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ABSTRACT

Sodium-dependent glucose cotransporter-2 (SGLT-2) inhibitors, commonly known as gliflozins, have become crucial in
managing cardiovascular diseases (CVDs), particularly in individuals with heart failure and type 2 diabetes mellitus
(T2DM). This review summarizes findings from various scientific studies on the cardiovascular benefits, mechanisms of
action, safety profiles, and emerging applications of SGLT-2 inhibitors. Evidence from large-scale randomized controlled
trials and meta-analyses highlights their effectiveness in reducing cardiovascular mortality, hospitalizations for heart
failure, and progression of renal disease. Additionally, the review examines the molecular mechanisms at play, such as
modulation of myocardial metabolism, inflammation, and fibrosis, which contribute to the therapeutic effects of SGLT-2
inhibitors in managing broader cardiovascular risks. This includes potential applications in non-diabetic populations and
in combination therapies.
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1. INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic condition
characterised by elevated blood sugar levels due to impaired
insulin production, insulin action, or both [1]. Worldwide,
cardiovascular diseases remain the leading cause of
morbidity and mortality, significantly affecting individuals
with type 2 diabetes [2]. According to the International
Diabetes Federation (IDF) Diabetes Atlas, 11th Edition [3],
approximately 590 million adults aged 20-79 years have
diabetes. In India, the estimated burden ranges from 101
million to 212 million people with the condition. The lower
estimate, 101 million, comes from the ICMR-INDIAB
Study published in 2023, which analysed data up to 2021
[4]. The higher estimate, 212 million, comes from the NCD
Risk Factor Collaboration pooled analysis [5]. The variation
in estimates is attributable to differing methods and
diagnostic criteria.

Between 2012 and 2017, leading agents-canagliflozin,
dapagliflozin, empagliflozin, and ertugliflozin-received
regulatory approval from the European Medicines Agency
(EMA) and the Food and Drug Administration (FDA) to

lower hyperglycaemia in individuals with Type 2 Diabetes
Mellitus (T2DM) [6-9]. Traditional therapies primarily
aimed at glycemic control, with limited impact on
cardiovascular outcomes. Gliflozins are a class of oral
medications that treat Type 2 diabetes by promoting the
excretion of glucose through the urine. Additionally, they
slow the progression of chronic kidney disease. Importantly,
SGLT-2 inhibitors exert their effects independently of
insulin secretion, opening new avenues for diabetes
management and cardiovascular protection [2, 10]. This
review assesses the impact of gliflozins on cardiovascular
outcomes, their molecular and physiological mechanisms of
action, and their safety profile in patients with
cardiovascular disease.

2.HISTORICAL EVOLUTION AND MOLECULAR
MECHANISMS

The scientific exploration of glycosuria as a therapeutic

strategy dates back nearly two centuries to the isolation of

phlorizin from the apple tree by Petersen in 1835. It was not

until 1886 that Von Mering discovered phlorizin's
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glucosuric properties, and subsequently, in the 1980s,
researchers learned that the resultant reduction in blood
glucose concentrations stemmed from phlorizin's ability to
inhibit glucose reabsorption by the renal tubules. The
development of orally absorbed, highly specific SGLT-2
inhibitors, also referred to as gliflozins, began in the 1990s
with the work of Tsujihara and his team at Tanabe Seiyaku.
Initial clinical trials affirmed the efficacy of this class of
agents, and achieved an incline of approximately 0.5 to
1.1% in glycated hemoglobin levels (HbAlc) [2, 11].
These mandatory Cardiovascular Outcome Trials (CVOTs),
such as the Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME), revealed potent cardiorenal protective
benefits that were independent of glycemic control. Across
the class, the most consistent and significant finding was a
substantial reduction in hospitalisation for heart failure
(HHF), with benefit observed early in therapy and across a
broad spectrum of cardiovascular risk [10, 12].

However, the true potential of this drug class was
unexpectedly revealed by a 2008 regulatory event. The
Food and Drug Administration (FDA) mandated that novel
antidiabetic medications undergo CVOTs to demonstrate
cardiovascular safety [2, 13].

Over the past decades, six subtypes of sodium-glucose
cotransporters (SGLTs) have been identified in the human
body, with SGLT-1 and SGLT-2 being the most prominent.
The concept of SGLTs was first introduced in the 1960s.
SGLT-2, characterised by low affinity and high transport
capacity for glucose, is predominantly located in the
epithelium of the proximal tubule. Conversely, SGLT-1,
which exhibits high affinity and low transport capacity for
glucose, is found in the intestine, heart, prostate, trachea,
brain, and skeletal muscle [14, 15].

The molecular structure of SGLT-2 inhibitors is derived
from phlorizin, a natural glucoside. Modern gliflozins are
synthetic ~ B-D-glucosides featuring a hydrophobic
diarylmethane moiety and metabolically stable C-aryl
glucoside linkages, enabling oral bioavailability and
selective SGLT-2 inhibition. The glycoside portion interacts
directly with the SGLT-2 receptor binding site, whereas the
hydrophobic moiety is key to the drug's activity and
selectivity profile. A critical feature enabling these
molecules to function as orally administered drugs is the
chemical bond between the two portions: the C-aryl
glucoside linkage (as seen in agents such as dapagliflozin).
This linkage provides metabolic stability because it is
resistant to hydrolysis by intestinal B-glycosidases. This
stability ensures that the drug is absorbed effectively into
the bloodstream rather than being broken down in the gut.
While all members of the gliflozin class share this
fundamental C-aryl glucoside core, individual agents differ
in their substitution patterns around the aromatic rings.
These minor chemical variations result in differences in
potency, selectivity (e.g., between SGLT-2 and SGLT-1),
efficacy, and clinical dosing [2, 15]. A central working
hypothesis suggests that the cardiac benefits are associated
with inhibition of sodium channels in the plasma membrane,
including the sodium-hydrogen exchanger. This action

modulates intracellular sodium homeostasis, providing a
unifying explanation for the effects observed onion balance,
oxidative stress, inflammation, and metabolism-the so-
called cardiac sodium interactome [16]. Given their
glycemic-independent benefits, the therapeutic spectrum is
rapidly expanding, positioning SGLT-2 inhibitors as
foundational agents for chronic heart failure with reduced
ejection fraction (HFrEF) and chronic kidney disease
(CKD), transcending diabetes status [2, 17].

3.MECHANISMS

PROTECTION
The precise mechanisms by which SGLT-2 inhibitors confer
the benefits observed in recent research remain
incompletely understood. Biomarkers and surrogate
endpoints from these studies suggest that SGLT-2 inhibition
affects multiple cardiovascular risk factors. These effects
extend beyond glucose regulation to include blood pressure,
body weight, visceral fat, hyperinsulinaemia, arterial
stiffness, albuminuria, circulating uric acid, and oxidative
stress. These factors play key roles in pathways linked to
cardiorenal health. SGLT-2 inhibitors work by increasing
sodium and glucose excretion-natriuresis and glycosuria-
which subsequently influence these pathways [18-20].
Natriuresis and diuresis reduce sodium and glucose
reabsorption, thereby decreasing plasma volume and
interstitial fluid, reducing congestion while maintaining
perfusion [18, 19]. Blood pressure and weight reduction
occur primarily through fat loss [20]. Natriuresis and
diuresis result from blocking renal reabsorption of glucose
and sodium. Sglt2i reduce plasma volume and interstitial
fluid, alleviating congestion without significantly affecting
arterial perfusion. SGLT2i promote a metabolic shift
towards ketone and fatty acid use, improving myocardial
energy efficiency-a concept known as the "thrifty substrate"
hypothesis. They reduce inflammation and oxidative stress
by lowering inflammatory markers and uric acid levels, and
by suppressing the AGE-RAGE pathway and NLRP3
inflammasome activity [20-23]. They preserve kidney
function, reduce albuminuria, and confer cardiorenal
benefits even as glycemic control declines [18, 19].
SGLT2i inhibits cardiac Na+/H+ exchangers, thereby
improving sodium-calcium handling and mitochondrial
function, which enhances cardiac structure and function.
Animal and imaging studies have shown reduced cardiac
fibrosis, improved cardiac function, and reduced ventricular
mass and volume. Sglt2i also improves vascular compliance
and endothelial health [16, 24].

OF CARDIOVASCULAR

4. NEGATIVE CONSEQUENCES

Although SGLT2 inhibitors are usually well tolerated, there
are a few possible side effects to consider, such as genital
mycotic infections (increased risk due to glucosuria) and
urinary tract infections (elevated incidence, particularly in
female patients). Volume depletion may lead to
hypotension, especially in patients on concomitant
diuretics. Euglycemic diabetic ketoacidosis is a rare but
serious complication [25, 28].
Amputations have been

notably associated with
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canagliflozin, as observed in the CANVAS program [11].
Bone fractures may also pose a risk for certain patient
populations taking canagliflozin. It is crucial to monitor
these adverse effects, particularly in high-risk patients [18,
26].

5. UPCOMING APPLICATIONS

Gliflozins are under investigation for other cardiovascular
applications. Studies have demonstrated that SGLT-2
inhibitors can reduce the risk of cardiovascular events and
end-stage renal disease by delaying the onset of chronic
kidney disease [16, 18, 26].

NON-DIABETIC POPULATIONS: Recent data suggest
that SGLT-2 inhibitors may confer cardiovascular benefits
in individuals without diabetes, thereby broadening their
therapeutic applications [16, 18, 22-24].

Ongoing research is examining the synergistic effects of
combining gliflozins with other cardiovascular agents, such
as GLP-1 receptor agonists, to improve treatment outcomes.

6. DISCUSSION
Large clinical trials have demonstrated significant
reductions in cardiovascular events, mortality, and

hospitalizations for heart failure, particularly among
patients with type 2 diabetes, especially those with pre-
existing cardiovascular disease [2, 18, 25].

7.COMPARATIVE CARDIOVASCULAR EFFECTS
OF INDIVIDUAL GLIFLOZINS: CLASS EFFECTS
VERSUS AGENT-SPECIFIC EVIDENCE

Although SGLT-2 inhibitors share a common mechanism of

increasing urinary glucose and sodium excretion, available

clinical evidence indicates that their cardiovascular effects

should be interpreted in light of both class effects and agent-

specific data.

8. CLASS EFFECTS

A substantial body of randomised controlled trial evidence
supports cardiovascular and cardiorenal benefits as a class
effect of SGLT?2 inhibition. In patients with type 2 diabetes
at increased cardiovascular risk, several SGLT2 inhibitors
have demonstrated reductions in heart failure
hospitalisation and/or cardiovascular and renal outcomes.
Meta-analyses of randomised trials have further supported a
consistent reduction in hospitalisation for heart failure and
progression of kidney disease across the class. However, the
magnitude and individual components of benefit vary by the
population studied and the specific trial [18].

The cardiovascular benefits of SGLT2 inhibitors also extend
beyond glucose lowering. Proposed mechanisms include
natriuresis and osmotic diuresis, reduced intraglomerular
pressure, favourable haemodynamic effects, improved
myocardial energy utilisation, attenuation of oxidative
stress and inflammation, and potential antifibrotic effects
[17, 22]. These mechanisms provide a biological rationale
for cardiovascular and renal protection that is partly
independent of changes in HbAlc.

9. AGENT-SPECIFIC EVIDENCE

Cardiovascular outcome trials of individual agents provide
valuable evidence. However, these findings should be
interpreted in the context of the characteristics of the
respective study populations.

EMPAGLIFLOZIN: In the EMPA-REG OUTCOME trial,
empagliflozin significantly reduced cardiovascular death
and hospitalisation for heart failure in patients with type 2
diabetes and established cardiovascular disease. These
findings provided some of the earliest evidence that SGLT2
inhibition could substantially improve cardiovascular
outcomes beyond glycemic control 2%,

CANAGLIFLOZIN: The CANVAS Program
demonstrated a reduction in the composite endpoint of
cardiovascular death, nonfatal myocardial infarction, or
nonfatal stroke among patients with type 2 diabetes at
increased cardiovascular risk. A significant reduction in
hospitalisation for heart failure was also observed.
However, the CANVAS Program identified safety
considerations, including an increased risk of lower-limb
amputation, which subsequently became an important
component of the agent-specific safety discussion.

DAPAGLIFLOZIN: The DECLARE-TIMI 58 trial
demonstrated a significant reduction in the composite of
cardiovascular death or hospitalization for heart failure,
driven predominantly by fewer hospitalizations for heart
failure. Subsequently, DAPA-HF showed that dapagliflozin
reduced the risk of worsening heart failure or cardiovascular
death in patients with heart failure with reduced ejection
fraction, including those without diabetes. These findings
were pivotal in establishing SGLT2 inhibitors as heart
failure therapies rather than exclusively glucose-lowering
agents [12, 26].

ERTUGLIFLOZIN: The VERTIS-CV trial demonstrated
the cardiovascular safety of ertugliflozin in patients with
type 2 diabetes and established cardiovascular disease.
Although the trial did not show superiority for the primary
major adverse cardiovascular event endpoint, reductions in
hospitalisations for heart failure were observed.

SOTAGLIFLOZIN: Sotagliflozin differs
pharmacologically from the other agents discussed because
it inhibits both SGLT2 and SGLT1. In the SCORED trial,
sotagliflozin reduced the composite of total cardiovascular
deaths, hospitalizations for heart failure, and urgent heart
failure visits in patients with type 2 diabetes, chronic kidney
disease, and cardiovascular risk. In the SOLOIST-WHF
trial, initiating sotagliflozin around the time of discharge
after hospitalization for worsening heart failure reduced the
composite of cardiovascular death and heart failure-related
hospitalizations and urgent visits. These findings support
cardiovascular and heart failure benefits with sotagliflozin,
including in patients with diabetes and heart failure [20, 29].
10. EVIDENCE FROM INDIRECT AND NETWORK
META-ANALYSES
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Comparing individual SGLT2 inhibitors is difficult to
interpret because most major cardiovascular outcome trials
were placebo-controlled rather than head-to-head
comparisons  between active SGLT2 inhibitors.
Consequently, apparent differences in efficacy among
agents often stem from indirect comparisons or network
meta-analyses.

A network meta-analysis by Tornyos et al. evaluated
cardiovascular outcomes across randomised trials of various
SGLT2 inhibitors and suggested differences in the
magnitude of protection for selected -cardiovascular
endpoints 2%, However, such analyses compare treatments
across trial populations with varying baseline
cardiovascular risk profiles, follow-up periods, endpoint
definitions, and background therapies. Therefore, these
findings should be regarded as hypothesis-generating rather
than definitive evidence of clinical superiority of one
SGLT?2 inhibitor over another.

Accordingly, the finding that Sotagliflozin may rank
favourably for selected outcomes in network analyses
should not be presented as proof of superiority over
dapagliflozin, empagliflozin, canagliflozin, or ertugliflozin.
In the absence of adequately powered direct head-to-head
randomised trials, differences observed in network meta-
analyses should be interpreted cautiously.

11. CLINICAL INTERPRETATION

Taken together, current evidence supports a strong class
effect of SGLT2 inhibition for heart failure and renal
protection, while evidence for individual cardiovascular
endpoints varies across agents and clinical populations.
These differences should therefore be interpreted as agent-
specific rather than as evidence of universal superiority.
Empagliflozin, dapagliflozin, canagliflozin, ertugliflozin,
and sotagliflozin each have distinct cardiovascular
outcome-trial evidence, and the choice of agent should
consider the patient's clinical phenotype, indication, kidney
function, heart failure status, cardiovascular risk, adverse-
effect profile, and regulatory indication.

Thus, rather than concluding that sotagliflozin is superior to
other SGLT2 inhibitors, the available evidence supports a
more nuanced interpretation: sotagliflozin demonstrates
significant cardiovascular and heart failure benefits in the
populations studied, while network meta-analyses may
suggest differences in relative efficacy for selected
outcomes. However, these indirect comparisons cannot
establish definitive superiority in the absence of direct head-
to-head trials.

12. CONCLUSION

SGLT?2 inhibitors have ushered in a paradigm shift in the
management of cardiovascular diseases, offering significant
benefits by slowing the progression of chronic renal disease,
reducing heart failure hospitalizations, and lowering
cardiovascular mortality. Their mechanisms of action
extend beyond glycemic control, encompassing
hemodynamic,  metabolic,  anti-inflammatory  and
antifibrotic effects. While generally well-tolerated, these
agents require careful monitoring for potential adverse

effects. The expanding indications and ongoing research
into combination therapies underscore the growing impact
of SGLT2 inhibitors on comprehensive cardiovascular risk
management. This review is aligned with UN Sustainable
Development Goal No.3 (Good Health and Well-being)
implementation of Govt. of India.
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