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Ndumele CE. et al.  Circulation. 2023;148:1606–1635 

SGLT2i first nel continuum 
cardiorenale e metabolico
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Malattia renale cronicaDiabete MellitoObesità

↑ Uptake glucosio ed FFA

↑ Stress ossidativo

↓ SIRT1 / AMPK

Disfunzione sisto-diastolica

↓ Autofagia

↓ Ossidazione glucosio FFA

Scompenso cardiaco

↑ Insulina

Accumulo glucosio ed FFA

Disfunzione endoteliale /   
microcircolo

Aterosclerosi  
coronarica

Ischemia

Congestione

Alta gittata

↑ Ritenzione  
Na / H2O

Ipertrofia/rimodellamento

↑ Volume 
plasmatico

↑ RAAS↑ Leptina

↑Fibrosi

↑Apoptosi

↑ Grasso 
epicardico

↓ Klotho /  
↑ FGF3

Lipotossicità / 
Disfunzione mitocondriale

↑ Infiammazione
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Claudel and Verma. Circulation. 2025;151:716–732.

Il background fisiopatologico della albuminuria

• Increased glomerular 
capillary wall permeability 

• High glomerular pressure 
• Endothelial dysfunction 
• Podocyte abnormalities 

Metabolic syndrome

Hypertension Heart failure

ASCVD

CVD



Nature Reviews Nephrology 2021; 17: 740–750
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Nature Reviews Nephrology 2022, 18: 696–707

Risk of cardiovascular death according to KDIGO
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Holistic approach

- SCORE2-Diabetes

Critical need for early identification and stratification of CKM stages, fostering an 
interdisciplinary approach that bridges specialties and ensures comprehensive care

• Obesity • Hypertension 
• Diabetes 
• GFR>60 with ACR>30 
• GFR<60

• GFR<30

• Metabolic risk

• Renal function

• Cardiovascular profile

- Glycemia – Hb1Ac 
- Adiposopathy 
- Lipidic profile

- GFR/ACR

- Arterial pressure 
- ECG 
- NT-proBNP

- Echocardiography 
- Echo-Doppler peripheral arteries
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MACE

HF onset

Stage C Stage DStage A Stage B

HF  
progression

HF stages

CKM stages

Cardiovascular continuum

Stage 1     -        Stage 2 STAGE 4Stage 3

Renal continuum
GFR

Holistic Therapeutic 
approach

X

X
X

X
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EMPAREG-outcome

N Engl J Med 2015;373:2117-28.

MACE CV death

Death HF hospitalization

Kluger et al. Cardiovasc Diabetol  2019



SGLT2i nel paziente con Diabete Mellito di Tipo 2
CV Death

HHF

Pts with ASCVD

Pts without ASCVD

MACE

Pts with  
ASCVD

Pts without  
ASCVD

SGLT2i First: le evidenze a supporto – M. Iacoviello

JAMA Cardiol. 2021;6:148-158
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 Vaduganathan et al. Lancet 2022 

Metanalisi:  
EMPEROR-preserved / 

DELIVER
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aNominal significance at Day 13 (HR, 0.45; 95% CI, 0.20-0.99; p=0.046), with sustained statistical significance starting at Day 15. 
1. Solomon SD et al. N Engl J Med. 2022;387(12):1089-1098; 2. Solomon SD. Presented at: ESC Congress; August 26-29, 2022; Barcelona, Spain; 3. Vaduganathan M et al. Online ahead of print. JAMA 
Cardiol. 2022. 
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Cardial effects

Metabolic effects

Renal 
effects

•  ↑ Diuresis 

•  ↑ Natriuresis
• ↓ Afferent arterioles 

• ↓ Hyperfiltration

↓ Worsening Renal Function

↓Pre- and 
Afterload

↑Eritropoiesis↑Diuresis↑TGF ↑Hb / HCT

↑ SIRT/AMPK

↑ Myocardiocite 
energy production

↓Nai / Cai

↓Fibrosis

↓Epicardial fat

↓Inflammation

↓Glycemia

↓Weight

SGLT2 Glucose  
reabsorption

SGLT2:  
90% glucose reapsorption 
5% Na+ reabsorption

SGLT2i
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-46% RR 
Outcome Renale  

(Raddoppio Creatinina, RRT 
Morte renale)

Kluger et al. Cardiovasc Diabetol  2019N Engl J Med 2016;375:323-34.
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EMPEROR-reduced  (HFrEF)

Packer M et al. NEJM 2020
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Gronda, E.; Vanoli, E.; Iacoviello, M.; Caldarola, P.; Gabrielli, D.; Tavazzi, L. Int. J. Mol. Sci. 2022, 23, 11987.

SGLT2i and renal protection
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DAPA-CKD

Composite of sustained  ≥50% eGFR 
decline, ESKDa, renal or CV death 

Key Inclusion Criteria 
• ≥18 years of age 
• eGFR ≥25 to ≤75 mL/min/1.73m2  
• UACR ≥200 to ≤5000 mg/g 
• Stable max tolerated dose of ACEi/ARB for ≥4 weeks 
• With and without T2D 

Key Exclusion Criteria 
• T1D 
• Polycystic kidney disease, lupus nephritis, ANCA-associated vasculitis 
• Immunosuppressive therapy ≤6 months prior to enrollment 
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EMPA-KIDNEY
The EMPA-KIDNEY Collaborative Group. N Engl J Med 

2022

Patients a t risk, n

Placebo 3305 3250 3129 2243 1496 592
Empagliflozin 3304 3252 3163 2275 1538 624

ARR: 3.6%†

*NNT: 28 (95% CI 19, 53) p er 2 yea rs a t risk2; †ARR for the p rimary c omposite outc ome of kidney d isea se p rogression or CV d ea th is 3.6% per pa tient yea r a t risk. Fig ure ada p ted  fro m Figure 1 o f referenc e.
Kidney disea se p rogression d efined  as end-stage kid ney d isease, a  susta ined  d ec line in eGFR to <10 ml/ min/ 1.73 m2, renal dea th, or a susta ined  dec line of ≥40% in eGFR from ra ndomiza tion
ARR, absolute risk reduc tion; CV, c a rd iovasc ula r, eGFR, estima ted  g lomerula r filtra tion ra te; NNT, number needed  to trea t; PY, patient years; RRR, re lative risk reduc tion; UACR, urine alb umin-t o-crea tinine ra tio
1. eGFR, estima ted  g lomerula r filtra tion ra te; UACR, urine a lb umin-t o-crea tinine ra tio
The EMPA-KIDNEY Collab ora tive Group . N Engl J Med  2022; DOI: 10.1056/ NEJMoa2204233
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Composite of sustained  ≥40% eGFR decline, stable GFR<10 
ml/min/1.73 m2, ESKDa, renal or CV death 

Key Inclusion Criteria 
• Age ≥18 years 
• eGFR ≥45 to <90 ml/min/1.73 m2 with UACR A2–A3 (≥200 mg/g) , or  
• eGFR ≥20 to <45 ml/min/1.73 m2 
• ACEi or ARB unless tolerated or not indicated 
• With and without T2D 

Key Exclusion Criteria 
• T1D 
• T2D and prior atherosclerotic CV disease with eGFR >60 ml/min/1.73 m2 
• Receiving dual RAS-inhibition (two of ACEi, ARB, DRI) 
• Maintenance dialysis, functioning kidney transplant or scheduled living 

donor transplant 
• Polycystic kidney disease



Nature Reviews Nephrology 2021; 17: 740–750

X

?

← EMPA-KIDNEY
Pazienti con e senza Diabete e 

eGFR da > 45 e 90 ml/min/
1.73m2 

e ACR >200 mg/g
o

eGFR da >20 a <45 ml/min/
1.73m2
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*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 2023;388:117

EMPA-KIDNEY
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SGLT2i ed albuminuria: EMPEROR pooled

JAMA Cardiol. 2022;7(11):1148-1159.



Fernandez-Fernandez et al.  
Clinical Kidney Journal 2023;161187–1198

La protezione renale: l’importanza di un’introduzione precoce di SGLT2i 

EMPA-KIDNEY
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N Engl J Med 2025;392:777-87.

EMPA-KIDNEY: post-trial follow-up
L’introduzione precoce di SGLT2i migliora l’outcome renale e cardiovascolare
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Guidelines

• T2DM, CKD and GFR>20

• CKD and GFR>20/ACR>200 mg/g

• CKD and HF with GFR>20

• CKD and GFR 20-45

SGLT2i recommendation

• T2DM

• CKD

• HFrEF, HFmrEF, HFpEF, HFimpEF

Guidelines
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