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ABSTRACT

Heart failure (HF) and chronic kidney disease
(CKD) are the most frequent first cardiorenal
conditions in patients with type 2 diabetes
(T2D), which can be exacerbated by other
comorbidities, such as hypertension, dyslipi-
demia, and obesity. To improve their clinical
outcomes, patients with T2D need to achieve
and maintain glycemic targets, as well as pre-
vent cardiorenal disease onset and progression.
Several clinical trials evaluating the
sodium–glucose cotransporter type 2 inhibitors
(SGLT2i) dapagliflozin, empagliflozin,

canagliflozin, and ertugliflozin have shown
consistent risk reduction in major adverse car-
diovascular events and/or hospitalization for
HF, together with lower risk of kidney disease
progression. The benefits associated with
SGLT2i in T2D are distinct from other antihy-
perglycemic drugs since they have been pro-
posed to exert pleiotropic metabolic and direct
effects on the kidney and the heart. In this
review, we summarize and discuss the evidence
regarding the mechanisms of action, the effi-
cacy and safety profiles, and the clinical guide-
lines on the use of the therapeutic class of
SGLT2i, highlighting their role in cardiorenal
prevention beyond glycemic control.
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Key Summary Points

Patients with type 2 diabetes (T2D) often
experience cardiovascular and renal
complications mainly due to chronic
hyperglycemia.

There is a need for effective and well-
tolerated treatments that may help
patients with T2D achieve and maintain
glycemic control, as well as prevent
cardiorenal disease onset and progression.

Sodium–glucose cotransporter type 2
inhibitors (SGLT2i) facilitate urine glucose
and sodium excretion. The increased
glycosuria and natriuresis underlie their
metabolic benefits, such as a reduction in
glycosylated hemoglobin, body weight,
and blood pressure. The benefits of
SGLT2i have expanded beyond their
glucose-lowering effect, as these agents
have proven to exert pleiotropic
metabolic and direct effects on the kidney
and the heart.

Additionally, several placebo-controlled
clinical trials evaluating SGLT2i have
shown consistent risk reductions in
adverse cardiovascular and renal events.

This evidence is promoting a change of
treatment paradigm to a more
comprehensive approach of T2D that goes
beyond glycemic control, also focusing on
the prevention and delaying of
cardiorenal complications.

INTRODUCTION

Diabetes-related disease burden and economic
impact are mainly due to comorbidities and
complications, such as heart failure (HF),

atherosclerotic cardiovascular disease (CVD),
chronic kidney disease (CKD), neuropathy, and
retinopathy [1]. HF and CKD have been shown
to be the most frequent first cardiorenal mani-
festations in patients with type 2 diabetes (T2D)
initially free of cardiorenal diseases, as the
events also associated with increased risk of
further CVD and mortality [2]. This high car-
diorenal risk is the result of chronic hyper-
glycemia and is exacerbated by other
comorbidities, such as hypertension, dyslipi-
demia, and obesity. Thus, there is a need for
effective and well-tolerated treatments that may
help patients with T2D achieve and maintain
glycemic control, as well as prevent cardiorenal
disease onset and progression. Among the dif-
ferent classes of glucose-lowering agents, the
sodium–glucose cotransporter type 2 inhibitors
(SGLT2i) have shown potential to address this
need. Several clinical trials evaluating the
SGLT2i empagliflozin, canagliflozin, dapagli-
flozin, and ertugliflozin have shown consistent
risk reduction in major adverse cardiovascular
events and/or hospitalization for HF, as well as
lower risk in kidney disease progression, versus
placebo [3–6]. In this review, we aimed to
summarize and discuss the evidence published
in recent years in relation to the therapeutic
class of SGLT2i and their role in cardiorenal
prevention. This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

SGLT2i AND THEIR UNIQUE
MECHANISM OF ACTION
IN METABOLIC CONTROL

Glucose reabsorption in the kidney is mainly
mediated by SGLT2 receptor, located in the
early proximal tubule, with a small contribution
of sodium–glucose cotransporter type 1
(SGLT1), located in the late proximal tubule [7].
All the SGLT2i share the same mechanism of
action: by inhibiting SGLT2 receptor, they
facilitate urine glucose and sodium excretion.
Canagliflozin also exerts a small inhibiting
effect on SGLT1 receptor [8], which contributes
to the uptake of glucose and galactose in the
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intestine, but plays a minor role in renal reab-
sorption [9]. The increased glycosuria and
natriuresis mediated by SGLT2 inhibition asso-
ciate with different metabolic benefits, such as a
reduction in glycosylated hemoglobin (HbA1c),
body weight, and blood pressure [10]. The renal
action of SGLT2i is independent of b-cell func-
tion and insulin secretion, limiting the risk of
hypoglycemia; thus, these drugs have the
potential to be used at any stage of T2D and in
combination with any class of glucose-lowering
agent, including insulin [10], although their
glucosuria effect is lower when renal function
declines.

Current SGLT2i approved by the US Food
and Drug Administration (FDA) and European
Medicines Agency (EMA) for the treatment of
patients with T2D are dapagliflozin, empagli-
flozin, canagliflozin, and ertugliflozin. Gener-
ally, SGLT2i seems to be as effective at
decreasing plasma glucose levels as other
available therapeutic options [11]. Although
there are real-life studies that suggest differ-
ences between SGLT2i [12], head-to-head
comparisons between the different gliflozins
are lacking, so it is unknown if any improve
glycemic control more than the others. A net-
work meta-analysis showed that SGLT2i as
monotherapy were more effective than placebo
for lowering HbA1c levels (by 0.59–1.23%)
after 24 weeks of treatment [13]. Similarly, in
another meta-analysis that included trials
evaluating dapagliflozin, this drug produced
greater mean reductions in HbA1c (-0.60%),
fasting plasma glucose (-1.30 mmol/L), and
body weight (-1.50 kg), compared with pla-
cebo [14]. Apart from these metabolic benefits,
SGLT2i have demonstrated to exert direct
nephroprotective and cardioprotective effects
[15] and to be associated with favorable CV
and kidney outcomes [16]. This evidence is
promoting a change of treatment paradigm,
shifting from targeting glucose control and
HbA1c concentrations to reduce microvascular
complications, to a more comprehensive
approach that also focuses on CV and renal
prevention [17].

CLINICAL EVIDENCE
OF CARDIORENAL PROTECTION
IN SGLT2i-TREATED PATIENTS

Classically, the clinical development of antidi-
abetic agents focused on glucose-lowering
effects only. However, after the rosiglitazone
controversy [18] and the discovery that oral
hypoglycemic drugs can maintain a normal
blood glucose level but paradoxically increase
CV events in patients with T2D [19], in 2008 the
FDA issued a guidance for industry to include
CV safety as an endpoint for all novel antihy-
perglycemic medications [20]. Since then, sev-
eral antidiabetic agents have undergone
randomized placebo-controlled cardiovascular
outcome trials (CVOTs), which mainly recruited
patients with preexisting CVD or a high risk of
developing it [18].

To date, four main studies have evaluated
the CV outcomes of empagliflozin, canagli-
flozin, dapagliflozin, and ertugliflozin in
patients with T2D and diverse baseline CV risk
profiles (Table 1). The EMPA-REG OUTCOME
trial (Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes) examined the
efficacy of empagliflozin in 7020 patients with
T2D and established CVD (secondary preven-
tion) [3]. It was the first study to demonstrate
CV efficacy, with a 14% reduction in the pri-
mary composite outcome of MACE (3-point
MACE; CVD death, myocardial infarction, and
stroke). Regarding secondary outcomes, it
showed a 32% reduction in all-cause mortality,
38% in cardiovascular mortality, and 32% in
hospitalization for HF (Table 1). Likewise, the
kidney composite outcome of albuminuria
progression, doubling of serum creatinine, end-
stage kidney disease (ESKD), or renal death was
reduced by 39%, with benefits also evident in
patients without CKD at baseline [21].

The CANVAS PROGRAM (Canagliflozin Car-
diovascular Assessment Study) comprised two
clinical trials that tested the efficacy of cana-
gliflozin in 10,142 patients, of which 65.6% had
a history of CVD (secondary prevention) and
the remaining had no known CVD (primary
prevention); 20.1% of participants had
eGFR\ 60 ml/min/1.73 m2 [4]. There was a
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Table 1 Summary of the cardiovascular outcome trials with SGLT2i

EMPA-REG CANVAS DECLARE-TIMI 58 VERTIS-CV
(Empagliflozin) (Canagliflozin) (Dapagliflozin) (Ertugliflozin)

Dose 10 mg, 25 mg 100 mg, 300 mg 10 mg 5 mg, 15 mg

Sample 7020 10,142 17,160 8238

Racial distribution (%) W, 74.4; A, 21.6; B,

5.1

W, 78.3; A, 12.7; B,

3.3

W, 79.6; A, 13.4; B, 3.5 W, 87.8; A, 6.0; B,

2.8

Follow-up (years) 3.1 2.4 4.2 3.5

Established CV

disease (%)

100 66 41 99

Multiple CV risk

factors (%)

0 33 59 1

RAAS inhibitors (%) 81 80.2 81.3 81

eGFR for inclusion

(mL/min/1.73 m2)

C 30 C 30 C 60 C 30

Baseline eGFR\ 60 (%) 26 20 7 22

Baseline UACR subgroup (mg/g)

\ 30 4171 (59.4%) 7007 (69.1%) 11,644 (67.9%) 5677 (61%)

30–300 2013 (28.7%) 2266 (22.3%) 4030 (23.5%) 2486 (30%)

[ 300 769 (11%) 760 (7.5%) 1169 (6.8%) 75 (9%)

Receiving

Antihypertensive

therapy (%)

95.5 90.0* At least 81.3 95.3

Lipid-lowering

therapy (%)

81 74.9 75 84.6

Primary outcome 3-Point MACE 3-Point MACE Coprimary outcomes: 3-Point MACE

[HR (95% CI)] 0.86 (0.74–0.99) 0.86 (0.75–0.97) CV death or hospitalization

for HF

0.97 (0.85–1.11)

NNT 195 per year 220 per year 0.83 (0.73–0.95) NA

470 per year

3-Point MACE

0.93 (0.84-1.03)

Secondary outcomes [HR (95% CI)]

CV death 0.62 (0.49–0.77) 0.87 (0.72–1.06) 0.98 (0.82–1.17) 0.92 (0.77–1.11)

MI 0.87 (0.70–1.09) 0.89 (0.73–1.09) 0.89 (0.77–1.01) 1.04 (0.86–1.27)

Stroke 1.18 (0.89–1.56) 0.87 (0.69–1.09) 1.01 (0.84–1.21) 1.00 (0.76–1.32)

Hospitalization HF 0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.73 (0.61–0.88) 0.70 (0.54–0.90)
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14% reduction in the 3-point MACE primary
outcome, as well as a 33% reduction in hospi-
talization for HF (secondary outcome). No sig-
nificant reduction in all-cause mortality was
achieved (Table 1). There was a 40% reduction
of the prespecified composite renal (secondary)
outcome in participants using canagliflozin
compared with those using placebo. Moreover,
canagliflozin was associated with a 47% reduc-
tion in doubling of serum creatinine, ESKD, and
death due to kidney disease [22].

The DECLARE-TIMI 58 trial (Dapagliflozin
Effect on Cardiovascular Events-Thrombolysis
In Myocardial Infarction 58) was the largest
study of the four CVOTs of SGLT2i, with 17,160
patients included, 59% of whom did not have
established CVD (primary prevention) [5]. The
overall effect of dapagliflozin on the 3-point
MACE coprimary outcome was not statistically
significantly different versus placebo, although
the combined coprimary outcome of CV mor-
tality and hospitalization for HF was signifi-
cantly reduced [hazard ratio 0.83, 95%
confidence interval (CI) 0.73–0.95], which
reflected a lower rate of hospitalization for HF
(hazard ratio 0.73, 95% CI 0.61–0.88) (Table 1).
Compared with placebo, dapagliflozin was
associated with a 47% reduction in the com-
posite renal secondary outcome (40% decline in
eGFR, ESKD or renal death) [23]. Subsequent
post-hoc analyses showed that, in patients with
previous myocardial infarction, dapagliflozin

reduced the risk of MACE by 16% and cardio-
vascular death/hospitalization for HF by 19%
[24], whereas it decreased the rate of new hos-
pitalizations for HF in patients with established
HF and cardiovascular death and all-cause
mortality in patients with HF with reduced
ejection fraction [25].

The VERTIS-CV study (Cardiovascular Out-
comes Following Ertugliflozin Treatment in
Type 2 Diabetes Mellitus Participants with Vas-
cular Disease) compared ertugliflozin versus
placebo in 8,252 participants with T2D and
established atherosclerotic CVD; at baseline,
22.0% of participants had eGFR\ 60 ml/min/
1.73 m2, and 9.0% of participants had
macroalbuminuria [6]. Ertugliflozin showed no
significant difference with regard to the primary
3-point MACE outcome, but it was associated
with a 30% reduction in hospitalization for HF
(Table 1). For the key composite kidney end-
point, a trend was noted in terms of beneficial
effect, although this was not statistically sig-
nificant. Subgroup analysis suggested a benefit
in hospitalization for HF/CV death with ertu-
gliflozin versus placebo among patients with
more advanced renal disease [26].

Thus, these large international CVOTs
demonstrated the CV and renal favorable effects
of SGLT2i, which have been confirmed in recent
meta-analyses [16, 27], indicating that drugs in
this class reduced the 3-point MACE, as well as
hospitalization for HF and onset or progression

Table 1 continued

EMPA-REG CANVAS DECLARE-TIMI 58 VERTIS-CV
(Empagliflozin) (Canagliflozin) (Dapagliflozin) (Ertugliflozin)

All-cause mortality

[HR (95% CI)]

0.68 (0.57–0.82) 0.87 (0.74–1.01) 0.93 (0.82–1.04) 0.93 (0.80–1.08)

Kidney composite

outcome

[HR (95% CI)]

0.54 (0.40–0.75) 0.60 (0.47–0.77) 0.53 (0.43–0.66) 0.81 (0.63–1.04)

CV cardiovascular, RAAS renin–angiotensin–aldosterone system, eGFR estimated glomerular filtration rate, UACR urine
albumin–creatinine ratio, HR hazard ratio, CI confidence interval, NNT number needed to treat, MI myocardial infarction,
HF heart failure, NA not applicable, MACE major adverse cardiac events, W white race, A Asian race, B Black/African-
American race
*History of hypertension
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of kidney disease. The reduction in hospital-
ization for HF and related outcomes was the
most consistent effect, independent of baseline
atherosclerotic CVD and prior HF and across the
spectrum of baseline kidney function. However,
some heterogeneity was detected in the associ-
ations with outcomes of different SGLT2i on CV
death, possibly due to differences in the popu-
lations studied and their risk profiles [16].
Moreover, the trials evaluating empagliflozin
and ertugliflozin enrolled 100% of patients with
established CVD, focusing on the secondary
prevention, whereas the trials evaluating cana-
gliflozin and dapagliflozin enrolled patients
both with and without CVD. In the final com-
bined dataset, the majority of patients had
prevalent CVD, so the effects of SGLT2i in CV
primary prevention have been primarily studied
and demonstrated just for dapagliflozin and, to
a minor extent, canagliflozin [28].

The highly selected and elevated proportion
of patients with established CVD/high CV risk
enrolled in the CVOTs could limit the general-
izability of the results to the real-world setting.
An investigation of how the four different
SGLT2i CVOT populations, according to their
respective selection criteria, were representative
of general T2D populations in four European
countries showed that real-world patients had
less prevalent CVD and were slightly older than
those recruited in the CVOTs. The DECLARE-
TIMI 58 trial had the highest representative-
ness, covering 59% of the general T2D popula-
tion, whereas this proportion was 34% in
CANVAS, 21% in EMPA-REG OUTCOME, and
17% in VERTIS-CV [29]. Even so, the CVD-REAL
studies, which compared CV and renal out-
comes in[400,000 propensity-matched
patients with T2D who newly initiated SGLT2i
or other glucose-lowering therapy in different
countries, found that SGLT2i were associated
with significantly lower risks of all-cause mor-
tality, hospitalization for HF, and major kidney
events, compared with other glucose-lowering
drugs such as dipeptidyl peptidase-4 inhibitors
[30–33]. In general, the risk of CV outcomes
decreased not only in patients with established
CVD but also in those without CVD at baseline
[32].

SAFETY PROFILE OF SGLT2i

The four gliflozins currently marketed are all
orally bioavailable and have similar half-life
[34]. The results of the dedicated CVOTs of
SGLT2i (EMPA-REG OUTCOME with empagli-
flozin, CANVAS with canagliflozin, DECLARE-
TIMI 58 with dapagliflozin, and VERTIS-CV
with ertugliflozin) consistently excluded an
excess risk of CV events in patients with long-
standing T2D and established CVD or multiple
CV risk factors [3–6]. Moreover, many of the
participants had impaired kidney function
(baseline range for eGFR, 30 to C 90 mL/min/
1.73 m2; baseline range for albuminuria,
UACR\30 to[300 mg/g), and the reduction
of CV adverse events was similar to the observed
in the overall trial populations. In two dedi-
cated renal outcomes trials (CREDENCE with
canagliflozin and DAPA-CKD with dapagli-
flozin) that included patients with CKD, the risk
of kidney failure and CV events decreased
compared with placebo [35, 36].

Regarding noncardiorenal safety, SGLT2i
generally have a favorable tolerability profile
(Table 2). Serious adverse events, hypoglycemia,
and acute kidney injury are less common
among patients receiving SGLT2i than controls
[37]. In fact, the adverse events reported in
clinical trials are mostly associated with their
main mechanism of action that provokes
increased glycosuria and diuresis. This is the
case for genitourinary tract infections, which
are the most frequent adverse events reported
across trials [38]. However, these episodes are
usually mild to moderate and rarely require
discontinuation of the medication. There is also
a higher risk of volume depletion-related events
due to the effect of osmotic diuresis of glucose
and sodium [37], particularly in older patients
and those receiving concomitant diuretic ther-
apy, which should be adjusted before starting
treatment with SGLT2i. Although rare [a recent
meta-analysis reported only 56 events in 30,766
individuals receiving canagliflozin, dapagli-
flozin, or empagliflozin (0.18%) versus control:
23 in 25,211 (0.09%)] [39], diabetic ketoacidosis
with minimal to no elevation of glycemia
(euglycemic ketoacidosis) may occur in patients
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taking SGLT2i. Anticipatory guidance to pause
SGLT2i dosing during periods of acute illness or
other stressors may limit this adverse effect [40].
Higher rates of lower extremity amputation
were reported for canagliflozin versus placebo in
the CANVAS study [4], but this heightened risk
has not been observed in clinical trials evaluat-
ing other SGLT2i [38] or with canagliflozin in
the CREDENCE trial [35]. Performing frequent
foot examinations and interrupting the therapy
during active ulcerations or foot lesions, which
were the measures implemented during the
CREDENCE trial, may decrease amputation
rates.

CURRENT KNOWLEDGE
ON THE MECHANISMS
UNDERLYING THE CARDIORENAL
PREVENTION OBSERVED
WITH SGLT2i

As stated above, the molecular effects and clin-
ical benefits exerted by SGLT2i in T2D are dis-
tinct from other antihyperglycemic drugs. The
benefits of gliflozins have expanded beyond
their glucose-lowering effect, and these agents
have proven to exert pleiotropic metabolic and
direct effects on the kidney and the heart [41].
Firstly, they seem to initiate a series of

Table 2 SGLT2i adverse events reported in the cardiovascular outcome trials

EMPA-REG
(empagliflozin)

CANVAS
(canagliflozin)

DECLARE-TIMI 58
(dapagliflozin)

VERTIS-CV
(ertugliflozin)

Serious AE 38.2 versus 43.2* 104.3 versus

120.0*

31.1 versus 36.2* 34.8 versus 36.1

AE leading to

discontinuation

17.3 versus 19.4* 35.5 versus 32.8 8.1 versus 6.9* 7.4 versus 6.8

Hypoglycemia 27.8 versus 27.9 50.0 versus 46.4 0.7 versus 1.0 (major

hypoglycemic events)*

5.2 versus 5.9 (severe

hypoglycemia)

Urinary tract infection 18.0 versus 18.1 40.0 versus 37.0 1.5 versus 1.6 (serious

infections)

12.1 versus 10.2*

Genital mycotic infection 0.9 versus 0.1*

In women 10.0 versus 2.6* 68.8 versus 17.5* 6.9 versus 2.4*

In men 5.0 versus 1.5* 34.9 versus 10.8* 4.7 versus 1.2*

Event consistent with

volume depletion

5.1 versus 4.9 26.0 versus 18.5* 2.5 versus 2.4 4.3 versus 3.9

Acute kidney injury 1.0 versus 1.6* 3.9 versus 4.1 1.5 versus 2.0* 1.8 versus 2.2

Diabetic ketoacidosis 0.1 versus\ 0.1 0.6 versus 0.3 0.3 versus 0.1* 0.4 versus 0.1

Amputation 1.9 versus 1.8 6.3 versus 3.4* 1.4 versus 1.3 2.1 versus 1.6

Bone fracture 3.8 versus 3.9 15.4 versus 11.9* 5.3 versus 5.1 3.7 versus 3.6

Bladder cancer 0.2 versus 0.1 1.0 versus 1.1 0.3 versus 0.5 Not mentioned

Data are expressed by percentage of patients that presented an event (EMPA-REG OUTCOME, DECLARE-TIMI 58,
VERTIS-CV) or event rate per 1000 patient-years (CANVAS)
AE adverse event
*Statistically significant
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metabolic adaptations that arise in response to
the caloric deficit caused by the increased glu-
cosuria, together with the reduction of gluco-
toxicity. This may prevent oxidative stress,
endothelial dysfunction, inflammation, and
fibrosis in multiple targeted tissues (kidney,
arteries, retina, heart, adipose tissue). The inhi-
bition of proximal tubular sodium and glucose
reabsorption increases distal sodium delivery to
the macula densa and restore tubule–glomerular
feedback, resulting in lower intraglomerular
pressure, shear stress, hyperfiltration, and albu-
minuria [30, 42]. On the other hand, the
osmotic diuresis and plasma volume reduction,
and the decrease in blood pressure and arterial
stiffness, are supposed to improve cardiac pre-
load and afterload, decreasing oxygen con-
sumption, which could benefit patients with
heart failure [43]. The increase in hematocrit
levels provides more oxygen to the heart mus-
cle. This increase could result from the reduc-
tion of plasma volume and/or the
augmentation of erythropoietin synthesis [44].
Additionally, SGLT2i reduce body weight and
uric acid, contributing to the wide arsenal of
cardiometabolic benefits [15].

However, the effects of improved glycemic
control, diuresis, and weight and blood pressure
reductions do not fully explain the observed
benefits in cardiorenal outcomes, and increas-
ing evidence indicates that the cardiac and
renal protection provided by SGLT2i is related
to other ‘‘nonconventional’’ mechanisms [43]
(see Fig. 1 in the article dedicated to heart fail-
ure in this supplement). For example, gluco-
suria enhances gluconeogenesis and
ketogenesis, probably by the activation of sir-
tuin-1, which induce a shift to a ‘‘fasting state’’
[45]. It is hypothesized that the increase in the
synthesis of ketone bodies changes the main
fuel of heart tissue to b-hydroxybutyrate,
instead of fatty acids, which is considered a
‘‘super fuel’’ that improves myocardial energy
dynamics and exerts direct antiinflammatory
effects [46]. In animal models, SGLT2i decreases
cardiac cytosolic sodium content by blocking
the sodium–hydrogen exchanger (NHE) isoform
1 in myocytes, thereby reducing intracellular
Na? and Ca2? concentrations and increasing
mitochondrial Ca2?. As calcium overload

results in dysfunction and loss of cardiomy-
ocytes, SGLT2i may improve the myocardial
electrochemical characteristics, which poten-
tially contribute to their CV benefit [47]. Fur-
thermore, SGLT2i prevent adipose tissue
hypertrophy caused by a high-fat diet, improv-
ing its secretory profile (: adiponectin, ; leptin).
This process produces a CV benefit by reducing
the leptin in the body, which has been linked to
high blood pressure and other CV risk factors
[48].

SGLT2i POSITIONING IN CURRENT
SOCIETY GUIDELINES

As a result of the favorable results observed in
the CVOTs and real-world studies, major
national and international professional soci-
eties have updated their recommendations and
guidelines to prioritize the use of SGLT2i,
regardless of glucose control considerations, in
patients with T2D with or at high risk for CV
and kidney complications (Table 3). Current
American Diabetes Association (ADA) guideli-
nes state that first-line therapy depends on
comorbidities, patient-centered treatment fac-
tors, and management needs and generally
includes metformin and comprehensive life-
style modification. Medications such as SGLT2i
or glucagon-like peptide-1 receptor agonists
(GLP-1 RA) are the recommended initial ther-
apy for individuals with T2D with or at high risk
for atherosclerotic CVD, HF (only SGLT2i), and/
or CKD (preferably SGLT2i in those with CKD
and albuminuria), independently of metformin
use and baseline or target HbA1c levels [49]. By
contrast, the European Society of Cardiology/
European Association for the Study of Diabetes
(ESC/EASD) guidelines recommend the use of
SGLT2i or GLP-1 RA in all patients with T2D
with established or high/very high risk for CVD,
either in monotherapy for treatment-naı̈ve
patients or added to the background treatment,
regardless of other considerations such as the
status of the glycemic control [50]. For patients
with atherosclerotic CVD, HF, and/or CKD, the
Diabetes Canada Guidelines prioritize the use of
agents with demonstrated CV or renal benefits
(SGLT2i or GLP-1 RA), combined or not with
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metformin according to glycemic control and
clinical status [51]. The Primary Care Diabetes
Europe categorizes patients with T2D into dif-
ferent risk groups based on individual factors
such as atherosclerotic CVD, HF, CKD, and
obesity, and recommend that SGLT2i should be
prioritized over GLP-1RA for patients with HF or
CKD [52].

CONCLUSIONS AND PERSPECTIVE

Although SGLT2i were initially only considered
as glucose-lowering agents, the effects of gli-
flozins have expanded far beyond that, thanks
to their pleiotropic metabolic and direct
nephroprotective and cardioprotective effects.
These mechanisms of action of SGLT2i appear
to have little connection with the underlying
disease of T2D, and therefore their cardiorenal
benefits also exist in patients without T2D.
There is no doubt that prevention and treat-
ment in early stages of T2D is more cost-effec-
tive than the management of more advanced
and complicated disease [53]. In light of the
favorable results obtained in the

aforementioned studies, we should consider not
only that we can treat patients with T2D and
comorbidities better, but also that we already
can avoid or delay these complications. Thus,
the assessment of CVD and CKD risk status in
every patient at their first presentation has
become mandatory in order to individualize
therapy according to the clinical status.

There are still some barriers that have pre-
vented the guidelines recommendations from
being translated into practice, such as the mis-
conception that SGLT2is are not safe drugs. For
example, one of the most common adverse
effects is mycotic genital infections, but easy-to-
implement hygienic measures have been shown
to reduce the risk for this complication and
improve compliance with SGLT2i therapy [54].
Moreover, the absolute risk increase in adverse
effects seems to be small and acceptable when it
is contrasted with the benefits [55]. Thus, it is of
particular importance for primary and sec-
ondary care physicians to become familiar and
comfortable with these agents—both their
benefits and side effect profiles—and be willing
to prescribe them. With regard to the generality
of the results of the clinical trials, it should be

Table 3 Relevant guidelines for SGLT2i use in diabetes

Professional
society

SGLT2i in
CVD

SGLT2i in CKD SGLT2i in HF SGLT2i
monotherapy

ADA Yes, with or without

metformin

Yes, based on

glycemic needs

ESC/EASD Yes, or GLP-1

RA

Independently

of HbA1c

Yes, if eGFR is 30

to\ 90 mL/min/1.73 m2

Yes, to lower the risk of

HF hospitalization

Yes, in drug-naı̈ve

patients

Diabetes Canada Priority use of agents with demonstrated CV or renal benefits (SGLT2i or

GLP-1 RA)

Yes, according to

glycemic control

Primary Care

Diabetes Europe

Yes, or GLP-1

RA

First-line with

metformin

Yes, prioritize over GLP-1 RA

First-line with metformin

No

ADA American Diabetes Association, CVD cardiovascular disease, CKD chronic kidney disease, eGFR estimated glomerular
filtration rate, ESC/EASD European Society of Cardiology/European Association for the Study of Diabetes, GLP-1 RA
glucagon-like peptide-1 receptor agonist, HF heart failure, SGLT2i sodium/glucose cotransporter 2 inhibitor
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taken into account that the majority of the
participants were white, so more studies are
needed in other ethnic or racial groups.
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