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Meccanismi infiammatori e pro-fibrotici

SGLT2-I
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Cellula tubulare prossimale
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Attivazione FIBROBLASTI

Fibrosi tubulo-interstizialeNa+/K+ ATPasi
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2018 2020 2023 2021

RRR: 30-40%

Kidney outcomes trials



2152 2001 1955 1898 1841 1701 1288 831 309
2152 1993 1936 1858 1791 1664 1232 774 270
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9.2%

Placebo
14.5%

HR (95% CI)
0.61 (0.51-0.72)

p-value4

0.000000028

HL Heerspink et al NEJM 2020

First trial with SGLT2-I to demonstrate improvement in 

cardiorenal outcomes and mortality in CKD with or without T2D

HR 0.61 (0.51- 0.72)

Nephro-cardioprotective effects of Dapaglifozin



HR 0.72 (0.64-0.82)

Nephro-cardioprotective effects of Empaglifozin

WJ Herrington et al. NEJM 2023

CKD progression

CV death

EMPA-KIDNEY



M Madero et al. Kidney Med 2024

Estrapolazione da DAPA-CKD trial (GFR 25-75 ml/min) 

60 ml/min

30 ml/min



2022 KDIGO Approach for 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.
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2024 KDIGO recommend SGLT2i as standard of care for CKD,
regardless of etiology

aLevel 1 = “We recommend” and Grade A = High quality of evidence; Level 2 = “We suggest” and Grade B = Moderate quality of evidence; bClass 1 = evidence/general agreement treatment is beneficial/useful/effective 
and potential benefits clearly outweigh potential risk; Level A = RCT/meta-analysis of RCTs with CV disease outcomes. A single trial is enough if sufficient power and without important limitations; cIf eGFR ≥20 or 
25 mL/min/1.73 m2. Addit ional eGFR and albuminuria criteria apply for initiation of different SGLT2i according to their respective approval.

1. Mark PB et al. Nephrology Dial Transplant. 2023;38(11):2444-2455; 2. KDIGO CKD Work Group. Kidney Int. 2024;105(4S):S117–S314; 3. KDIGO Diabetes Work Group. Kidney Int. 2022;102(5S):S1-S127;
4. Mancia G et al. J Hypertens. 2023;41(12):1874-2071.

➢ Foundational therapy for 

both glomerular disease and 

cardiometabolic CKD 

2023 ERA Consensus1

➢ Patients with CKD and 

hypertension (1A)c

2023 ESH Guideline4,b

ISH

6

➢ Patients with CKD across UACR levels:

• HF, irrespective of level of albuminuria (1A)

• eGFR ≥20 mL/min/1.73 m2 with UACR ≥200 mg/g (1A)

• eGFR ≥20 to 45 mL/min/1.73 m2 with UACR <200 mg/g (2B)

2024 KDIGO Guideline (CKD without T2D)2,a

3

2022 KDIGO Guideline (CKD and T2D)3,a

➢ Patients with T2D, CKD, eGFR ≥20 mL/min/1.73 m2 (1A)



Perchè SGLT2-I è nefroprotettivo ?

Quali effetti esercita

 sui meccanismi infiammatori e pro-fibrotici della DKD?



1.  Riassorbimento di glucosio nel TCP 

2.  Riassorbimento di sodio nel TCP

3.  Attività neuro-ormonale (RAS/Simpatico)

4.  Chetogenesi

5.  Ossigenazione renale

L Sloan et al Post Grad Med 2024

SGLT2-I modula 5 meccanismi-chiave della DKD 
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Comprehens Clin Nephrol V Ed. 2015 

Sopravvivenza renale e proteinuria



La mortalità CV aumenta all’aumentare dell’albuminuria,
già nel range della normoalbuminuria

Wachtell K et al., Ann Intern Med, 2003 

< 0.25

0.25-0.40

0.41-0.58

0.59-0.81

0.82-1.15

1.16-1.66

1.67-2.52

2.53-4.31

4.32-9.43

> 9.43

HR per mortalità CVDecile di ACR (mg/mmol)

1 2 3 40

Normo

Micro

Per ogni aumento di 10 x di ACR,  
 HR del 98%
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SGLT2 Sistema nervoso simpatico

B Palmer et al cJASN 2023

SGLT2i
Microalbuminuria
Ipertensione 
CKD



K Kitada et al J Pharmacol Sci 2021
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B Palmer et al cJASN 2023

NRF 2 activation

1. SENESCENZA
β-OX AG 



NFR-2

-
SASP: senescence-associated 

secretory pattern

DKD



NRF-2 activation

2. AUTOFAGIA

β-OX AG 
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NRF-2 activation

1. SENESCENZA

2. AUTOFAGIA



J Xu et al Cells 2021



J Xu et al Cells 2021



Podocita

AUTOFAGIA

LIPOTOSSICITA’

SGLT2i
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Cellula tubulare prossimale

SGLT2



Cellula tubulare prossimale SGLT2-i

X VEGF



TERAPIA DELLA DKD

• SGLT2-I

•  MRA
• GLP1 RA



M Epstein et al. AJKD 2022

MR hyperactivity  

Inflammation
and fibrosis  



Drivers of CKD in T2D progression1–3

Inflammation

and fibrosis1–3

Haemodynamic1,2

(elevated BP and/or 

intraglomerular pressure)

Metabolic1,2

(poor glycaemic 

control)

MR overactivation

In T2D, MR overactivation 

may contribute to CKD 

progression11,12

Finerenone blocca iperattività del MR in CKD e diabete



M Epstein et al. AJKD 2022



M Epstein et al. AJKD 2022



2022 KDIGO Approach for 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.

Finerenone
eGFR > 25



Albuminuria categories

(mg albumin/g creatinine)1

A1

Normal to mildly 

increased

A2

Moderately 

increased

A3

Severely 

increased

0–29 30–299 ≥300–4999

GF

R
(ml/

min/

1.73 

m2)

G1 ≥90

G2 60–89

G3a 45–59

G3b 30–44

G4 15–29

G5 <15

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; UACR, urine albumin -to-creatinine ratio 

1. Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2020;98:S1–S115; 2. Ruilope LM, et al. Am J Nephrol 2019;50:345–356; 3. Bakris GL, et al. Am J Nephrol 2019;50:333–344; 4. 

Agarwal G, et al. Eur Heart J 2022;43:474–484

FIDELITY ha incluso patienti con un ampio spettro di severità della CKD

• UACR 30–<300 mg/g and eGFR ≥25–<60 ml/min/1.73 m2 

and a history of diabetic retinopathy

• Or UACR ≥300–≤5000 mg/g and eGFR ≥25–<75 ml/min/1.73 

m2

FIDELIO-DKD (N=5734)3

CKD eligibility criteria

(N=13,171)4FIDELITY
Prespecified pooled analysis

• UACR 30–<300 mg/g and eGFR 25–≤90 ml/min/1.73 m2 

• Or UACR ≥300–≤5000 mg/g and eGFR ≥60 ml/min/1.73 m2 

FIGARO-DKD (N=7437)2

CKD eligibility criteria

GFR  25-90 ml/min

Agarwal G et al. Eur Heart J 2022

UACR 30-5000 mg/g



Baseline Gmean=396 mg/g

Baseline Gmean=454 mg/g
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Full analysis set. Mixed model with factors for treatment group, region, eGFR category at screening, type of albuminuria at screening, CV disease history; time, treatment*time, 
log-transformed baseline value nested within type of albuminuria at screening, and log-transformed baseline value*time as covariates
Gmean, geometric mean
Agarwal R, et al. Eur Heart J 2021; doi:10.1093/eurheartj/ehab777

Finerenone treatment alone reduced UACR > 30% and those already 
treated with an SGLT-2i experienced an even greater reduction

–32%

–37%

877 (6.7%) patients 

on an SGLT-2i
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Outcome

Finerenone 
(n=6519)

Placebo 
(n=6507) HR (95% CI)

p-
value

n (%) n (%)

≥57% eGFR kidney 
composite outcome

360 

(5.5)

465 

(7.1)

0.77 

(0.67–0.88)
0.0002

Kidney failure*
254 

(3.9)

297 

(4.6)

0.84 

(0.71–0.99) 0.039

ESKD
151 
(2.3)

188 
(2.9)

0.80 
(0.64–0.99)

0.040¶

Sustained# decrease in 
eGFR to <15 
ml/min/1.73 m2

195 
(3.0)

237 
(3.6)

0.81 
(0.67–0.98)

0.026¶

Sustained# ≥57% decrease 
in eGFR from baseline

257 
(3.9)

361 
(5.5)

0.70 
(0.60–0.83)

<0.0001

Renal death‡
2 

(<0.1)
4 

(<0.1)
0.53 

(0.10–2.91)
0.459

Time to kidney failure, sustained  ≥57% decrease 
in eGFR or renal death

Finerenone significantly reduced the risk of the eGFR kidney composite 
outcome by 23%

0.50 1.00 2.00

Favours finerenone Favours placebo

Time to first event (months)

NNT after 3 years = 60 
(95% CI 38–142)

*ESKD or sustained decrease in eGFR <15 ml/min/1.73 m2; #confirmed by two eGFR measurements ≥4 weeks apart; ‡events were classified as renal 
death if: (1) the patient died; (2) KRT had not been initiated despite being clinically indicated; and (3) there was no other likely cause of death;
§number of patients with an event over a median of 3.0 years of follow-up; ¶analyses for p-values not prespecified
Agarwal R et al. Eur Heart J 2021. DOI: 10.1093/eurheartj/ehab777/6433104

HR=0.77; 95% CI 0.67–0.88

Finerenone: 360/6519 (5.5%)‡

Placebo: 465/6507 (7.1%)‡

p=0.0002
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HR=0.86; 95% CI 0.78–0.95

p=0.0018

Finerenone: 825/6519 (12.7)‡

Placebo: 939/6507 (14.4%)‡
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No. at risk#

Finerenone

Placebo

Time to first event (months)

651

9650

7

636

0633

0

620

2612

5

600

9593

8

527

3518

4

420

7414

7
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5296

9

218

7213

5
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7108
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0 6 12 18 24 30 36 42 48

Outcome Finerenone 
(n=6519)

Placebo 
(n=6507)

Hazard ratio (95% CI) p-value

n (%) n (%)

Composite CV 
outcome§

825 

(12.7)

939

(14.4)

0.86 

(0.78–0.95)
0.0018

CV death
322 

(4.9)

364 

(5.6)

0.88 

(0.76–1.02)
0.0922

Non-fatal MI
173 

(2.7)

189 

(2.8)

0.91 

(0.74–1.12)
0.3601

Non-fatal stroke
198 

(3.0)

198 

(3.0)

0.99 

(0.82–1.21)
0.9460

Hospitalisation for 
HF

256 

(3.9)

325 

(5.0)

0.78 

(0.66–0.92)
0.0030

Time to CV death, non-fatal MI, non-fatal stroke or 
hospitalisation for HF 

Finerenone reduced risk of CV composite outcome by 14% - CV death, MI, 
stroke and hospitalisation for HF

0.5 1 2

Favours finerenone Favours placebo

AAR: 2.2%

NNT after 3 years = 46 
(95% CI 29–109)

*Cumulative incidence calculated by Aalen-Johansen estimator using deaths due to other causes as competing risk; 
#at-risk subjects were calculated at start of time point; ‡number of patients with an event over a median of 3.0 years 
of follow-up; § composite of time to first onset of CV death, non-fatal MI, non-fatal stroke or hospitalisation for HF
Agarwal R et al. Eur Heart J 2021. DOI: 10.1093/eurheartj/ehab777/6433104



Morales J et al. Postgrad Med 2024

Potassium management algorithm of the FIDELIO-DKD study protocol 

Few hyperkalemia-related discontinuations occurred



8.1%



Associazione SGLT2i + MRA



Empaglifozin
(SGLT2 I)

Finerenone
(MRA)



R Agarwal et al NEJM 2025

CONFIDENCE study





ACR K+

eGFR Systolic 
blood 
pressure

- 30%



M Vaduganathan et al NDT 2025



CONFIDENCE
Empaglifozin +
Finerenone

Δ GFR:

-0,9 ml/min/aa

Annual change in 
GFR (Δ GFR)



Incremental benefit of multifactorial intervention on GFR
decline in DKD

P Fioretto et al Nature 2022

- 20%

- 40%
- 25%

SGLT2-I +
MRA

SGLT2-I

RAS blocker 



AGENDA

• SGLT2-I

• MRA

• GLP-1 RA



2022 KDIGO Approach for 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.



GLP-1 RA effects



GLP-1 RA effects



V Perkovitc et al NEJM 2024

FLOW study

Semaglutide +ACE-I/ARB + SGLT2i vs ACE-I/ARB + SGLT2i 



V Perkovitc et al NEJM 2024

Semaglutide 1 mg s.c./sett 

riduce UACR del 32%

(15% paz con ACE-I/ARB + 
SGLT2i) 



24% lower risk to reach primary 
outcome → trial STOPPED EARLY

V Perkovitc et al NEJM 2024



ΔGFR - 1.16 mL/min vs placebo 



Dual GLP-1 and GIP receptor agonists  



SURPASS-4
post-hoc
analysis

Effetto anche 
con eGFR 60-90
e ACR < 30 mg/g





CONCLUSIONI 



SGLT2-i

Effetti emodinamici

SGLT2-i sono un pilastro della terapia della DKD/CKD 

Inibizione simpatico

Chetogenesi

Ossigenazione renale



SGLT2-i

Effetti emodinamici

Inibizione simpatico

Chetogenesi Senescenza

Ossigenazione renale
Autofagia

Disfunzione mitocondriale

SGLT2-i sono un pilastro della terapia della DKD/CKD 



SGLT2-i ACE-I/ARB

Riduzione Pto e endpoint renali e CV

Arterial and glomerular hypertension, hyperfiltration 

SGLT2-i devono essere «ben accompagnati» 



SGLT2-i

nsMRA

ACE-I/ARB

Riduzione Pto e endpoint renali e CV

Inflammatory and profibrotic 
factors, cardiac remodeling 

Arterial and glomerular hypertension, hyperfiltration 

SGLT2-i devono essere «ben accompagnati» 



SGLT2-i

nsMRA

ACE-I/ARB

GLP1-RA

Riduzione Pto e endpoint renali e CV

Metabolic factors: poor glycemic control 

Arterial and glomerular hypertension, hyperfiltration 

Inflammatory and profibrotic 
factors, cardiac remodeling 

SGLT2-i devono essere «ben accompagnati» 



N Tangri et al Kid Int 2025

Δ GFR - 1 ml/min/year with RAS-I + SGLT2i + nsMRA/GLP1-RA

DKD



Grazie! 



Altre diapo



JP Lopez et al. Nephrologia 2025



JP Lopez et al. Nephrologia 2025
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