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Cronologia dello sviluppo dei farmaci efficaci nel diabete con 
danno renale

1993

Lewis DMT1
Irbesartan (IDNT) e Losartan 

(RENAAL) nel DMT2

2001

La modulazione del RAAS nel DM tipo 2
• Proteinuria residua  rischio residuo
• Blocco più intensivo (doppio blocco RAAS) 

iperpotassiemia/insufficienza renale acuta

La (difficile) ricerca di trattamenti alternativi
• Inibitori recettori ETa endotelina (Atrasentan)  ritenzione 

idro-sodica, scompenso cardiaco

Il problema del danno renale non albuminurico nel DM tipo 2
• Circa il 50% dei pazienti con diabete tipo 2 e eGFR<60 ml/min

hanno escrezione urinaria di albumina normale

• Blocco del RAAS non è efficace in questo fenotipo

1985

Taguma
Captopril

2016 2018

SGLT2-i GLP-1 RASGLT2-i GLP-1 RA
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SGLT2 inhibitors for the prevention of kidney failure in
patients with type 2 diabetes: a systematic review and meta-analysis

Lancet Diabetes Endocrinol 2019
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Dapaglifozin
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EMPA-KIDNEY

Empaglifozin
10

5000 (T2DM and not)

eGFR ≥20-<45

eGFR: ≥45-<90
UACR: ≥200 



Composite renal outcome relative risk reductions

Kluger et al. Cardiovasc Diabetol (2019) 18:99
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Summary of the effects of SGLT2 inhibition on major 
kidney outcomes

Lancet Diabetes Endocrinol 2019



Effect of SGLT2 inhibitors on substantial loss of kidney function, ESKD, or death due to 
kidney disease, stratified by baseline eGFR (A)

Lancet Diabetes Endocrinol 2019



Effect of SGLT2 inhibitors on substantial loss of kidney 
function, ESKD, or death due to kidney disease, 

stratified by baseline UACR (B)

Lancet Diabetes Endocrinol 2019



Effect of SGLT2 inhibitors on substantial loss of kidney 
function, ESKD, or death due to kidney disease, 

stratified by use of RAS blockade (C)

Lancet Diabetes Endocrinol 2019





Dapagliflozin in Patients with Chronic Kidney Disease

N Engl J Med 2020;383:1436-46.
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Circulation. 2016;134:752–772

N Engl J Med 2020;383:1436-46

Effects of SGLT2 inhibitors on GFR

The mean estimated 
GFR at baseline 
was 43 ml/min



Mechanisms implicated in renal protective effect of 
sodium‐glucose cotransporter 2 (SGLT2) inhibition

Diabetes Metab Res Rev. 2019;e3171.



Effects of acute SGLT2 blockade on the glomerular 
filtration rate (GFR) and transcapillary pressure 

difference (ΔP)

Am J Physiol Renal 
Physiol. 2021 May 1; 320(5): 
F761–F771

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8174804/


Glomerular hemodynamic effects of SGLT2 inhibitor 
superimposed on a model of tubuloglomerular feedback (TGF), 

which incorporates effects on pre- and postglomerular 
resistances

Am J Physiol Renal 
Physiol. 2021 May 1; 320(5): 
F761–F771

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8174804/
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The sodium-glucose cotransporter-2 (SGLT2) 
mechanism in the proximal tubule

Circulation. 2016;134:752–772



The sodium-glucose cotransporter-2 (SGLT2) 
mechanism in the proximal tubule

Circulation. 2016;134:752–772

Doppia componente diuretica

• Diuresi osmotica => effetto 
acquaretico

Natriuresi => effetto natriuretico



Effects of the sodium-glucose cotransporter 2 inhibitor 
dapagliflozin on fluid distribution:  A comparison study with 

furosemide and tolvaptan

Ohara K et al Nephrology 24 (2019) 904–911



Effects of the sodium-glucose cotransporter 2 inhibitor 
dapagliflozin on fluid distribution:  A comparison study with 

furosemide and tolvaptan

Ohara K et al Nephrology 24 (2019) 904–911



A Randomized Trial of Empagliflozin to Increase
Plasma Sodium Levels in Patients with the Syndrome

of Inappropriate Antidiuresis

JASN 31: 615–624, 2020

P = 0.04



Plasma renin activity with SGLT2 inhibition

Bjornstad P et al J Cardiac Fail 2021;00:19



Empagliflozin in Heart Failure with a Preserved Ejection Fraction
Primary Outcome, a Composite of Cardiovascular Death or Hospitalization for Heart Failure

N Engl J Med 2021; 385:1451-1461



Incidence of Major Adverse Renal Outcomes in the EMPEROR-
Reduced and EMPEROR-Preserved Trials

Profound and 
sustained 
decreases in 
the eGFR 
or renal-
replacement 
therapy

N Engl J 
Med 2021; 
385:1531-
1533



Effect of empagliflozin on major renal 
outcomes in EMPEROR-Preserved

European Journal of Heart Failure doi:10.1002/ejhf.2334 



Putative sodium-centric mechanisms of benefit of SGLT2 inhibitors 
in people with type 2 diabetes and cardiorenal disease.

Bjornstad P et al J Cardiac Fail 2021;00:19



Riassunto

Effetti dell’inibizione di SGLT2

• Rallentamento evoluzione della CKD nei 
pazienti diabetici e non diabetici

• Riduzione incidenza di danno renale acuto
• Effetti natriuretico e acquaretico bilanciati
• Possibile effetto sull’accumulo tissutale di Na 

non osmotico
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