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Since their introduction as antidiabetic drugs, SGLT2 inhibitors (SGLT2i) have come a long
way, proving to be beneficial on cardiovascular and renal outcomes independently of
diabetes status. The benefits go far beyond glycemic control, and both the cardio- and
nephroprotection are underpinned by diverse mechanisms. From the activation of tubule
glomerular feedback and the consequent reduction in hyperfiltration to the improvement
of hypoxia and oxidative stress in the renal cortex, SGLT2i have also been shown to inhibit
hepcidin and limit podocyte damage. Likewise, they improve cardiac metabolism and
bioenergetics, and reduce necrosis and cardiac fibrosis and the production of adipokines,
cytokines, and epicardial adipose tissue mass. In terms of outcomes, the efficacy has
been demonstrated on blood pressure control, BMI, albuminuria, stroke, heart disease,
and mortality rate due to cardiovascular events. Patients with chronic kidney disease and
proteinuria, with or without diabetes, treated with some SGLT2i have a reduced risk of
progression. The analysis of subgroups of individuals with specific diseases such as IgA
nephropathy has confirmed this solid effect on renal outcomes. Given these overarching
activities on such a broad pathophysiological background and the favorable safety profile
that goes with the use of SGLT2i, it is now certain that they are changing our approach to
clinical interventions for important outcomes with an impressive impact.
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INTRODUCTION

Diabetic kidney disease (DKD) is a microvascular complication
associated with at least 30% of the diabetes cases worldwide and a
well-established leading cause of chronic kidney diseases (CKDs)
and the end-stage renal disease (ESRD) (1).

DKD is a global burden, and in 2012, its mortality rose by
94% (2). DKD risk factors can be classified into three major
categories: susceptibility risk factors (such as age, sex, family
history, ethnicity), initiation factors (such as hyperglycemia), and
progression factors (such as hypertension, diet, obesity) (3).

DKD is associated with numerous structural alterations in the
kidney, as reported by different authors. Most common
structural alterations include an increased thickness in different
kidney compartments, such as glomerular, capillary, tubular, and
basement membrane (4–6). Moreover, the pathophysiology of
DKD consists of different critical metabolic changes, which
promote inflammation and fibrosis. These changes include
hyper aminoacidemia, glomerular hyperfiltration, glomerular
hyper infusion, and hyperglycemia (7–9).

Diagnosis of DKD is mostly clinical but also includes the
measurement of eGFR and albuminuria. In fact, during DKD,
blood tests for kidney function result in a persistent high urinary
albumin/creatinine ratio (≥30 mg/g) and a reduction in eGFR
(<60 ml/min per 1.73 m2) (10). However, Klessens et al.
conducted a study, which revealed that both proteinuria and a
reduced eGFR failed in the DKD diagnosis (11).

Unfortunately, long-term therapies aimed at glycemic control
are not sufficient to reduce the DKD risk. Nowadays, new
therapeutic strategies aim to reduce glomerular hyperfiltration,
inflammation, and fibrosis (12–15). Sodium-glucose
cotransporters type 2 inhibitors (SGLT2i) have been suggested
as a novel, insulin-independent therapeutic approach for
managing T2DM (16).
RENAL SODIUM-GLUCOSE
COTRANSPORTERS AND
THEIR INHIBITION

The kidney plays an important role in the maintenance of glucose
homeostasis. In fact, it is involved in gluconeogenesis and glucose
reabsorption at the glomerular level. Glucose is a polar molecule,
able to cross the cell membrane from the lumen to the tubule
through an active transport mediated by two sodium/glucose
carriers, called SGLT2 and SGLT1. SGLT2 is located in the first
segment of the proximal tubule, and it is responsible for the
reabsorption of 90% of the filtered glucose. On the contrary,
SGLT1 is located in the third segment of the proximal tubule, and
it is responsible for the reabsorption of the remaining 10%. The
filtered glucose is totally reabsorbed into the tubule, reaching a
maximal reabsorption threshold corresponding to 180–200 mg/dl
of blood glucose (17–19).

When the blood glucose levels are above the threshold, the
system capacity will be exceeded, and glucose in the urine will be
observed (20).
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In diabetic patients, in a condition of hyperglycemia, the
amount of glucose filtering into the glomerulus is enhanced,
leading to a condition called glomerular hyperfiltration (21).

Glomerular hyperfiltration consists of an alteration of the
early stages of the CKD in both T2DM and T1DM (22).
However, glomerular hyperfiltration is not always the leading
cause of DKD (23). SGLT2i belong to the gliflozins class and had
initially been developed to improve glycemic compensation in
T2DM patients. In the last years, the rationale for using this class
of drugs has changed due to the emerging favorable effects on
cardiovascular (CV) and kidney outcomes (24).

SGLT2i mechanism of action is insulin independent (25–28)
and acts by blocking the filtered glucose reabsorption and
increasing urinary glucose excretion (29–31).

SGLT2i can be administered as monotherapy or in
combination with other classes of glucose-lowering drugs (16).

So far, numerous SGLT2i have been studied. To date, the
available formulations are classified according to their selectivity
for the SGLT2/1 transporters. Selective compounds include
dapagliflozin, empagliflozin, and ertugliflozin, which are
involved in the exclusive inhibition of the SGLT2 transporter.
On the other hand, canagliflozin and sotagliflozin present an
inhibitory effect even on SGLT1 (32). To date, four different oral
formulations have been approved in the US and many more
regions, including European Union (EU) and Japan for daily
administration [alone or in combination with metformin or
dipeptidyl peptidase 4 (DPP4)] (Table 1) (24).
TABLE 1 | SGLT2i approved by the European Medicines Agency.

Drug Association Commercial name Dosage

Empaglifozin / Jardiance© 10 mg
25 mg

Metformin Synjardy© 5 mg + 850 mg
12.5 + 850 mg
5 + 1,000 mg
12.5 + 850 mg

Linagliptin Glyxambi© 10 mg + 5 mg
25 mg + 5 mg

Canaglifozin / Invokana© 100 mg
Metformin Vokanamet© 50 + 850 mg

150 + 1,000 mg
50 + 1,000 mg
150 + 850 mg

Dapaglifozin / Forxiga© 10 mg
Metformin Xigduo© 5 + 850 mg

5 + 1000 mg
Saxagliptin Qtem© 5 mg + 10 mg

Ertugliflozin / Steglatro© 5 mg
15 mg

Metformin Segluromet© 2.5 mg + 850 mg
2.5 mg + 1,000
mg
7.5 mg + 850 mg
7.5 mg + 1,000
mg

Sitagliptin Steglujan© 5 mg + 100 mg
15 mg + 100 mg
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Various registrative trials have been conducted to evaluate the
safety of these molecules. Interestingly, they demonstrated to be
not only safe but also able to significantly reduce major CV
events, hospitalizations, and the exitus due to CV events (24).

Three clinical trials have been conducted to evaluate the CV
safety of SGLT2i: EMPA-REG OUTCOME, CANVAS, and
DECLARE TIMI 58. In total, 34,322 patients were included. The
EMPA-REG OUTCOME enrolled patients with 0% of multiple
risk factors and 100% previous CV event, while this proportion
rose in the CANVAS program (34%) and in the DECLARE TIMI
58 (59%). Diabetic patients with a glomerular filtration rate (GFR)
<60 ml/min/1.73 m2 (25.9% in the EMPA-REG OUTCOME,
20.1% in the CANVAS program and 7.4% in the DECLARE
TIMI 58) have been recruited. In particular, the EMPA-REG
OUTCOME included CV benefits in patients with a GFR of 30–
60 ml/min/1.73 m2. Results showed that patients treated with
SGLT2i presented a reduced risk of CV events than the placebo
group. In particular, SGLT2i reduced the establishment of major
CV events by 11%, as well as the CV death and hospitalizations
(33). The relative risk reduction ranged between 27% and 35% (34).
Moreover, some benefits for the kidney have been registered (33).

These results encouraged new retrospective studies and new
clinical trials to evaluate the protective effect of SGLT2i on the
kidney. In particular, Toyama et al. conducted a metanalysis
including 27 studies and 7,363 diabetic patients. SGLT2i
demonstrated to be involved in the improvement of numerous
outcomes, such as blood pressure control, BMI and albuminuria
reduction, CV risk reduction, stroke, and heart disease reduction,
as well as a decrease in the mortality rate due to CV events.
Moreover, SGLT2i were safe and well tolerated (35).

The DAPA CKD study confirmed the efficacy of dapagliflozin
to reduce the risk of sustained decline in the eGFR with a hazard
ratio of 0.56 (95% CI, 0.45 to 0.68; p < 0.001), end-stage kidney
disease, and death from renal or cardiovascular causes in a broad
population, regardless of the presence or absence of diabetes (36).
SGLT2I NEPHROPROTECTION

Current evidence suggests that numerous mechanisms can
contribute to establishing kidney protection by SGLT2i. These
mechanisms can be direct or indirect, as well as local or systemic.
The first mechanism consists of glycemic control. In fact, SGLT2i
promote glucose elimination with urine, but they also improve
the use of glucose in the liver and reduce insulin resistance at the
muscle level (37, 38). To evaluate this aspect, numerous studies
have been conducted. In 2013, Vasilakou et al. conducted a
systematic review and meta-analysis to assess the efficacy and
safety of SGLT2i in adults with T2DM. Results demonstrated a
reduction of HBA1c of 0.66% in patients with T2DM (39).

Moreover, Heerspink et al. reported that GFR decline was
slowed down and that the proteinuria was reduced in T2DM
patients treated with SGLT2i (40).

Overall, these data suggest that improved glycemic
compensation certainly contributes but cannot alone explain
the effectiveness of SGLT2i in kidney protection. These
Frontiers in Nephrology | www.frontiersin.org 3
elements support the multifactorial nature of nephroprotection
from SGLT2i, but, on the other hand, it opens new horizons on
the possible effectiveness of these molecules in non-diabetic
kidney disease. Table 2 shows the main clinical studies
conducted with SGLT2i, which have revealed pleiotropic effects
of great interest in terms of kidney protection. Due to the limited
correlation between clinical benefits from SGLT2i and glycemic
control, the most recent work shows growing attention to the
favorable effects of gliflozins even in the absence of DM.

Furthermore, SGLT2i are characterized by various systemic
mechanisms involved in kidney protection and are unrelated to
glycemic control. In fact, SGLT2i can contribute to the weight
and BMI reduction (44, 48) since the first dose (49).

SGLT2i can modulate the activation of the tubuloglomerular
feedback through the increase in sodium delivery to the macula
densa. This reduces the afferent arteriole vasodilatation,
glomerular hypertension and the subsequent albuminuria (50).
SGLT2i could also exert, by glycosuria, a diuretic osmotic effect
(51–53) without inducing renin–angiotensin system activation.
On the contrary, the increased delivery of sodium at the level of
macula densa is associated with the activation of tubule-
glomerular feedback and the consequent vasoconstriction of
the glomerular afferent arteriole and the reduction of renin
activity (54). In addition, the increased elimination of sodium
and water acts in the blood pressure control and the cardiac load
reduction (55). The mechanisms involved in the blood pressure
reduction include the diuretic action (56), as well as the
bodyweight and total sodium reduction (57). The reduction in
the stiffness of the blood vessels might also play a role (58).

Several hypotheses have been postulated to explain the
cardioprotective role of SGLT2i. Firstly, SGLT2i might induce
a reduction in preloading and after loading conditions through
the osmotic diuresis, reducing blood pressure and improving CV
function. Other mechanisms might involve the improvement of
cardiac metabolism and bioenergetics, the inhibition of the
myocardial Na+/H+ exchange, the reduction of necrosis and
cardiac fibrosis, and the alteration in the production of
adipokines, cytokines, and epicardial adipose tissue mass (51).

Moreover, according to some animal model studies, SGLT2i
might also play an anti-inflammatory role. In fact, SGLT2i
demonstrated to be involved in reducing inflammatory
markers production in the kidney (59). Finally, other favorable
effects have been hypothesized at the cardiac level (51). SGLT2i
could improve the myocardial energetics by increasing
hematocrit (60) and oxygen delivery as well as the changes of
energetic substrates (61). In fact, SGLT2i are able to fix the
imbalance between oxygen demand and oxygen supply that is
commonly seen in diabetic patients.

The increase in hematocrit may be due to EPO upregulation
induced by intensified hypoxia at the renal cortico-medullary
junction (62). In addition, the inhibition of hepcidin by SGLT2i
may increase iron bioavailability and utilization (63).

There is evidence that SGLT2i limits podocyte damage (64),
and the efficacy in glomerulonephritis is becoming apparent, as
dapagliflozin has been shown to reduce the risk of CKD
progression in patients with IgA nephropathy (65).
April 2022 | Volume 2 | Article 867075
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The most important beneficial effects of SGLT2i are reported
in Table 3.

In summary, SGLT2i seem to act on multiple systemic
aspects, known CV risk factors, and CKD development and
progression. Similarly, the local mechanisms underlying
nephroprotection also appear to be manifold. De Nicola et al.
have suggested that SGLT2i can counteract glomerular
hyperfiltration, regardless of the hypoglycemic effect, while
having benefits related to albuminuria, inflammation, and
Frontiers in Nephrology | www.frontiersin.org 4
nephromegaly secondary to the improvement of glycemic
control (66). The effects of SGLT2i will certainly be
investigated in depth in large cohorts of patients now that
FDA and EMA have granted the approval of dapagliflozin to
reduce the risk of kidney function decline, kidney failure,
cardiovascular death, and hospitalization for heart failure in
adults with CKD (67).
SGLT2I KIDNEY PROTECTION AND
CARDIOVASCULAR OUTCOMES
IN TYPE 2 DIABETES

As confirmed by a lot of evidence mentioned above, patients with
T2DM present a high risk for heart failure, ischemic events, and
CKD (24, 47).

The EMPAREG OUTCOME trial evaluated the effects of
empagliflozin on CV mortality and morbidity in T2DM patients
at high CV risk. Patients were randomized to receive
empagliflozin or placebo once daily. This trial suggested that
T2DM at high CV risk and treated with empagliflozin had a
lower rate of primary outcomes than the placebo group (68).

Two years later, the CANVAS program integrated the data of
10,142 T2DM patients at high CV risk. Patients were
randomized to receive canagliflozin or placebo. After a mean
period of 188.2 weeks, primary outcomes were analyzed. Results
showed that patients treated with canagliflozin presented a lower
TABLE 2 | Main clinical studies involving SGLT2i.

Trial Type of
Study

Population Drug Main results

EMPAREG
OUTCOME

Trial 7,020 patients with T2DM Empaglifozin ↓ CV-related death↓hospitalization↓ death for any cause

CANVAS Trial 10,142 patients with T2DM and high CV
risk

Canaglifozin ↓ composite endpoint CV death, non-fatal myocardial infarction or
stroke

CREDENCE Trial 4,401 patients with T2DM, CKD, and
microalbuminuria

Canaglifozin ↓ kidney composite endpoint↓ ESKD, GFR decline, albuminuria↓
hospitalization↓ composite endpoint CV death, non-fatal myocardial
infarction or stroke.

Yagi et al. (41) Observational 13 patients with con T2DM Canaglifozin ↓ pericardial fat
Sato et al. (42) Observational 40 patients with T2DM and coronopathy Dapagliflozin ↓ pericardial fat, body weight, tumor necrosis factor alpha (TNF-a),

plasminogen activator inhibitor type 1 (PAI-1)
Bouchi et al. (43) Pilot 19 patients with T2DM Luseogliflozin ↓ pericardial fat, body weight, BMI, blood pressure, triglycerides,

RCP
Heerspink et al. (40)
Blonde et al. (44)

Trial 1,450 patients with T2DM Canaglifozin ↓ GFR decline↓albuminuria in patients with microalbuminuria and
macroalbuminuria↓ BMI, body weight

McGurnaghan et al.
(45)

Observational 8,566 pz con DM2 Dapagliflozin ↓ body weight BMI, blood pressure

Kario et al. (46) Trial 132 patients with T2DM and hypertension Empaglifozin ↓ blood pressure, body weight
Solini et al. (47) Trial 40 patients with T2DM Dapagliflozin ↓ blood vessels stiffness
DAPA-HF Trial 4,744 patients with heart failure with and

without T2DM
Dapagliflozin ↓ worsening heart failure or CV death with and without T2DM

DAPA-CKD Trial 4,245 patients with CKD and
microalbuminuria, with and without T2DM

Dapagliflozin ↓ composite endpoint of eGFR decline ≥50%, ESKD and CV or
renal death

DECLARE TIMI-58 Trial 17,160 patients with T2DM and patients
con DM2, high-risk or with atherosclerotic
vasculopathy

Dapagliflozin ↓ composite endpoint CV death↓ hospitalization for heart failure

VERTIS Trial 8,246 patients with T2D and established
atherosclerotic cardiovascular disease

Ertugliflozin Noninferior for CV, trends beneficial effect on renal outcomes
[Adapted from Costanza, 2020 (24)] ↓: reduction.
TABLE 3 | Most important beneficial effects of SGLT2i.

Most important beneficial effects of SGLT2i

Increased glycemic control
Reduction of afferent arteriole vasodilatation
Reduction of glomerular hypertension
Reduction of albuminuria
Increase of Na elimination
Reduction of blood pressure
Increased hematocrit and oxygen delivery
Reduction of preloading and after-loading condition
Reduction of myocardial Na/H exchange
Increased cardiac metabolism
Reduction of epicardial adipose tissue mass
Reduction of necrosis and cardiac fibrosis
Reduction of epicardial adipose tissue mass
Decrease in production of adipokines and cytokines
Weight loss
BMI reduction
Anti-inflammatory activity
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risk of CV events compared to the ones receiving placebo.
However, the amputation rate was higher in the treatment
group, but the reason is not yet fully understood (69).

The DECLARE TIMI 58 trial conducted by Wiviott et al.
evaluated the CV efficacy of dapagliflozin in patients with T2DM
at risk for atherosclerotic cardiovascular diseases. Participants
were randomized to receive dapagliflozin or placebo. The
primary outcome was a composite of major CV events (MACE)
and death or hospitalization for heart failure. Secondary outcomes
were a renal composite (which included ≥40% decrease in eGFR to
<60 ml/min per 1.73 m2 of body surface area, new end-stage renal
disease, or death from renal or CV causes) and death from any
cause. Results from the study highlighted a lower rate of CV death
or hospitalization for heart failure and renal outcome in patients
treated compared to the ones treated with placebo (70). The renal
outcome described in the DECLARE TIMI 58 study was not
included in the original protocol so, even though encouraging,
these results need to be confirmed.

Moreover, pericardial fat is involved in the establishment of
coronary artery disease, especially as a concurrent condition
during DM2 and obesity (42). In 2018, Sato et al. evaluated the
relationship between SGLT2i and pericardial fat in 40 T2DM
patients. Results showed a decrease in the pericardial fat volume,
potentially caused by the improvement of systemic metabolic
parameters due to the SGLT2i treatment (42). Promising results
have been obtained with luseogliflozin (43).

In 2019, Perkovic et al. published the results collected from
the CREDENCE study, a double-blind, randomized trial aimed
to evaluate the efficacy of canagliflozin in the CV and renal
protection in T2DM patients. All patients were treated with
renin–angiotensin system (RAS) blockage and presented both
albuminuria and an eGFR of 30 to <90 ml/min per 1.73 m2 of
body surface area. As a result, in T2DM patients affected by
kidney disease, the CV and kidney failure risk were lower in the
treatment group compared to the placebo one. The median study
follow-up was 2.62 years (71).

In 2020, Bhatt et al. conducted a study to evaluate the effects
of sotagliflozin on CV and renal events in patients with T2DM
and moderate renal impairment (SCORED). The trial aimed to
verify whether sotagliflozin was non-inferior to placebo in terms
of heart failure events. SCORED was a multicenter, double-blind
trial that enrolled T2DM patients with chronic kidney disease
and CV risk. Patients were randomized 1:1 to receive
sotagliflozin or placebo. Due to a loss of funding, the trial
ended up early. However, results showed that sotagliflozin was
able to reduce the risk of death for CV causes, in patients with
diabetes and chronic kidney disease, with or without
albuminuria (47).

Interestingly, SGLT2i might change CV biomarkers in
patients with CKD and T2DM. Lawler et al. performed a post
hoc analysis among 231 participants from the eValuation of
ERTugliflozin efficacy and Safety (VERTIS) renal trial affected by
T2DM and stage 3 CKD. Patients were randomized 1:1 to receive
ertugliflozin 5 or 15 mg daily or placebo. Clinical biomarkers
have been measured at three time points: baseline, 26 weeks, and
52 weeks. The analysis included cardiac troponin, renin,
Frontiers in Nephrology | www.frontiersin.org 5
N-terminal pro-B-type natriuretic peptide (NT-proBNP), atrial
natriuretic peptide (ANP), human erythropoietin (EPO), ACE,
ACE2, and aldosterone. Results showed that plasma aldosterone
was significantly higher at 26 weeks in patients treated with
ertugliflozin. However, the effect was no longer significant at
52 weeks.

On the contrary, NT-proBNP concentration was lower in
patients treated with ertugliflozin at 26 and 52 weeks. Finally, the
treatment with ertugliflozin did not cause any significant changes
in cardiac troponin, EPO, ACE, ACE2, HbA1c, potassium, blood
pressure, and eGFR. This study showed that the effects of
ertugliflozin are maintained even in patients with moderate
CKD (72). In VERTIS-CV, patients with T2D and micro- or
macroalbuminuria were likely to benefit from HF risk reduction
with an SGLT2i (73).

Recently, the EMPEROR-REDUCED trial aimed to evaluate
the effects of SGLT2 inhibition with empagliflozin on major
heart failure outcomes in patients with heart failure and a
preserved ejection fraction. Results showed that a CV event
occurred in 13.8% of the patients treated with empagliflozin
and in 17.1% of patients included in the placebo group (hazard
ratio, 0.79; 95% confidence interval [CI], 0.69 to 0.90; p < 0.001),
regardless of the presence of diabetes. Moreover, the total
number of hospitalizations for heart failure was lower in the
treatment group compared to the placebo group (hazard ratio,
0.73; 95% CI, 0.61 to 0.88; p < 0.001) (74).
SGLT2I KIDNEY OUTCOMES IN
NON-DIABETIC PATIENTS

Because of the benefits demonstrated in renal and CV protection,
SGLT2i are likely to be incorporated as part of the guideline-
directed medical therapy (GDMT) (75).

Several clinical studies have evaluated kidney outcomes in
non-diabetic patients with and without heart failure.

Recently, two trials have tested dapagliflozin and
empagliflozin in a population of patients affected by heart
failure with reduced ejection fraction (HFrEF). In both trials,
patients were in stable clinical conditions, with an NYHA class
mainly between II and III, LVEF ≤ 40%, high levels of NT-
proBNP, and recommended medical therapy. In both trials,
patients with and without diabetes were enrolled and, among
secondary endpoints, kidney outcomes were evaluated.

In DAPA HF, which enrolled 4,744 patients, during a median
follow-up of 18 months, dapagliflozin (10 mg once daily),
compared with placebo, significantly reduced the primary
combined endpoint (76), i .e . , cardiovascular death,
hospitalization, or urgent visit for heart failure [16.3 vs. 21.2%,
HR: 0.74 (95% CI: 0.65–0.85); p < 0.001]. Analogously, in
EMPEROR-reduced (77), during a median follow-up of 16
months, empagliflozin (10 mg/daily) when compared with
placebo significantly reduced the primary endpoint, i.e., CV
deaths and heart failure hospitalizations [15.8 vs. 21%, HR:
0.75 (95% CI: 0.65–0.86); p < 0.001]. The favorable effect was
mainly driven by the reduction of heart failure hospitalization
April 2022 | Volume 2 | Article 867075
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(13.2 vs. 18.3%; HR: 0.69; 95% CI: 0.59 to 0.81), whereas no
significant reduction was observed when CV death (10% vs.
10.8% HR 0.92; 95% CI: 0.75 to 1.12) and death for all causes
were analyzed. In both DAPA-HF and EMPEROR-reduced, the
favorable effects of SGLT2i were significant in diabetic as well as
in non-diabetic patients (78).

Interestingly, in EMPEROR-reduced but not in DAPA-HF, a
significantly slower decline of GFR was observed [mean slope of
change in eGFR (ml/min/1.73 m2) per year: absolute difference
1.73 (95% CI: 1.10–2.37); p < 0.001]. This could be due to the
lower baseline eGFR in the EMPEROR-reduced trial
population (78).

In general, it is known that SGLT2i can decrease albuminuria
and the risk of kidney disease progression in TD2M patients.
However, Cherney et al. conducted the DIAMOND study, a
randomized, double-blind, placebo-controlled, crossover trial,
with the aim to evaluate the kidney effects of dapagliflozin in
patients with proteinuria but without DM. Participants were
enrolled among six hospitals in Canada, Malaysia, and
Netherlands. Baseline characteristics included CKD, no DM
diagnosis, a 24-h urinary protein excretion between >500 but
≤3500 mg, and an eGFR of at least 25 ml/min per 1.73 m2. All the
participants were on stable renin–angiotensin system
blockade (79).

Participants were randomized to firstly receive dapagliflozin
10 mg/once daily and then placebo, or vice versa, according to a
1:1 ratio. Each treatment lasted 6 weeks with a 6-week washout.
The primary outcome was the change in the 24-h proteinuria,
while secondary outcomes were changes in the measured GF
(mGF), body weight, blood pressure, and the concentration of
neurohormonal biomarkers (79).

Results showed that 6-week treatment with dapagliflozin did
not affect proteinuria but induced a decline in mGFR and a
bodyweight reduction in patients with CKD but without
DM (79).

Notably, a large trial (DAPA-CKD), stopped early due to data
showing benefits, has shown that the use of dapagliflozin in
patients with CKD, with and without type 2 diabetes, was
associated with less progression of CKD, renal mortality, and
all-cause mortality. As mentioned above, the primary outcome
was a composite of a sustained decline in the estimated GFR of at
least 50%, end-stage kidney disease, or death from renal or
cardiovascular causes. The primary outcome event occurred in
9.2% of patients treated with dapagliflozin and 14.5% of patients
treated with placebo (hazard ratio, 0.61). Moreover, the hazard
ratio for the composite of a sustained decline in the estimated
GFR of at least 50%, end-stage kidney disease, or death from
renal causes was 0.56, and the one for the composite of death
from cardiovascular causes or hospitalization for heart failure
was 0.71. Finally, 4.7% of the participants in the treatment group
and 6.8% of the patients in the control group died. It is worth
mentioning that all patients received ACE inhibitor/ARB and
presented albuminuria. Thus, generalization to further categories
of patients is needed. Nonetheless, this indication covers a broad
range of patients with impaired kidney function and proteinuria,
including patients with non-diabetic CKD (36).
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SGLT2I AND OTHER BENEFITS:
FOCUS ON THE LIVER AND
RESPIRATORY FAILURE IN COVID-19

As reported above, SGLT2i showed numerous beneficial effects
in different body locations, which extend beyond glycemic
control. These beneficial effects include a reduction in body
weight and blood pressure, and an improvement in uric acid
concentration, oxidative stress, inflammation, and liver
steatosis (80).

Also, dapagliflozin has been investigated to evaluate organ
protection in high-risk patients affected by COVID-19 (81, 82).
In fact, it has been hypothesized that dapagliflozin may reduce
the risk of multi-organ failure and death and improve recovery in
patients hospitalized with COVID-19 and have cardiometabolic
risk factors (81).

In 2020, Akuta et al. conducted a retrospective study among 7
Japanese patients with non-alcoholic fatty liver disease (NAFLD)
and T2DM receiving long-term treatment with canagliflozin
(100 mg/day). The study aimed to determine the long-term
effects of SGLT2i in NAFLD patients in the clinical outcomes
and the liver histopathology (83).

During the study, liver biopsies were collected at the
beginning of the trial, after 24 weeks, and after more than 1
year. As a result, the treatment with SGLT2i improved the scores
of steatoses, lobular inflammation, ballooning, and fibrosis (83).

In 2020, the COVID-19 pandemic challenged the global
health system since SARS-CoV-2 may lead to the development
of severe pneumonia and may cause multiorgan failure.
Cardiovascular and kidney complications are the most
common, leading to poor outcomes, including death (82).

Since the important benefits showed by dapagliflozin in the
cardio- and renal protection in patients with T2DM, the DARE-
19 trial has been conducted. The study aimed to evaluate the
organ protection provided by dapagliflozin in high-risk patients
affected by COVID-19. DARE-19 was an international,
multicenter, randomized, double-blind, placebo-control study,
which involved hospitalized patients among the US, Brazil,
Mexico, Argentina, India, Canada, and UK (81). Inclusion
criteria included hospitalization with confirmed/suspected
SARS-CoV-2 for ≤4 days, an O2 saturation of ≥94% on ≤5 L/
min, a CXR finding c/w COVID-19, and ≥1 risk factor (HTN,
Type 2 Diabetes, ASCVD, HF, and CKD). Primary endpoints
consisted of preventing respiratory, cardiovascular, renal, or
death events and the recovery in terms of hospitalization and
clinical status in case of organ failure.

In this study, after the initial screening to confirm the
COVID-19 diagnosis, patients were treated with dapagliflozin
10 mg or placebo once daily for 30 days, in addition to the local
standard therapy. All patients had daily assessments until
hospital discharge, death, or end of the 30-day treatment
period, followed by a 60-day observational follow-up (82).

Results showed that organ dysfunction or death occurred in
11.2% of the patients treated with dapagliflozin and 13.8% of the
patients included in the placebo group (hazard ratio 0.80).
Moreover, 87.5% of the patients in the dapagliflozin group and
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85.1% in the placebo group showed clinical status
improvement (82).

In conclusion, the study showed that numerically fewer
patients treated with dapagliflozin experienced organ failure
and death and that dapagliflozin was well-tolerated, allowing
the use of SGLT2i even in a setting of COVID-19 (82).
SGLT2I SAFETY PROFILE AND
ADVERSE EVENTS

SGLT2i are generally well tolerated (84). Table 4 summarizes
tolerability in the four main trials. SGLT2i present a low risk of
hypoglycemia, a very fearsome and non-infrequent adverse event
with some classes of hypoglycemic drugs, especially in people
with diabetes with CKD (85). The reason could be the reduction
of blood glucose levels by SGLT2i, which is closely linked to the
amount of glucose filtered. The glucose load that goes into the
pre-urine at the glomerular level depends on blood glucose and
GFR. Thus, modest glycosuria is expected, as well as a milder
hypoglycemic action in subjects with better glycemic
compensation and impaired kidney function.

Urinary tract infections (UTIs) are a common side effect
among SGLT2i, and they are frequently observed during
treatments with other glycosuric drugs (86). In 2015, the US
Food and Drug Administration (FDA) issued a notice reporting
19 cases of UTI and pyelonephritis (87). Similarly, the EMA
indicated UTIs as a common adverse effect. In fact, clinical trials
reported conflicting data: EMPA-REG OUTCOME, CANVAS,
and DECLARE TIMI-58 did not show a significant difference in
risk of UTIs compared to placebo, while in the CREDENCE
canagliflozin study, it was associated with a 3-times increased
risk (68–71). Moreover, a recent metanalysis that included 86
randomized clinical trials and over 50,000 subjects highlighted
that SGLT2i, in relation to the risk of UTIs, are comparable to
other hypoglycemic drugs (GLP-1 agonists and DDP-4
inhibitors). Compared to the placebo, canagliflozin and
empagliflozin were not associated with an increased risk, while
dapagliflozin showed a relative risk of 1.23 (95% CI, 1.03–1.46).
In fact, secondary analyses revealed that dapagliflozin increased
the risk of UTIs only at the dosage of 10 mg/day, thus outlining a
dose-dependent side effect (88). According to the current
evidence, the problem of UTIs is significantly reduced
compared to the past. This reduction leads to several
implications in clinical practice. Since DM itself is a risk factor
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for UTIs and their evolution is more frequently unfavorable than
in non-diabetic patients (89), the fear of such adverse events and
any complications could lead the clinician to significantly limit
the prescription of SGLT2i. Many people with diabetes would
not enjoy the cardiovascular and kidney benefits in this scenario.
Realistically, further studies on populations with independent
risk factors for UTIs, such as advanced age and CKD, will better
clarify the safety profile of these molecules. On the other hand,
educating patients to take care of personal hygiene and
recognizing the suggestive symptomatology of UTIs can
represent very useful interventions for prevention and
prognosis (24).

Genital infections are mostly related to increased urinary
glucose excretion (86). The EMPAREG OUTCOME, CANVAS,
DECLARE TIMI-58, and CREDENCE trials agreed on increased
risk from SGLT2i compared to placebo. In these trials, genital
infections were between 4 and 9 times more frequent, although
the number of events recorded was limited (68–71).

Fournier’s gangrene is a severe necrotizing infection of the
external genitals and perineum that often requires a complex
surgical approach, with a fatal prognosis in 7.5% of patients.
Since their approval, several authors have reported cases of
Fournier gangrene in subjects treated with SGLT2i (90).
However, DECLARE TIMI-58, the only trial designed to assess
the impact of Fournier’s gangrene, showed a reduced risk with
dapagliflozin compared to placebo (70).

Surprisingly, in the CANVAS study, canagliflozin was
associated with a double risk of foot and leg amputations (69).
Volume depletion and increased blood viscosity have been
postulated as possible responsible mechanisms. The known
risk factors were the previous history of amputations,
peripheral vascular disease, and neuropathy. According to the
EMA request, the DECLARE TIMI-58 study collected the
amputation data and concluded that there was no statistically
significant difference in dapagliflozin compared to placebo (70).
The increased risk has not been confirmed even in the
CREDENCE, DAPA-HF, and OBSERVE-4D studies, an
observational study that involved over 700,000 patients treated
with the different SGLT2i (71, 75, 91).

During the CANVAS study, an increased risk of non-
vertebral fractures, mainly of the limbs, emerged with
canagliflozin already after 3 months of treatment. This result
has not been confirmed in CANVAS-R or in DECLARE TIMI-58
(69, 70). Following retrospective studies have reported a very low
or absent risk of fractures, comparable to other hypoglycemics
TABLE 4 | Tolerability of SGLT2i across the main trials.

EMPAREG OUTCOME CANVAS DECLARE-TIMI 58 CREDENCE DAPA HF DAPA CKD VERTIS

Hypoglycemia - - - - - - -
Urinary infections - - - - - - -
Genital infection + + + + - - +
Amputations - + - - - - -
Fractures - + - - - - -
Diabetic ketoacidosis - + + + - - +
AKI - - - - - - -
April 2022 |
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such as GLP-1 agonists and DDP-4 inhibitors, in low-risk
populations (92).

The scientific literature agrees on the increased risk of diabetic
ketoacidosis associated with treatment with SGLT2i. However, a
small number of events have been reported (24).

Moreover, some potential deleterious events on kidney
function have been reported, such as the SGLT2i impact on
electrolyte balance in exposed subjects (93).

In conclusion, SGLT2i showed a good safety profile. The
knowledge of possible adverse events must guide the clinician in
identifying those at increased risk and, where possible, intervene
on modifiable risk factors, educate the patient to implement
effective prevention, and ensure adequate follow-up for the early
identification of side effect (24).
SGLT2I: CURRENT GUIDELINES
AND RECOMMENDATIONS

According to the growing evidence that highlights the benefits of
SGLT2i, various scientific societies have gradually updated
guidelines and acts of direction, progressively expanding the
indications of using these molecules. According to the new
Standards of Medical Care in Diabetes 2021 of the American
Diabetes Association (ADA), metformin remains the first-line
therapy in the diabetic subject, also nephropathic, without
prejudice to conditions of intolerance or adverse reactions and
for GFR > 30 ml/min/1.73 m2.

Nowadays, SGLT2i are also indicated in subjects where
metformin has earned a good glycometabolic compensation,
therefore even when HbA1c is targeted. In addition, whereas
previously, the use of these molecules was recommended in the
presence of heart failure, chronic kidney disease, and/or
atherosclerotic vasculopathy, the existence of CV risk factors
that pose a high risk is now sufficient. In people with diabetes
with CKD, SGLT2i are preferred to GLP-1 agonists due to
stronger evidence in terms of slowing the decline of GFR. In
fact, GLP-1 agonists have reduced albuminuria and the risk of
composite renal endpoints, while the effects on GFR are
controversial (94, 95).

Since the CV and renal benefits from SGLT2i are only to a
small extent attributable to the improvement of blood glucose
control, it has been hypothesized that even non-diabetic subjects
with CV pathology and/or MRC can benefit from this
therapy (96).

In parallel with DAPA-HF, DAPA-CKD was a randomized,
double-blind, placebo-controlled trial that also recruited diabetic
and non-diabetic patients, as mentioned above. Arguably,
obesity-induced CKD, which recognizes glomerular
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hyperfiltration as one of the main pathogenic factors, could
benefit from the use of SGLT2i (97, 98).

In this direction, DAPA-HF was the first trial with SGLT2i to
recruit non-diabetic subjects as well, assessing the effectiveness of
dapagliflozin in the treatment of heart failure, in addition to the
standard of care. Dapagliflozin emerged as a powerful therapy,
with an excellent safety profile and a great efficacy even in
subjects without DM (75). According to these results and those
of the EMPEROR-reduced trial, the ESC Guidelines of the
European Society of Cardiology for Heart Failure 2021 include
SGLT2i as recommended therapy for patients with HFrEF (98).

Based on the currently available data, SGLT2i show important
benefits at the socio-health and pharmacoeconomic levels. In
fact, although their cost is higher compared to other
hypoglycemics, the advantages are greater (24).
CONCLUSIONS

Despite current measures against DM, the residual risk of ESKD,
CV morbidity, and mortality remain high. SGLT2i have shown
very promising results on renal outcomes and good safety profile.
Therapeutic efficacy, tolerability, and costs support the broad use
of these drugs in the diabetic population. In addition, SGLT2i
can be widely used even in non-diabetic patients, and patients
with risk factors and/or CV disease, nephropathy to different
etiopathogenesis, and up to the more advanced stages of CKD.
Of course, the evidence in CKD patients is still relatively limited
and additional data are needed to draw a robust conclusion.

Further studies are needed to clarify any differences between
different SGLT2i in CKD and between the different phenotypes
(albuminuric and non-albuminuric). The SGLT2i represent another
challenge to create an integrated management model and to apply
therapeutic care diagnostic pathways, which lead to the involvement
of a multidisciplinary team of professionals to ensure the
optimization of the treatment and the follow-up management.
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