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Most guidelines and cardiovascular outcome trials (CVOTs) focus on secondary prevention of cardio-
vascular disease (CVD) in type 2 diabetes mellitus (T2DM). Patients with T2DM without established CVD
(eCVD) also form a critical cohort, for whom primary prevention with timely pharmacological and non-
pharmacological interventions can effectively prevent or delay the onset of CVD. Sodium-glucose co-
transporter 2 inhibitors (SGLT2i) have demonstrated a promising role for primary prevention of CVD in
CVOTs and real-world studies. The 2019 American College of Cardiology/American Heart Association
guidelines on primary prevention of CVD recommend SGLT2i as one of the add-on treatment options to
metformin for adults with T2DM and glycated hemoglobin >7% who have cardiovascular (CV) risk fac-
tors. The outcomes with maximal response to SGLT2i use in primary prevention are hospitalization for
heart failure and chronic kidney disease. The cardiorenal benefits with SGLT2i are attributed to pleio-
tropic effects on CV risk factors, and interference with glucose and sodium handling in kidneys, inde-
pendent of their glycemic benefits. Results therefore support a role for SGLT2i not only in patients with
T2DM and eCVD but also in patients with T2DM without eCVD. This review examines the evidence for
potential role of SGLT2i for primary prevention of CVD in T2DM.
© 2021 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 diabetes mellitus (T2DM) is a significant risk factor for
cardiovascular diseases (CVDs), including angina, myocardial
infarction (MI), heart failure (HF), and stroke [1e3]. Patients with
T2DM are at more than 50% increased risk of developing CVD, MI,
HF, and stroke comparedwith people without diabetes [3]. A recent
systematic review of 57 studies globally showed that CVD,
atherosclerosis, coronary heart disease, and HF affected 32.2%,
29.1%, 21.2%, and 14.9% of people with T2DM [4]. Heart failure re-
mains a common initial diagnosis in T2DM with a high 5-year
mortality risk of 50% [5]. In addition, CVD is associated with
reduction in health-related quality of life (HRQoL) in patients with
T2DM [6].
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estimated global cost of T2DM along with its cardiovascular (CV)
complications was US $727 billion in the year 2017, which is pro-
jected to rise to US $845 billion by 2045 [7]. With such a substantial
clinical and economic burden, it is essential to prevent the devel-
opment and reduce the progression of CVD. This was reflected in
the latest American Diabetes Association/European Association for
the Study of Diabetes (ADA/EASD) consensus report [8].

The development of CVD in T2DM is largely preventable by
addressing the modifiable risk factors (smoking, sedentary
behavior, high blood pressure [BP], hyperglycemia, raised lipid
levels, and obesity) through pharmacological and non-
pharmacological approaches [9,10]. The recent ADA guidelines
recommend that CV risk factors be assessed at least annually in
people with T2DM, and to achieve the treatment targets for these
risk factors to reduce CVD risk [11]. A large Swedish registry re-
ported a high risk of hospitalization for HF (HHF: hazard ratio [HR]
1.45, 95% confidence interval [CI] 1.34 to 1.57) despite the
achievement of target levels for multiple modifiable CV risk factors
[12].

In addition to the effective management of established CVD risk
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factors, the cardiovascular outcomes trials (CVOTs) over the last
decade showed that some newer glucose-lowering drugs (GLD),
sodium-glucose co-transporter-2 inhibitors (SGLT2i), and
glucagon-like peptide-1 receptor agonists (GLP1-RA) also have
additional CVD benefits beyond their glucose-lowering effects,
which caused a major a shift in guideline recommendations [8].

However, the guidelines including the latest ADA/EASD
consensus statement and majority of the CVOTs focus on patients
with T2DM with established CVD (eCVD), which are not the ma-
jority of people with T2DM [8,13e16]. The T2DM population
without eCVD form a critical cohort for primary prevention in
clinical practice, in whom timely pharmacological and non-
pharmacological interventions can effectively prevent or delay the
onset of CVD. This in turn can reduce the clinical, economic, and
HRQoL burden of T2DM [17,18]. This is recognized by a paradigm
shift in the recent 2019 American College of Cardiology/American
Heart Association (ACC/AHA) guidelines on primary prevention of
CVD, which recommended to consider SGLT2i or GLP1- RA as an
add-on treatment to metformin and healthier lifestyle for adults
with T2DM and glycated hemoglobin (HbA1c) >7% (64 mmol/mol)
who have CV risk factors in addition to T2DM [19]. This primary
prevention group may comprise a heterogeneous spectrum of pa-
tients with varying levels of CV risk (low, moderate, high), and may
even include undiagnosed patients with atherosclerotic CVD
(ASCVD), making CVD primary prevention a very important aspect
when treating patients with T2DM. This is especially important in
young patients with T2DM who are at a higher lifetime risk of CVD
[20].

This narrative review aims to examine the potential role for
SGLT2i in the primary prevention of CVD in patients with T2DM.
We used key words such as “SGLT2i,” “cardiovascular disease in
type 2 diabetes mellitus,” “SGLT2i in type 2 diabetes mellitus,”
“primary prevention of cardiovascular disease in type 2 diabetes
mellitus,” “cardiovascular risk in type 2 diabetes mellitus” in the
PubMed database to search for relevant data from CVOTs and real-
world studies.

2. Defining CV risk in T2DM population

2.1. Perspectives from guidelines and trials

So far, there has been no uniform method for stratifying CV risk
in patients with T2DM. Guidelines and trials differ in their defini-
tions. Table 1 highlights the recent important guidelines, consensus
statements, and review articles [8,19,21e25] that stratify CV risk in
T2DM and their recommendations regarding primary prevention
with SGLT2i in T2DM (if any).

There are several online calculators available for stratifying CV
risk in patients with T2DM such as the ASCVD risk calculator (www.
cvriskcalculator.com) proposed by ACC/AHA, UKPDS Risk Engine©
based on UKPDS (United Kingdom Prospective Diabetes Study) trial
(software package: https://www.dtu.ox.ac.uk/riskengine/
download.php), and the Australian stroke foundation (http://
www.cvdcheck.org.au/calculator/) calculator [17]. Using these CV
risk stratification tools, clinicians can identify those patients with
T2DM who would benefit from an early modification of CV risk
factors, and if needed an intensive treatment and risk management
strategy. However, CV risk calculators are considered relevant to the
population from which the data are derived to prepare the algo-
rithms. The World Health Organization/International Society of
Hypertension (WHO/ISH) risk prediction charts, the ACC/AHA
pooled cohort equations mainly derive their algorithms based on
data drawn from the western population [26]. Therefore, these al-
gorithms may underestimate the CV risk in countries like India,
given the higher prevalence and earlier CVD onset [27,28]. A recent
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review by Gaikwad et al. predicting the applicability of such cal-
culators suggests nonconventional measures such as carotid
intima-media thickness, high-sensitivity C-reactive protein, coro-
nary artery calcium for a more robust CV risk estimation in the
Indian population [29].

2.2. CV risk definitions in SGLT2i CVOTs

The CVOTs with SGLT2i have likewise used different definitions
to stratify CV risk in T2DM. The recent CVOTs, namely CANagliflozin
cardioVascular Assessment Study (CANVAS)-program, Canagli-
flozin and Renal Endpoints in Diabetes with Established Nephrop-
athy Clinical Evaluation (CREDENCE), and Dapagliflozin Effect on
Cardiovascular EventseThrombolysis in Myocardial Infarction 58
(DECLARE-TIMI 58), defined a list of risk factors and conditions to
stratify participants in two categories: “at CV risk without eCVD” or
in otherwords the primary prevention group and “with eCVD” or in
other words secondary prevention group (Table 2) [30e32]. The
primary prevention group were further categorized as “high CV
risk” if they had �2 of the risk factors for the development of CVD
and those who had <2 risk factors were considered to be “low or
moderate CV risk.” The EMPA-REG OUTCOME [33] trial had <1% of
the study population without eCVD similar to the recently
completed VERTIS-CV [34].CVOT with ertugliflozin that also
included only individuals with T2DM and eCVD, and had no pri-
mary prevention representation.

Overall, the EMPA-REG OUTCOME [33] trial majorly (>99%)
included patients with eCVD (defined as presence of �1 of the
following: history of MI/stroke, unstable angina, occlusive periph-
eral artery disease, evidence of single/multivessel coronary artery
disease with history of revascularization), whereas those without
eCVD were represented mainly in DECLARE-TIMI 58 [32] (10,186)
but also in the CANVAS-program [30] and CREDENCE [31] (total
number of patients around 15,856 patients) (Table 2).

Thus, there is no concurrence amongst guidelines or trials about
the precise stratification of CV risk associated with T2DM; however,
they are unanimous in suggesting that the risk stratification is an
important step in formulating therapeutic strategies for every in-
dividual with T2DM.

3. Evidence for primary prevention with SGLT2i

3.1. SGLT2i cardiovascular outcome trials

All 4-landmark SGLT2i CVOT trials (EMPA-REG OUTCOME,
DECLARE-TIMI 58, CANVAS-program, and CREDENCE) have shown
significant reduction in 3-point major adverse cardiovascular
events (3P-MACE: composite of CV death, nonfatal MI, or nonfatal
stroke). These benefits were mainly seen in those with eCVD,
except in CREDENCE where patients with multiple risk factors also
had 3P-MACE reduction (Table 3). These results were also reflected
inmultiple meta-analyses. A meta-analysis of CVOTs (included only
CANVAS-program and DECLARE-TIMI 58) showed SGLT2 benefits
on 3P-MACE only in T2DM with eCVD [35]. Similarly, the Zelniker
meta-analysis (included EMPA-REG OUTCOME, DECLARE-TIMI 58,
CANVAS-program) demonstrated a reduced incidence of 3P-MACE
by 11% (HR 0.89, 95% CI 0.83 to 0.96, p ¼ 0.0014) only in eCVD (HR
0.86, 95% CI 0.80 to 0.93) but not in the primary prevention cohort
(HR 1.00, 0.87 to 1.16, p for interaction ¼ 0.0501) [36]. However, a
recent large meta-analysis of 30 CVOTs (n ¼ 225,305) of GLDs in
T2DM demonstrated a risk reduction for MACE that was consistent
among patients with (HR 0.87, 95% CI 0.83 to 0.92) and without
eCVD (HR 0.92, 95% CI 0.83 to 1.02), among trials that assessed
SGLT2i, GLP1-RA, or intensive lifestyle interventions [37].

A very significant reductionwas seen for the HHF endpoint in all
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Table 1
Recommendations for stratifying CV risk and primary prevention in T2DM.

Source CV risk stratification methodology Primary prevention recommendations for SGLT2i

2019 ADA/EASD consensus report [8] T2DM without eCVD with indicators of high risk
� Patients aged �55 years
� Coronary/carotid/lower extremity artery stenosis >50%
� Left ventricular hypertrophy
� eGFR <60 mL/min/1.73m2 or albuminuria

No specific recommendation separately for primary
prevention Recommendations mention that level of
evidence for benefits is greatest for SGLT2ia in patients
with and without eCVD but with
�HFrEF (EF <45%)
or
�CKD (eGFR 30 to �60 mL/min/1.73m2 or UACR >30 mg/g,
particularly UACR >300 mg/g

2019 ESC/EASD guidelines on diabetes,
prediabetes, and CVD [21]

Very high CV risk
�T2DM þ established CVD
or
�other target organ damageb

or
��3 major risk factorsc

High CV risk

� T2DM duration �10 years without target organ
damageþ1 any other additional risk factor

Moderate CV risk

� Person aged <50 years þ T2DM duration <10 years þ no
other risk factors

SGLT2i (empagliflozin, canagliflozin, dapagliflozin) reduce
CV events in patients with T2DM who are at high CV riskd

2019 ACC/AHA guideline on the primary
prevention of CVD [19]

CV risk stratification is not specific for patients with T2DM
(guidelines focused on primary prevention measures for
atherosclerotic CVD)

For adults with T2DM and additional atherosclerotic CVD
risk factors, it may be reasonable to initiate a SGLT2i to
improve glycemic control and reduce CVD risk (class IIB), if
glycemic control is not achieved despite lifestyle
modification and metformin

2018 ADA cardiovascular disease and risk
management guidelines [22]

Increased risk
� Person aged �50 years þ T2DM þ one additional major

CV risk factor
Low risk
� Person aged <50 years þ T2DM þ no major risk factors

No recommendation for primary preventione

For patients with eCVD, add a second agent with evidence
of cardiovascular risk reduction such as SGLT2i

2016 European guidelines on CVD prevention
in clinical practice [23]

� Diabetes is not a CAD-risk equivalent state at diagnosis or
in those with short duration of diabetes

� Risk levels approach CAD risk equivalence after duration
of diabetes for 10 years or with proteinuria/low eGFR

� Patients at 40e50 years of age may have a low 10 year
risk of CVD due to normal BP/lipid levels/being
nonsmokers

No recommendation for primary preventione

In patients with T2DM and CVD, the use of SGLT2i should
be considered early in the course of the disease to reduce
CV and total mortality.

2019 Bashier A et al (consensus
recommendations for management of patients
with T2DM and CVD) [24]

Patients at high risk for CVD (multiple risk factors for
CVD)

� Men �55 years or women �60 years in addition to HTN,
dyslipidemia (LDL-C >130 mg/dL) or use of lipid-
lowering therapies and smoking

� Microalbuminuria or macroalbuminuria (UACR >30 mg/
g)

� High renal risk: eGFR (45e75 mL/min/1.73m2 and UACR
>200 mg/g or equivalent, or eGFR of 15e45 mL/min/
1.73m2 regardless of UACR).

Recommend starting SGLT2i
� First line: If HbA1c >1.5% of patient-specific target:

metformin þ SGLT2i with proven CVf/neutral/favorable
benefits (metformin dose to be adjusted or with
declining eGFR)

� Second/third-line therapyg in patients with T2DM and
who are at high risk for CVD or renal impairment (Grade
A)

2019 Giugliano et al (primary versus secondary
cardiorenal prevention in type 2 diabetes:
Which newer anti-hyperglycemic drug
matters?) [25]

Very high CV risk
� Previous CV event at the level of coronary, cerebral, or

peripheral vascular districts
High CV risk
� Clinical instrumental evidence of CVD; stenosis >50% in

coronary, carotid, or lower extremity arteries;
documented coronary heart disease: exercise test,
cardiac imaging); revascularization at any site

Moderate-high CV risk
� Multiple risk factors, obesity, overweight, hypertension,

dyslipidemia, smoking, family history of premature
coronary heart disease, low eGFR, presence of
albuminuria

Mild
� Five major variables within target ranges (HbA1c <7%

[64 mmol/mol], LDL-C <97 mg/dL, BP < 140/90 mmHg,
no smoking, no albuminuria

In primary prevention, SGLT2i reduce risk of
hospitalization for heart failure and progression of kidney
disease in patients with T2DM.

ACC/AHA: American College of Cardiology/American Heart Association, ADA: American Diabetes Association, BP: blood pressure, CAD: coronary artery disease, CV: cardio-
vascular, CKD: chronic kidney disease, CVD: cardiovascular disease, eCVD: established cardiovascular disease, eGFR: estimated glomerular filtration rate, EF: ejection fraction,
ESC: European Society of Cardiology, EASD: European Association for the Study of Diabetes, GLP-1: glucagon-like peptide 1, HFrEF: heart failure with reduced ejection fraction,
HTN: hypertension, LDL-C: low-density lipoprotein cholesterol, MACE:major adverse cardiovascular events, SGLT2i: sodium-glucose co-transporter 2 inhibitors, T2DM: type 2
diabetes mellitus, UACR: urinary albumin creatinine ratio.

a To reduce risk of MACE, GLP-1 receptor agonists can also be considered in patients with T2DM without established CVD with indicators of high risk, specifically, patients
aged 55 years or older with coronary, carotid, or lower extremity artery stenosis >50%, left ventricular hypertrophy, eGFR <60 mL/min/1.73 m2 or albuminuria.
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b Proteinuria, renal impairment defined as eGFR <30 mL/min/1.73 m2,left ventricular hypertrophy or retinopathy.
c Age, hypertension, dyslipidemia, smoking, obesity.
d Empagliflozin, canagliflozin, and dapagliflozin reduce CV events in patients with DM and CVD, or in those who are at very high/high CV risk.
e No evidence for primary prevention with SGLT2i at this point of time.
f Proven CVD benefits means the agent has a label indication of reducing the CVD events. For SGLT2 inhibitors evidence-based preference is empagliflozin > canagliflozin.

SGLT2 inhibitors vary in regard to eGFR pre-requisites for a continued use.
g Dapagliflozin: preferred option for patients with eGFR 60 mL/min/1.73 m2.

Table 2
Cardiovascular risk characteristics in primary prevention T2DM groups in SGLT2i CVOT.

CVOT/SGLT2i Population characteristics in primary prevention group %/n of patients in primary
prevention group

DECLARE-TIMI 58 [32]/
Dapagliflozin

Adults with T2DM (HbA1c �6.5%) and no known CVD and �2 CV risk factors in addition to T2DM, defined as:
� Age �55 years (men) or �60 (women)
� Not history of revascularization procedure
� Presence of �1 of the following additional risk factors:

� Dyslipidemia, defined as either LDL-C >130 mg/dL (3.36 mmol/L) within last 12 months or on lipid-lowering
therapy for hypercholesterolemia (LDL-C >130 mg/dL (3.36 mmol/L) for >12 months

� Hypertension, defined as either elevated SBP/DBP (>140/90 mmHg) at enrollment visit (based on the
Cockroft-Gault equation) or on antihypertensive therapy for the elevated BP

Current tobacco use (�5 cigarettes/day for at least 1 year at randomization)

59.4%, 10186

CANVAS program [30]/
Canagliflozin

Adults with T2DM (HbA1c: �7.0% to �10.5%) and the following risk factors:
� Age �50 years
� T2DM duration of �10 years
� Current daily cigarette smoker
� SBP >140 mmHg, while the patient is on �1 antihypertensive treatment
� No history of ASCVD or related procedures
� eGFR �45 mL/min/1.73m2

� Documented microalbuminuria/macroalbuminuria, or documented HDL-C of <1 mmol/L (<39 mg/dL)

34%, 3486

CREDENCE [31]/
Canagliflozina

Adults aged �30 years with T2DM (HbA1c �6.5% to �12.0%) and the following:
� eGFR �30 to <90 mL/min/1.73 m2 (determined using the CKD-EPI)
� UACR >300 mg/g to �5000 mg/g (>33.9 mg/mmol to �565.6 mg/mmol)
� Controlled hypertension: SBP <180 mmHg and/or DBP <100 mmHg)
� No ASCVD or related procedures

49.6%, 2181

ASCVD: atherosclerotic cardiovascular disease, CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration equation, CV: cardiovascular, CVD: cardiovascular disease, CVOT:
cardiovascular outcome trials, DBP: diastolic blood pressure, eGFR: estimated glomerular filtration rate, HbA1c: glycated hemoglobin, HDL-C: high-density lipoprotein
cholesterol, LDL-C: low density lipoprotein-cholesterol, SBP: systolic blood pressure, SGLT2i: sodium-glucose co-transporter 2 inhibitor, T2DM: type 2 diabetes mellitus,
UACR: urinary albumin:creatinine ratio.

a In CREDENCE trial, the inclusion criteria for patients with CVD and patients at CV risk were not separately listed.
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4 CVOTs; with robust primary prevention protection being
demonstrated in the DECLARE-TIMI 58 and CREDENCE trials
(Table 3). Furthermore, EMPA-REG OUTCOME [38] and DECLARE-
TIMI 58 demonstrated significant reduction in risk of HHF in pa-
tients without HF at baseline; EMPA-REG OUTCOME also demon-
strated a reduction in the risk of all-cause mortality in the same
subgroup. The Zelniker meta-analysis supported this finding by
demonstrating a significant primary prevention benefit for the
composite of CV death or HHF (HR 0.84, 95% CI 0.69 to 1.01) in
patients with T2DM and multiple risk factors. The results for the
composite of CV death or HHF were similar when comparing pa-
tients with a history of HF (HR 0.71, 95% CI 0.61 to 0.84) versus those
without HF (HR 0.79, 95% CI 0.71 to 0.88) at baseline, signifying a
compelling HF primary prevention role for SGLT2i [36]. The recent
Arnott et al. meta-analysis of SGLT2i CVOTs also demonstrated
significant evidence of primary prevention for HHF (HR 0.63, 95% CI
0.50 to 0.80), and composite of CV death or HHF (HR 0.81, 95% CI
0.69 to 0.96) [39].

A posthoc analysis of the placebo arm of EXSCEL study assessed
the impact of dapagliflozin and other SGLT2i on CV and renal out-
comes. In participants without prior CVD, the adjusted Cox model
showedwith SGLT2i use, a significantly lower risk of MACE (HR 0.11,
95% CI 0.02 to 0.74, p ¼ 0.02) and all-cause mortality (HR 0.10, 95%
CI 0.01 to 0.80, p ¼ 0.03) compared with no SGLT2i, whereas the
effect was not significant in patients having prior CVD (MACE: HR
0.95, 95% CI 0.56 to 1.62, p ¼ 0.86, all-cause mortality: HR 0.67, 95%
CI 0.34 to 1.33, p ¼ 0.26) [40].

Thus, a reduction in HHF is a consistent finding in all CVOTs with
4

similar benefits in patients with and without eCVD at baseline
(Table 3). The proportion of patients with HF at baseline was low in
all the major CVOTs (10%e14.4%), implying SGLT2i were tested in a
large cohort with no HF at baseline. Hence, the robust reduction in
HHF in the CVOTs indicate a prime role for SGLT2i in the primary
prevention of HF in T2DM.

The EMPA-REG OUTCOME cohort had very low representation
(<1%) of the primary prevention cohort (without eCVD). However, a
meta-analysis of data from seven empagliflozin randomized Phase
III trials excluding EMPA-REG OUTCOME trial (empagliflozin:
n ¼ 2770, placebo: n ¼ 1502), which studied a patient cohort with
low/medium CV risk, demonstrated CV protection for the primary
endpoint of 4P-MACE (HR 0.59, 95% CI 0.36 to 0.95); the secondary
endpoint of 3P-MACE (HR 0.66, 95% CI 0.39 to 1.12) missed signif-
icance because of smaller number of events. Limitations included
different treatment durations between studies, relatively short-
term studies, and very few events in the low/medium CV risk
group [41].

In addition to CV risk reduction, SGLT2i have also shown strong
and consistent favorable impact on the development of chronic
kidney disease (CKD) irrespective of the baseline CVD status. The
CANVAS-program (HR 0.63, 95% 95% CI 0.39 to 1.02), CREDENCE
(HR 0.65, 95% CI 0.43 to 0.97), and DECLARE-TIMI 58 (HR 0.51, CI
0.37e0.69) demonstrated robust primary prevention for renal
outcomes (Table 3) [30e32]. In the subset of patients without HF at
baseline EMPA-REG OUTCOME [42], DECLARE-TIMI 58, and
CANVAS-program [43] showed significant renoprotection (Table 3).
This was supported by the Zelniker meta-analysis with an overall



Table 3
Summary of SGLT2i CVOT results across the CV risk spectrum.

Trials EMPA-REG OUTCOME [33,38,42,67] DECLARE-TIMI 58 [32] CANVAS-program [30,43] CREDENCE [31]

Intervention Empagliflozin/placebo Dapagliflozin/placebo Canagliflozin/placebo Canagliflozin/placebo

Primary outcomes
3-point MACE/Composite outcome (overall) 0.86 (0.74e0.99) 0.93 (0.84e1.03) 0.86 (0.75e0.97) 0.80 (0.67e0.95)a

eCVD 0.86 (0.74e0.99) 0.90 (0.79e1.02) 0.82 (0.72e0.95) 0.85 (0.69e1.06)
Multiple CVRF NA 1.01 (0.86e1.20) 0.98 (0.74e1.30) 0.68 (0.49e0.94)
Hx HF NA 1.01 (0.81e1.27) 0.80 (0.61e1.05) NA
No Hx HF NA 0.92 (0.82e1.02) 0.87 (0.75e1.00) NA
Key secondary outcomes
CV death (overall) 0.62 (0.49e0.77) 0.98 (0.82e1.17) 0.87 (0.72e1.06) 0.78 (0.61e1.00)
eCVD 0.62 (0.49e0.77) 0.94 (0.76e1.18) 0.86 (0.70e1.06) 0.79 (0.58e1.07)
Multiple CVRF NA 1.06 (0.79e1.42) 0.93 (0.60e1.43) 0.75 (0.48e1.16)
Hx HF 0.71 (0.43e1.16) 1.01 (0.73e1.39) 0.72 (0.51e1.02) NA
No Hx HF 0.60 (0.47e0.77) 0.97 (0.78e1.20) 0.95 (0.76e1.20) NA
Fatal/nonfatal MI (overall) 0.87 (0.70e1.09) 0.89 (0.77e1.01) 0.85 (0.69e1.05) 0.86 (0.64e1.16)
eCVD 0.87 (0.70e1.09) 0.87 (0.74e1.02) 0.79 (0.63e0.99) 0.93 (0.66e1.32)
Multiple CVRF NA 0.94 (0.73e1.21) 1.21 (0.73e2.00) 0.70 (0.39e1.23)
Hx HF NA 0.85 (0.61e1.18) 1.11 (0.65e1.89) NA
No Hx HF NA 0.89 (0.77e1.04) 0.86 (0.69e1.06) NA
Fatal/nonfatal stroke (overall) 1.18 (0.89e1.56) 1.01 (0.84e1.21) 0.90 (0.71e1.15) 0.76 (0.55e1.22)
eCVD 1.18 (0.89e1.56) 0.97 (0.76e1.22) 0.88 (0.67e1.16) 0.87 (0.58e1.31)
Multiple CVRF NA 1.09 (0.82e1.45) 0.97 (0.59e1.61) 0.60 (0.34e1.08)
Hx HF 1.48 (0.63e3.48) 1.21 (0.77e1.91) 0.84 (0.51e1.39) NA
No Hx HF 1.14 (0.85e1.53) 0.98 (0.80e1.20) 0.88 (0.68e1.14) NA
HHF (overall) 0.65 (0.50e0.85) 0.73 (0.61e0.88) 0.67 (0.52e0.87) 0.61 (0.47e0.80)
eCVD 0.65 (0.50e0.85) 0.78 (0.63e0.97) 0.68 (0.51e0.90) 0.61 (0.44e0.85)
Multiple CVRF NA 0.64 (0.46e0.88) 0.64 (0.35e1.15) 0.61 (0.39e0.96)
Hx HF 0.75 (0.48e1.19) 0.73 (0.55e0.96) 0.51 (0.33e0.78) NA
No Hx HF 0.59 (0.43e0.82) 0.73 (0.58e0.92) 0.79 (0.57e1.09) NA
All-cause mortality (overall) 0.68 (0.57e0.82) 0.93 (0.82e1.04) 0.87 (0.74e1.01) 0.83 (0.68e1.02)
eCVD 0.68 (0.57e0.82) 0.92 (0.79e1.08) 0.89 (0.75e1.07) 0.79 (0.61e1.02)
Multiple CVRF NA 0.94 (0.78e1.12) 0.79 (0.58e1.07) 0.89 (0.63e1.26)
Hx HF 0.79 (0.52e1.20) 0.87 (0.68e1.12) 0.70 (0.51e0.96) NA
No Hx HF 0.66 (0.51e0.81) 0.94 (0.82e1.07) 0.93 (0.78e1.11) NA
Renal composite (overall) 0.61 (0.53e0.70)b 0.76 (0.67e0.87) 0.60 (0.47e0.77) 0.72 (0.54e0.97)
eCVD NA 0.79 (0.66e0.94) 0.59 (0.44e0.79) 0.83 (0.54e1.27)
Multiple CVRF NA 0.74 (0.60e0.91) 0.63 (0.39e1.02) 0.65 (0.43e0.97)
Hx HF 0.78 (0.39e1.53) 0.58 (0.36e0.92) 0.67 (0.30e1.51) NA
No Hx HF 0.51 (0.37e0.70) 0.52 (0.41e0.66) 0.52 (0.37e0.72) NA

CI: confidence interval, CV: cardiovascular, CVD: cardiovascular disease, CVOTs: cardiovascular outcome trials, CVRF: cardiovascular risk factors, eCVD: established cardio-
vascular disease, eGFR: estimated glomerular filtration rate, HHF: hospitalization for heart failure, HR: hazard ratio, Hx HF: history of heart failure, MACE: major adverse
cardiovascular events, MI: myocardial infarction, NA: not analyzed, No Hx HF: no history of heart failure, SGLT2i: sodium-glucose co-transporter 2 inhibitors, T2DM: type 2
diabetes mellitus.
All values presented as (HR [95% CI]). Values in bold represent overall population, and other values represent the respective subgroup population.
3-point MACE: composite of CV death, nonfatal MI, or nonfatal stroke.
Renal composite: CANVAS-program, % reduction in the eGFR, need for renal-replacement therapy, or death from renal causes, CREDENCE, dialysis, kidney transplantation, or
renal death. DECARE-TIMI 58, �40% decrease in eGFR to <60 mL/min/1.73 m2, new end-stage renal disease, or death from renal or cardiovascular causes.

a Primary outcome for CREDENCE, doubling of serum creatinine, end-stage kidney disease, renal death, or cardiovascular death.
b Worsening nephropathy defined as new onset of UACR >300 mg/g creatinine or a doubling of the serum creatinine level and an estimated glomerular filtration rate of

<45 mL/min/1.73 m2,the need for continuous renal-replacement therapy, or death from renal disease in EMPA-REG OUTCOME.
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45% (HR 0.55, 95% CI: 0.48 to 0.64) reduction in renal composite
(renal worsening, end-stage renal disease, or renal death); results
being similar in patients with multiple risk factors (no eCVD; HR
0.54, 95% CI 0.42 to 0.71) and those with eCVD (HR 0.56, 95% CI 0.47
to 0.67). Moreover, the results were seen across a broad range of
renal function and urine albumin-creatinine levels [36]. In addition,
SGLT2i as a class, along with dapagliflozin, had a favorable effect on
eGFR in patients with preserved eGFR and normo-albuminuria at
baseline, suggesting a primary prevention benefit in the posthoc
analysis of EXSCEL study [39].
3.2. Real-world studies with SGLT2i

Since CVOTs are conducted in controlled conditions with a
highly selective population, many people potentially eligible for
SGLT2i may have been excluded. The real-world studies, on the
contrary, are conducted in clinical practice settings, which provide
information on the clinical safety, effectiveness, as well as
5

comparative effectiveness of a medication with other treatments,
and provide clinicians with information closely related to the pa-
tients they see on a daily basis [44]. Several real-world studies have
assessed SGLT2i in a broader population groupwith awide range of
age, ethnicities, CV risk, comorbidities, and concomitant
medications.

The CVD-REAL [45] study sought an answer to the question
whether SGLT2i impacted death and HF based on the presence or
absence of CVD at the time of initiationwhen compared with other
GLDs. About 87% of patients had no eCVD, and 97% of patients had
no HF at baseline, forming a large primary prevention cohort.
Compared with other GLDs, the prescription of SGLT-2i was asso-
ciated with lower risk of death (eCVD: HR 0.56, 95% CI 0.44e0.70,
no known CVD: HR 0.56, CI 0.50e0.63), HF (eCVD: HR 0.72, 95% CI
0.63e0.82, no known CVD: HR 0.61, CI 0.48e0.78), and composite
of HF or death (eCVD: HR 0.63, 95% CI 0.57e0.70, no known CVD:
HR 0.56, CI 0.50e0.62), thus establishing mortality and HF benefits
for SGLT2i in primary prevention [46].
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CVD-Real 2 [47] included a diverse cohort of patients from the
Asia Pacific, Middle East, and the North American areas. About 73%
of patients had no eCVD at baseline. All-cause death was signifi-
cantly reduced in subgroups of patients with (HR 0.70, 95% CI 0.60
to 0.80) andwithout eCVD (HR 0.57 95% CI: 0.43 to 0.75) at baseline.
For the outcomes of HHF (event rate [ER] 3.73 vs. 0.60), composite
of HHF or death (ER 5.31 vs. 1.23), MI (ER 1.15 vs. 0.30), and stroke
(ER 3.73 vs. 0.74), the event rates in patients with eCVDwere higher
compared with patients without CVD. CVD-Real Nordic [48] stud-
ied patients from the Nordic countries and results showed differ-
ences were similar for the 75% of individuals with no CVD at
baseline versus those with eCVD for CV mortality (HR 0.55, 95% CI
0.34 to 0.90 vs. HR 0.60, 95% CI 0.42 to 0.85), and for MACE (HR 0.90,
95% CI 0.76 to 1.07 vs. HR 0.70, 95% CI 0.59 to 0.83). Additional
subgroup analysis of CVD-REAL Nordic study [49] in the cohort
receiving dapagliflozin, showed a greater risk reduction in MACE
(HR 0.79, 95% CI 0.67 to 0.94; p ¼ 0.006), HHF (HR 0.62, 95% CI 0.50
to 0.77; p < 0.001), and all-cause mortality (HR 0.44, 95% CI 0.33 to
0.60; p < 0.001) versus dipeptidyl peptidase-4 inhibitors, regardless
of the CVD status. This analysis was conducted as dapagliflozin
accounted for 94% of all SGLT2i prescriptions.

In another population-based, retrospective open cohort
matched controlled study conducted in the United Kingdom using
the Health Improvement Network (THIN) database, 80% of the
patients had no eCVD at baseline [50]. A subgroup analysis was
conducted in individuals without eCVD (defined as the absence of
all CVDs at baseline: MI, ischemic heart disease, stroke, transient
ischemic attack, and HF). In this population, the patients who
received dapagliflozin experienced significantly lower risk of all-
cause mortality (adjusted incidence rate ratio [aIRR] 0.44, 95% CI
0.25 to 0.78, p ¼ 0.002) as compared with matched controls
(matched for age, sex, body mass index, T2DM duration, and
smoking) receiving other GLD therapy. However, the risk of inci-
dent CVD did not reach significance, (aIRR 0.89, 95% CI: 0.61e1.30,
p ¼ 0.55). EMPRISE [51] (EMPagliflozin comparative effectIveness
and SafEty) study examined data to analyze outcomes in T2DM
patients recently initiated on empagliflozin or sitagliptin; 75% of
the patients had no eCVD at baseline. The incident rates of HHF
were similar in patients with (HHF-specific HR 0.55, 95% CI 0.27 to
1.10, HHF-broad HR 0.60, 95% CI 0.44 to 0.83) and without CVD
history (HHF-specific HR 0.41, 95% CI 0.10e1.68, HHF-broad HR
0.40, 95% CI 0.22 to 0.73). This study defined HHF-specific as an HF
Figure 1. Mechanisms of SGLT2i for lowering CV risk in T2DM.
ACE-2-Ang 1/7: angiotensin-converting enzyme 2-angiotensin 1-7, CV: cardiovascular, SGLT
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discharge diagnosis in the primary position, and HHF-broad as an
HF discharge diagnosis at any position.

Overall, the results from all the real-world studies are in
congruence with the CVOTs, with significant risk reduction in the
primary and secondary outcomes such as all-cause mortality, HHF,
and CV death. These significant results were seen in patients
without eCVD, raising the possibility of a role for SGLT2i in primary
prevention. Moreover, consistent results in multiple sensitivity
analyses and across many countries globally support such a role.

4. SGLT2 inhibitors: mechanisms of cardiovascular and renal
benefits

The SGLT2i reduce hyperglycemia by promoting urinary glucose
excretion due to their kidney-specific action. This unique mecha-
nism of action is independent of pancreatic b-cell function or de-
gree of insulin resistance, and allows SGLT2i to be used at any stage
of T2DM and in combinationwith any of the GLDs including insulin
[18,52,53]. Hypoglycemia, a potential CV risk factor [54], is lowwith
SGLT2i use, mainly because the SGLT2 inhibition is self-limiting
when blood glucose concentrations drop to levels at which hypo-
glycemic symptoms develop (<72 mg/dL in most patients with
T2DM) with the uninhibited SGLT2 and SGLT1 receptors reab-
sorbing almost all filtered glucose [55].

The SGLT2i offer the potential to reduce CVD through multiple
interlinked pleiotropic benefits, although the exact or most
important mechanism remains uncertain (Fig. 1) [56,57]. Multiple
trials including the large CVOTs have demonstrated favorable
changes in many CV risk factors (Table 4) including body weight
(�0.88 to �3.3 kg), systolic BP (SBP, �2.3 to �5.4 mmHg), and
serum high-density lipoprotein cholesterol (0.05e6.8 mmol/L)
[30e33,58e62]. The reduction in BP is not associated with a reac-
tive increase in heart rate, unlike with GLP1-RA and occurs
consistently irrespective of the CVD status [63,64]. Further, the ef-
ficiency of cardiac metabolism is enhanced by an increase in ketone
levels providing more energy at a lower oxygen cost, thereby
improving cardiac pump function [65]. The CVOTs have also
revealed that HF outcomes may be the most sensitive to SGLT2i
treatment. Onemechanism suggested in an experimental HFmodel
is the inhibition of a Naþ/Hþexchanger-1 isoform in the myocar-
dium, preventing an adverse increase in sodium and calcium levels
[64] (Fig. 1).
2i: sodium-glucose co-transporter 2 inhibitor, T2DM: type 2 diabetes mellitus.
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Positive renal benefits of SGLT2i are also multifactorial. A key
mechanism is restoration of the tubuloglomerular feedback, which
then regulates the glomerular filtration rate favorably. This in turn
alleviates intrarenal hypoxia, oxidative stress, and the subsequent
inflammatory effects [66]. There is also a reduction in intra-
glomerular pressure and albuminuria, a known CV risk factor [67].
Improvement in renal function is also reflected by enhanced
erythropoietin and hematocrit levels, which then boosts myocar-
dial and renal oxygenation [68]. The urinary excretion of uric acid
by SGLT2i action lowers plasma uric acid levels, ensuring lowering
of yet another surrogate CV risk marker [69]. Thus in many ways,
renal protection [70] translates into CV risk reduction.
5. Implications for clinical practice

Most individuals with T2DMhave their first clinical contact with
Table 4
Summary of SGLT2i effects on CV risk factors.

Study Intervention Treatment (mean change from base

Body weight (kg) SBP (mmHg)

EMPAGLIFLOZIN
EMPA-REG OUTCOME [33] E10 or E25 vs.

Placebo
Reduction in body weight, waist cir
with E10 and E25 vs. placebo

Gupta et al. [58] E10 or E25 vs.
Placebo

E10: �1.41
(�2.51, �0.31;
p ¼ 0.0125);
E25: �1.50
(�2.54, �0.46;
p ¼ 0.0051)

E10: �3.3
(�9.8, �3.2;
p ¼ 0.3161);
E25: �3.8
(�9.9, �2.4;
p ¼ 0.2313)

Roden et al. [59] E10 or E25 vs.
Placebo

E10: �1.93
(�2.41, �1.45;
p < 0.0001);
E25: �2.15
(�2.63, �1.67;
p < 0.0001)

E10:e2.6
(�4.9, �0.4;
p ¼ 0.0231);
E25: �3.4
(�5.7, �1.2;
p ¼ 0.0028)

CANAGLIFLOZIN
CANVAS program [30,60] C100 vs.

Placebo
C100: �1.60
(�1.70, �1.51;
p < 0.001)

C100: �3.93
(�4.30, �3.56
p < 0.001)

CREDENCE [31] C100 or C300 vs.
Placebo

Overall mean
change in C100/
C300: �0.88
(�1.69, �0.07)

Overall mean
change in C10
C300: �2.38
(�4.64, �0.11

Stenl€of K et al [61] C100 or C300 vs.
Placebo

C100: �1.9
(�2.9, �1.6;
p < 0.001)
C300: �2.9
(�4.0, �2.6;
p < 0.001)

C100: �3.7
(�5.9, �1.6;
p < 0.001);
C300 �5.4
(�7.6, �3.3;
p < 0.001)

DAPAGLIFLOZIN
DECLARE-TIMI 58 [32]* D10 vs. Placebo D10: �1.8

(�2.0, �1.7)
D10: �2.7
(�3.0, �2.4)

Ferrannini et al. [62] D2.5 or D5 or D10
vs. Placebo

D2.5: �3.3 ± 0.5,
D5: �2.8 ± 0.5,
D10: �3.2 ± 0.5
(p ¼ NS vs. placebo
for all)

D2.5: �4.6 ±
D5: �2.3 ± 1.
D10: �3.6 ± 1
(p ¼ NS vs. pl
for all)

C100: canagliflozin 100 mg, C300: canagliflozin 300 mg, D2.5: dapagliflozin 2.5 mg, D5:
empagliflozin 10 mg, E25: empagliflozin 25 mg, HDL-C: high-density lipoprotein choleste
SE: standard error, SBP: systolic blood pressure.
*Values presented as least square mean difference between the comparator arms.
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a primary care physician. It is essential for physicians to be aware of
the potential for CV complications in T2DM andmake management
of CV risk a top priority, with a focus on reducing potential CVD risk
even in the absence of eCVD [71]. SGLT2i form a novel therapeutic
option for addition as a first-line option after metformin right from
the early stages of T2DM to de-escalate this CV risk. The CVOT and
real-world data support a role for SGLT2i in a wide spectrum of CV
risk, extending from low, moderate, high risk to those with eCVD in
people with T2DM, especially for the endpoints of CV death or HHF.
Prevention of HF is extremely important especially in early onset
T2DM, considering there is almost a 5-fold increased risk of HF in
this younger age group (�40 years) [20]. Additionally, the benefits
with SGLT2i across the broad range of renal function becomes
important while selecting treatment options with comorbid T2DM
and CKD, both being associated with increased CV risk. The
numbers needed to treat in CREDENCE for the overall CV outcomes
line) e Placebo (mean change from baseline)

DBP (mmHg) Other outcomes

cumference, SBP/DBP, uric acid, and increase in both LDL-C and HDL-C observed

E10: �1.0 (�4.9, �2.9;
p ¼ 0.4115);
E25: �1.6 (�5.3, �2.0;
p ¼ 0.3780)

NA

E10: �0.6 (�1.9, 0.8;
p ¼ 0.3987)
E25: �1.5 (�2.8, �0.1;
p ¼ 0.0296)

Change in waist circumference (cm):
E10: �1.6 (�2.3, �0.8; p < 0.0001)
E25: �1.6 (�2.4, �0.9; p < 0.0001)A

;
C100: �1.39 (�1.61, �1.17;
p < 0.001)

Change in serum HDL-C (mmol/L):
C100: 0.05 (0.05, 0.06)
Change in serum LDL-C (mmol/L):
C100: 0.12 (0.09, 0.15)

0/

)

Overall mean change in C100/
C300: �1.44 (�2.80, �0.09)

NA

C100: �1.6 (�2.9, �0.2);
C300: �2.0
(�3.4, �0.7)

Change in serum LDL-C (mmol/L):
C100: 2.0 (�3.2, 7.1)
C300: 6.1 (0.9, 11.3)
Change in serum HDL-C (mmol/L):
C100: 6.8 (2.9, 10.6; p < 0.001)
C300: 6.1 (2.3, 9.9; p < 0.01)
Change in serum triglyceride (mmol/L):
C100: �5.4 (�14.9, 4.1; p ¼ NS)
C300: �10.2 (�19.6, �0.7; p ¼ NS)

D10: �0.7 (�0.9, �0.6) Positive renal effect such as natriuretic
effect, improved tubular glomerular
feedback, vascular compliance, and
endothelial function with dapagliflozin

1.8
9
.9
acebo

D2.5: �2.8 ± 1.1
D5: �1.7 ± 1.1
D10: �2.0 ± 1.9 (p ¼ NS vs.
placebo for all)

Change in serum uric acid (mmol/L):
D2.5: �39.3 ± 6.0;
D5: �50.6 ± 6.1, D10: �51.7 ± 5.8
Change in serum HDL-C (mmol/L):
Overall placebo-subtracted adjusted
mean (SE) change from baseline for
dapagliflozin: (0.02 [0.07] to 0.17 [0.08]
mmol/L)

dapagliflozin: 5 mg, D10: dapagliflozin 10 mg, DBP: diastolic blood pressure, E10:
rol, LDL-C: low-density lipoprotein cholesterol, NA: not available, NS: nonsignificant,
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ranged from 36 to 53 in the primary prevention group, and 21 to 44
in the secondary prevention group [31].

The minimal risk of hypoglycemia with significant reduction in
CV complications like HF and the ease of use have contributed to
endocrinologists and cardiologists adopting SGLT2i very early into
their clinical practice, thus benefiting their patients [72]. Like all the
other GLDs, SGLT2i are associated with class-specific adverse
events such as e increased risk of genital tract infections, bone
fractures, amputations, and volume depletion-related adverse
events [73]. However, bone fractures were observed majorly in
individuals with osteoporosis or those with high bone fracture risk
and attributed to disordered calcium and phosphate homeostasis
affecting bone metabolism with increased parathyroid hormone
and decreased 1,25-dihydroxy vitamin D levels [74]. Although the
CANVAS-program [30] observed an increased risk of toe amputa-
tion with canagliflozin, none of the real-world studies could
confirm this finding [45e47,75]. The SGLT2i, when compared with
other GLDs are considered to be cost-effective because of their
potent glycemic and extra-glycemic effects and resultant improved
quality of life [20,72,76]. Even when the cost of treatment-related
adverse events were added to calculate the economic burden, the
SGLT2i were still considered economical in comparison to other
GLDs [77].

6. Conclusion

Individuals with T2DMwithout eCVD, form an important cohort
for the primary prevention of CVD. The SGLT2idthrough CVOTs
and real-world studiesdhave shown a significant risk reduction in
some of the CV outcomes, regardless of the underlying CVD status,
allowing a mitigation of the overall disease burden. Primary pre-
vention by SGLT2i holds the greatest promise for reducing HHF and
CKD in patients with T2DM [23]. The guideline focus is now
dynamically shifting from exclusive SGLT2i recommendation in
eCVD, to a broader more inclusive population with no eCVD at
baseline, but with CV risk. Further studies are needed in this spe-
cific primary prevention cohort of T2DM to crystalize the impact of
SGLT2i.
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