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Abstract

Cardiometabolic Disease (CMD) is a growing health concern worldwide, including in India, characterized by a constellation of
factors such as metabolic syndrome, obesity, dyslipidemia, diabetes, prediabetes, Non-Alcoholic Fatty Liver Disease (NAFLD), and
Chronic Kidney Disease (CKD). Sodium-Glucose Cotransporter-2 Inhibitors (SGLT2is) such as dapagliflozin, have demonstrated
promising pleiotropic effects beyond the glycemic efficacy, including improving cardiovascular and renal outcomes in patients
with CMD. This article aims to explore the potential of dapagliflozin in managing the full spectrum of CMD based on the expert
opinions of diabetologists and endocrinologists. The document discusses the role of SGLT2is across the cardiometabolic spectrum
such as prediabetes and diabetes, obesity, hypertension, NAFLD, CKD, Cardiovascular Disease (CVD), and heart failure, and the
evidence supporting their use in CMD.

Keywords: Cardiometabolic disease; Metabolic syndrome; Type 2 diabetes mellitus; SGLT2is; Dapagliflozin; Pleiotropic effects; Heart
failure; Chronic kidney disease.

Introduction

Cardiometabolic Syndrome (CMS) is a collection of various metabolic abnormalities that are substantial risk factors for Cardiovascular
Disease (CVD) [1]. CMS has now emerged as a complex clinical syndrome involving factors like insulin resistance, obesity, dyslipidemia,
and increased Blood Pressure (BP) [1,2]. It is also known as insulin resistance syndrome since it is hypothesized that insulin resistance
is the primary mechanism responsible for the metabolic abnormalities of the syndrome[1]. It is essential to accurately diagnose CMS
considering its increasing incidence to ensure that patients at risk receive the proper screening and care. Several guidelines have defined
CMS, which are summarized in Table 1 [3].

Guideline Definition of CMS

- 1 insulin levels, impaired glucose tolerance, or impaired fasting glucose

- Any two of the following:
WHO (1998) - BP>140/90 mm Hg

- TG >150 mg/dl

- HDL-C <35 mg/dL or abdominal obesity waist-hip ratio >0.9 along with BMI >30 kg/m? and WC >37 inches

Any 3 of the following:

- FPG > 100 mg/dL

- HDL-C <40 mg/dL in men and <50 mg/dL in women, or on treatment
AHA and NHLBI (2005)
- TG > 150 mg/dL or on treatment

-WC > 102 cm in men, > 88 cm in women

- BP > 130/85 mm Hg, or on antihypertensive medication
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Any 3 of the following:

IDF, NIH, AHA (2009)

- FPG > 100 mg/dL or on drug treatment for elevated glucose

-HDL-C <40 mg/dL in males, < 50 mg/dL in females

- TG > 150 mg/dL or on drug treatment for elevated TG

- WC>102 cm in males, >88 cm in females, specific thresholds for Asians

-BP > 130/85 mm Hg or on drug treatment for hypertension

Table 1: Definition of CMS in various guidelines.

AHA, American Heart Association; CMS, cardiometabolic
syndrome; BMI, body mass index; BP, blood pressure; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein
cholesterol; IDF, International Diabetes Federation, NIH, National
Institutes of Health, NHLBI, National Heart, Lung, and Blood
Institute; TG, triglycerides; WC, water column; WHO, World
Health Organization.

Insulin resistance and CMS are widespread conditions in India
[4-13]. CMS was found in around 42.7% of patients with Type
2 Diabetes Mellitus (T2DM) [14]. A study by Bhalwar et al.
estimated that approximately 13—15% of India’s adult population
have CMS, with females being more affected (approximately 18—
19% among adult females and 8%-9% among adult males) [4].
Genetic predisposition, sedentary lifestyle, environmental factors,
and diet might be responsible for establishing the syndrome [15].
The pathophysiology of CMS includes a) alterations in fatty acid
metabolism, b) excess visceral fat, ¢) ectopic accumulation of
fat in the liver and muscles, d) inflammatory cytokines produced
by the adipose tissue, e) increased blood pressure due to insulin
resistance and f) increased renal sodium reabsorption due to
hyperinsulinemia [1].

Cardiometabolic Disease (CMD) includes CMS in addition
to dyslipidemia, obesity, diabetes, prediabetes, obesity, Non-
Alcoholic Fatty Liver Disease (NAFLD), and chronic Kidney
Disease (CKD) [16]. Sodium-Glucose Cotransporter-2 Inhibitors
(SGLT2is) have been shown to enhance Cardiovascular (CV)
and renal outcomes in patients with CMD. The clinical benefits
of SGLT2is have been confirmed in patients with and without
T2DM. As aresult, SGLT2is play an increasingly important role in
managing Heart Failure (HF) and CKD, extending beyond T2DM
treatment. They have diuretic and natriuretic effects, which lead
to decreased preload, Left Ventricular (LV) filling pressure, and
improvements in other surrogates of afterload. They also decrease
sympathetic tone and uric acid levels, increase hemoglobin levels,
and are believed to have anti-inflammatory properties [17].

Need for expert opinion

SGLT2is, like dapagliflozin, have been shown to target various
conditions of CMD. The availability of emerging evidence for the

beneficial effects of dapagliflozin across the spectrum of CMD
is likely to affect the trend in the usage of dapaglifiozin in such
patients. Considering the evolving landscape of management and
the promising role of dapagliflozin, expert opinion is essential
to inform clinical practice and advance our understanding of the
therapeutic options available for this challenging condition. This
review outlines the authors’ perspective on dapagliflozin’s position
across the CMD spectrum.

Methodology

A panel of 550 expert diabetologists and endocrinologists from
India convened digitally for 55 advisory board meetings to discuss
the role of dapagliflozin in CMD. The discussions spanned several
categories, including T2DM, prediabetes, obesity, hypertension,
NAFLD, CVD, HF, and CKD. The collected evidence on these
specific topics was presented during the meetings, followed by
discussions highlighting dapagliflozin’s role and positioning across
CMD. The writing committee prepared the manuscript, which all
expert panel members reviewed to ensure a comprehensive and
well-structured document. The recommendations in this article are
based on the evidence presented and the discussions summarized
from the minutes of the meetings.

Literature Review and Expert Opinion
Type 2 Diabetes Mellitus

Current Evidence: SGLT2is reduce the HbAlc by 0.5-1%,
favoring body weight and BP [18]. The results of a subgroup
analysis performed in a meta-analysis by Xu et al. based on a
combination of hypoglycemic agents concluded that dapaglifiozin
is more effective as add-on therapy with insulin, metformin, or
exenatide, among other hypoglycaemic agents in reducing HbAlc
levels (P<0.00001 for all) [19].

Pan, et al. conducted a meta-analysis of 18 studies on the effects of
SGLT2is in T2DM patients. Results showed significant reductions
in body weight, waist circumference, Body Mass Index (BMI),
skeletal muscle mass, body fat percentage, subcutancous fat,
fat mass, lean mass, and visceral fat compared to control drugs
(sulfonylureas, insulin, metformin, thiazolidinediones, DPP-4i,
and GLP-1 Receptor Agonists [GLP-1RA]) [20]. Dapagliflozin has

Volume 7; Issue 01



Citation: Bantwal G, Sanyal D, Goswami S, Viswanathan V, Panda JK, et al. (2025) Expert Opinion on the Role of Dapagliflozin in Cardiometabolic
Diseases: An Indian Perspective. Int J Cerebrovasc Dis Stroke 8: 191. DOI: 10.29011/2688-8734.100191.

been categorized as an antidiabetic drug associated with moderate
weight reduction (between 3.2% and 5%) [21].

A systematic review and meta-analysis of Cardiovascular Outcome
Trials (CVOT) by Zelniker et al. showed that both SGLT2is and
GLP-1RA have robustly reduced the risk of atherosclerotic Major
Adverse Cardiovascular Event (MACE), while only SGLT2is
have a profound beneficial effect for reducing the risk of HF
and progression of CKD [22]. A network meta-analysis of 13
Randomized Controlled Trials (RCTs) by Ghosal et al. showed
that SGLT2is reduced CV death risk in patients with T2DM by
12% (Relative Risk [RR]: 0.88, 95% confidence interval [CI]
0.80-0.96) in comparison with standard treatment. Among all
SGLT2is, dapagliflozin brought the highest benefit in the T2DM
with HF patient group (11% RR reduction), while empagliflozin
has shown a more significant decrease in CV death in patients of
Atherosclerotic Cardiovascular Disease (ASCVD) and multiple
CV risk factors [23]. Meta-analysis of 23 CVOTs has shown
significantly reduced risk (CV) death (RR: 0.88), overall death
(RR: 0.87), and MACE with SGLT2is compared to DPP-4is.
SGLT2is scored over GLP-1RAs for reducing the risk of HF
and renal outcome by 24% and 22%, respectively, while both
the classes of drugs were comparable for MACE, CV, and total
death. In a systematic review and meta-analysis by Yamada T et
al., SGLT2is reduced the risk of renal events by 21% compared to
GLP-1RAs in patients with T2DM and CKD[24]. A meta-analysis
of 25 RCTs by Chen et al. revealed an increased risk of genital
infection (GI), urinary tract infection (UTI), and nasopharyngitis
compared to other treatments or placebo [25]. Increased risk of GI
and UTI was found in female patients, those with BMI > 30 kg/m?
and receiving SGLT2is treatment for > 6 months [26].

A network meta-analysis of 13 RCTs by Ghosal et al. found that
SGLT2is reduced CV death risk by 12% (RR: 0.88, 95% CI:
0.80-0.96) in T2DM patients compared to standard treatment.
Dapagliflozin showed the most significant benefit in T2DM with
HF (11% RR reduction), while empagliflozin significantly reduced
CV death in patients with ASCVD and multiple CV risk factors.

Position: Guideline recommendation for SGLT2is in T2DM

American Diabetes Association (ADA) 2024 guidelines
recommend SGLT2is as a preferred choice of therapy in T2DM
patients with HF (with either reduced or preserved Ejection
Fraction (EF)), CKD (with confirmed eGFR of 20-60 mL/min per
1.73 m? and/or albuminuria), ASCVD, indicators of high CV risk
(including obesity, hypertension, dyslipidemia or albuminuria)
and high BMI [27].

Expert Opinion

Pharmacotherapy for hyperglycemia in T2DM should be
individualized based on comorbidities, hypoglycemia risk,
glycemic goals, and medication availability. While metformin
remains the standard first-line treatment, SGLT2is can be used as
initial therapy (with or without metformin) in T2DM patients with
HF, CKD, CVD, or high BMI. SGLT2is show comparable glycemic
efficacy and safety. Empagliflozin may be preferred for T2DM

with ASCVD and dapagliflozin for T2DM with HF. Counseling
on SGLT2i side effects is advised before initiation. Combining
SGLT2is and GLP-1RAs may offer additional cardiovascular
benefits, with sequential combination therapy as an option.

Role of SGTL2i in Prediabetes
Current Evidence

Prediabetes is defined as an intermediate state of hyperglycemia
with glucose levels above the normal state but below the diagnostic
levels of diabetes [28]. According to the Indian Council of Medical
Research (ICMR)-India DIABetes study, 5.8-14.7% of the
population in rural and 7.2-16.2% in urban India have prediabetes.
The prevalence of prediabetes exceeds that of diabetes in most
Indian states, indicating a large population that may soon develop
T2DM. Conversion rate to diabetes is 58.9% among Indians with
prediabetes [29].

Intensive lifestyle intervention and antidiabetic drugs such as
metformin, thiazolidinediones, and a-Glucosidase Inhibitors
(AGI) have shown significant reduction in the incidence of
diabetes [30,31]. Recent 2024 ADA guidelines recommend
intensive lifestyle modification such as moderate-intensity
physical activity for > 150 minutes/week to achieve a weight loss
of 7% and metformin in the age group of 25-59 years and BMI of
> 35 kg/m>. Additionally, Research Society for Study of Diabetes
in India (RSSDI) guideline recommends AGI such as acarbose or
voglibose in case of non-tolerance to metformin [32,33]. Several
emerging data show the benefits of antidiabetic drugs such as
GLP-1RA and SGLT2is in preventing T2DM.

Insulin-resistant conditions such as HF and CKD are linked to a
high prevalence of diabetes [34]. A systematic review and meta-
analysis conducted by Singh et al. included 5 RCTs to assess
the effect of SGLT2is on New-Onset Diabetes (NOD) in adult
patients with prediabetes having CKD and HF. The results showed
that SGLT2is could significantly reduce the occurrence of NOD
in these patients (HR 0.81, P=0.005). However, there was no
effect of SGLT2is on HbAlc, indicating that the decrease in the
occurrence of NOD observed is unrelated to these drugs’ blood
glucose masking effect [35]. A pooled analysis of two phase 3
trials, DAPA-CKD and DAPA-HF demonstrated a reduction
in the incidence of NOD in patients with T2DM and CKD with
dapagliflozin treatment (Hazard Ratio [HR] 0.67 [95% CI 0.51—
0.88]). Subgroup analysis also showed no difference in the effect
of dapaglifiozin in the subgroups of age, sex, BMI, glycemic
status, baseline CV medication use, SBP, and glomerular filtration
rate [34]. A randomized, double-blind crossover trial by Veelen et
al. showed that two weeks of dapagliflozin treatment in prediabetic
patients lowered 24-hour glucose levels and improved 24-hour and
nocturnal fat oxidation, as well as ex vivo mitochondrial oxidative
capacity without significant changes in hepatic glycogen stores
[36]. The PRE-D trial found a greater reduction in glycemic
variability measured by Mean Amplitude Of Glycemic Variability
(MAGE) by 17% with dapagliflozin compared to metformin in
overweight or obese individuals with prediabetes [37].
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Possible mechanisms for a beneficial effect of dapagliflozin
in prediabetes include protecting pancreatic beta-cells from
glucotoxicity, weight loss, and improvement in hepatic insulin
sensitivity. Improving CKD and HF may have contributed to
insulin sensitivity [34].

Expert Opinion

Prediabetes is an independent risk factor for CVD, and given
its high prevalence in India, clinic-based screening of high-risk
individuals (overweight, hypertension, sedentary) is crucial for
early detection. Management should be individualized, starting
with lifestyle changes, followed by metformin for those with high
BMI or poor lifestyle compliance. Other classes of drugs, such
as AGls, may be considered for patients intolerant to metformin.
While SGLT2is reduce T2DM incidence in HF and CKD, their
long-term benefit in individuals without these conditions needs to
be confirmed from clinical trials.

Obesity
Current Evidence

Obesity is the primary risk factor for the onset of diabetes. Obesity
and diabetes rates have been rising simultaneously, posing a threat
to patient mortality and driving up community healthcare costs. A
5% weight loss or more of total body weight improves quality of
life, lowers the requirement for diabetes medication, and improves
glycemic control. Treatment of diabetes and obesity necessitates a
multimodal medical strategy that includes medication, potentially
surgical management, and intense lifestyle modification [38].

Ameta-analysis by Lazzaroni, et al. has categorized the antidiabetic
drugs into the following three groups based on their efficacy for
weight loss:

1. Mild efficacy for weight loss (less than 3.2% of initial
weight): metformin, acarbose, empagliflozin, and exenatide.

2. Moderate efficacy for weight loss (between 3.2% and
5%): canagliflozin, ertugliflozin, dapagliflozin, dulaglutide.

3. Strong efficacy for weight loss (greater than 5%):
liraglutide, semaglutide, tirzepatide.

ADA 2024 guideline recommends high weight loss efficacy
antidiabetic drugs such as GLP-1RAs, dual GIP and GLP-1RA,
and SGLT2is in patients of T2DM associated with obesity or high
BMI [39].

Role of SGLT2is in weight reduction

SGLT2is promote weight loss through several mechanisms. They
induce weight loss by excreting glucose via the kidneys and shift
energy metabolism toward fat and glucose utilization, increasing
oxygen consumption and carbon dioxide exhalation. Additionally,
SGLT2is regulate adiponectin and leptin in white adipose tissue,
boost fatty acid oxidation, and promote lipolysis, leading to more
significant energy expenditure and weight reduction (Figure 1).

Figure 1: Effect of SGLT2is in reduction of weight.

Several studies have confirmed the effect of SGLT2is in reducing
body fat (Table 2).
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Trial Study design (Si:::*(;i’ion glictleursil;n Intervention Results
. e Particularly in young T2DM patients
Wang etal. (2023) [40] | Systematic with NAFLD and high BMI, SGLT2is
review SGLT2is effectively reduced VAT (SMD=-1.42;
and meta- - T2DM _ A - .
analysis-18 (N=1063) ’=94%; P<0.0001), SAT (SMD.* 1.21;
RCTs 1=93%; P=0.003), and ectopic liver fat
(SMD=-0.70 I*=73%; P=0.006).
GLP-1RAs
-Overweight
(BMI > 25kg/ e GLP-1RAs and SGLT2is resulted in
Systematic m?) . significant weight loss (> 5%).
Maetal. (2023) [41] review and SGLTZis e Semaglutide had the highest weight
meta-analysis ) -Obesity (BMI > (N=17281) reduction (MD: -11.51 kg, 95% CI-12.83
-61 RCTs 30kg/m?) adults to -10.21), but GLP-1RAs had more
with or without adverse events than SGLT2is.
T2DM
Wilding, et al. (2019) Non- _Adult with garly versus later Early. dapagliﬂozin users exoperienced .
. . . apaglifiozin baseline-adjusted mean (95% CI) reductions
[42] interventional 195 T2DM -Prior . .
X users 0f 3.31% (—4.37, —2.25) in weight versus
retrospective weeks oral T2DM 4.06% (~5.05. ~3.07) in lat
cohort study therapy _ 070 (7005, 75.U/) 1n fafer users,
(n=3774) respectively.
Dapaglifiozin+
Randomized -szagi/? . Wlid];MI metformin Dapaglifl duced EAT by 20% af
. Y wit apagliflozin reduce y 20% after
{Zgﬁbellls, et al. (2020) Ic)li);l;lg(—)l_)lmd, > 27 kg/m? 24 weeks (P=0.001) compared to 7% in the
controlled trial 24 weeks metformin group (P=0.009).
-HbAlc level < Metformin+
8% on metformin | placebo
monotherapy.
(N=100)
Dapagliflozin was associated with
Ad . significant reductions in HbAlc
Shrikrishnapalasuriyar et | Real-world . qlts Wl.th . | Dapagliflozin
P ¥y . - clinical diagnosis pag .
al. (2019) [44] evidence study of T2DM (n=101) (-12.7 mmol/mol, P<0.0001), weight
(-8.2 kg, P<0.0001) and BMI (-3.4 kg/m?,
P<0.0001) compared to baseline.
-Adult T2DM
patients
inadequately
controlled
FOREFRONT (HbA1c>7%) -Dapaglifiozin significantly reduced body
Real-world with existing Dapaclifiozin weight (- 1.86 kg, P<0.001).
Vishwanathan et al. evidence study 59 wecks antidiabetic pag
(2019) [45] therapy. (N=1978) -The maximum decrease in body weight
was observed in patients with a BMI of >30
-Started kg/m?.
dapaglifiozin
at least 3
months before
enrolment.
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-Adult patients
with T2DM
Shi, et al. (2021) [46] Meta- -SGLT2is with SGLT2i SGLT2is reduces body weight significantly
. is . o
analysis-51 - monotherapy (N=23989) when given in higher doses. (—0.346 kg,
RCTs or as an add- 95% CI1-0.437 to —0.254).
on to other
hypoglycemic
therapy
BMI, body mass index; EAT: Ectopic adipose tissue; GLP-1RA, Glucagon-like peptide-1 receptor agonist; NAFLD, non-alcoholic fatty liver
disease; SAT, subcutaneous adipose tissue; SGLT2is, sodium-glucose cotransporter 2 inhibitors; SMD, standardized mean difference; T2DM,
type-2 diabetes mellitus; VAT: visceral adipose tissue.

Table 2: Clinical studies for weight reduction associated with SGLT2is.
Expert Opinion

Weight management is crucial alongside glycemic control in T2DM patients with overweight or obesity. Aiming for at least 5% weight
loss is recommended. Lifestyle modification remains vital, and antidiabetic drugs with weight-lowering effects, such as SGLT2is and
GLP-1RAs, should be preferred. While GLP-1RAs offer greater weight loss, SGLT2is are favored in practice due to lower cost and oral
administration. Drug choice depends on desired weight loss, patient preferences, and conditions like HF/CKD (favoring SGLT2is) or
ASCVD (favoring GLP-1RAs). Dapagliflozin typically reduces weight by 3-5 kg, with greater loss in higher baseline BMI, peaking
within 4-6 weeks.

Hypertension

SGLT2is effectively reduces BP by the mechanisms mentioned in Figure 2.

Figure 2: Role of SGLT2is in the reduction of hypertension
Current Evidence

The coexistence of T2DM and hypertension is common. T2DM increases the sodium-glucose transporters’ activity, leading to volume
load due to sodium retention. Therefore, controlling BP is crucial to prevent CVD in patients with T2DM[47]. Among antidiabetic drugs,
GLP-1RA (semaglutide, liraglutide, exenatide) and SGLT2is (dapagliflozin, empagliflozin, canagliflozin, and ertugliflozin) have shown
BP lowering effect over 1 year of treatment in the meta-analysis by Tsapas A, et al. [48].

A summary of clinical studies assessing the antihypertensive effect of dapagliflozin has been enlisted in the table 3.
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Trial Study design (Sitll:‘(zion Inclusion criteria Intervention Results

Lictal o A significant reduction was observed
Systematic . . in SBP (1.68 mmHg (95% CI -2.7,

(2022) review and meta- | - gg;let; “Vi‘lttll’l CS}‘CE‘]’}‘SI?F SGLT2is -0.66; P=0.001) but not DBP (-1.06

[50] analysis-16 RCTs mmHg; 95% CI -3.20, 1.08; P=0.33)

by SGLT2is in patients with HF.
o The average BP reduction with

Georgianos SGLT2is was 3.62/1.70 mm Hg.

et al. (2019) . . e The change in ambulatory BP
Meta-analysis ) ) SGLTZis from baseline to end of treatment

[51] was equivalent to that of low-dose

hydrochlorothiazide.

DECLARE- . o
Randomized, . Dapaglifiozin 10 mg

TIMI 58 double-blind., gTS%,]/D}\fZVB‘J/h HbATc (N=8582) A significant BP difference of 2.7mm

.. multinational, A Hg was observed in the dapagliflozin

Wiviott et placebo- 4.2 years group vs. 0.7 mm Hg in the placebo

al. (2019) -CrCl of 60 ml or more Y
controlled, phase or minute group.

[52] 3 trial P : Placebo (N=8587)

Z[lev[g(r)al};) Dapaglifiozin 10 mg o A difference of 1.27mm Hg in systolic

[ 53]' Phase 3, placebo- | 18.2 -HFrEF with or without once daily (N=2373) BP was observed in dapagliflozin
controlled trial months T2DM roup and placebo group (P=0.002).

group p group

(DAPA-HF) Placebo (N=2371)

o e Dapaglifiozin significantly reduced

Sjostrom et | Pooled analysis “T2DM patients with ](?\';121)221%1613)0 zin 10mg/day SBP/DBP at week 24 in hypertensive

al. (2015) of 13 placebo- 24 weeks SBP=> 1 4{)0 mmH and non-hypertensive patients

[54] controlled studies = & Placebo (N=2295) compared to placebo (by 3.6/1.2 and

acebo 2.6/1.2 mmHg, respectively).
Dapagliflozin 10 mg +
-Adult T2DM with ACEi/ARB
Global, HbAlc >7.0% and < o Dapaglifiozin group showed a
. o _

Weber et al. randonnze;d, 10.5% (N=302) reduction in SBP by 10.4 mm Hg
double-blind 12 weeks .

2016 [55] compared to 7.3 mm Hg in the
placebo- -SBP > 140 and < 165 lacebo group (P=0.0010)
controlled trial mmHg; DBP >85 and < p group ' '

105 mmHg Placebo + ACEi/ARB
(N=311)
-Uncontrolled T2DM
Randomised, . 00/ Dapagliflozin 10 mg

Weber et al. | double-blind, xl.tél(,/HbAlc 70% (N=225) o In the dapagliflozin group, seated

2016 [56] 12 weeks 0 SBP was greater than placebo by 4.3
placebo- -Hypertension (systolic mm Hg.
controlled, phase
3 study 140-165 mm Hg and Placebo (N=224)

diastolic 85-105 mm Hg)

Hao et al. _ﬁﬂﬁt T121D1\é[ rtaelxliion Dapaglifiozin (N=182) | | Dapagliflozin showed a significant

(2020)[57] | Prospective 52 weeks primary iyp reduction in 24-hr SBP (P=0.02) and
cohort study _Baseline eGFR >60 mL/ daytime SBP (P=0.009).

min/1.73 m2 Control (N=304)
gs;o?zl})nzsg -HFpEF or HFmrEF Dapagliflozin
’ Global, Patients with BP >140/90 o

[58] . e Dapaglifiozin reduced SBP by 1 to 3
multicentre, mm Hg (2130/80 mm mm Hg without increasing the risk of
randomized, 12 weeks Hg if diabetes) despite hvpo tegn sion. h ovolemi§ or other
double-blind treatment with 3 Placebo P » WP .
clinical trial antihypertensive drugs serious adverse events.

(DELIVER including a diuretic ’ (N=718)

trial) )

Abbreviations: ACEi: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers; CrCl, Creatinine clearance; DBP, diastolic blood
pressure; EF, Ejection fraction; HF, Heart Failure; HFmrEF, Heart Failure with mildly reduced ejection fraction; HFpEF, Heart Failure with preserved
ejection fraction; HFTEF, Heart failure with reduced ejection fraction; HbAlc, haemoglobin A1C; SBP: systolic blood pressure; T2DM, type 2 diabetes
mellitus.

Table 3: Clinical studies evaluating the effect of SGLT2is on blood pressure
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Non-alcoholic fatty liver disease (NAFLD)/, Non-alcoholic steatohepatitis (NASH)

Effect of antidiabetic drugs on NAFLD has been summarized in table 4.

Drug Beneficial effects in NAFLD

GLP-1RA lweight, Tinsulin sensitivity, | steatosis, ballooning, lobular infiltrates of NASH, | lipotoxicity, and liver fat deposition.
DPP-4i | lipogenesis, | fibrosis, and NAFLD activity score.

Pioglitazone | TG levels,  NASH resolution, | ALT and AST levels, and | HOMA-IR.

SGLT2i Thepatic beta-oxidation, |hepatic de novo lipogenesis, apoptosis, hepatic inflammation, oxidative stress.

ALT, alanine aminotransferase; AST, aspartate transaminase; DPP-41, Dipeptidyl peptidase 4 inhibitors; GLP-1RA, Glucagon-like peptide-1 receptor
agonists; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; NASH, Non-alcoholic steatohepatitis; NAFLD, Non-alcoholic fatty
liver disease; TG, triglycerides.

Table 4: Effects of antidiabetic agents on NAFLD [60,61].

Studies show that SGLT2is Lower Aspartate Aminotransferase (ALT), Gamma-Glutamyl Transferase (GGT), and Liver Fat Content
(LFC) in overweight or obese NAFLD patients. SGLT2is also reduce body weight in patients with or without T2DM, lower plasma
triglycerides, and raise HDL, which helps improve dyslipidemia and alleviate hepatic steatosis in NAFLD [62].

Study

[66]

three-arm, active
control study

>17 units/L (women) at
screening

-Stable dose of diabetes
medicine for >1.5 months.

Trial Study design d . Inclusion criteria Intervention Results
uration
Mantovani
etal. . . o SGLT2is effectively reduced ALT,
Meta-analysis-12 Overweight or obese . ’
(2020) RCTs - patients with NAFLD SGLT2is GGT, and absolute percentage of LFC
on MRI.
[63]
- T2DM
Dapagliflozin 10 mg . ..
Randomized, -Patients on a stable (N=21) * Change in liver PDFF W?iSIHZIIar
. . . across groups (OM-3CA: —15%,
Eriksson et double-blind, dose of metformin, dapaclifiozin: —13%. OM-3CA +
al.(2018) prospective sulfonylurea, or both for | OM-3CA 4g (N=20) pag rhozin. =12 /o,
dapagliflozin: —21%).
[64] study (EFFECT- [ 12 weeks at least 3 months. P
oy e Dapaglifiozin reduced hepatocyte
In) NAFLD with PDFF gigaz‘g(ljlgo“zm(#):;nz%'* injury biomarkers: ALT, AST, GGT,
AW . & CK 18-M30, CK 18-M65, and plasma
>5.5% (as measured by FGF21
MRI); BMI of 2540 kg/ Placebo (N=21) )
mZ
-T2DM with HbAlc
6.0-12.0%.
Shimizu et Dapaglifiozin 5 mg o LSM decreased from 9.49+6.05 to
al. (2019) Randomized, -On stable therapy daily (N=33) 8.01£5.78 kPa in the dapagliflozin
[ 6.5] open-label, 24 weeks with one to three oral group.
prospective antidiabetic agents with or o Dapagliflozin significantly reduced
study without insulin for at least visceral fat mass vs placebo (-10.0 cm?
3 months. Control (N=24) vs -0.8 cm?, P=0.0068).
-NAFLD
-T2DM with HbAlc e Significant improvement in liver-to-
>6.5%, BMI >22 kg/m2 Dapaglifiozin 5 mg spleen ratio was shown by dapaglifiozin
daily (N=32), and pioglitazone.
Kinoshita Randomized, - NAFLD with ALT e Body weight and visceral fat area were
et al. (2020) open-label, 28 weeks >25 units/L (men) or Pioglitazone 7.5-15 decreased in the dapaglifiozin group

mg/day (N =33) or

Glimepiride 0.5-1
mg/day (N =33)

(—2.8 kg and —19.4 cm* respectively).

¢ Pioglitazone and glimepiride
significantly increased body weight by
2.5 kg and 1.4 kg, respectively.
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Arai et al.
(2021) [67]

-NAFLD (Presence

of steatosis in >5%

of hepatocytes as per
histological findings or
fat deposit determined via

Open-label, USG)

prospective
study

48 weeks

-T2DM with HbAlc
>6.2% despite dietary/
exercise therapies and/or
other OHAs for at least
8 weeks

SGLT2is (N=44)

Non-SGLT2is (N=44)

e Compared with the non-SGLT2is
group, SGLT2is group showed a
significant decrease in body weight
(P<0.001), ALT(P=0.02), uric acid
(P<0.001), and FIB-4 index (P=0.01) at
Week 48.

e FIB-4 index improvement was 56.8%
in the SGLT2is group vs. 20.5% in the
non-SGLT2is group (P<0.001).

® Body weight changes correlated with
ALT changes (r=0.35; P<0.01).

*defined as a >10% decline from baseline at Week 48.

ALT, alanine aminotransferase; BMI, body mass index; AST, aspartate aminotransferase; CK, cytokeratin; FIB-4 index, Fibrosis-4 index; FGF21,
fibroblast growth factor 21; GGT, y-glutamyl transferase; LFC, liver fat content; LSM, liver stiffness measurement; OHA, oral hypoglycemic
agents; OM-3CA: omega-3-carboxylic acids; PDFF: proton density fat fraction; SGLT2is; sodium-glucose cotransporter 2 inhibitors.

Table 5: Summary of clinical evidence of SGLT2is in NAFLD/NASH.

Expert Opinion

NAFLD is associated with nearly half of the patients with T2DM. Screening of high-risk populations should be performed for early
diagnosis of NAFLD. Lifestyle modification, which promotes weight loss, is the mainstay of therapy for NAFLD. The weight loss and
improvement in insulin resistance associated with SGLT2is may be useful to improve the outcome of NAFLD. SGLT2is are a promising
therapy for T2DM patients unsuitable for pioglitazone (a commonly used antidiabetic drug for NAFLD associated with T2DM), such as
those overweight/obese, HF/at risk of HF.

Cardiovascular disease and Heart Failure

Various mechanisms of SGLT2is are thought to be involved in HF (Figure 3).

Volume Regulation
(tnatriuresis, 1 osmotic
diuresis,lBP)

Anti-inflammatory and
anti-oxidative effects

Ventricular remaodelling

Reduction in afterload

Cardiorenal effects
(restores
tubuloglomerular
feedback and |BP)

Failure

102 supply to heart by
 RBC mass and hematocrit

Reduces cytosolic Ca?*
and Na*

SGLT2is in Heart

Restores autophagy in

cells/tissues

Fuel hypothesis
Ketone bodies
(produce more ATP)
|

Improve energetics of

Reduces uric acid levels

heart

Improves myocardial
contraction

Metabolic effects

Figure 3: Mechanism of SGLT2is in heart failure.

BP, blood pressure; RBC: Red blood cells.

Current Evidence

Several studies have investigated the effect of SGLT2is on HF and CV outcomes, which are listed below:
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Trial Study design Intervention Results
SGLT2is (Dapaglifiozin,
Empaglifiozin) ® 26% relative risk reduction of the composite of CVD or first
Meta-analysis of DAPA- hospitalization for HF (HR 0-74, 0-68-0-82; P<0.0001) by
Zannad et al HF (Dapaglifiozin) and SGLT2is.
(2020) [68] EMPEROR-Reduced trial e 25% decrease in relative risk of the composite of recurrent
(Empagliflozin) Placebo hospitalizations for HF or CVD (HR 0.75, 0.68-0.84;
P<0.0001)
(N=8474)
SGLT2is (dapagliflozin,
empagliflozin)
Vaduganathan et | Meta-analysis of o SGLT2is reduced composite of CVD or first hospitalization
al. (2022) [69] DELIVER (Dapagliflozin) o B .
for HF (HR 0.80 [95% CI 0.73-0.87]) among the patients of
and EMPEROR-Preserved HFmrEF and HFpEF
(Empagliflozin) trial Placebo PEE.
(N=12251)
e SGLT2is reduced hospitalization for HF by 37% (95% CI,
Zou et al. (2022) SGLT2is 25% to 47%) at 6 months, 32% (CI, 20% to 42%) at 1 year,
[70] ’ Svstematic review and and 26% (CI, 10% to 40%) at 2 years and reduced CVD by
mye o analvsic 14% (CI, 1% to 25%) at 1 year.
y o Anticipated absolute benefits are greater for patients treated in
Control the first year and those with poorer prognoses, such as those
newly diagnosed with HF in the hospital.
o Dapagliflozin reduced the risk of death from CV causes HR
Jhund. et al Pre-specified meta-analysis 0.86, 95% C1 0.76-0.97; P=0.01), death from any cause (HR
(20225 [71]’ of pooled, individual Dapagliflozin 0.90, 95% CI 0.82-0.99; P=0.03), total hospital admissions for
patient-level data from the HF (rate ratio 0.71, 95% CI 0.65-0.78; P<0.001) and MACEs
DELIVER and DAPA-HF (N=11007) (HR 0.90, 95% CI 0.81-1.00; P=0.045).
trials o Consistent benefit of dapaglifiozin irrespective of ejection
fraction.
Bhatt, et al. - Dapaglifiozin o Effects of dapaglifiozin versus placebo on clinically
Participant-level pooled . S :
(2023) [72] analvsis from the DAPA- Placebo meaningful deteriorations and improved health status by
Y . KCCQ-TSS were consistent across the full spectrum of LVEF
HF and DELIVER trials assessed continuously (P = 0.20 and 0.64, respectively)
(N=11007) y : D%, 16Sp Y
o Adding SGLT2is to conventional HF therapy for AHF reduced
Carvalho, et al. .. all-cause death (P=0.049), HF readmissions (P<0.001), and the
(2023) [73] . SGLT2is in AHF composite of CV death and HF readmissions (P<0.001).
Meta-analysis of 9 RCTs - . : -
(N=2884) © SGLT2is increased mean daily urinary output (P=0.035) and

reduced loop diuretic doses (P<0.001) without worsening renal
function (P=0.290).

Ostromonski, et
al. (2023) [74]

Post-hoc analysis of
DELIVER trial

Dapagliflozin (N=6263)

Dapaglifiozin showed the greatest benefits among those patients
with the highest CRM multimorbidity.

Berg, et al.
(2021) [75]

Secondary analysis of
DAPA-HF trial

Dapagliflozin (N=4744)

o Dapagliflozin showed a significant benefit (composite

e Recent HF hospitalizations had a higher risk and saw greater

of cardiovascular death or worsening HF) 28 days post-
randomization (HR 0.51 [95% CI, 0.28-0.94]; P=0.03).

risk reductions with dapaglifiozin (P=0.003).
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Mizobuchi, et al.

(2023) Post-hoc analysis of

prospective, observational
registry

Early versus late

761 AHF (N=118)

dapagliflozin initiation in

The time to the initiation of dapaglifiozin and length of hospital
stay showed a significant positive correlation (P<0.001, r=0.46).

Heart Failure with preserved ejection fraction

AHF, Acute Heart Failure; CRM, cardio-renal-metabolic overlap; CVD, Cardiovascular death; GLP1RA, glucagon-like peptide 1 receptor
agonists; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire-Total Symptom Score; HF, Heart Failure; MACE, major adverse
cardiovascular events; SGLT2is, sodium-glucose cotransporter-2 inhibitors; HFmrEF, Heart Failure with mildly reduced ejection fraction; HFpEF,

Table 6: Clinical evidence for SGLT2is on HF and CV outcomes.

In the 2023 update of the European Society of Cardiology (ESC)
guidelines for HF, the recommendation for SGLT2is has been
updated to class IA from class Ila (2021, ESC guideline for HF).
Thus, SGLT2is have class IA recommendation across the spectrum
of EF in HF [77].

Expert Opinion

Rapid initiation of four Guidelines-Directed Medical Therapy
(GDMT) classes for HF within 4 weeks enhances outcomes,
with maximum GDMT benefits seen within 30 days. SGLT2is
should be initiated once patients are stable, before discharge,
without needing dose titration. Dapagliflozin and empagliflozin
are suitable for HF patients across the EF spectrum, regardless
of diabetes status. Volume status and renal function should be
evaluated before starting SGLT2is, which are not recommended if
eGFR is <25 ml/min/m?.

Renoprotective benefits of SGLT2i in CKD
Current Evidence

Several hypotheses have been proposed to explain the
nephroprotective effects of SGLT2is, including reduced renal
hyperfiltration via tubuloglomerular feedback, decreased proximal
tubule sodium reabsorption, and decreased energy consumption by

proximal tubular cells. Additionally, SGLT2is have been shown
to protect proximal tubular cells from glucotoxicity, enhance
erythropoiesis, improve mitochondrial function, reduce oxidative
stress, and decrease autophagy, podocyte injury, and renal
inflammation (Figure 4) [78].

Figure 4: Renoprotective mechanisms of SGLT2is.

The clinical studies evaluating the effects of SGLT2is in CKD are
summarised in the table below:
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Trial Study design Intervention Results
Lin et al Dapaglifiozin Compared with controls, dapagliflozin 10 mg (MD = - 3.08, 95% CI - 5.09
(2022) [&9] Network meta-analysis 10 II)ng to - 1.06) reduced eGFR. Dapagliflozin 10 mg (MD = - 94.15, 95% CI - 111.72
& to - 76.59) reduced UACR compared with controls.
In patients with non-diabetic CKD, treatment with SGLT-2is was associated
with:
Ma et al. Systematic review and meta- SGLT2is ® Delay in the decline in eGFR (MD = 1.35 ml/min/1.73 m?, 95% CI 0.84,
(2023) [80] | analysis 1.86, P<0.0001).
o Reduced UACR (MD = - 24.47%, 95% CI - 38.9, -10.04, P=0.0009)
o Greater decrease in SBP (MD = -4.13 mmHg, 95% CI -7.49,
-0.77, P=0.02).
SGLT2is o SGLT2is showed reductions in the composite of the cardiorenal outcome by
Chen et al Systematic review and meta- 27'5%'. . . . . .
(2022) [8 1'] analysis o SGLT2is reduced the composite of cardiorenal outcome in patients with and
y without T2DM (OR 0.72, 95% CI 0.60-0.86, and OR 0.51, 95% CI 0.35-
Placebo 0.75, respectively).
Chertow et
al. (2021) Randomized. double- Dapaglifiozin Patients in the dapagliflozin group experienced a 27% ([95% CI]: =2 to 47%)
[82] blind laceb’o-controlle d 10 mg reduction in the primary composite endpoint” and 29% (=2 to 51%), 17% (=53
multi’cle) ntre trial ’ to 55%), and 32% (—21 to 61%) reductions in the kidney, cardiovascular and
(DAPA- Placebo mortality endpoints, respectively, relative to placebo.
CKD trial)
Zhang et al. . . SGLT2is e Results showed that SGLT2is significantly reduced serum uric acid levels in
(2024) Systematic review and . ith CKD d with the placeb SMD —0.22: 95% CI
network meta-analysis patients wit compared with the placebo group ( 22 (]
[83] Placebo —0.42 to —0.03; GRADE: low)
Fletcher et Meta-analysis of the
al. (2023) CREDENCE (Canagliflozin) SGLT2is 15% lower relative risk for discontinuation of RAS blockade in patients
[8.4] and DAPA-CKD trials receiving SGLT2is (HR, 0.85; 95% CI, 0.74 to 0.99) compared to placebo.
(Dapagliflozin)
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GLP1RA, glucagon-like peptide 1 receptor agonists; MD, mean
difference; RAS, Renin-angiotensin system; SGLT2is, sodium-glucose cotransporter-2 inhibitors; T2DM, type 2 diabetes mellitus.
* Primary composite end points: composite of sustained >50% eGFR decline, ESKD, and renal or CV death.

Table 7: Summary of clinical evidence of SGLT2is in CKD.

Although ACEis and ARBs are the foundational therapy for CKD, they are underused due to adverse effects like hyperkalemia,
hospitalization, or Acute Kidney Injury (AKI). Fletcher, et al. assessed the impact of SGLT2is on the discontinuation of these drugs by
conducting a joint analysis of CREDENCE and DAPA-CKD trials. Results showed that only 8.7% of patients discontinued ACEi/ARB
use. It can be concluded that SGLT2is facilitates the use of ACEis/ARB in patients with albuminuric CKD with and without T2DM [84].

A cost analysis study was conducted by McEwan, et al. to assess the potential medical care cost offsets associated with reduced rates
of cardio-renal outcomes. Patients treated with dapaglifiozin and standard therapy experienced fewer incidents of End-Stage Kidney
Disease (ESKD), and reductions in clinical events were associated with a 33% reduction in total costs [85].

The KDIGO 2024 guideline suggests initiating an SGLT2is as first-line drug therapy for patients with CKD who have an eGFR > 20
ml/min per 1.73 m? or UACR > 200 mg/g or HF irrespective of the level of albuminuria (1A) [86].
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Expert Opinion

Dapagliflozin and other SGLT2is represent the most impactful first-line therapy for individuals with CKD, irrespective of diabetes
status. SGLT2is should be initiated as early as possible regardless of dose of Renin-Angiotensin System (RAS) blockers in patients
with CKD. They can be continued till the advanced stage of CKD, even in patients on dialysis. The initial drop in eGFR with SGLT2is
initiation necessitates monitoring for renal function. Careful monitoring for renal function and adverse effects of SGLT2is should be
done with more frequent assessment in patients with advanced CKD.

Positioning of dapagliflozin across CMD

Based on the available clinical evidence and experts’ opinions, we propose the following positioning of dapagliflozin across the spectrum
of CMD.

Recommendation Patient profile
1. Type 2 Diabetes Mellitus (T2DM)
- . . 2. T2DM associated with ASCVD or indicators of high cardiovascular risk
Strong clinical evidence for beneficial effect .
3. Heart Failure (HF)
4.  Chronic Kidney Disease (CKD)

High body mass index (BMI) or obesity
Hypertension
Non-alcoholic fatty liver disease (NAFLD)

Clinical evidence for a modest benefit

we=

Ju—

Deficient data to assess the clinical benefit Prediabetes

Table 8: Positioning of dapagliflozin across cardiometabolic disease.

Conclusion 6. Barik A, Das K, Chowdhury A, Rai RK (2018) Barik: Metabolic
) ) syndrome among rural Indian adults. Clinical Nutrition ESPEN 23:
SGLT2is have demonstrated consistent benefits across three 129-135.
chronic conditions: T2DM, HF, and CKD. These drugs improve 7. prasad DS, Kabir Z, Dash AK, Das BC (2012) Prevalence and risk
glycemic control and confer significant CV and renal protection, factors for metabolic syndrome in Asian Indians: A community study
making them a valuable therapeutic option for patients with these from urban Eastern India. J Cardiovasc Dis Res 3: 204-211.
interrelated conditions. In addition to their primary effects, SGLT2is 8. Khan Y, Lalchandani A, Gupta AC, Khadanga S, Kumar S (2018)
offer several pleiotropic benefits, including reductions in BP and Prevalence of metabolic syndrome crossing 40% in Northern India:

Time to act fast before it runs out of proportions. J Family Med Prim

weight, favorable impacts on lipid profiles, and improvements in Care 7- 118-123.

insulin resistance and other parameters associated with NAFLD. o _
These additional benefits underscore the potential of SGLT2is to 9. Harikrishnan S, Sarma S, G S, Jeemon P, Krishnan MN, Venugopal

d hensi ¢ th t fCMD K, et al. (2018) Prevalence of metabolic syndrome and its risk factors
provide comprenensive management across the spectrum o ’ in Kerala, South India: Analysis of a community based cross-sectional

thereby enhancing overall patient outcomes. study. PLOS ONE 13: e0192372.
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