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Il sottoscritto Roberto PONTREMOLI

ai sensi dell’art. 76, comma 4 dell’Accordo Stato-Regioni del 2 febbraio 
2017 e del paragrafo 4.5. del Manuale nazionale di accreditamento per 
l'erogazione di eventi ECM 

                                                  dichiara che

negli ultimi due anni ha avuto i seguenti rapporti con soggetti portatori di 
interessi commerciali in ambito sanitario 
 
• ASTRAZENECA
• BOEHRINGER-INGELHEIM
• LILLY
• GUIDOTTI
• MENARINI
• BAYER
• ALFA-SIGMA
• NOVONORDISK
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Domande Aperte

• Quale tipologia di paziente (fenotipo di presentazione) 
si giova maggiormente della terapia con SGLT2i?

• Quale ritieni sia il meccanismo predominante alla base 
dell’effetto nefroprotettivo degli SGLT2i? e perche?

Diap
os

itiv
a p

rep
ara

ta 
da

 R
OBERTO PONTREMOLI 

e c
ed

uta
 al

la 
Soc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



SGLT2 inhibitors in CVOTs consistently reduced the risk
of kidney composite endpoints compared with placebo

1. Wanner C, et al. N Engl J Med 2016;375:323–334; 2. Neal B, et al. N Engl J Med 2017;377:644–657; 3. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019;7:606–617; 
4. Cherney DZI, et al. Diabetologia 2021;64:1256–1267
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Domanda 
 Qual è l’entità della nefroprotezione attribuibile all’impiego di 

SGLT2i?
1. 10-15%
2. 20%
3. 30-45%
4. Simile a quella ottenibile con ACEis e ARBS
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Large clinical trials of SGLT-2 inhibitors

T2D

HFCKD

EMPA-REG OUTCOME
CANVAS
DECLARE-TIMI 58
VERTIS-CV

CREDENCE
DAPA-CKD
SCORED
EMPA-Kidney
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SOLOIST
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CREDENCE - Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death
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Perkovic V, et al. N Engl J Med 2019;380:2295–2306
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DAPA-CKD - Primary Composite Outcome: 
Sustained ≥50% eGFR Decline, ESKD, Renal or CV Death

2152 2001 1955 1898 1841 1701 1288 831 309
2152 1993 1936 1858 1791 1664 1232 774 270
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Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446
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In DAPA-CKD, the effect of dapagliflozin on the risk of the primary 
endpoint was consistent in patients with and without T2D 

Wheeler DC, et al. Lancet Diabetes Endocrinol 2021;9:22–31

Patients with T2D Patients without T2D

No. at risk No. at risk
1455 1383 1349 1262 1155 910 580 215Dapagliflozin 1307 697 618 606 579 546 378 251 94Dapagliflozin 591
1451 1360 1321 1224 1130 868 545 190Placebo 1275 701 633 615 567 534 364 229 80Placebo 583

The effect of dapagliflozin on the primary composite outcomea compared with placebo, stratified by diabetes status
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HR 0.72 
(0.64-0.80) 

P<0.001
RR 28%
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FOR INTERNAL USE ONLY. STRICTLY CONFIDENTIAL. DO NOT COPY, DETAIL OR DISTRIBUTE EXTERNALLY.

Albuminuria stage, description and range (mg/g)

A1 A2 A3
Normal to mildly 

increased
Moderately 
increased Severely increased

<30 30–300 >300

eG
FR

 c
at

eg
or

y 
ra

ng
e 

(m
L/

m
in

/1
.7

3m
2 )

G1 ≥90

G2 60–89

G3a 45–59

G3b 30–44

G4 15–29

G5 <15

EMPA-KIDNEY enrolled a CKD population with a broad range of 
eGFR, with and without albuminuria1

Low risk* Moderately increased risk High risk Very high risk
*If no other markers of kidney disease, no CKD. 
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio; T2D, type 2 diabetes. 
1. The EMPA-KIDNEY Collaborative Group. [Published online ahead of print March 3 2022]. Nephrol Dial Transplant. 2022. DOI:10.1093/ndt/gfac054 2. KDIGO 2012 Clinical Practice Guideline for the Evaluation and 
Management of Chronic Kidney Disease. Kidney Int Suppl. 2013;3(1):1–150. 3. Perkovic V, et al. N Engl J Med. 2019; 380:2295-2306 4. Wheeler DC, et al. Nephrol Dial Transplant 2020;35:1700. 

Prognosis of CKD by eGFR and albuminuria categories2

CREDENCE population3

Patients with T2D and CKD 
and eGFR ≥30 to <90 
mL/min/1.73m2 and
UACR >300 mg/g 

DAPA-CKD population4

Patients with or without T2D 
and eGFR ≥25 to ≤75 

mL/min/1.73m2 and UACR 
≥200 mg/g

EMPA-KIDNEY population1

Patients with or without 
diabetes and eGFR ≥45 to 

<90 mL/min/1.73m2 and
UACR ≥200 mg/g 

or
eGFR ≥20 to <45 
mL/min/1.73m2

Diap
os

itiv
a p

rep
ara

ta 
da

 R
OBERTO PONTREMOLI 

e c
ed

uta
 al

la 
Soc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



The residual risk in RAASi treated DKD patients: 
RENAAL & IDNT

Risk reduction, 16%
P = 0.02

RENAAL

Risk reduction, 20%
P = 0.02

IDNT

Doubling of serum creatinine, ESKD, or death

RR 51% RR 44%

RENAAL Brenner BM et al. N Engl J Med 2001; 
IDNT Lewis EJ et al. N Engl J Med 2001
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Domanda 
 L’efficacia (nefroprotezione) degli SGLT2i varia in base al rischio 

renale del paziente:

1. si

2. No
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Benefit independent 
of diabetes status, 
eGFR at baseline
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Patients
n.

DM
%

Follow-up
years

Renal
impairment

Non-albuminuric
renal impairment

UKPDS 
Diabetes 55: 1832-1839, 2006

4,006 100 15 28% 67% (51%)

DCCT/EDIC
Diabetes Care 33: 1536-1543, 2010

1,439 100
(type 1) 19 6.2% 24%

AMD Annals
Diabetes Metab Res Rev 2017 in press 20,464 100

(T1DM) 19 23.5% 49%

MacIsaac RJ et al., 
Diabetes Care 27: 195-200, 2004

301 100 --- 36% 39%

Kramer HJ et al., NHANES III 
JAMA 289: 3273-3277, 2003

1,197 100 --- 13% 36%

Thomas MC et al., NEFRON
Diabetes Care 32: 1497-1502, 2009

3,893 100 --- 23% 55%

Ninomiya T et al., ADVANCE
J Am Soc Nephrol 20: 1813-1821, 2009

10,640 100 --- 19% 62%

Bakris GL et al., ACCOMPLISH
Lancet 375: 1173-1181, 2010

11,482 60 --- 9.5% 47%

Tube SW et al., ONTARGET/ 
TRASCEND
Circulation 123: 1098-1107, 2011

23,422 37 --- 24% 68%

Drury PL et al., FIELD
Diabetologia 54: 32-43, 2011

9,765 100 --- 5.3% 59%

RIACE Study Group, RIACE
J Hypertens 29: 1802-1809, 2011

15,773 100 --- 18.8% 57%

AMD ANNALS
NDT 2015

116,77
7 100 --- 21% 48%

Is albuminuria a prerequisite for DKD ?
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6,3%

13,2%

19,2%

24,8%

4,1%

8,2%

12,0%

16,0%

0%

10%

20%

30%

40%

50%

1 2 3 4
Years from baseline

Cumulative incidence

eG
FR

 <6
0 m

L/
m

in
/1

.73
 m2

Normoalbuminuria

Albuminuria

 17,160 patients
 Age: 64±9 years
 Diabetes duration: 11±8 years
 59% male 

eGFR >90 
ALB-
34,3%

eGFR >90 
ALB+
9,9%

eGFR 60-90 
ALB-
43,2%

eGFR 60-90 
ALB+
12,7% OR=1.0OR=5.24

OR=2.94

OR=1.67

2 out of 3 pts with DKD progressing to ESRD are non-albuminuric
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Domanda 
 Nei pazienti con normale escrezione urinaria di albumina il 

beneficio del trattamemento con SGLT2i è irrilevante:

1. Si, il principale beneficio deriva dalla riduzione 
dell’albuminuria

2. No, gli SGLT2i dovrebbero comunque essere impiegati 
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Subgroup
Empagliflozin Placebo

Absolute difference
(95% CI)

Absolute difference
(95% CI)Annual rate of change in eGFR, 

ml/min/1.73m2, mean (SE)

Diabetes

No -1.66 (0.11) -2.75 (0.11) 1.09 (0.79, 1.39)

Yes -1.05 (0.12) -2.73 (0.12) 1.68 (1.36, 2.00)

eGFR, ml/min/1.73m2

<30 -1.84 (0.14) -2.85 (0.14) 1.01 (0.63, 1.39)

≥30 to <45 -1.18 (0.12) -2.50 (0.12) 1.32 (0.99, 1.65)

≥45 -1.58 (0.17) -3.60 (0.17) 2.01 (1.53, 2.49)

UACR, mg/g

A1 (<30) normal to mildly increased -0.11 (0.17) -0.89 (0.16) 0.78 (0.32, 1.23)

A2 (≥30 to ≤300) moderately increased -0.49 (0.14) -1.69 (0.14) 1.20 (0.81, 1.59)

A3 (>300) severely increased -2.35 (0.11) -4.11 (0.11) 1.76 (1.46, 2.05)

All participants -1.37 (0.08) -2.75 (0.08) 1.37 (1.16, 1.59)

-1 0 1 2

Favours 
placebo

Favours 
empagliflozin

Annual rate of change in eGFR by key subgroups
– Chronic slope

20

Mean annual rates of change in eGFR from 2 months to the final follow−up visit (‘chronic slopes’) by treatment allocation were 
estimated using shared parameter models
eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio.
The EMPA-KIDNEY Collaborative Group. N Engl J Med 2022; DOI: 10.1056/NEJMoa2204233
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Domanda 
 Quale è il principale meccanismo fisiopatologico di 

nefroprotezione degli SGLT2i?

1. Miglioramento dell’emodinamica glomerulare (TGF)

2. Protezione dal danno tubulare (molteplici meccanismi)

3.  Induzione di bilancio idrico negativo 
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Kidney protective effects of SGLT2 inhibitors could be mediated by 
different mechanisms

1. Dekkers CCJ et al. Curr Diab Rep 2018;18:27; 2. Thomas MC et al. Diabetologia 2018;61:2098; 3. Heerspink HJL et al. Kidney Int 2018;94:26;  4. Sugyama S et al. Intern Med 2018;57:2147

SGLT2 inhibitors increase distal
sodium delivery, thereby activating
tubuloglomerular feedback and
reducing hyperfiltration1

Reduction in sodium and
glucose reabsorption induced by
SGLT2 inhibitors reduces tubular
workload and could ameliorate
renal hypoxia, resulting in
improvements in tubular cell
structural integrity and
possibly function1

This leads to: 
• Decreased intraglomerular 

pressure2,3

• Decreased proteinuria3

SGLT2 inhibitors have beneficial
effects on anti-inflammatory,
anti-oxidant and anti-fibrotic
markers1

• SGLT2 inhibitors reduce body
weight and fat mass along with
improvement of endothelial
function4
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Tubuloglomerular feedback is restored

SGLT2 inhibition activates tubuloglomerular feedback, 
reducing intraglomerular pressure

24

GFR, glomerular filtration rate; SGLT2, sodium-glucose co-transporter-2
Cherney DZI et al. Circulation 2014;129:587

GFR is normalised Na+ delivery to macula 
densa is increasedAfferent arteriole 

is constricted

x
x
x

Empagliflozin inhibits Na+ 

and glucose reabsorption 
in proximal tubule

Glucosuria

1

24 5

3
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Direct and indirect actions of SGLT2 inhibitors are 
likely to produce CRM benefits1–5

ATP, adenosine triphosphate; CRM, cardiovascular, renal and metabolic; eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.
1. Givens RC, Schulze PC. Molecular changes in heart failure. In: Eisen H, ed. Heart Failure: A Comprehensive Guide to Pathophysiology and Clinical Care. London: Springer Verlag; 2017:1–26. 2. Ronco C et al. J Am Coll Cardiol. 2008;52:1527. 3. Santos-
Ferreira D et al. Cardiology. 2020;145:311–20. 4. Cowie M, Fisher M. Nat Rev Cardiol. 2020;17:761–72. 5. Scheen AJ. Nat Rev Endocrinol. 2020;16:556–77.

CRM 
disease
↑ CRM 
disease↓ SNS

↓ RAAS

↓ Oxidative 
stress

↓ Inflammation

SGLT2 
inhibition

↑ Natriuresis
↑ Tubuloglomerular feedback
↓ Albuminuria
↓ Fluid retention / Edema

↓ Uric acid
↓ Body mass
↑ Ketones
↑ Lipolysis / Triglycerides
↓ Glucose and insulin resistance

↑ Endothelial function
↓ Vascular stiffness
↓ Systemic blood pressure
↓ Fluid overload
↑ Haematocrit / O2 supply

↓ Cardiac preload
↓ Ventricular remodelling
↓ Atrial remodelling
↓ Systolic dysfunction
↓ Diastolic abnormalities
↓ Fibrosis

cvcv
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Effects of Empagliflozin on Fluid Overload, Weight and Blood Pressure in Chronic Kidney Disease: the EMPA-KIDNEY Bioimpedance Substudy

The EMPA-KIDNEY Bioimpedance Substudy Group,
on behalf of the EMPA-KIDNEY Collaborative Group

JASN 2023, in press 
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Benefits and harms of SGLT2i in patients with CKD

Diabetes no diabetes

The Nuffield Department of Population Health Renal Studies Group* and the SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium, Lancet nov 5 2022 
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2022 KDIGO Approach for Improving Outcomes in 
People With Diabetes and CKD

Note: eGFR is presented in units of mL/min/1.73 m2.
*Maximum tolerated ACEi or ARB should be first-line therapy for HTN when albuminuria is present. Otherwise, dihydropyridine CCB or diuretic can also be considered; 
all three classes are often needed to attain BP targets.
ACEi = angiotensin-converting enzyme inhibitor; ACR = albumin-creatinine ratio; ARB = angiotensin II receptor blocker; ADA = American Diabetes Association: ASCVD = atherosclerotic cardiovascular 
disease; BP = blood pressure; CCB = calcium channel blocker; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; GLP-1 RA = glucagon-like 
peptide-1 receptor agonist; HTN = hypertension; KDIGO = Kidney Disease: Improving Global Outcomes; MRA = mineralocorticoid-receptor antagonist; PCSK9i= proprotein convertase subtilisin/kexin type 
9 inhibitor; RAS = renin-angiotensin system; SGLT2i = sodium-glucose cotransporter 2 inhibitor; T1D = type 1 diabetes; T2D = type 2 diabetes.
Rossing P et al. Kidney Int. 2022;102(5):990-999.Diap
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2023 ERA Consensus Paper:
Algorithm for Selection of SGLT2i in Patients With CKD, HF, or T2D

aeGFR <60 mL/min/1.73 m2 or UACR >30 mg/g; bWith reduced or preserved ejection fraction; cStart if eGFR ≥25 mL/min/1.73 m2  and continue until start of KRT; dStart if eGFR 
≥20 mL/min/1.73 m2; eStart if eGFR ≥30 mL/min/1.73 m2 and continue until start of KRT; fWhile all 4 drugs may be used for glycemic control with eGFR ≥45 mL/min/1.73 m2, an 
SGLT2i that has improved outcomes in CKD randomized controlled trials would be preferable if eGFR is 45-60 mL/min/1.73 m2; gEstablished atherosclerotic CV disease 
(coronary, peripheral vascular, or cerebral artery disease).
Mark PB et al. Online ahead of print. Nephrology Dial Transplant. 2023;gfad112.

Yes
CKDa or HFb To improve CV and/or kidney outcomes 

consider:
• Dapagliflozinc

• Empagliflozind

If T2D and CKD consider also: • Canagliflozine

Yes
T2D

For glycemic control consider:f
• Dapagliflozin
• Canagliflozin
• Empagliflozin
• Ertugliflozin 

To improve CV and/or kidney outcomes 
in patients with high CV or renal riskg

consider:

• Dapagliflozin
• Empagliflozin

No 

Ad esclusivo uso del Medical Affairs. Diap
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