]. Complementing these clinical observations, Packer has proposed a multi-
faceted model in which SGLT2 inhibitors suppress hepcidin, enhance iron mobilization, and
upregulate hepatic and renal hypoxia-inducible factor-2α (HIF-2α), thereby augmenting
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erythropoietin synthesis via both classical and SIRT1-dependent nutrient-sensing path-
ways [116]. These mechanisms are substantiated by a meta-analysis of 40 randomized trials
encompassing >21,000 patients, which confirmed that SGLT2 inhibition significantly in-
creases hematocrit, with effects most pronounced for empagliflozin and canagliflozin [117].
Collectively, these findings unveil a previously underappreciated therapeutic axis wherein
SGLT2 inhibitors may mitigate anemia-associated risk in AS through mechanisms distinct
from volume contraction or hemoconcentration, with potential implications for improving
myocardial oxygenation and delaying decompensation in this high-risk population.

4. Evidence of SGLT2 Expression in Aortic Valve Stenosis and Clinical
Outcomes

Emerging evidence suggests that the pathophysiology of AS extends beyond valvular
obstruction to encompass profound myocardial remodeling—processes in which SGLT2
expression may play a pivotal role.

The BIO-AS study [98] provided the first direct evidence that SGLT2 is expressed in
the human myocardium in the context of AS, even in patients without diabetes (Table 2).
This multicenter biomarker study included 45 patients with severe AS—classified as either
high-gradient (HG) or low-flow low-gradient (LF–LG)—and 10 controls undergoing non-
valvular cardiac surgery [98]. Compared with controls, myocardial SGLT2 gene and protein
expression were significantly elevated in patients with AS, with the highest levels observed
in those with the LF–LG phenotype [98]. These findings remained robust after adjusting
for potential confounders, including age, sex, BMI, diabetes, AH, and CAD. Notably,
SGLT2 expression positively correlated with key mediators of myocardial fibrosis (TGF-β:
r = 0.72; collagen: r = 0.73), inflammation (IL-6: r = 0.68; NF-κB: r = 0.36), and was inversely
correlated with antioxidant defense mechanisms (SOD2: r = −0.38) [98]. Furthermore,
myocardial expression of GLUT4 and PPAR-γ was significantly upregulated, while PPAR-
α was downregulated, indicating a shift toward an energetically inefficient, pro-fibrotic
metabolic profile in AS, especially in LF–LG patients [98]. These molecular changes align
with the maladaptive cardiac remodeling observed in advanced AS and position SGLT2
not only as a metabolic transporter but also as a central node linking inflammation, fibrosis,
and energetic dysfunction in the diseased myocardium [98].

These mechanistic insights gain clinical relevance when considered alongside the
findings from Shah et al. [118], who conducted a large retrospective target trial emulation
using electronic health records from over 11,000 patients with nonsevere AS. In this analysis,
SGLT2 inhibitor use was associated with a significantly lower risk of progression to severe
AS (HR: 0.61; 95% CI: 0.39–0.94; p = 0.03), with an even greater risk reduction observed
with longer treatment duration [118]. Annual hemodynamic deterioration—measured by
the change in AVA and peak transvalvular velocity—was also slower in SGLT2 inhibitor
users [118]. These findings suggest that SGLT2 inhibitors may influence disease trajectory
even before the onset of symptomatic severe AS, potentially through modulation of the
fibrotic and inflammatory pathways identified in the BIO-AS study [118].

Together, the translational and clinical data converge on a compelling hypothesis:
SGLT2 overexpression may be both a marker and a driver of adverse myocardial remodeling
in AS, and pharmacologic inhibition of this pathway may serve as a strategy to attenuate
disease progression and improve outcomes across the AS continuum.
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Table 2. Overview of studies evaluating SGLT2 Inhibitors in the context of aortic valve disease and TAVI.

Author, Year Study Design/Population SGLT2 Inhibitor Primary Endpoint(s) Main Findings

Shah et al., 2025 [118]

Retrospective, multicenter target
trial emulation; 11,698 patients with
nonsevere AS (458 on SGLT2i, 11,240
not on SGLT2i)

Various (not specified
individually) Progression to severe AS

SGLT2i use was associated with a 39% lower risk of progression to
severe AS (HR: 0.61; 95% CI: 0.39–0.94; p = 0.03); effect was stronger
with longer exposure duration

Scisciola et al., 2024 [98]

Observational biomarker study;
45 patients with severe AS (HG and
LF–LG) vs. 10 controls undergoing
non-valvular cardiac surgery

Focus on endogenous
myocardial SGLT2
expression

Myocardial SGLT2 gene/protein
expression and association with
markers of cardiac remodeling

SGLT2 gene and protein expression were markedly elevated in
LF–LG AS patients versus HG AS and controls, independently of
diabetes. Expression correlated positively with fibrosis markers
(TGF-β, collagen), inflammation (IL-6, NF-κB), metabolic
dysregulation (GLUT4, PPAR-γ ↑, PPAR-α ↓), and oxidative stress
(↓ SOD2). SGLT2 expression independently predicted reduced
LVEF and was associated with maladaptive myocardial remodeling.

Jariwala et al., 2024 [119]

Retrospective observational study;
40 patients with severe degenerative
AS and heart failure (LVEF 30–80%),
treated with empagliflozin (n = 20)
or standard of care (n = 20)
before AVR

Empagliflozin (10 mg daily)
Composite of heart failure
hospitalization or cardiac death
at 6 months

Empagliflozin significantly reduced 6-month HF hospitalization or
death by 73% (RR: 0.27; p = 0.022). LVEF improved by +3.5%, and
NT-proBNP decreased by 3975 pg/mL in the treatment group.
Benefits observed across HFpEF and HFrEF phenotypes. No
unexpected safety signals reported.

Paolisso et al., 2024 [120]

Multicenter observational registry;
311 diabetic patients with severe AS,
LVEF < 50%, and extra-valvular
cardiac damage (EVCD)
undergoing TAVI

Empagliflozin or
Dapagliflozin

Composite of all-cause death
and HF hospitalization (MACE)
at 2 years

SGLT2i users had significantly higher rates of LV recovery and more
often showed stable or improved EVCD. At 2 years, SGLT2i use was
independently associated with reduced MACE (HR: 0.45), all-cause
death (HR: 0.51), and HF hospitalization (HR: 0.40). The benefit was
most evident in patients with baseline LVEF ≤ 30%, and emerged
after the first 30 days post-TAVI.

Raposeiras-Roubín et al.,
2025 [121]

Randomized controlled trial
(DapaTAVI); 1222 high-risk patients
with severe AS undergoing TAVI,
history of HF, and ≥1 risk factor
(diabetes, renal dysfunction, or
LVEF ≤ 40%)

Dapagliflozin (10 mg daily) Composite of all-cause death or
worsening heart failure at 1 year

Dapagliflozin significantly reduced the primary composite outcome
(15.0% vs. 20.1%, HR: 0.72, p = 0.02). Significant reductions were
observed in HF worsening (9.4% vs. 14.4%, SHR: 0.63), HF
hospitalizations, and urgent visits. Benefits consistent across
subgroups; genital infections and hypotension occurred more
frequently with dapagliflozin.

Thakkar et al., 2024 [122]

Retrospective cohort study; 67,604
patients with severe AS undergoing
TAVI (2009–2024) using TriNetX
network; 827 SGLT2i users vs. 827
non-users after propensity matching

Various (not specified) Composite of all-cause mortality
and HF hospitalization

SGLT2i use associated with lower risk of composite outcome (HR:
0.783; p = 0.004), HF hospitalization (HR: 0.799; p = 0.01), and acute
kidney injury (HR: 0.563; p = 0.006); no significant difference in
mortality, MI, stroke, or pacemaker implantation.

Abbreviations: AS, aortic stenosis; AVR, aortic valve replacement; EVCD, extra-valvular cardiac damage; HF, heart failure; HG, high-gradient; HR, hazard ratio; LF–LG, low-flow,
low-gradient; LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular events; NT-proBNP, N-terminal pro–B-type natriuretic peptide; SHR, subhazard ratio; SGLT2i,
sodium–glucose cotransporter 2 inhibitor; TAVI, transcatheter aortic valve implantation.
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5. Therapeutic Potential in the Context of TAVI and AVR
While TAVI and surgical AVR have revolutionized the management of severe AS,

these structural interventions primarily address valvular obstruction without reversing the
chronic myocardial remodeling that often precedes intervention [123–125]. A substantial
proportion of patients—particularly those with pre-existing myocardial fibrosis, low-flow
phenotypes, or heart failure with preserved or mildly reduced ejection fraction—continue
to experience adverse clinical outcomes even after successful valve replacement [126–129].
Post-procedural heart failure hospitalizations, impaired left ventricular recovery, and
residual cardiac damage remain common, highlighting the need for adjunctive therapies
that target the myocardial substrate directly [130–133].

Recent observational and randomized studies have begun to explore the role of SGLT2
inhibitors in this setting. The DapaTAVI trial [121,134] was a multicenter, randomized
controlled study evaluating the efficacy and safety of dapagliflozin in older adults with
severe aortic stenosis undergoing TAVI and at high risk for heart failure events [121]. A
total of 1222 patients (mean age 82 years; 49% women) with prior heart failure and at
least one additional high-risk feature—reduced ejection fraction (≤40%), diabetes mellitus,
or moderate renal impairment—were randomized to receive either dapagliflozin (10 mg
daily) or standard care [121]. At 1 year, dapagliflozin significantly reduced the incidence of
the primary composite endpoint of all-cause mortality or worsening heart failure (15.0%
vs. 20.1%; hazard ratio [HR]: 0.72; 95% CI: 0.55–0.95; p = 0.02) [121]. Notably, the risk of
worsening heart failure—defined as hospitalization or urgent visits requiring intravenous
diuretics—was significantly lower in the dapagliflozin group (9.4% vs. 14.4%; subhazard
ratio: 0.63; 95% CI: 0.45–0.88). The benefit extended across key subgroups, including
patients with preserved ejection fraction and those over 80 years of age [121]. Dapagliflozin
was generally well tolerated, with a modestly increased incidence of genital infections and
hypotension [121]. These findings provide the first randomized evidence supporting SGLT2
inhibition as an effective adjunctive strategy to reduce post-TAVI heart failure burden in
high-risk patients.

These randomized results are further supported by real-world evidence [120]. In
a multicenter international registry, Paolisso et al. [120] evaluated the effects of SGLT2
inhibitors in 311 patients with type 2 diabetes, severe AS, LVEF < 50%, and extra-valvular
cardiac damage (EVCD) undergoing TAVI. Among the cohort, 24% were discharged on
an SGLT2 inhibitor (empagliflozin or dapagliflozin). Despite a more adverse baseline
myocardial profile, these patients exhibited significantly greater LV recovery—particularly
among those with LVEF ≤ 30%—and a higher proportion showed stabilization or improve-
ment in the EVCD stage compared to those not on SGLT2 inhibitors (92.7% vs. 78.7%,
p = 0.018) [120]. Over a median 2-year follow-up, SGLT2 inhibitors use was independently
associated with a reduced risk of major adverse cardiovascular events (HR: 0.45), all-cause
mortality (HR: 0.51), and heart failure hospitalization (HR: 0.40) [120]. A landmark analysis
confirmed that clinical benefits emerged beyond the initial 30-day procedural window,
reinforcing the hypothesis that SGLT2 inhibitors may facilitate reverse remodeling and
durable myocardial protection in patients with severe AS following TAVI [120].

Additional support for the therapeutic potential of SGLT2 inhibitors in AS comes from
the EASTER-HF study [119], a retrospective observational analysis evaluating the role of
empagliflozin in patients with severe degenerative AS (DAS) and HF prior to AVR. This
study included 40 patients—20 treated with empagliflozin (10 mg daily) in addition to
standard of care (SOC) and 20 receiving SOC alone—over a median preoperative period
of approximately 2.7 months [119]. Despite the small sample size, empagliflozin use was
associated with a significant 73% relative risk reduction in the composite outcome of
cardiac death or HHF at 6 months (RR: 0.27; p = 0.022) [119]. Improvements in surrogate
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markers were also observed, including a 3.5% increase in LVEF and a marked reduction
in NT-proBNP levels (−3975 pg/mL, p < 0.001) [119]. Notably, benefits were observed
across a broad LVEF range, with most patients classified as having HFpEF [119]. The
findings suggest that short-term preprocedural SGLT2 inhibitor therapy may serve as an
effective bridging strategy to AVR, potentially attenuating myocardial stress and improving
early postoperative outcomes [119]. Although limited by its retrospective, single-center
design, this study provides a mechanistic rationale and clinical signal for integrating SGLT2
inhibitors into the peri-AVR management of high-risk AS patients.

Collectively, these findings underscore the emerging role of SGLT2 inhibitors as a
promising adjunctive strategy in the management of AS, capable not only of improving post-
procedural outcomes but also of intervening in the cardiometabolic remodeling process
that underlies disease progression and long-term morbidity.

6. Future Directions
While accumulating evidence supports the cardioprotective effects of SGLT2 inhibitors

across various heart failure phenotypes [135–140] and increasingly within aortic stenosis
(AS), robust data from prospective, AS-specific randomized trials remain limited. To date,
most trials investigating SGLT2 inhibitors in patients with HFpEF—such as EMPEROR-
Preserved [21] and DELIVER [22]—have excluded patients with significant valvular disease,
limiting generalizability to the AS population. The recent DapaTAVI trial [121] represents a
major advancement, offering the first randomized evidence of clinical benefit in post-TAVI
patients; however, that study focused on high-risk patients with established heart failure
rather than early-stage AS or asymptomatic populations.

Beyond DapaTAVI, no other completed or ongoing randomized trials have yet evalu-
ated the effect of SGLT2 inhibitors in patients undergoing TAVI. Nonetheless, observational
datasets, including those from large registries and real-world cohorts, continue to sug-
gest potential clinical benefits. Additionally, mechanistic insights from experimental and
translational studies may guide the design of future trials, particularly those focused on my-
ocardial fibrosis, metabolic remodeling, and inflammation in AS patients with overlapping
HF phenotypes.

Although myosin inhibitors, particularly mavacamten, have demonstrated clinical
benefit in patients with hypertrophic cardiomyopathy by targeting hypercontractility and
improving diastolic function [141,142], their role in valvular aortic stenosis remains unex-
plored. This likely reflects fundamental differences in the underlying pathophysiology,
namely, fixed valvular obstruction and pressure overload in AS versus sarcomeric hyper-
contractility in hypertrophic cardiomyopathy. Nonetheless, the success of myosin inhibition
as a disease-modifying strategy underscores the therapeutic potential of sarcomere-targeted
agents in reversing maladaptive remodeling [143,144]. Future translational studies may
explore whether such mechanisms could be leveraged to modulate myocardial responses in
AS, particularly in the pre-intervention phase or in patients with discordant valve gradients
and preserved ejection fraction.

Importantly, as efforts to establish the role of SGLT2 inhibitors in AS progress, it will
be critical to consider their integration with existing pharmacologic strategies. Table 3
summarizes the available clinical evidence for commonly used therapies in AS, including
beta-blockers, renin–angiotensin system (RAS) inhibitors, calcium channel blockers, and
nitrates. While some agents offer benefits in selected populations, the potential additive
or synergistic effects of SGLT2 inhibitors remain unexplored. Future trials should address
these interactions to optimize treatment strategies and define responsive subgroups.
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Table 3. Summary of key clinical studies evaluating pharmacologic therapies in aortic stenosis: beta-blockers, RAS inhibitors, calcium channel blockers, and nitrates.

Study Design Population Intervention Results

Hansson et al., 2017 [145] Randomized, double-blind,
placebo-controlled trial

40 patients with asymptomatic
moderate-severe aortic stenosis

Metoprolol (extended-release,
100 ± 53 mg/day) for 22 weeks

↓ Heart rate by 8 bpm, ↑ ejection time by 26 ms, ↓ peak AV
gradient by 7 mmHg, ↓ mean AV gradient by 4 mmHg, ↓
valvuloarterial impedance by 0.5 mmHg/mL·m2, ↓ myocardial
oxygen consumption by 12%; stroke volume preserved;
well tolerated

Rossi et al., 2015 [146] Retrospective observational study
113 patients with symptomatic
severe aortic stenosis (mean age
82 ± 8 years, 45% male)

Beta-blocker therapy (atenolol 16%,
carvedilol 19%, metoprolol 5%,
bisoprolol 60%)

↓ all-cause mortality by 62% (HR 0.38, 95% CI 0.14–0.96,
p = 0.04); mortality: 21% in BB group vs. 51% in non-BB group;
effect consistent regardless of BAV status

Hansson et al., 2024 [147] Nationwide retrospective registry
study (SWEDEHEART)

11,849 patients undergoing isolated
surgical aortic valve replacement
(median follow-up: 5.4 years)

Beta-blocker therapy (cardioselective
only, dispensed at 6 months
post-SAVR)

Crude MACE rate: 6.5 vs. 5.1 events/100 pt-yrs with vs.
without BB; adjusted HR for MACE: 1.14 (95% CI 1.05–1.23); no
significant difference in all-cause death [HR 1.06 (0.98–1.15)],
stroke [HR 1.07 (0.91–1.25)], or MI [HR 0.94 (0.71–1.25)];
association attenuated after adjusting for emerging
comorbidities [HR 1.04 (0.95–1.14)]

Bang et al., 2017 [148] Post hoc analysis of a randomized
controlled trial (SEAS study)

1873 asymptomatic patients with
mild to moderate aortic stenosis and
preserved LVEF

Beta-blocker therapy at baseline
(metoprolol 48%, bisoprolol 19%,
atenolol 16%, others 17%)

↓ all-cause mortality by 50% (HR 0.5, 95% CI 0.3–0.7, p < 0.001);
↓ cardiovascular death by 60% (HR 0.4, 95% CI 0.2–0.7,
p < 0.001); ↓ sudden cardiac death by 80% (HR 0.2, 95% CI
0.1–0.6, p = 0.004); confirmed in competing risk analyses

Shumkova et al., 2024 [149] Observational cohort study
61 patients with decompensated
HFpEF and moderate aortic stenosis
(mean age 82.7 ± 7.6 years)

Beta-blocker use at hospital discharge

↓ all-cause mortality and HF hospitalization with beta-blocker
use; HR for composite endpoint: 0.27 (95% CI 0.13–0.57,
p < 0.01); survivors more likely discharged on BBs (66% vs. 34%,
p < 0.05); better diastolic function (higher septal e′) associated
with improved outcomes

Hopfgarten et al., 2024 [150] Nationwide retrospective cohort
study (SWEDEHEART registry)

4668 patients with heart failure
undergoing aortic valve replacement
(2008–2016)

Beta-blocker therapy post-AVR (75%
exposure in both reduced and
preserved LVEF groups)

↓ all-cause mortality in reduced LVEF: HR 0.81 (95% CI
0.71–0.92); no mortality benefit in preserved LVEF: HR 0.87
(95% CI 0.69–1.10); no significant reduction in HF
hospitalization in either group

Bull et al., 2015 (RIAS trial)
[151] Randomized controlled trial

100 asymptomatic patients with
moderate/severe AS (mean age
~69 years, EF > 50%)

Ramipril 10 mg/day vs. placebo for
12 months

↓ LV mass (−3.9 g vs. +4.5 g; p = 0.006), ↑ systolic tissue velocity
(0.0 vs. −0.5 cm/s; p = 0.04), trend toward slower AV area
reduction (0.0 vs. −0.2 cm2; p = 0.067), well tolerated; no
significant difference in adverse events

Goel et al., 2014 [152] Retrospective cohort study 1752 patients post-SAVR ACEI/ARB after SAVR ↑ 10-year survival (69% vs. 53%; p < 0.001)

Ochiai et al., 2018 [153] Retrospective multicenter cohort 560 patients post-TAVR ACEI/ARB post-TAVR ↓ LV mass regression and 2-yr mortality (7.5% vs. 12.5%;
p = 0.031)

Rodriguez-Gabella et al., 2019
[154] Retrospective multicenter cohort 2785 patients post-TAVR RAS blockade post-TAVR ↓ CV death (5.6% vs. 9.5%; p < 0.001), ↓ stroke and

HF rehospitalization

Inohara et al., 2018 [155] Retrospective registry analysis 21,312 patients post-TAVR RAS inhibitor at discharge post-TAVR ↓ 1-year mortality (12.5% vs. 14.9%; HR 0.82), ↓ HF readmission

Chen et al., 2020 [156] Retrospective cohort (PARTNER 2) 3979 patients in PARTNER 2 trial Baseline ACEI/ARB before TAVR ↓ 2-yr all-cause mortality (18.6% vs. 27.5%; p < 0.0001)
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Table 3. Cont.

Study Design Population Intervention Results

Chockalingam et al., 2004
(SCOPE-AS) [157] Randomized controlled trial 56 patients with symptomatic severe

AS (NYHA III–IV)
Enalapril (2.5 to 10 mg bid) vs. placebo
for 4 weeks

Enalapril improved 6-min walk (+72 m vs. +27 m, p = 0.003),
Borg index (−1.4 vs. −0.7, p = 0.03), NYHA class; well tolerated
in patients with preserved LVEF; hypotension in 3 patients with
low-normal BP and LV dysfunction

Bang et al., 2014 [158] Retrospective analysis of RCT
(SEAS study)

1873 asymptomatic patients with
mild-to-moderate AS (mean
follow-up: 4.3 years)

ACEI/ARB (n = 769) vs. no RASI
(n = 1104)

No difference in SCD (HR 1.19, p = 0.694), CV mortality (HR
1.05, p = 0.854), or all-cause mortality (HR 0.81, p = 0.281); ↓
LVMI progression (p = 0.040), ↑ systolic BP reduction (p = 0.001);
results confirmed in propensity-matched and time-varying
Cox analyses

Dalsgaard et al., 2014 [159] Randomized controlled trial
44 patients with severe AS
(32 symptomatic, 12 asymptomatic;
EF > 50%)

Trandolapril (up to 2 mg/day) vs.
placebo for 3 days and up to 8 weeks

↓ SBP (−14 ± 11 mmHg vs. −5 ± 13; p = 0.02), ↑ SAC
(0.08 ± 0.16 vs. −0.05 ± 0.86 mL/m2/mmHg; p = 0.03), ↓
LVESV at follow-up (−7.8 vs. −0.5 mL; p = 0.04), ↓ NT-proBNP
(−19 vs. 0.8 pmol/L; p = 0.04); no significant changes in CO,
PCWP, gradients, or adverse events

Yamamoto et al., 2024
(CURRENT AS Registry-2)
[160]

Prospective multicenter
observational registry with
propensity score matching

2460 patients with severe AS and
hypertension (71.7% on CCBs)

Antihypertensive therapy with vs.
without calcium channel blockers

3-year all-cause death or HF hospitalization: 38.3% (CCB) vs.
38.7% (no CCB); HR 0.94 (95% CI 0.77–1.15; p = 0.56); ↓ sudden
death in CCB group (4.2% vs. 5.2%; HR 0.48, p = 0.04); syncope:
1.1% vs. 1.0% (p = 0.74); comparable outcomes across age, AVR
strategy, and AS severity

Saeed et al., 2020 [161] Retrospective observational cohort
(EXTAS study)

314 asymptomatic patients with
moderate or severe AS (25% on
CCBs)

Calcium channel blocker use vs.
non-use

↓ exercise time (8.3 vs. 10.1 min; p = 0.001); ↓ peak HR (120 vs.
138 bpm; p < 0.001); ↑ blunted BP response (49% vs. 33%;
p = 0.013); ↑ all-cause mortality: 20.3% vs. 5.6%; HR 7.09 (95%
CI 2.15–23.38; p = 0.001)

Miyahara et al., 2025 [162] Retrospective observational study
with propensity score matching

993 patients undergoing TAVI for
severe AS (CCB use at discharge:
59.4%)

Calcium channel blocker use at
discharge vs. non-use

Composite endpoint (death or HF hospitalization): HR 0.879;
p = 0.409 (no significant difference); Subgroup with CAD
showed improved prognosis with CCB use
(p for interaction = 0.002); Median follow-up: 719 days

Claveau et al., 2015 [163] Retrospective cohort study
195 ED episodes of acute pulmonary
edema: 65 each with severe AS,
moderate AS, and no AS

Sublingual or intravenous
nitroglycerin in patients with and
without AS

Clinically relevant hypotension: 26.2% (severe AS) vs. 23.1%
(no AS); adjusted OR 0.99 (95% CI 0.41–2.41); Sustained
SBP < 90 mmHg ≥ 30 min: 29.2% (severe AS), OR 2.34 (95% CI
0.91–6.01); No increased use of vasopressors or fluid boluses;
in-hospital mortality: 15.4% (severe AS)

Costa et al., 2024 [164] Single-center prospective
observational study

113 patients with severe AS
undergoing cardiac CT prior to TAVI

Sublingual nitroglycerin (0.5 mg) vs.
no nitroglycerin before cardiac CT

SLN group: ↓ SBP by −17.4 ± 19.3 mmHg vs. −1.9 ± 20.0
mmHg in control (p = 0.009); only 2 patients in SLN group and 1
in control had SBP < 100 mmHg; no symptomatic hypotension;
SLN considered safe for coronary assessment

Abbreviations: AS, aortic stenosis; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; BB, beta-blocker; RAS, renin–angiotensin system; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; SLN, sublingual nitroglycerin; SBP, systolic blood pressure; HR, hazard ratio;
CI, confidence interval; LV, left ventricle; LVMI, left ventricular mass index; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; HF, heart failure; CAD,
coronary artery disease; AVR, aortic valve replacement; CV, cardiovascular; MACE, major adverse cardiovascular events.
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Currently, no medical therapy alters the natural course of AS. As outlined in the 2021
ESC/EACTS Guidelines [165], statins have shown no clinical benefit despite encouraging
preclinical data [12], and trials targeting calcium metabolism are ongoing. Pharmacologic
management remains guided by comorbidities, particularly heart failure, rather than
AS-specific targets. Standard therapies such as beta-blockers and RAS inhibitors are
commonly employed in patients with coexisting heart failure, including those awaiting or
unsuitable for valve replacement. ACE inhibitors are considered safe when blood pressure
is monitored and may confer myocardial benefit before or after valve intervention [151].
Thus, while SGLT2 inhibitor studies often involve patients receiving conventional therapies,
these represent background heart failure management rather than disease-modifying
treatment for AS [166].

Looking forward, it is imperative that future investigations prioritize the development
of prospective, AS-specific randomized controlled trials across the disease continuum—
from patients with moderate AS to those in the post-AVR setting. These studies should
aim to determine the optimal timing, duration, and patient selection strategies for SGLT2
inhibitor therapy. Biomarkers such as myocardial SGLT2 expression, circulating fibrosis
markers (e.g., galectin-3, ST2), and advanced imaging metrics of reverse remodeling may
serve as tools to enhance therapeutic precision. Collectively, these efforts will be essential
to establishing whether SGLT2 inhibitors can be positioned not merely as adjuncts but as
disease-modifying agents in the management of AS.

7. Conclusions
Based on preliminary evidence, SGLT2 inhibitors represent a promising adjunct in

the management of AS by targeting key elements of myocardial pathobiology—fibrosis,
inflammation, oxidative stress, and metabolic dysfunction. Emerging evidence also points
to potential valvular benefits, suggesting a dual impact on both the ventricle and the valve.
Integrating molecular and clinical insights will be essential to redefine therapeutic strategies
and move toward truly disease-modifying interventions in AS.
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