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ABSTRACT

The management of type 2 diabetes (T2D)
involves decreasing plasma glucose levels and
reducing cardiovascular and microvascular
complications. Diabetic kidney disease (DKD),
defined as presence of albuminuria, impaired
glomerular filtration, or both, is an insidious
microvascular complication of diabetes that
generates a substantial personal and clinical
burden. The progressive reduction in renal
function and increased albuminuria results in
an increase of cardiovascular events. Thus,
patients with DKD require exhaustive control of
the associated cardiovascular risk factors. People
with diabetes and renal impairment have fewer

options of antidiabetic drugs because of con-
traindications, adverse effects, or altered phar-
macokinetics. Sodium–glucose cotransporter
type 2 inhibitors (SGLT2i) reduce blood glucose
concentrations by blocking the uptake of
sodium and glucose in the proximal tubule and
promoting glycosuria, and these agents now
have an important role in the management of
T2D. The results of several cardiovascular out-
comes trials suggested that SGLT2i are associ-
ated with improvements in renal endpoints in
addition to their reduction in cardiovascular
events and mortality, which represents a major
advance in the care of this population. The
dedicated kidney outcomes trials have con-
firmed the renoprotective action of SGLT2i
across different glomerular filtration and albu-
minuria values, even in patients with non-dia-
betic chronic kidney disease. Notably, this
improvement in kidney function may indirectly
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benefit cardiac function through multifaceted
interorgan cross talk, which can break the car-
diorenal vicious circle linked to T2D. In this
article, we briefly review the different mecha-
nisms of action that may explain the renal
beneficial effects of SGLT2i and disclose the
results of the key renal outcome trials and the
subsequent update of related clinical guidelines.

Keywords: Type 2 diabetes; SGLT2i; Diabetic
kidney disease; Chronic kidney disease;
Cardiorenal continuum; Albuminuria

Key Summary Points

The management of type 2 diabetes (T2D)
involves decreasing plasma glucose levels
and reducing macrovascular and
microvascular complications, including
chronic kidney disease (CKD).

Sodium–glucose cotransporter type 2
inhibitors (SGLT2i) lower blood glucose
concentrations by blocking the uptake of
sodium and glucose in the renal proximal
tubule and promoting glycosuria.

In addition to the metabolic and
cardiovascular benefits, SGLT2i have also
demonstrated renoprotective effects
across different glomerular filtration and
albuminuria values in patients with and
without T2D.

SGLT2i are changing the clinical
management of T2D owing to their renal
and cardiovascular protection. This can
benefit patients with early stages of
disease and also those with established
cardiovascular and/or renal disease, and
even patients without diabetes.

INTRODUCTION

The kidneys are involved in regulating glucose
homeostasis, and glucose reabsorption through

sodium–glucose cotransporters located in the
proximal tubules is one of their tasks [1]. The
management of type 2 diabetes (T2D) involves
decreasing plasma glucose levels and reducing
macrovascular and microvascular complica-
tions, including chronic kidney disease (CKD).
There have been limited treatment options
beyond glycemic control and antihypertensive
agents to slow kidney disease progression in
these patients. In fact, since the development of
renin–angiotensin–aldosterone system (RAAS)
inhibitors, such as angiotensin-converting
enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs), almost 20 years ago,
no new treatments have become available.
Moreover, people with diabetes and CKD may
have fewer options of antidiabetic drugs
because of contraindications, adverse effects, or
altered pharmacokinetics.

Sodium–glucose cotransporter type 2 inhibi-
tors (SGLT2i) are the newest drug class for the
management of hyperglycemia in T2D, as they
lower blood glucose concentrations by blocking
the uptake of sodium and glucose in the prox-
imal tubule and promote glycosuria [2]. In
patients with impaired kidney function, the
filtered glucose load is reduced and their effec-
tiveness may be blunted [3]. Thus, these agents
were initially approved for use as glucose-low-
ering drugs for people with T2D and (nearly)
preserved kidney function. However, the results
of several cardiovascular outcomes trials
(CVOTs) suggested that SGLT2i are associated
with improvements in renal endpoints apart
from their reduction in cardiovascular events
and mortality [4–6], which represents a major
advance in the care of this population. On the
basis of the findings of CVOTs, dedicated kid-
ney outcomes trials (such as DAPA-CKD and
CREDENCE) have been conducted, confirming
the renoprotective benefit of SGLT2i across dif-
ferent glomerular filtration and albuminuria
values [7, 8]. Herein, we briefly review the dif-
ferent mechanisms of action that may explain
the renal beneficial effects of SGLT2i and dis-
close the results of the key renal outcome trials
and the subsequent update of related clinical
guidelines. This article is based on previously
conducted studies and does not contain any
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studies with human participants or animals
performed by any of the authors.

CKD AND T2D: DANCE PARTNERS
IN CV DISEASE

The burden of diabetes and hypertension, both
considered as leading drivers of CKD, has
increased significantly over recent decades.
Diabetic kidney disease (DKD), defined as pres-
ence of albuminuria, impaired glomerular fil-
tration, or both, is an insidious microvascular
complication of diabetes that develops in
approximately 40% of patients with T2D and
accounts for more than 50% of new patients
beginning renal replacement therapy [9, 10].
Apart from genetic susceptibility, the patho-
genic mechanisms that contribute to DKD
involve metabolic, hemodynamic, profibrotic,
and inflammatory factors, which ultimately
lead to the development of end-stage kidney
disease (ESKD) [11]. As per chronic hyper-
glycemia, a classic study that followed patients
with T2D during 11 years demonstrated a strong
association between glycemic control and the
incidence of CKD, regardless previous tradi-
tional risk factors for CKD and even in the
absence of albuminuria and retinopathy [12].
Together with hypertension and hyper-
glycemia, other risk factors for DKD are older
age, early-onset diabetes, and the presence of
albuminuria [13, 14] and diabetic retinopathy
[15].

Patients with DKD may initially exhibit
glomerular hyperfiltration, a process that leads to
a progressive reduction in estimated glomerular
filtration rate (eGFR) and increased albuminuria,
which results in an increase of cardiovascular
events [16]. Despite optimal preventive and
treatment strategies, classically based on lifestyle
modification, reduction of blood glucose levels,
lipid levels, and blood pressure and the use of
RAAS inhibitors, patients with T2D remain at
high risk of developing/worsening renal and car-
diovascular complications [17–19]. According to
the Global Burden of Disease Study 2017, almost
7% of the total cardiovascular disease burden can
be attributed to impaired kidney function [20].

Indeed, patients with DKD seem to concentrate
most of the excess of all-cause and cardiovascular
mortality risk among patients with T2D, with a
sixfold higher risk for mortality associated with
albuminuria and 15-fold higher risk with the
combination of albuminuria and decreased GFR
[21]. Micro- and macroalbuminuria are associated
with higher risks of incident ischemic stroke,
myocardial infarction, and all-cause mortality in
patients with T2D without previous cardiovascu-
lar disease [22], whereas reduction of albuminuria
(owing to better blood pressure or glycemic con-
trol) is associated with significantly less all-cause
mortality [23]. All this evidence indicates that
patients with DKD require exhaustive control of
the associated cardiovascular risk factors and that
albuminuria may be considered as a relevant tar-
get for therapy.

MECHANISMS OF SGLT2i EFFECTS
ON RENAL CONDITION

The characteristic ischemic nephropathy asso-
ciated with T2D is initially provoked by chronic
hyperglycemia. This stimulates SGLT2 expres-
sion and activity leading to an increase in
proximal tubular glucose and sodium reab-
sorption and reduced sodium uptake at the
juxtaglomerular macula densa, blunting the
tubuloglomerular feedback (TGF), and dysregu-
lating vasoactive substances. All these processes
enhance preglomerular dilatation, postglomeru-
lar constriction, intraglomerular capillary pres-
sure, and finally lead to hyperfiltration [24].
SGLT2i can correct TGF/intraglomerular hemo-
dynamics by preventing sodium reabsorption,
which partially explains the renoprotective
effect of these agents. Enhanced natriuresis and
osmotic diuresis contribute to decrease systolic
and diastolic blood pressure by an average of 5
and 2 mmHg, respectively [25], and provoke
contraction in plasma volume, reduced sympa-
thetic tone and arterial stiffness, thus improv-
ing cardiac perfusion [26, 27]. Moreover, the
lower glomerular hyperfiltration translates into
the reduction of albuminuria, contributing to
minimize the progression of kidney disease
[28, 29].
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Apart from the activation of the TGF, other
mechanisms for the beneficial effects of SGLT2i
on kidney function have been proposed
(Table 1): induction of ketone body production
and an elevation in hematocrit concentration,
which can contribute to the beneficial effect of
these agents on cardiovascular outcomes [30];
lowering of serum uric acid concentrations by
inducing renal uric acid excretion [31]; reduc-
tion of inflammatory and fibrotic mediators
induced by hyperglycemia in proximal tubular
cells [32, 33]; stimulation of autophagy, which
is essential for homeostasis of podocytes, tubu-
lar cells, mesangial and glomerular endothelial
cells [34]; and amelioration of renal hypoxia by
decreasing renal oxygen demand and increasing
oxygen supply [35]. Several clinical trials are
ongoing to further explore the impact and
mechanism of action of SGLT2i on renoprotec-
tion (Table 2), and eventually will be able to
identify the subgroups of patients most likely to
benefit from them, even among individuals
with CKD but without diabetes.

BENEFITS OF SGLT2i ON RENAL
FUNCTION BEYOND THEIR
GLYCEMIC CONTROL

The Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evalua-
tion (CREDENCE) was the first dedicated renal
outcomes trial that assessed a primary car-
diorenal composite endpoint in people with
impaired kidney function [7]. The study popu-
lation differed from previous CVOTs, as the
enrolment was restricted to participants with
T2D and CKD with macroalbuminuria (baseline
eGFR 30 to \ 90 mL/min/1.73 m2; urine albu-
min-to-creatinine ratio [UACR] 300 to
\ 5000 mg/g) that were receiving an ACE inhi-
bitor or ARB. A total of 4401 patients were
randomized, of whom 2202 received a daily
dose of 100 mg of canagliflozin and 2199
received a placebo. After a mean follow-up of
2.62 years, the primary outcome (composite of
ESKD, defined as the need of dialysis, kidney
transplantation, or a sustained eGFR below
15 mL/min/1.73 m2, doubling of serum crea-
tinine, or renal or cardiovascular death) was

30% lower in the canagliflozin group than in
the placebo group, with event rates of 43.2 and
61.2 per 1000 patient-years, respectively [7].
Consistent effects were observed for each of the
components of the primary composite end-
point, and for the secondary renal, cardiovas-
cular, and mortality endpoints (Table 3). A
subgroup analysis showed that canagliflozin
reduced the risk of advancing renal disease to
kidney failure in subjects with eGFR above and
below 30 mL/min/1.73 m2, without differences
in the rates of renal adverse events [36], sup-
porting the use and continuation of SGLT2i
until initiation of dialysis or kidney transplan-
tation.

In the CVOT evaluating dapagliflozin
(DECLARE-TIMI 58), approximately 13.1% of

Table 1 Effects of SGLT2i on kidney function

Mechanism Effect

Correct TGF/

intraglomerular

hemodynamics

Reduce hyperfiltration and

reduction of albuminuria

[22]

Induction of ketone body

production

Elevation in hematocrit

concentration [28]

Elevation of renal acid uric

excretion

Lower serum uric acid

concentrations [29]

Reduction of inflammatory

and fibrotic mediators

induced by hyperglycemia

in proximal tubular cells

Reversal of molecular

processes related to

inflammation,

extracellular matrix

deregulation, and fibrosis

[30, 31]

Correct hyperglycemia-

induced decreased AMPK

activity and autophagic

flux reduction

Stimulation of autophagy

and homeostasis of renal

cells [32]

Decrease in renal oxygen

demand and increase in

oxygen supply

Ameliorate renal hypoxia

[33]

AMPK AMP-activated protein kinase, SGLT2i sodium
glucose cotransporter 2 inhibitors, TGF tubuloglomerular
feedback
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Table 2 Clinical trials evaluating the renal effects of SGLT2i

Drug Enrollment Phase Conditions Endpoints Identification

Dapagliflozin 10 2 Cystinuria Change in cystine stone size over

time (1 year and 3 months)

NCT05058859

Dapagliflozin 36 1 CKD, diabetes Change in serum klotho levels at 12

and 24 weeks

NCT05033054

Dapagliflozin 87,727 NA CKD Relative hazard of the composite of

end-stage renal disease or all-cause

mortality

NCT04882813

Dapagliflozin 10 2 Cystinuria Change in cysteine level in freshly

voided urine

NCT04818034

Dapagliflozin 1722 1 Left cardiac

catheterization,

PCI, AKI

Incidence of AKI NCT04806633

Dapagliflozin 32 2 CKD GFR

24-h urinary protein excretion

NCT04794517

Dapagliflozin 2500 2–3 ESKD Composite of cardiovascular death,

myocardial infarction, or ischemic

stroke

NCT04764097

Dapagliflozin 17 4 T2D, impaired renal

function

Change in 24-h sodium excretion NCT04620590

Dapagliflozin 60 4 Diabetic nephropathy Decrease in proteinuria NCT03573102

Dapagliflozin

(? AZD9977)

540 2 Heart failure, CKD Percentage change in UACR from

baseline at 12 weeks

NCT04595370

Dapagliflozin

(? zibotentan)

660 2 CKD Change in UACR from baseline to

week 12

NCT04724837

Empagliflozin 40 4 T2D, CAD, AKI Serum creatinine values in pre-

specified periods

NGAL values in pre-specified periods

NCT05037695

Empagliflozin 45 NA CKD stage 3 Urinary excretion of adenosine and

markers of osteocyte function and

glomerular damage

NCT04961931

Empagliflozin 800 NA Kidney protection

against contrast in

diabetic kidney

SGLT2i proves protective effect NCT04806633

Empagliflozin 144 4 T2D, CAD, CABG,

AKI

Development of post-CABG AKI NCT04523064

Empagliflozin 172 4 Hyponatremia Change in average daily AUC for

serum sodium concentration

NCT04447911
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the participants had CKD (defined as eGFR
\ 60 mL/min/1.73 m2, UACR [ 300 mg/g, or
both) at baseline [6]. In the whole patient
sample, dapagliflozin treatment was associated
with a significantly lower risk (- 47%) of the
renal composite of decline in eGFR of C 40% to
less than 60 mL/min/1.73 m2, ESKD or renal
death, compared with placebo [28]. To further
confirm this benefit, the Dapagliflozin and
Prevention of Adverse outcomes in CKD (DAPA-
CKD) trial investigated the safety and renal
outcomes of dapagliflozin in patients with CKD,
the majority of them (97%) already receiving
RAAS blockers as background renoprotective
therapy. Unlike CREDENCE, the DAPA-CKD
trial also included people without T2D, to
explore whether the benefits of SGLT2i may
extend to patients with non-DKD [8]. A total of
4304 patients with CKD were enrolled, 2906
(68%) of them with T2D. Dapagliflozin
demonstrated a clear reduction (- 39% lower
risk) in primary composite outcome events
(sustained decline in the eGFR of C 50%, ESKD,
or death from renal or cardiovascular causes),
regardless of the presence of diabetes. Addi-
tionally, dapagliflozin reduced all three sec-
ondary endpoints compared with placebo:

decline in eGFR of C 50%, ESKD, or death from
renal causes (- 44%), hospitalization for heart
failure or cardiovascular death (- 29%), and all-
cause mortality (- 31%) (Table 3). There were
no significant differences in the primary end-
point between patients with diabetes and
without [37], indicating that the renal benefit
associated with dapagliflozin is at least similar
in patients with non-DKD, such as chronic
glomerulonephritides, ischemic or hypertensive
CKD, or CKD of other or unknown cause. The
baseline glycemic status (normoglycemic, pre-
diabetes, or T2D) of DAPA-CKD trial partici-
pants did not modify the effect of dapagliflozin
on the primary composite endpoint [38], and
recent sub-analyses have shown that dapagli-
flozin significantly reduced albuminuria [39],
slowed long-term eGFR decline [40], and
reduced the risk of abrupt declines in kidney
function [41]. In addition to this, and in a
similar fashion to DAPA-HF, dapagliflozin
treatment in DAPA-CKD led to a numerical
reduction in the cases of new T2D onset, which
reaches statistical significance when pooled
with DAPA-HF data (33% relative risk reduc-
tion) [42].

Table 2 continued

Drug Enrollment Phase Conditions Endpoints Identification

Empagliflozin 6609 3 CKD Time to first occurrence of relevant

kidney disease progression or

cardiovascular death

NCT03594110

Empagliflozin

(? linagliptin)

66 4 T2D Changes in GFR at 8 and 16 weeks NCT03433248

Empagliflozin

(? semaglutide)

80 4 T2D, albuminuria Change from randomization to

week 52 in albuminuria

NCT04061200

Ertugliflozin 40 4 T2D Renal oxygenation NCT04027530

SGLT2i 70 4 Diabetic nephropathy Change in urinary albuminuria from

baseline to week 12

NCT04127084

AKI acute kidney injury, AUC area under the curve, CABG coronary artery bypass grafting, CAD coronary artery disease,
CKD chronic kidney disease, ESKD end-stage kidney disease, GFR glomerular filtration rate, PCI percutaneous coronary
intervention, T2D type 2 diabetes, UACR urine albumin-to-creatinine ratio
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Table 3 Summary of the renal outcomes trials with SGLT2i

CREDENCE
(Canagliflozin)

DAPA-CKD
(Dapagliflozin)

SCORED*
(Sotagliflozin)

Sample 4401 4304 10,584

Follow-up

(years)

2.6 2.4 4.2

Study

population

T2D ? CKD CKD ± T2D T2D ? CKD

Established

CV disease

50.4% 37.4% 31% (HF)

eGFR for

inclusion

(mL/min/

1.73 m2)

30–90 25–75 25–60

Mean eGFR

(mL/min/

1.73 m2)

56.2 43.1 44.5 (median)

Median

UACR

(mg/g)

927 949 74

Baseline UACR subgroup (mg/g)

\ 30 31 (0.7%) NA 3709 (35.0%)

30–300 496 (11.3%) NA 3589 (33.9%)

[ 300 3874 (88.0%) NA 3286 (31.0%)

[ 1000 2053 (46.6%) 2079 (48.3%) NA

Primary

outcome

(HR [95%

CI])

Composite of ESKD, doubling

serum creatinine, or death from

renal or CV disease: 0.70

(0.59–0.82), p = 0.00001

Composite of sustained C 50%

eGFR decline, ESKD, renal

death or CV death: 0.61

(0.51–0.72), p\ 0.001

NNT 19

Deaths from CV causes,

hospitalizations for HF, and

urgent visits for HF: 0.74

(0.63–0.88), p\ 0.001

Renal

secondary

outcomes

(HR [95%

CI])

ESKD, doubling serum creatinine,

or renal death: 0.66 (0.53–0.81),

p\ 0.001

Dialysis, kidney transplantation, or

renal death: 0.72 (0.54–0.97),

NA for p value

C 50% eGFR decline, ESKD,

renal death: 0.56 (0.45–0.68),

p\ 0.001

C 50% eGFR decline, long-term

dialysis, renal transplantation, or

eGFR\ 15 mL/min/1.73 m2:

0.71 (0.46–1.08), NA for p value
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The ongoing EMPA-KIDNEY trial of empa-
gliflozin in patients with CKD has a similar
design to DAPA-CKD and will further evaluate
renal outcomes and CV mortality with SGLT2i
in patients with and without T2D (NCT0359
4110).

Regarding other renal outcomes trials with
dapagliflozin, the DELIGHT study recruited
patients with T2D and impaired renal function
(UACR C 30 mg/g and eGFR 25–75 mL/min/
1.73 m2) to assess the albuminuria-lowering
effect of dapagliflozin with and without the
dipeptidyl peptidase 4 inhibitor saxagliptin. At
week 24, patients treated with dapagliflozin
showed a decrease in UACR (- 21%), which was
even deeper for the combination of dapagli-
flozin and saxagliptin (- 38.0%), compared
with placebo [43].

Sotagliflozin is a dual SGLT2i that also blocks
SGLT1, expressed on small intestine, heart, and
brain, apart from the renal proximal tubule [44].
The Sotagliflozin on Cardiovascular and Renal
Events in Patients with Type 2 Diabetes and
Moderate Renal Impairment Who Are at Car-
diovascular Risk (SCORED) trial included
patients with T2D and CKD (eGFR 25–60 mL/
min/1.73 m2), with or without albuminuria,

that were followed for a median of 16 months.
Sotagliflozin reduced (- 26%) the composite
outcome of cardiovascular death, hospitaliza-
tion for heart failure, and urgent heart failure,
whereas the renal composite outcome was not
different in the group treated with sotagliflozin
versus placebo [45] (Table 3). However, the trial
was prematurely interrupted because of loss of
funding, and it was not adequately powered for
detecting changes in secondary outcomes, pre-
cluding any conclusion regarding a possible
renal benefit from the study.

Several meta-analyses have concluded that
SGLT2i reduce the risk of renal-related out-
comes in patients with T2D, irrespective of the
presence or absence of previous renal disease,
with a reduction ranging from - 39% to - 33%
[46–49], and one of them calculated the pooled
number needed to treat (NNT) to be 20 [49].
Moreover, SGLT2i significantly reduce the
annual decline in eGFR slope versus placebo,
achieving a mean treatment difference of
1.35 mL/min/1.73 m2/year [50]. ‘‘Real world’’
data from large databases are consistent with
the results observed in the clinical trials,
demonstrating an important reduction (- 51%)

Table 3 continued

CREDENCE(Canagliflozin) DAPA-CKD(Dapagliflozin) SCORED*(Sotagliflozin)

CV

secondary

outcomes

(HR [95%

CI])

CV death of hospitalization for

HF: 0.69 (0.57–0.83),

p\ 0.001

CV death, MI, or stroke: 0.80

(0.67–0.95), p = 0.01

Hospitalization for HF: 0.61

(0.47–0.80), p\ 0.001

CV death or hospitalization for

HF: 0.71 (0.55–0.92),

p = 0.009

Hospitalizations and urgent visits

for HF: 0.67 (0.55–0.82),

p\ 0.001

CV death: 0.90 (0.73–1.12),

p = 0.35

All-cause

mortality

(HR [95%

CI])

0.83 (0.68–1.02), NA for p value 0.69 (0.53–0.88), p = 0.004 0.99 (0.83–1.18), NA for p value

*The trial ended early because of loss of funding
CI confidence interval, CV cardiovascular, eGFR estimated glomerular filtration rate, ESKD end-stage renal disease, HF
heart failure, HR hazard ratio, MI myocardial infarction, NA not applicable, NNT number needed to treat; UACR, urine
albumin-to-creatinine ratio
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in the composite renal outcome of substantial
loss of eGFR and ESKD with SGLT2i [51].

CURRENT RECOMMENDATIONS
FOR TREATMENT OF RENAL
COMPLICATIONS WITH SGLT2i

Owing to the robust renoprotective effects
demonstrated by SGLT2i in the DAPA-CKD
trial, in addition to the previous results of
CVOTs, dapagliflozin is the first SGLT2i
approved by the European Medicines Agency
(EMA) for the treatment of CKD regardless of
diabetes status (https://www.ema.europa.eu/en/
medicines/human/EPAR/forxiga). This news has
also led to a modification of Forxiga SmPC,
allowing the therapy to be started in patients
with eGFR above 25 mL/min/1.73 m2 for all the
approved indications (T2D, heart failure, and
CKD). The US prescribing information for
canagliflozin, although not in Europe, included
a new indication to reduce the risk of ESKD and
worsening of kidney function, cardiovascular

death, and hospitalization for heart failure in
patients with T2D and CKD, allowing the initi-
ation in people with eGFR of C 30 mL/min/
1.73 m2 and continuation of treatment in those
who reach eGFR \ 30 mL/min/1.73 m2 and
albuminuria [ 300 mg/day until initiation of
dialysis or kidney transplantation (https://www.
accessdata.fda.gov/drugsatfda_docs/label/2020/
204042s036lbl.pdf). These changes have broad-
ened the patients eligible for SGLT2i treatment
to ameliorate the progression of CKD.

Additionally, the most relevant professional
societies have updated their guidelines and
recommendations regarding the use of these
agents in people with CKD (Fig. 1). The Ameri-
can Diabetes Association (ADA) guidelines state:
‘‘For patients with type 2 diabetes and diabetic
kidney disease, use of a SGLT2i in patients with
an eGFR C 25 mL/min/1.73 m2 and urinary
albumin C 300 mg/g creatinine is recom-
mended to reduce kidney disease progression
and cardiovascular events.’’ The ADA further
recommends additional use of SGLT2i in these
patients for cardiovascular risk reduction when

Fig. 1 Pharmacological recommendations to reduce kid-
ney and cardiovascular risks in patients with CKD and
T2D. ACEi angiotensin-converting enzyme inhibitor,
ADA American Diabetes Association, ARB angiotensin
receptor blocker, CV cardiovascular, EASD European
Association for the Study of Diabetes, eGFR estimated

glomerular filtration rate, ESC European Society of
Cardiology, GLP-1 RA glucagon-like peptide 1 receptors
agonist, KDIGO Kidney Disease: Improving Global Out-
comes, UACR urine albumin-to-creatinine ratio
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eGFR and UACR are C 25 mL/min/1.73 m2 or C
300 mg/g, respectively [52].

The European Society of Cardiology, in col-
laboration with the European Association for
the Study of Diabetes, have updated their
guidelines to recommend SGLT2i as first-line
therapy for the prevention and management of
CKD (eGFR 30 to \ 90 mL/min/1.73 m2) in
patients with T2D and albuminuric kidney dis-
ease [53]. The Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines recommend the
use of metformin in combination with SGLT2i
(with GFR C 30 mL/min/1.73 m2) as first-line
antihyperglycemic therapy for patients with
T2D and CKD. In patients on treatment that
have a drop in GFR below 30 mL/min/1.73 m2,
the SGLT2i can be continued until initiation of
kidney replacement therapy [54]. Finally, a Sci-
entific Statement from the American Heart
Association advocated the use of SGLT2i in
patients with earlier stages of CKD and post-
ponement of glucagon-like peptide 1 receptors
agonists (GLP-1 RAs) in more advanced CKD
because there is more experience with these
agents in patients with severe CKD [55].

CHANGING PARADIGM: THE
CARDIORENAL AND METABOLIC
CONTINUUM

As stated above, SGLT2i are changing the clin-
ical management of T2D thanks to the evidence
supporting their renal and cardiovascular pro-
tection, which share common risk factors and
pathogenic mechanisms [56]. These agents have
demonstrated benefits in different clinical sce-
narios: patients with T2D with and without
established cardiovascular disease [6], patients
with T2D with CKD [57], patients with CKD
with and without T2D [8], patients with heart
failure with and without T2D [58], etc. Indeed,
the populations included in the trials of dapa-
gliflozin cover a wide range of diabetic patient
profiles, going from those in the earlier stages of
the cardiorenal continuum (DECLARE-TIMI 58)
to those at more advanced stages (DAPA-CKD
and DAPA-HF). Thus, the benefits of SGLT2i are
present from the beginning and extend to the
advancing disease (Fig. 2).

In general, all these trials showed a signifi-
cant reduction in heart failure hospitalization

Fig. 2 Across the cardiorenal continuum and its SGLT2 inhibitors clinical trials Adapted from Fontes-Carvalho et al. [56]
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and a reduction in the composite renal out-
come. SGLT2i induce significant natriuresis,
enhanced by the combination with loop
diuretics, which results in an improvement in
blood volume. The diuretic effect facilitates a
better management of volume status in patients
with heart failure and may contribute to the
long-term decrease of heart failure events
reported with these agents [59]. Moreover, an
improved kidney function itself may indirectly
benefit cardiac function through multifaceted
interorgan cross talk, breaking the cardiorenal
vicious circle [56]. Some authors have defined
the cardiorenal disease in patients with T2D as
the development of heart failure and CKD, and
suggested a novel outcome, major adverse renal
and cardiac events (MARCE), to be evaluated in
future clinical trials [60, 61].

Patients with T2D suffer multiple comorbid
conditions and usually receive several treat-
ments such as antihypertensive agents, diuret-
ics, insulin, or other glucose-lowering
medications. The number of therapy choices to
be combined is higher early in the course of
diabetes, before the development of serious
comorbidities, including renal function
impairment. Although the glucose-lowering
effect of these drugs decreases as glomerular
filtration worsens, SGLT2i can be prescribed for
patients with renal impairment for organ pro-
tection. Moreover, the likelihood of response to
treatment is greater with shorter T2D duration
[62].

CONCLUSIONS

The dedicated kidney outcomes trials of SGLT2i
(such as DAPA-CKD and CREDECE) have con-
firmed the renoprotective benefit of these drugs
across different glomerular filtration rates and
albuminuria values. SGLT2i can correct TGF/
intraglomerular hemodynamics by preventing
sodium reabsorption, whereas other mecha-
nisms such as ketone body production, lower-
ing of serum uric acid concentrations, and
increasing oxygen supply can contribute to
their beneficial effects on cardiovascular out-
comes. Accordingly, the most relevant profes-
sional societies have updated their guidelines

and recommendations regarding the use of
these agents in people with CKD. Diabetes is
normally addressed by multiple specialists
including endocrinologists, cardiologists, and
nephrologists, as well as primary care providers.
The multidisciplinary team should select the
therapeutic strategy on the basis of the target
organ of protection and patients’ comorbidities
and profile, going beyond glycemic control and
ensuring that patients are able to benefit from
the metabolic, cardiovascular, and kidney pro-
tection associated with SGLT2i.

ACKNOWLEDGEMENTS

Funding. AstraZeneca funded the writing
assistance provided by Springer Healthcare
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