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/Abstract
Introduction: Sodium—glucose cotransporter-2 (SGLT2) inhibitors are an important class of anti-hyperglycaemic medications that have signifi-
cantly improved the management of type 2 diabetes mellitus (T2DM) and its related cardiovascular and renal complications. Initially introduced
for glycaemic control, agents such as dapaglifiozin, empagliflozin, canaglifiozin and ertugliflozin have shown additional benefits in heart failure
and chronic kidney disease (CKD). These drugs act by inhibiting SGLT2 proteins in the proximal renal tubules, reducing glucose reabsorption
and increasing urinary glucose excretion through an insulin-dependent mechanism. In addition to lowering blood glucose, SGLT2 inhibitors
promote natriuresis, osmotic diuresis, weight reduction and blood pressure control, thus improving overall cardiometabolic health.

Objective: This review aims to evaluate the efficacy and safety of Dapagliflozin vs Empagliflozin in patients with T2DM, heart failure, CKD
and hypertensive non diabetic with proteinuria. Special emphasis is placed on their effects on glycaemic control, cardiovascular outcomes, renal
protection, hospitalization for heart failure and mortality, as well as associated adverse effects.

Methods: A narrative review approach was used using evidence from randomized controlled trials, meta-analyses, observational studies and
current clinical guidelines. Landmark studies, including EMPA-REG OUTCOME, DECLARE-TIMI 58, CANVAS, DAPA-HF, DAPA-CKD
and EMPA-KIDNEY, were critically examined to assess clinical efficacy and safety characteristics of major SGLT2 inhibitors. Data related to
cardiovascular outcomes, renal function, glycaemic improvement and adverse events were synthesized and analysed.

Results: Clinical evidence consistently demonstrated that SGLT2 inhibitors significantly improve glycaemic control while reducing body
weight and blood pressure. Major trials reported significant reductions in hospitalization for heart failure, progression of CKD and cardiovascu-
lar mortality in both diabetic and non-diabetic populations. Dapaglifiozin and empagliflozin showed particularly strong cardio-renal protective
effects, including slower decline in estimated glomerular filtration rate (¢GFR) and reduced albuminuria progression. Common adverse effects
included genital infections, urinary tract infections, volume depletion and rare diabetic ketoacidosis. Trotz these risks, the overall safety and
efficacy profile remained favourable.

Conclusion: SGLT2 inhibitors have emerged as the core therapy in modern cardiometabolic management. Their benefits extend beyond glu-
cose-lowering to include significant cardiovascular and renal protection. Current evidence supports their broad use in patients with T2DM,

heart failure and CKD, although further long-term studies are needed to clarify real-world safety and optimize individual treatment strategies.
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Introduction

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are a relatively
recent class of anti-hyperglycaemic agents that have markedly im-
proved the management of type 2 diabetes mellitus (T2DM), car-
diovascular disease, heart failure and chronic kidney disease (CKD)
[1]. Although originally designed to improve glycaemic control, these
agents have demonstrated substantial cardiovascular and renal pro-
tective effects that go beyond their glucose lowering properties [1].
Commonly used SGLT2 inhibitors include Ertugliflozin, Empagliflozin,
Canagliflozin and Dapagliflozin.

SGLT2 inhibitors exert their therapeutic effects by inhibiting sodium-
glucose cotransporter-2 (SGLT2) proteins in the proximal renal tu-
bules [2]. Under normal physiological conditions, these transporters
reabsorb approximately 90% of the filtered glucose back into the sys-
temic circulation [2]. Pharmacological inhibition of SGLT2 increases
urinary glucose excretion, thereby lowering blood glucose levels in-
dependent of insulin secretion or insulin sensitivity [2]. In addition,
these agents promote natriuresis, osmotic diuresis, modest weight
loss and reduced blood pressure, collectively resulting in their favour-
able cardiometabolic profile [2].

Evidence from large-scale randomized controlled trials has shown
that SGLT2 inhibitors significantly reduce hospitalization for heart
failure, delay the progression of CKD and lower cardiovascular mor-
tality in selected patient populations [3]. Landmark clinical trials, in-
cluding EMPA-REG OUTCOMIE [3], DECLARE-TIMI 58 [4], DAPA-HF [5]
and EMPA-KIDNEY [6], have established these medications as core
therapies in both diabetic and non-diabetic individuals with cardio-
vascular and renal disease.

Despite their clinical benefits, SGLT2 inhibitors are associated with
several possible adverse effects, including genital mycotic infections,
volume depletion, diabetic ketoacidosis and rare occurrences of
Fournier's gangrene [7]. Therefore, careful patient selection, moni-
toring and risk assessment are essential during therapy. Overall,
SGLT2 inhibitors represent a major therapeutic progress in contem-
porary medicine by addressing the interconnected burden of diabe-
tes, cardiovascular disease and renal dysfunction through multiple
defensive mechanisms.

SGLT receptors
Sodium-glucose co-transporters (SGLTs) are membrane-bound trans-
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port proteins that facilitate the active transport of glucose across cel-
lular membranes in conjunction with sodium ions [1]. These trans-
porters belong to the solute carrier family, specifically the SLC5 gene
family, and are integral to maintaining glucose homeostasis (). Among
the various isoforms identified, SGLT1 and SGLT2 are considered the
most clinically relevant [1]. SGLT2 is predominantly expressed in the
proximal convoluted tubule of the kidney, particularly within the S1
segment, where it is responsible for reabsorbing approximately 90%
of filtered glucose from the glomerular filtrate into the systemic cir-
culation [8]. This mechanism prevents excessive urinary glucose ex-
cretion under physiological conditions [8]. In comparison, SGLT1 is
primarily localized in the small intestine and the distal segments of
the renal proximal tubule [8]. It mediates the remaining 10% of renal
glucose reabsorption and plays a critical role in intestinal glucose and
galactose absorption [8].

The functional activity of SGLT receptors is dependent on the sodium
gradient generated by the Na*/K*-ATPase pump [8]. Through second-
ary active transport, glucose is transported against its concentration
gradient, coupled with sodium influx into the cell. Subsequently,
intracellular glucose is released into the circulation via facilitative
glucose transporters (GLUTs). SGLT receptors have emerged as sig-
nificant therapeutic targets in the management of type 2 diabetes
mellitus, chronic kidney disease, and heart failure [8]. Pharmacologi-
cal inhibition of SGLT2 decreases renal glucose reabsorption, thereby
promoting glucosuria and reducing blood glucose concentrations
independently of insulin activity [8]. Agents such as Dapagliflozin
and Empagliflozin have demonstrated substantial cardiovascular and
reno-protective benefits that extend beyond glycaemic control [8].
Furthermore, emerging evidence indicates that SGLT inhibition may
improve endothelial function, attenuate inflammatory pathways,
reduce intraglomerular pressure, and optimize myocardial energy
metabolism. Consequently, SGLT receptors are increasingly recog-
nized as pivotal therapeutic targets in contemporary cardiometabolic
medicine [8].

Structure of SGLT2 receptor: The sodium-glucose cotransporter 2
(SGLT2) receptor is a membrane-associated transport protein pre-
dominantly expressed in the S1 segment of the proximal convoluted
tubule of the kidney. It belongs to the solute carrier family 5 member
2 (SLC5A2) and consists of approximately 672 amino acids organized
into 14 transmembrane -helical domains. The amino (N-) and carbox-
yl (C-) termini are extracellularly located, helping to the physical in-
tegrity and functional stability of the transporter [9].SG LT2 acts as a
sodium-dependent glucose transporter by coupling the reabsorption
of one glucose molecule with one sodium ion across the apical mem-
brane of renal tubular epithelial cells. This transport process is driven
by the sodium electrochemical gradient established by the Na+/K+-
ATPase pump, thereby enabling active glucose reabsorption from the
glomerular filtrate into the systemic circulation. Structurally, distinct
binding sites within the transmembrane domains facilitate the recog-
nition and transport of sodium and glucose, inducing conformational
alterations required for substrate translocation [8].

Functionally, SGLT2 is a low-affinity, high-capacity transporter that
absorbs approximately 90% of filtered glucose under normal physi-
ological conditions (8). Drug agents such as dapagliflozin and empa-
gliflozin selectively inhibit SGLT2 by binding to its glucose-binding
domain, thus reducing renal glucose reabsorption and enhancing
urinary glucose excretion (glycosuria) [8]. The structural selectivity
and functional role of SGLT2 form the basis for the therapeutic ap-
plication of SGLT2 inhibitors in the management of chronic kidney
disease, heart failure and diabetes mellitus [8].

Factors affecting SGLT2 receptor: The activity and expression of the
sodium-glucose cotransporter 2 (SGLT2) receptor are regulated by
a variety of physiological, pathological, genetic and pharmacologi-
cal factors [10]. SGLT2 receptors are predominantly expressed in the
proximal convoluted tubules of the kidneys where they mediate the
reabsorption of approximately 90% of filtered glucose [8]. The blood
glucose concentration is a major determinant of SGLT2 activity [11].
In hyperglycaemic conditions, particularly in type 2 diabetes mellitus
(T2DM), the expression of SGLT2 is frequently upregulated, causing
enhanced renal glucose reabsorption and worsening hyperglycaemia
[11].

Renal function plays also a key role in affecting SGLT2 activity (12).
In patients with chronic kidney disease (CKD), impaired renal func-
tion reduces glomerular filtration and alters SGLT2-mediated glucose
transport [12]. Hormonal mediators, including insulin, glucagon and
angiotensin Il, contribute additionally to the regulation of receptor
expression and renal glucose handling [12]. Moreover, inflammatory
cytokines and oxidative stress associated with diabetes and cardio-
vascular disorders may adversely affect the function and expression
of SGLT2 receptors [10]. Genomic variations within the SLC5A2 gene,
which encodes the SGLT2 receptor, may influence the transporter ef-
ficiency and personal susceptibility to glucosuria [9]. Pharmacological
compounds, particularly SGLT2 inhibitors such as dapagliflozin and
empagliflozin, inhibit direct receptor activity, consequently reducing
renal glucose reabsorption, promoting glucosuria and improving gly-
caemic control [9].

Approved indications for dapagliflozin and empagliflozin: Da
agliflozin and Empagliflozin are sodium—glucose cotransporter-2
(SGLT2) inhibitors [13]. Both have several approved uses in diabetes
mellitus, cardiovascular disease, heart failure, and chronic kidney
disease (CKD). Their clinical applications have expanded following
evidence from outcome trials [1]. Dapagliflozin was first approved by
the FDA in January 2014 for the treatment of glycaemic control in
adults with type 2 diabetes mellitus (T2DM) [14]. It acts by inhibit-
ing glucose reabsorption in the proximal renal tubules. This enhances
urinary glucose excretion. In May 2020, dapagliflozin was approved
for reducing cardiovascular death and hospitalization in patients with
heart failure with reduced ejection fraction (HFrEF), regardless of dia-
betes status [15]. This approval was based on the DAPA-HF trial (). In
April 2021, dapagliflozin was approved for CKD [16], based on the
DAPA-CKD trial [17], which showed significant reductions in disease
progression and cardiovascular mortality. In 2023, FDA approval ex-
panded to include all ranges of ejection fraction in heart failure [18].
Empagliflozin was approved by the FDA in August 2014 for the treat-
ment of glycaemic control in adults with T2DM [19]. After the EMPA-
REG OUTCOME trial [3], it gained approval in December 2016 for re-
ducing cardiovascular mortality in adults with T2DM and established
cardiovascular disease [19]. In August 2021, approval was extended
to the management of HFrEF based on EMPEROR-Reduced trial re-
sults [20]. The EMPEROR-Preserved trial [21] supported its 2022
approval for heart failure with preserved ejection fraction (HFpEF)
[22]. In September 2023, empagliflozin received approval for CKD
after studies showed substantial reno-protective and cardiovascular
benefits [23]. Overall, dapagliflozin and empagliflozin have advanced
beyond glucose-lowering agents. They are now seen as cardio-respi-
ratory protective therapies. These drugs reduce hospitalization rates,
slow disease progression, and lower mortality in patients with diabe-
tes mellitus, heart failure, and CKD.

Efficacy, safety and cost of Dapagliflozin and Empagliflozin
Empagliflozin and Dapagliflozin are sodium—glucose cotransporter-2
(SGLT2) inhibitors extensively used in the management of type 2
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diabetes mellitus (T2DM), heart failure and chronic kidney disease
(CKD) [1]. Both agents act by inhibiting proximal renal tubular glucose
reabsorption, consequently increasing urinary glucose excretion, os-
motic diuresis, natriuresis and modest weight reduction [3]. Over the
past decade, these medications have significantly advanced cardio-
metabolic therapeutics owing to their demonstrated cardiovascular
and renal protective effects that extend beyond glycaemic control.
Although both drugs belong to the same pharmacological class and
exhibit broadly comparable clinical efficacy, notable differences exist
in their pharmacodynamic properties, cardiovascular outcome evi-
dence, renal protective effects, adverse-effect profiles, and recom-
mendations within clinical guidelines.

Empagliflozin shows greater selectivity for the SGLT2 receptor than
dapagliflozin, which may theoretically confer more pronounced glu-
cose lowering and natriuretic effects [24]. Dapagliflozin, in contrast,
exhibits relatively broader tissue activity and has shown consider-
able benefit in patients with heart failure, including those without
diabetes mellitus [24,25]. Both medications are administered once
daily and possess similar pharmacokinetic characteristics with elimi-
nation half-lives of approximately 10-12 hours [8]. In the context of
glycaemic management, both agents reduce glycated haemoglobin
(HbA1c), fasting plasma glucose levels and body weight effectively
[8]. Clinical trials generally reported HbAlc reductions ranging from
0.5% to 1.0%, depending on baseline glycaemic status and concomi-
tant therapeutic regimens [26]. Certain comparative observational
studies [27] suggest that empagliflozin may provide a slightly greater
reduction in HbAlc than dapagliflozin, however, the difference is
modest and often of limited clinical significance. Additionally, both
medications contribute to modest reductions in systolic blood pres-
sure through mechanisms related to osmotic diuresis and natriuresis
[28].

The cardiovascular effects of sodium—glucose cotransporter-2
(SGLT2) inhibitors represent a major advancement in contemporary
diabetes therapeutics. The EMPA-REG OUTCOME trial [3] identified
empagliflozin as the first glucose-lowering agent to demonstrate a
significant reduction in cardiovascular mortality among patients with
type 2 diabetes mellitus (T2DM) and established cardiovascular dis-
ease [3]. Empagliflozin significantly reduced cardiovascular death,
hospitalization for heart failure, and all-cause mortality. In compari-
son, the DECLARE-TIMI 58 trial [4] evaluating dapagliflozin demon-
strated significant reductions in hospitalization for heart failure and
adverse renal outcomes, although reductions in major adverse car-
diovascular events were comparatively less pronounced [4]. These
differences may partially reflect variations in baseline cardiovascular
risk among the study populations rather than intrinsic pharmacologi-
cal superiority between the agents [4].

Subsequent heart failure trials further expanded the therapeutic
indications of both medications beyond glycaemic control. In the
DAPA-HF trial [5], dapagliflozin significantly reduced worsening heart
failure and cardiovascular mortality in patients with heart failure with
reduced ejection fraction (HFrEF), irrespective of diabetic status.
Similarly, empagliflozin demonstrated substantial clinical benefit in
the EMPEROR-Reduced [20] and EMPEROR-Preserved [21] trials. Col-
lectively, these findings established SGLT2 inhibitors as foundational
therapies in the management of heart failure. Current evidence indi-
cates that both agents provide substantial and broadly comparable
benefits across the spectrum of heart failure.

Renal protection represents another important therapeutic advan-

E tage associated with both medications. SGLT2 inhibitors reduce in-
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traglomerular pressure, decrease albuminuria, and attenuate the de-

cline in estimated glomerular filtration rate (eGFR) [29]. Dapagliflozin
demonstrated significant reno-protective effects in the DAPA-CKD
trial [17], including among patients without diabetes. Subsequently,
empagliflozin showed similar renal benefits in the EMPA-KIDNEY trial
[6]. Large observational cohort studies comparing empagliflozin and
dapagliflozin have generally reported no statistically significant dif-
ferences in major renal outcomes [30], although some analyses sug-
gested a slightly lower risk of renal replacement therapy with empa-
gliflozin [31].

Head-to-head comparative studies further indicate that both agents
possess highly similar clinical efficacy. A large Scandinavian cohort
study [31] involving approximately 200,000 patients demonstrated
no significant differences between empagliflozin and dapagliflozin
with respect to major cardiovascular events, heart failure outcomes,
renal events, or diabetic ketoacidosis. These findings support the
concept that many of the therapeutic benefits associated with SGLT2
inhibitors are attributable to a class effect rather than drug-specific
superiority. Both medications exhibit relatively favourable safety
profiles. However, both have clinically significant adverse effects.
The most reported complications occur with both agents, including
genital mycotic infections, urinary tract infections, polyuria, volume
depletion, and hypotension [32]. Rare but serious adverse events,
such as diabetic ketoacidosis, particularly euglycemic diabetic keto-
acidosis, as well as acute kidney injury during dehydration or severe
systemic illness, may occur with either medication [33]. Comparative
studies have not identified substantial differences in safety between
empagliflozin and dapagliflozin [34]. Nevertheless, caution is war-
ranted for both agents in elderly patients, those receiving loop di-
uretics, and patients with advanced renal impairment.

Major guidelines recommend both drugs for people with type 2 dia-
betes and cardiovascular disease, heart failure, or chronic kidney dis-
ease. International groups such as the American Diabetes Association
and the European Society of Cardiology support SGLT2 inhibitors as
first-line treatments for these patients [35-37]. Early guidelines often
favoured empagliflozin because of stronger initial evidence for lower-
ing cardiovascular mortality. Newer advice treats empagliflozin and
dapagliflozin as equally useful. Drug selection between dapagliflozin
and empagliflozin may be influenced by cost, formulary availability,
and regional prescribing practices. In several healthcare systems,
dapagliflozin is more accessible due to broader insurance coverage
and availability of generics [38]. Conversely, some clinicians favour
empagliflozin, primarily because its early landmark trials provided
strong evidence for cardiovascular mortality reduction [39]. This pref-
erence is not based on major comparative efficacy differences but
rather on evidence and accessibility.

Both dapagliflozin and empagliflozin demonstrate broadly compa-
rable cost-effectiveness profiles. Their economic value comes from
favourable cardiovascular and renal outcomes for both agents,
rather than glycaemic control alone. Dapagliflozin has shown favour-
able cost-effectiveness in multiple analyses, especially following the
DAPA-HF [5] and DAPA-CKD [17] Trials, which demonstrated signifi-
cant reductions in heart failure hospitalizations and slowing of CKD
progression. These benefits contribute to substantial healthcare
savings, like those observed with empagliflozin, by reducing recur-
rent admissions and delaying renal replacement therapy. Long-term
models consistently indicate that dapagliflozin is cost-effective in
both diabetic and non-diabetic populations with heart failure or CKD,
paralleling findings for empagliflozin.

Empagliflozin also shows strong economic value. The EMPA-REG
OUTCOME Trial [3] found that it lowers cardiovascular deaths and
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heart failure hospitalizations in people with type 2 diabetes. Later
studies, including EMPEROR-Reduced [20] and EMPEROR-Preserved
[21], found benefits for people with heart failure, with both reduced
and preserved ejection fraction. These findings support the inter-
vention's cost-effectiveness, driven by improved survival and fewer
hospital stays. Both drugs are highly cost-effective versus standard
therapy. Small cost differences depend on local prices, reimburse-
ment, and formulary agreements. In practice, doctors base their
choice mainly on trial evidence and healthcare economics, not drug
price or overall value.

In summary, Empagliflozin and dapagliflozin are effective SGLT2 in-
hibitors with comparable glycaemic, cardiovascular and renal ben-
efits. Empagliflozin shows stronger evidence for reducing cardiovas-
cular mortality, while dapagliflozin shows robust success in chronic
kidney disease and heart failure. Overall, their benefits are consid-
ered largely a class effect, and treatment choice should be individual-
ized based on patient characteristics, renal function, tolerability, cost,
and availability.

SGLT2inhipitor and eGFR: The therapeutic role of sodium-glucose
cotransporter-2 (SGLT2) inhibitors, particularly dapagliflozin and
empagliflozin, has evolved considerably from sole glucose-lowering
agents to essential therapies in the management of chronic kidney
disease (CKD) and heart failure [3]. A major factor affecting their clini-
cal use is the estimated glomerular filtration rate (eGFR), which de-
termines both initiation and continuation on criteria [40].

Contemporary evidence and updated guidelines recommendations
from the kidney disease: Improving Global Outcomes (KDIGO) [37],
the American Diabetes Association (ADA) [35], and the European So-
ciety of Cardiology (ESC) [36] between 2024 and 2026 support the
use of both agents at substantially lower eGFR levels than previously
recommended, mainly because of their established cardiovascular
and renal protective effects independent of glycaemic control. Dapa-
gliflozin is generally recommended for initiation in patients with an
eGFR 25 mL/min/1.73 m2 for CKD and heart failure indications [40].
Although its glucose-lowering efficacy declines with worsening re-
nal function [40], landmark trials such as the DAPA-CKD study [17]
showed significant reductions in CKD progression and cardiovascular
events in patients with eGFR values as low as 25 mL/min/1.73 m2.
Furthermore, treatment may be continued under this threshold if the
medication remains well tolerated and dialysis has not been initiated
[40].

Empagliflozin, by comparison, has demonstrated efficacy in a slightly
broader range of renal function in cardiorenal populations [41]. Cur-
rent recommendations support initiation in patients with an eGFR as
low as 20 mL/min/1.73 m?, particularly in those with CKD or heart
failure, as evidenced by the EMPA-KIDNEY and EMPEROR [40] trials.
Like dapagliflozin, the maintenance of therapy below the initiation
threshold is considered appropriate, provided that renal replacement
therapy is not required, and ongoing clinical benefit is observed [40].
Both agents are associated with an initial, reversible decline in eGFR,
typically 3-5 mL/min/1.73 m?, reflecting hemodynamic alterations
rather than structural renal injury [42]. This transient reduction gen-
erally stabilizes over time and, in the absence of additional adverse
clinical findings, should not necessitate discontinuation of therapy.
To summarize, dapagliflozin is commonly initiated at an eGFR as low
as 25 mL/min/1.73 m?, whereas empagliflozin may be initiated at an
eGFR as low as 20 mL/min/1.73 m? Both agents continue to show
substantial cardiovascular and renal benefits, even in patients with
advanced renal impairment.

Empagliflozin and Dapagliflozin in Recent Clinical Guidelines: Em-

pagliflozin and dapagliflozin are sodium-glucose cotransporter-2
(SGLT2) inhibitors that have advanced beyond their original role as
glucose-lowering agents to become key therapies for cardiovascu-
lar and renal protection. Contemporary clinical guidelines, including
those of the American Diabetes Association [35], kidney disease:
Improving Global Outcomes [37] and the European Society of Cardi-
ology [36], consistently endorse both agents as core treatments for
patients with type 2 diabetes mellitus (T2DM) who are at elevated
cardiovascular or renal risk.

According to the current ADA standards of care [35], empagliflozin
and dapagliflozin are preferred SGLT2 inhibitors for individuals with
T2DM and established atherosclerotic cardiovascular disease, heart
failure or chronic kidney disease, irrespective of baseline glycated
haemoglobin (HbA1lc) levels in many clinical scenarios. Their early
incorporation into therapeutic algorithms, often alongside metfor-
min, is supported under robust evidence demonstrating reductions
in heart failure hospitalization and progression of renal disease.

In heart failure management, ESC guidelines [36] strongly recom-
mend empagliflozin and dapagliflozin across the full spectrum of left
ventricular ejection fraction, including heart failure with reduced
and preserved ejection fraction. These recommendations are largely
derived from landmark clinical trials such as DAPA-HF [5], EMPEROR
reduced [20] and DELIVER trial [43], all of which showed significant
reductions in cardiovascular mortality and hospitalizations related to
heart failure. In patients with chronic kidney disease, joint consen-
sus recommendations of KDIGO [37] and ADA [35] support initiat-
ing either empagliflozin or dapagliflozin in individuals with an esti-
mated glomerular filtration rate (eGFR) 20 mL/min/1.73 mZ. Clinical
evidence indicates that these therapies significantly delay the pro-
gression of kidney dysfunction and reduce the risk of kidney failure.
Notably, their reno-protective benefits remain, despite relatively
modest glycaemic effects, underscoring their broader organ-protec-
tive mechanisms [44]. Overall, contemporary guidelines increasingly
consider empagliflozin and dapagliflozin interchangeable within the
SGLT2 inhibitor class. Therapeutic selection is therefore often af-
fected by factors such as local availability, cost-effectiveness, renal
function and individual patient comorbidities. Their established role
as first-line cardio-renal protective therapies shows a major paradigm
shift from a glucose-centred approach in diabetes management to-
wards comprehensive cardiovascular and renal risk reduction.

Side effects of empagliflozin vs dapagliflozin

Dapagliflozin and empagliflozin, both sodium—glucose cotransport-
er-2 (SGLT2) inhibitors, exhibit broadly comparable adverse effect
profiles. The most frequently reported adverse events include genital
mycotic infections, urinary tract infections, and polyuria secondary to
osmotic diuresis [32]. Volume depletion associated with these agents
may result in hypotension, dizziness, and acute kidney injury, particu-
larly among older adults and patients receiving concomitant diuretic
therapy [45]. Rare but clinically significant complications include eu-
glycemic diabetic ketoacidosis [46] and Fournier’s gangrene [47]. In
addition, both medications are associated with modest reductions
in body weight and blood pressure, effects that are generally con-
sidered therapeutically advantageous [48]. Current evidence has not
demonstrated consistent or clinically significant differences in overall
safety between the two agents, although individual patient tolerabil-
ity may differ. Accordingly, regular monitoring of hydration status and
renal function is recommended during treatment.

Sodium—glucose cotransporter-2 (SGLT2) inhibitors are central to
managing type 2 diabetes mellitus, heart failure, and chronic kidney
disease. Large-scale trials and post-marketing surveillance link SGLT2
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inhibitors to increased risk of diabetic ketoacidosis (DKA), including
euglycemic DKA. EMPA-REG OUTCOME [3], CANVAS trial [49] and
DECLARE-TIMI 58 [4] reported uncommon but clinically significant
cases of ketoacidosis versus placebo. The mechanisms involve re-
duced insulin, increased glucagon and increased hepatic ketogenesis
due to glycosuria. Euglycemic ketoacidosis, where normal glucose
levels with ketosis should be screened (46). Key risk factors for DKA
with SGLT2 inhibitors are prolonged fasting, infection, surgical stress,
dehydration, excessive alcohol intake, and inappropriate insulin re-
duction [50]. Act quickly: recognize symptoms, educate patients, and
stop SGLT2 inhibitors during acute illness to lower the risk of severe
metabolic complications and morbidity [50].

Major Clinical Trials of Dapagliflozin and Empagliflozin

Major Clinical Trials of Dapagliflozin: DECLARE-TIMI 58 trial [4]
These large-scale cardiovascular outcomes trial evaluated the
safety and efficacy of dapaglifiozin in patients with type 2 dia-
betes mellitus (T2DM), enrolling more than 17,000 partici-
pants. The study demonstrated a significant reduction in hos-
pitalization for heart failure and renal composite outcomes.
However, there was no significant reduction in major adverse cardio-
vascular events (MACE) in the overall population. DAPA-HF trial [5]
This trial assessed dapagliflozin in patients with heart failure with
reduced ejection fraction (HFrEF), including both diabetic and non-
diabetic individuals. It demonstrated a significant reduction in wors-
ening heart failure events and cardiovascular mortality, thereby es-
tablishing dapagliflozin as an effective therapy in HFrEF.

DELIVER trial [43]

The DELIVER trial evaluated dapagliflozin in patients with heart fail-
ure with preserved or mildly reduced ejection fraction (HFpEF/HFm-
rEF). The findings showed a significant reduction in the composite
endpoint of cardiovascular death or worsening heart failure.

DAPA-CKD trial [17]

This study examined the effects of dapagliflozin in patients with
chronic kidney disease, with and without diabetes. It demonstrated
substantial reductions in the progression of renal disease, end-stage
kidney disease, and all-cause mortality, establishing a pivotal role for
SGLT2 inhibition in nephroprotection.

DERIVE trial [51]
The DERIVE trial focused on patients with type 2 diabetes and moder-
ate renal impairment, evaluating glycaemic efficacy and renal safety.
It confirmed modest glucose-lowering effects alongside preservation
of renal function.

DEFINE-HF trial [52]

This study investigated the impact of dapagliflozin on symptoms,
functional status, and biomarkers in HFrEF. It demonstrated improve-
ments in patient-reported outcomes and reductions in NT-proBNP
levels in selected subgroups.

DAPA-MI trial [53]

The DAPA-MI trial explored the use of dapagliflozin following acute
myocardial infarction, focusing on cardiometabolic outcomes and
prevention of heart failure progression in the post-infarction setting.

Major Clinical Trials of Empagliflozin
— EMPA-REG OUTCOME [3]
g, This landmark cardiovascular outcome trial evaluated empagliflozin
Q© in patients with T2DM and established cardiovascular disease, enroll-
E ing over 7,000 participants. It demonstrated significant reductions in
g cardiovascular mortality, all-cause mortality, and hospitalization for

heart failure, representing the first evidence of cardiovascular mor-
tality benefit with an SGLT2 inhibitor.

EMPEROR-Reduced [20]
This trial assessed empagliflozin in patients with HFrEF, with and
without diabetes. It demonstrated significant reductions in cardio-
vascular death and heart failure hospitalization, along with a slower
decline in renal function.

EMPEROR-Preserved [21]
This study investigated empagliflozin in patients with HFpEF. It
showed a significant reduction in the composite outcome of cardio-
vascular death or heart failure hospitalization, representing a major
advance in HFpEF therapy.

EMPA-KIDNEY [6]

This trial evaluated empagliflozin in patients with chronic kidney
disease, including a substantial proportion without diabetes. It dem-
onstrated reduced progression of kidney disease and lower risk of
cardiovascular death, confirming broad reno-protective effects.

EMPERIAL-Reduced trial [54]
This study focused on functional capacity and exercise performance
in patients with HFrEF, assessing improvements in exercise tolerance
and quality-of-life measures.

EMPERIAL-Preserved trial [55]

A parallel study to EMPERIAL-Reduced, this trial evaluated functional
outcomes in HFpEF, with emphasis on exercise capacity and patient-
reported functional status.

The EMPEROR-Reduced Trial [20]

It showed that empagliflozin markedly reduced the risk of cardiovas-
cular death and heart failure hospitalization in patients with heart
failure with reduced ejection fraction (HFrEF), regardless of diabe-
tes status. It also slowed the decline in renal function and improved
heart failure outcomes, establishing SGLT2 inhibitors as a key ele-
ment of guideline-directed medical therapy for heart failure by re-
ducing cardiovascular events, slowing renal deterioration, and im-
proving overall prognosis.

The EMPEROR-Preserved Trial [21]

It evaluated empagliflozin in patients with heart failure with pre-
served ejection fraction (HFpEF). The trial found a 21% reduction in
cardiovascular death or heart failure hospitalization, mainly due to
fewer hospitalizations. Benefits were consistent for patients with or
without diabetes, confirming SGLT2 inhibitors as an effective treat-
ment for HFpEF with significant cardiorenal protection.

EMPA-HEART CardioLink-6 trial [56]

This mechanistic trial assessed cardiac remodelling effects, demon-
strating a reduction in left ventricular mass and regression of left ven-
tricular hypertrophy.

EMPULSE trial [57]

This trial investigated initiation of empagliflozin during hospitaliza-
tion for acute heart failure. It demonstrated clinical benefit and safe-
ty in the acute care setting, supporting early in-hospital initiation.

Critical Appraisal of Trials on Empagliflozin versus Dapagliflozin

Sodium—glucose cotransporter-2 (SGLT2) inhibitors have signifi-
cantly reshaped the therapeutic landscape of type 2 diabetes mel-
litus (T2DM), heart failure (HF), and chronic kidney disease (CKD) [1].
Within this pharmacological class, empagliflozin and dapagliflozin
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represent the most extensively studied agents. A robust body of
evidence from major randomized controlled trials (RCTs), including
EMPA-REG OUTCOME [3], EMPEROR-Reduced [20], EMPEROR-Pre-
served [21], DECLARE-TIMI 58 [4], DAPA-HF (5), and DAPA-CKD [17],
has consistently demonstrated substantial cardiovascular and renal
benefits that extend beyond glycaemic control. Nevertheless, a criti-
cal evaluation of these trials is necessary to appraise their compara-
tive efficacy, methodological rigor, limitations, and generalizability to
routine clinical practice.

The EMPA-REG OUTCOMIE trial [3] was a pivotal cardiovascular out-
comes study assessing empagliflozin in patients with T2DM and es-
tablished cardiovascular disease. This multicentre, randomized, dou-
ble-blind, placebo-controlled trial enrolled 7,020 participants and
demonstrated significant reductions in major adverse cardiovascular
events (MACE), cardiovascular mortality, all-cause mortality, and hos-
pitalization for heart failure. Notably, cardiovascular death was re-
duced by 38%, representing one of the most pronounced mortality
benefits reported in diabetes-related cardiovascular outcome trials.
From a methodological perspective, the trial [3] exhibited several
strengths, including a rigorous randomized controlled design, ad-
equate statistical power, and the use of clinically meaningful primary
and secondary endpoints. The high baseline cardiovascular risk of the
study population, all of whom had established atherosclerotic cardio-
vascular disease, enhanced event rates and improved the ability to
detect treatment effects. In addition, the median follow-up period of
approximately 3.1 years was sufficient for the assessment of cardio-
vascular outcomes, and independent endpoint adjudication reduced
the risk of outcome assessment bias.

However, several limitations should be acknowledged. The study [3]
population was predominantly composed of individuals with estab-
lished cardiovascular disease, thereby limiting the external validity of
the findings to lower-risk populations with T2DM. Furthermore, the
early divergence of cardiovascular mortality curves raised questions
regarding the underlying biological mechanisms, as such rapid bene-
fits are not typically consistent with slower atherosclerotic modifica-
tion. Consequently, it has been proposed that haemodynamic effects,
including natriuresis, osmotic diuresis, and reductions in preload and
afterload, may have contributed more substantially to the observed
early cardiovascular benefits than direct anti-atherosclerotic effects.
A further critique concerns the relatively modest reduction observed
in glycated haemoglobin (HbAlc), in contrast to the substantial re-
ductions in mortality outcomes. This dissociation implies that clinical
benefits are predominantly mediated by mechanisms independent
of glycaemic control; however, it additionally complicates the causal
interpretation of the observed cardiovascular benefits. Moreover,
subgroup analyses were often underpowered, thereby increasing the
risk of type | error in the interpretation of secondary endpoints.

In contrast, dapagliflozin was primarily evaluated in the DECLARE-
TIMI 58 trial [4], which enrolled 17,160 patients with type 2 diabetes
mellitus (T2DM). Unlike EMPA-REG OUTCOME [3], only approximate-
ly 40% of participants had established atherosclerotic cardiovascular
disease, while the rest exhibited multiple cardiovascular risk factors.
DECLARE-TIMI 58 [4] demonstrated superiority for the composite
outcome of cardiovascular death or hospitalization for heart failure;
however, it did not achieve statistical significance for major adverse
cardiovascular events (MACE). However, hospitalization for heart fail-
ure was significantly reduced, strengthening a class effect of SGLT2
inhibitors in heart failure prevention.

The wider inclusion criteria of DECLARE-TIMI 58 [4] enhanced ex-
ternal validity, as the study population more closely reflected rou-

tine clinical practice in T2DM. The inclusion of a substantial primary
prevention cohort improved generalisability, but simultaneously re-
duced overall event rates, thus diminishing statistical power to detect
differences in MACE. Consequently, the neutral MACE results may re-
flect differences in baseline cardiovascular risk rather than a lack of
therapeutic efficacy.

A further methodological consideration relates to protocol modifica-
tions following the publication of the EMPA-REG OUTCOME [3], in-
cluding the introduction of dual primary efficacy endpoints during
trial conduct. Although these amendments were prespecified before
unblinding, they raise concerns regarding multiplicity and potential
inflation of type | error and thus constitute a point of methodologi-
cal debate. Direct comparison between EMPA-REG OUTCOME [3] and
DECLARE-TIMI 58 [4] is inherently limited by substantial differences in
baseline patient characteristics and cardiovascular risk profiles. EM-
PA-REG OUTCOME [3] enrolled exclusively patients with established
cardiovascular disease, whereas DECLARE-TIMI 58 [4] included a
significant proportion of primary prevention participants. Any appar-
ent differences in cardiovascular efficacy between empagliflozin and
dapagliflozin are therefore more plausibly attributable to trial design
and population variability than to true pharmacological superiority,
as supported by multiple systematic reviews.

Subsequent dedicated heart failure trials have further clarified car-
diovascular benefits of dapagliflozin. The DAPA-HF trial [5] evalu-
ated dapagliflozin in patients with heart failure with reduced ejec-
tion fraction (HFrEF), including individuals without diabetes mellitus,
and showed significant reductions in the worsening of heart failure
and cardiovascular mortality. Notably, these benefits were consistent
across the diabetic and non-diabetic subgroups, supporting mecha-
nisms of action that go beyond glycaemic lowering. Similarly, the
EMPEROR reduced trial [20] evaluated empagliflozin in patients with
heart failure with reduced ejection fraction (HFrEF) and exhibited
a significant reduction in the composite outcome of cardiovascular
death or hospitalization for heart failure. Subsequently, the EMPER-
OR-Preserved trial extended these outcomes to patients with heart
failure with preserved ejection fraction (HFpEF), a population for
which therapeutic options have historically been limited and showed
a significant clinical benefit.

A critical evaluation of the DAPA-HF [5] and EMPEROR [20,21] pro-
gram indicates high methodological strictness across both trials. Each
study was randomized, placebo-controlled and used clinically mean-
ingful primary endpoints with solid statistical frameworks. However,
differences in baseline disease severity limit the validity of indirect
comparisons. Notably, EMPEROR-Reduced [20] enrolled patients
with more advanced heart failure and lower left ventricular ejec-
tion fractions compared with DAPA-HF may partially justify observed
differences in mortality outcomes. An additional consideration is if
observed benefits represent a class effect of sodium—glucose co-
transporter-2 inhibitors (SGLT2) or drug-specific advantages. Emerg-
ing meta-analyses and systematic reviews increasingly support a
class-wide effect on the heart failure and renal protection. However,
empagliflozin demonstrated a more significant reduction in cardio-
vascular mortality in EMPA-REG OUTCOME [3], whereas dapagliflozin
has shown strong and consistent efficacy across more extensive heart
failure and primary prevention cohorts. Whether these differences
indicate true pharmacodynamic variation or trial design heterogene-
ity remains unclear.

Renal outcomes further complicate comparative interpretation. The
DAPA-CKD trial [17] demonstrated significant reno-protective effects
of dapagliflozin in patients with chronic kidney disease, with and
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without diabetes. Similarly, empagliflozin demonstrated nephro-
protective benefits in the EMPA-REG OUTCOME [3] and EMPEROR
[20,21] trials. Overall, the treatment effect appears to be strongly
influenced by the baseline renal function and the degree of albumin-
uria.

In terms of safety, both agents demonstrate generally favourable
profiles. Genital mycotic infections occur more often with SGLT2 in-
hibitor therapy, consistent with their mechanism of glucosuria [45].
Although rare, diabetic ketoacidosis remains a clinically important
adverse event. Importantly, neither empagliflozin nor dapagliflozin
has been associated with the increased risk of lower limb amputation
observed with canagliflozin in the CANVAS [49] program. A further
limitation of the existing evidence base is the insufficient represen-
tation of elderly, frail and ethnically diverse populations across ma-
jor trials. Participants were predominantly white males from high-
income countries, thereby limiting external validity towards broader
global populations. In addition, follow-up durations were relatively
short given the chronic nature of the cardiovascular and renal dis-
ease progression.

Direct, head-on randomized controlled trials comparing empa-
gliflozin and dapagliflozin are currently lacking. Therefore, clinical
decision-making relies largely on indirect comparisons across het-
erogeneous study populations. Although observational analyses and
target trial emulation studies have tried to address this gap, residual
confounding continues to limit causal inference. As such, the defini-
tive superiority of one agent over the other has not been established.
In conclusion, both empagliflozin and dapagliflozin have demon-
strated substantial cardiovascular and renal benefits across multiple
high-quality randomized controlled trials. EMPA-REG OUTCOME [3]
established empagliflozin as a landmark therapy in high-risk patients
with type 2 diabetes, while DECLARE-TIMI 58 [4], DAPA-HF [5], and
DAPA-CKD (17) expanded the evidence base supporting dapagliflozin
across a wider spectrum of cardiovascular, heart failure, and renal
disease populations. Observed differences between trials are more
plausibly attributable to variations in study design, baseline risk and
patient selection, rather than true pharmacological superiority. De-
spite research limitations and heterogeneity across studies, the cu-
mulative evidence convincingly supports SGLT2 inhibitors as a core
therapy in diabetes, heart failure and chronic kidney disease. Further
head-to-head trials are justified to clarify whether there are clinically
significant differences between these two agents.

Dapagliflozin vs empagliflozin in glycaemic control: Dapagliflozin
and empagliflozin are sodium-glucose cotransporter-2 inhibitors
(SGLT2) widely used in the management of type 2 diabetes mellitus
(T2DM). Both agents improve glycaemic control by inhibiting renal
glucose reabsorption, consequently increasing urinary glucose ex-
cretion and reducing plasma glucose concentrations. Although they
share a common mechanism of action and a common pharmacologi-
cal class, multiple clinical trials have investigated potential differenc-
es in their glycaemic efficacy.

The efficacy of dapagliflozin has been extensively evaluated in the
DECLARE-TIMI 58 trial [4], which enrolled over 17,000 patients with
T2DM and either established cardiovascular disease or multiple
cardiovascular risk factors. While the primary endpoint focused on
cardiovascular safety and outcomes, dapagliflozin was associated
— with modest but persistent improvements in glycaemic parameters,
gy, including reductions in HbAlc and fasting plasma glucose compared
to placebo. Further evidence from the - an -
Q lacebo. Furth id fi he DAPA-HF [5] and DAPA-CKD
E [17] trials has reinforced its wider metabolic benefits, demonstrat-
g ing improvements in glycaemic control along with reductions in body

weight and blood pressure, particularly among patients with heart
failure and chronic kidney disease.

Similarly, empagliflozin showed strong glycaemic success in the EM-
PA-REG OUTCOMIE trial, which included more than 7,000 patients
with T2DM and established cardiovascular disease. In addition to sig-
nificant reductions in cardiovascular mortality and heart failure hos-
pitalization, empagliflozin produced clinically significant decreases in
HbA1lc, fasting plasma glucose and body weight relative to placebo.
Subgroup analyses indicated consistent glycaemic efficacy across
a range of baseline HbAlc levels and degrees of renal function, al-
though attenuated glucose lowering effects were observed in more
advanced chronic kidney disease.

Comparative evidence shows a potential, although modest, advan-
tage of empagliflozin over dapagliflozin in glycaemic lowering. A net-
work meta-analysis of SGLT2 inhibitors reported HbAlc reductions
of approximately 0.69% with empagliflozin 25 mg and 0.51% with
dapagliflozin 10 mg compared to placebo (). The magnitude of this
difference is however small and of uncertain clinical significance. Di-
rect comparative studies have similarly demonstrated slightly greater
HbAlc reductions with empagliflozin during short-term follow-up,
however, these data are limited by relatively small sample sizes and
short study durations. Despite such observations, the overall evi-
dence base indicates that the glycaemic efficacy of dapagliflozin and
empagliflozin is broadly comparable in clinical practice. Observed
differences in HbAlc reduction are generally minor and may be in-
fluenced by baseline glycaemic control, renal function, disease dura-
tion, and concomitant antidiabetic therapy [27]. Both agents typically
achieve HbAlc reductions in the range of approximately 0.5-1.0%,
which remains clinically meaningful, particularly when considered
alongside their favourable effects on weight and blood pressure.

Importantly, contemporary diabetes management prioritizes cardio-
vascular and renal outcomes along with glycaemic control. Major
outcome trials, including EMPA-REG OUTCOME [3], DECLARE-TIMI
58 [4], DAPA-HF [5] and DAPA-CKD [17], have demonstrated that
both empagliflozin and dapagliflozin confer substantial cardio-renal
protection that appears largely independent of glucose lowering.
Empagliflozin has been associated with pronounced reductions in
cardiovascular mortality, while dapagliflozin has shown particularly
strong benefits in heart failure and chronic kidney disease popula-
tions, including individuals without diabetes. Collectively these data
support the concept of a class effect of SGLT2 inhibitors on cardio-
renal outcomes. In conclusion, dapagliflozin and empagliflozin are
highly effective SGLT2 inhibitors that provide significant improve-
ments in glycaemic control in patients with T2DM. Although empa-
gliflozin may demonstrate a slightly greater HbAlc reduction in cer-
tain analyses, the difference between agents is generally modest and
of limited clinical relevance. Therefore, therapeutic selection should
be guided by more comprehensive clinical considerations, including
cardiovascular and renal complications, safety profile, cost, and pa-
tient-focused factors. Overall, both agents represent essential parts
of current diabetes management strategies.

Dapagliflozin vs empagliflozin in major cardiovascular adverse
events

Dapagliflozin and empagliflozin are sodium—glucose cotransporter-2
(SGLT2) inhibitors recognized for cardiovascular protective properties
in type 2 diabetes mellitus (T2DM). Both agents improve glycaemic
control. Their effects on major adverse cardiovascular events (MACE),
such as cardiovascular mortality, non-fatal myocardial infarction, and
non-fatal stroke, have been evaluated in large cardiovascular out-
come trials (CVOTs) [3,4]. Both agents show cardiovascular benefit,
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but empagliflozin has stronger evidence supporting MACE reduction
compared to dapagliflozin.

Empagliflozin's most pivotal evidence comes from the EMPA-REG
OUTCOME trial [3], a randomized controlled study of over 7,000
patients with T2DM and established cardiovascular disease. Em-
pagliflozin reduced the primary composite MACE endpoint by 14%
compared to placebo (HR] 0.86; 95% confidence interval [CI] 0.74—
0.99). Cardiovascular mortality dropped by 38%, and heart failure
hospitalizations by 35%. The early divergence in the curve suggests
benefits beyond glycaemic control. These may include osmotic diure-
sis, lower blood pressure and body weight, improved cardiac preload
and afterload, and better endothelial function.

DECLARE-TIMI 58 [4] evaluated dapagliflozin in over 17,000 patients
with T2DM. Participants included those with established atheroscle-
rotic cardiovascular disease (ASCVD) and those with multiple risk
factors but without prior events. Dapagliflozin was non-inferior for
MACE but did not outperform placebo for the primary composite
endpoint (HR 0.93; 95% Cl 0.84—-1.03). However, it did reduce heart
failure hospitalizations and improved renal outcomes, indicating car-
diorenal benefits.

Differences between EMPA-REG OUTCOME [3] and DECLARE-TIMI 58
[4] are likely due to differences in study populations. EMPA-REG OUT-
COME [3] enrolled only patients with established cardiovascular dis-
ease. This increased event rates and statistical power for reductions
in cardiovascular outcomes. DECLARE-TIMI 58 [4] included about
60% of patients without prior ASCVD, creating a lower-risk group
with fewer MACE events.

DAPA-HF [5] showed that dapagliflozin reduced worsening heart
failure and cardiovascular death in patients with heart failure with
reduced ejection fraction, including those without diabetes. EMPER-
OR reduced [20] confirmed that empagliflozin lowers heart failure
hospitalization and cardiovascular mortality in a similar population.
Meta-analyses support the class effect of SGLT2 inhibitors, especially
in reducing heart failure hospitalizations and protecting kidney func-
tion. Zelniker et al. [58] found an approximate 31% reduction in heart
failure hospitalizations across CVOTs. MACE reduction is more pro-
nounced in patients with established ASCVD; effects are less consis-
tent in lower-risk groups.

Both agents can cause adverse effects such as genital mycotic infec-
tions, volume depletion, and rarely, euglycemic diabetic ketoacidosis.
Still, their overall safety profile is favourable. Major cardiovascular
outcomes trials (CVOTs) show empagliflozin provides stronger evi-
dence for reducing MACE, especially cardiovascular mortality. Dapa-
gliflozin shows notable benefits in heart failure and kidney outcomes.
Direct comparisons are limited by differences in trial design and pa-
tient characteristics. Both agents are essential in cardiovascular risk
reduction for T2DM. Selection should be guided by patient risk pro-
files and comorbidities.

Dapagliflozin vs Empagliflozin on heart failure and hospitalization

Dapagliflozin and empagliflozin, both sodium-glucose cotransport-
er-2 inhibitors (SGLT2), have markedly transformed the therapeutic
field of heart failure (HF), particularly by reducing hospitalization
rates and advancing cardiovascular outcomes. Originally developed
for glycaemic control in type 2 diabetes mellitus, subsequent large-
scale randomized controlled trials have demonstrated that these

O agents confer significant cardioprotective benefits that are largely

independent of baseline diabetes status.

The landmark DAPA-HF trial [5] evaluated dapagliflozin in 4,744 pa-
tients with heart failure with reduced ejection fraction (HFrEF). Treat-
ment with dapagliflozin was associated with a 26% relative risk re-
duction in the composite endpoint of worsening HF or cardiovascular
death compared to placebo (hazard ratio [HR] 0.74, 95% confidence
interval [CI] 0.65-0.85). Notably, there was a significant reduction in
HF hospitalizations, along with improvements in symptom burden
and quality of life, with consistent benefits observed regardless of
diabetes status. This evidence established dapagliflozin as an effec-
tive HF therapy beyond its glucose lowering properties.

In parallel, the EMPEROR-Reduced trial [20] evaluated empagliflozin
in 3,730 patients with HFrEF. Empagliflozin demonstrated a 25%
reduction in the composite outcome of cardiovascular death or HF
hospitalization (HR 0.75, 95% Cl 0.65—0.86), with the effect predomi-
nantly driven by a substantial reduction in HF admissions. Additional
benefits included fewer recurrent hospitalizations and a slower de-
cline in renal function, underscoring its cardiorenal protective profile.
Comparative appraisal of these trials suggests broadly similar efficacy
of dapagliflozin and empagliflozin in reducing HF hospitalization, sup-
porting a class effect among SGLT2 inhibitors. The observed clinical
benefits are likely mediated through multiple mechanisms, including
osmotic diuresis, natriuresis, reductions in preload and afterload, im-
proved myocardial energetics, and attenuation of inflammatory and
fibrotic pathways.

Nevertheless, direct comparison is limited by differences in trial de-
sign and baseline patient characteristics. Participants in EMPEROR-
Reduced [20] generally exhibited more advanced disease, character-
ized by lower left ventricular ejection fraction and higher natriuretic
peptide concentrations compared with those enrolled in DAPA-HF.
This higher-risk population may partly explain the more pronounced
effect of empagliflozin on HF hospitalization, despite relatively mod-
est reductions in cardiovascular mortality. Conversely, DAPA-HF [5]
demonstrated more consistent mortality reduction alongside reduc-
tions in hospitalization.

Subsequent evidence from heart failure trials with preserved ejec-
tion fraction (HFpEF) further expanded the therapeutic scope of
SGLT2 inhibitors. The EMPEROR-Preserved trial [21] showed that em-
pagliflozin significantly reduced HF hospitalization in patients with
HFpEF, representing a major therapeutic progress in this historically
limited population. Similarly, the DELIVER trial [43] confirmed that
dapagliflozin reduced the risk of worsening HF and cardiovascular
death in HFpEF, strengthening its efficacy throughout the HF spec-
trum. Overall, the accumulated evidence indicates that both dapa-
gliflozin and empagliflozin significantly reduce HF hospitalization and
improve cardiovascular outcomes across a broad range of HF phe-
notypes. While subtle differences in mortality and hospitalization
outcomes have been observed, these are not considered clinically
decisive. Consequently, contemporary HF guidelines recommend
SGLT2 inhibitors as a unified therapeutic class rather than favouring
one agent over the other.

Dapagliflozin versus empagliflozin in the progression of chronic kid-
ney disease (CKD)

Dapagliflozin and empagliflozin are pivotal agents in slowing CKD
progression, especially in patients with type 2 diabetes, albuminuria,
and cardiovascular disease. Both are SGLT2 inhibitors that protect
the kidneys by reducing intraglomerular pressure, restoring tubule-
glomerular feedback, lowering albuminuria, and modulating inflam-
matory and fibrotic pathways. However, differences in trial design
and outcome definitions limit direct comparisons. Evidence for dapa-
gliflozin primarily comes from the DAPA-CKD trial [17], a multicentre,
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randomized, placebo-controlled study involving 4,304 patients with
CKD (eGFR 25-75 mL/min/1.73 m? and albuminuria). Dapagliflozin
showed a 39% relative risk reduction in the primary endpoint: sus-
tained >50% decline in eGFR, ESKD, or renal/cardiovascular death
versus placebo (HR 0.61; 95% Cl 0.51-0.72). Treatment effects were
consistent in diabetic and non-diabetic subgroups, suggesting renal
protection is largely independent of glycaemic control.

Empagliflozin evidence is mainly from EMPA-KIDNEY [6], which en-
rolled 6,609 participants with a broad spectrum of CKD, including
lower eGFR (down to 20 mL/min/1.73 m?) and less pronounced albu-
minuria. Empagliflozin reduced the risk of kidney disease progression
or cardiovascular death by 28% compared with placebo (HR 0.72;
95% Cl 0.64—-0.82). The benefit was seen regardless of diabetes sta-
tus, supporting SGLT2 inhibition in diverse CKD populations, including
non-albuminuric disease.

Dapagliflozin shows higher risk reduction (39% vs 28%), but trial dif-
ferences limit comparison. DAPA-CKD () recruited more proteinuric,
high-risk participants and used a >50% decline in eGFR endpoint.
EMPA-KIDNEY [6] used a 240% threshold and had a broader, often
lower-risk cohort. These differences explain variation in effect size
and prevent firm conclusions on superiority. Additional cardiovas-
cular outcome trials provide supportive evidence. DECLARE-TIMI 58
[4] showed renal benefits of dapagliflozin as a secondary outcome in
type 2 diabetes, while EMPA-REG OUTCOME [3] found slower pro-
gression of nephropathy and fewer adverse renal endpoints with
empagliflozin in secondary analyses. Both dapagliflozin and empa-
gliflozin slow CKD progression and reduce significant renal outcomes.
Dapagliflozin is especially effective in proteinuric CKD. Empagliflozin
proves benefit across wider CKD phenotypes. The data support a
class effect for SGLT2 inhibitors, without clear evidence that one is
clinically superior.

Dapagliflozin vs empagliflozin in hypertensive non- diabetic with
proteinuria

In hypertensive non-diabetic proteinuric CKD, dapagliflozin and em-
pagliflozin show clinically meaningful reno-protective effects, mainly
through hemodynamic mechanisms. Comparative interpretation
should rely on direct trial evidence rather than indirect subgroup
analyses. The DAPA-CKD trial [17] gives strong evidence for dapa-
gliflozin, including many non-diabetic patients with albuminuric CKD.
It showed significant reductions in sustained eGFR decline, end-stage
kidney disease, or renal/cardiovascular death. Benefits were consis-
tent across non-diabetic subgroups and blood pressure categories,
supporting use in hypertensive proteinuric CKD. The DIAMOND trial
[59], focusing on non-diabetic proteinuric CKD, did not show a signifi-
cant reduction in proteinuria in the short term, but did show reduced
intraglomerular pressure and an initial reversible decline in eGFR. A
longer treatment period may be needed to achieve antiproteinuric
effects.

Empagliflozin is supported by the EMPA-KIDNEY trial [6], which in-
cluded CKD patients with and without diabetes and varying levels
of albuminuria. The trial [6] showed significant reductions in kidney
disease progression and cardiovascular mortality consistent across
diabetes status and blood pressure levels. Analyses showed reduced
albuminuria and slower eGFR decline in non-diabetic patients, con-
firming strong class-wide reno-protective effects. Smaller studies in
glomerular disease suggest that empagliflozin reduces proteinuria
earlier than placebo, though no head-to-head comparative data ex-
ist. Neither DAPA-CKD [17] nor EMPA-KIDNEY [6] directly compared
dapagliflozin and empagliflozin, limiting conclusions about superior-
ity. Study design differences, including eGFR thresholds, albuminuria

levels, and proportions of non-diabetic participants, may confound
indirect comparisons. Dapagliflozin strongly reduces hard renal out-
comes in proteinuric CKD, while empagliflozin shows robust efficacy
with potentially more uniform effects on albuminuria across CKD
populations.

In hypertensive non-diabetic proteinuria CKD, both agents are sup-
ported by high-quality trials (DAPA-CKD and EMPA-KIDNEY) [6,17].
The current literature favours a class effect rather than the clear su-
periority of any single agent.

Dapagliflozin vs Empagliflozin dose response

Dapagliflozin and empagliflozin show dose-dependent pharmacody-
namic effects. The clinical dose—response is modest beyond standard
therapeutic doses [60]. Both agents inhibit SGLT2 in the proximal re-
nal tubules, raising urinary glucose excretion, promoting natriuresis,
and lowering plasma glucose [3]. Early trials of dapagliflozin showed
reductions in HbAlc, fasting plasma glucose, and body weight at
doses of 2.5-10 mg daily. Ferrannini et al. [61] found maximal gly-
caemic efficacy at 10 mg, with limited benefit at higher exposures.
Similarly, Haring et al. reported reductions in HbAlc of 10 mg and
25 mg in response to lower doses, supporting current therapeutic
choices [62]. Large cardiovascular outcome trials reinforced efficacy
at standard dosing. DECLARE-TIMI 58 [4] used dapagliflozin 10 mg
daily, showing reductions in heart failure hospitalization and renal
events. EMPA-REG OUTCOME [3] used empagliflozin 10 mg or 25 mg
daily, reporting substantial reductions in cardiovascular mortality and
heart failure hospitalization. These trials did not show clear superi-
ority of higher doses, suggesting effective SGLT2 inhibition is key to
cardiovascular and renal protection.

Dapagliflozin vas Empagliflozin in managing non-traditional risk fac-
tors

Non-traditional risk factors play a key role in the development and
progression of cardiovascular and renal diseases among patients
with type 2 diabetes mellitus and chronic kidney disease [63]. So-
dium—glucose cotransporter-2 (SGLT2) inhibitors, particularly Dapa-
gliflozin and Empagliflozin, have demonstrated clinically important
benefits beyond glycaemic control. Evidence from the EMPA-REG
OUTCOME trial [3] revealed that empagliflozin significantly reduced
cardiovascular mortality and heart failure hospitalizations despite
relatively modest reductions in glycated haemoglobin, indicating ad-
ditional defensive mechanisms [3]. Likewise, the DAPA-HF (5) and
DAPA-CKD [17] trials showed that dapagliflozin reduced the risk of
worsening heart failure and progression of chronic kidney disease in
both diabetic and non-diabetic individuals [17]. These benefits are
attributed to multiple pleiotropic effects including reduction of intra-
glomerular hypertension through restoration of tubule-glomerular
feedback, causing decreased albuminuria and renal fibrosis. SGLT2
inhibitors have also been associated with reduced systemic inflam-
mation [64], oxidative stress [64], serum uric acid concentrations
[64], visceral adiposity [64], and arterial stiffness [64], all of which
are recognized non-traditional cardiovascular risk factors. Addition-
ally, improved myocardial energy utilization and enhanced renal oxy-
genation may add further to their significant cardiorenal protective
effects, independent of glucose-lowering effects [65].

Conclusion

In clinical practice, dapagliflozin and empagliflozin are widely used
SGLT2 inhibitors with comparable cardio-renal benefits, though
there are nuances. Empagliflozin reduced cardiovascular mortality
in EMPA-REG OUTCOME, particularly in patients with ASCVD. Dapa-
gliflozin, supported by DAPA-CKD and DECLARE-TIMI 58, provides evi-
dence across CKD and heart failure, including non-diabetic patients.
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Dapagliflozin is often used for CKD or heart failure phenotypes, while
empagliflozin is preferred for secondary prevention of ASCVD. Safety
profiles are similar with genital mycotic infections and volume deple-

tion as the main adverse effects. SGLT2 inhibitors are key therapies in
cardiometabolic and reno-cardiovascular care.
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