
(USRDS)

(end stage renal disease)

2018 1

2019 533

9.2

(DKD: diabetic kidney disease)
1

10-20

RAS ( ren in -ang io tens in  a ldos te rone 

system) blockade 5,6

SGLT-2i (sodium glucose 

cotransporter-2 inhibitor)

SGLT-2i
13,14,15

SGLT-2i RAS blockade

nsMRA (non-steroidal mineralocorticoid 

receptor antagonist) Finerenone

FIDELITY program 

17

GLP-1  RA 

(Glucagon like peptide 1 receptor agonist)

Semaglutide FLOW 

study 24%

GLP-1 RA

 

RAS blockade

RAS

r e n i n

aldosterone

RAS

diabetic paradox2

RAS blockade

(maximal tolerated dose)

2-4 5,6,22

RAS blockade

R A S

T G F 

(tubuloglomerular feedback)
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(intraglomerular pressure)

(hyperfiltration)

nephrin
3

Angiotensin II nephrin

Angiotensin II

aldosterone

(proinflammatory profibrotic)

RAS 

RAS 

blockade RAS

nephrin

 

ARB(angiotensin II receptor blocker)

ROADMAP Olmesartan
4 IRMA-2

Irbesartan 
5

RENAAL6 IDNT7 2001

NEJM

Losartan Irbesartan

3d(doubling of creatinine, 

ESKD , renal death) 16% 20%

ARB

doubling of creatinine ESKD

ARB rena l 

death

10-20

ARB

(1)ARB

5,6,7 (2)

ARB

(maximal tolerated dose)
22 (3) ARB

23

ARB

RAS 

ONTARGET 

Ramipril  Telmisartan 

 Ramipril 8  

ALTITUDE RAS blockade

 Aliskiren(direct renal inhibitor)
9

SGLT-2i

IDNT RENAAL
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ROADMAP ONTARGET ALTITUDE

2001 2019 18

A R B

SGLT-2i  

SGLT-2i FDA

CVOT (cardiovascular outcome trial)

 EMPA-

REG10 CANVAS11  DECLARE12

Empagliflozin Canagliflozin

Dapagliflozin

40%

EMPA-REG

doubling of creatinine ESKD renal 

death CANVAS DECLARE

 40% 

reduction of GFR ESKD renal death

SGLT-2i 

CVOTs

secondary endpoint

secondary endpoint

hypothesis generating  

SGLT-2i

primary endpoint 

SGLT-2i renal outcome trial

2019 CREDENCE trial13

Canagliflozin

34% ESKD 32%

1.85 ml/min/1.73m2 4.69 ml/

min/1.73m2 GFR 60%

CREDENCE GFR56 cc/

min/1.73m2 Canagliflozin 12.95

CREDENCE

SGLT-2i

Canagliflozin 2020 9 FDA

2021 3 TFDA

S G LT- 2 i  r e n a l  o u t c o m e  t r i a l : 

D A PA - C K D 2 0 2 0 1 4

CREDENCE DAPA-CKD

GFR 

25 ml/min/1.73m2

Dapagliflozin 44%

 ESKD 36%  all cause 

mortality 31%  renal trial

FDA 2021 5

Dapagliflozin

S G LT- 2 i  r e n a l  o u t c o m e  t r i a l : 

EMPA-KIDNEY 2022 15

CREDENCE DAPA-CKD  EMPA-KIDNEY
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GFR 20 ml/

min/1.73m2 Empagliflozin 

29%  ESKD 

33% renal trial

FDA 2023

1 Empagliflozin

SGLT-2i

2023 KDIGO guideline SGLT-2i

CKD

SGLT-2i 

(1) TGF afferent 

arteriole (2)

HIF (Hypoxia inducible factor)

(3)

TGF

GFR 45 ml/min/1.73m2 TGF
24

SGLT-2i

maximal tolerated dose RAS blockade 4

SGLT-2i

RAS blockade

 RAS blockade SGLT-2i

RAS blockade

RAS

RAS blockade

RAS blockade

SGLT-2i

CREDENCE 

DAPA-CKD trial

A1(normoalbuminuria)

A2(microalbuminuria) 

EMPA-KIDNEY EMPA-KIDNEY

A1  A2

Empagliflozin 

GFR slope

A1 A2

GFR slope A3

A3 Lancet

meta-analysis EMPA-REG

CANVAS DECLARE CREDENCE 4
16

SGLT-2i

SGLT-

2i 

CANVAS  mediation analysis

 2 5 % 

Canagliflozin
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SGLT-2i

Non-steroidal MRA

RAS blockade

S G LT- 2 i

MR(Mineralocorticoid receptor)

steroidal 

MRA Spironolactone Eplerenone

MR

DKD

MRA Finerenone

Finerenone non-steroidal 

MRA

2 0 2 0 F I D E L I O - D K D

Finerenone

eGFR 40%

2021

FIGARO-DKD

Finerenone

 FIDELITY program17

Finerenone 23%

(doubling, dialysis, and renal death) 14 %

MRA DKD

FDA 2021 7

Finerenone

Finerenone

2023 KDIGO guideline

SGLT-2i

RAS blockade

nsMRA Finerenone

RAS blockade Finerenone

RAS blockade

FIDELITY program

R A S 

blockade Finerenone 

RAS blockade

RAS blockade

RAS 

blockade Finerenone 

 

SGLT-2i RAS blockade Finerenone

SGLT-2i RAS 

blockade

KDIGO guideline

(additive)

(antagonistic)
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R A S  b l o c k a d e

efferent arteriole

renin upregulation renin renin

afferent arteriole

RAS blockade SGLT-2i afferent 

arteriole  RAS blockade

 SGLT-2i afferent arteriole

 RAS RAS efferent 

arteriole SGLT-2i

RAS blockade

RAS

Lancet

meta-analysis 16 RAS 

blockade SGLT-2i HR

0.58 RAS blockade SGLT-

2i HR 0.71

SGLT-2i RAS blockade

RAS blockade

(additive)

PIMA Indian 

G F R

10 ml/min/1.73m2 RAS 

blockade GFR

5 ml/min/1.73m2 per year

CREDENCE 99% RAS 

blockade GFR 4.59 ml  /

min/1.73m2 per year DAPA-CKD 97%

RAS blockade GFR 3.59 

ml/min/1.73m2 per year  RAS 

blockade RAS blockade 

Canagliflozin  Dapagliflozin

G F R  1 . 8 5  1 . 6 7 /  m l /

min/1.73m2per year GFR 10 

5 ml/min/1.73m2 RAS blockade

GFR 5 2 ml/min/1.73m2

S G LT- 2 i R A S 

blockade SGLT-2i

Finerenone SGLT-2i 

FIDELITY program 

SGLT-2i (user)

SGLT-2i (non-user) Finerenone 
25  

SGLT-2i  Finereone 

SGLT-2i 

RAS blockade Finerenone 

up-titration SGLT-2i 

RAS blockade Finerenone 

RAS blockade SGLT-2i 

Finerenone GFR

1.3 ml/min/1.73m2 

GFR  1 ml/

min/1.73m2 per year
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GLP-1 RA  

 GLP-1 RA

2024 ADA guideline

ASCVD multiple risk factors

 GLP-1 RA SGLT-2i 

stroke prevention

GLP-1RA CKD 

progression GLP-1RA 

(new onset macroalbuminuria)

(GFR based)

L E A D E R  t r i a l 1 8

SUSTAIN-6 trial19 PIONEER-6 trial20

GFR 30-59 ml/min/1.73m2  

GLP-1 RA GFR GLP-

1RA 21  

 GLP-1RA

18%

GLP-1RA

GLP-1 RA

SGLT-2i

Semaglutide

GLP-1RA

 SUSTAIN-6

MACE 26%

Semaglutide

SUSTAIN-6 PIONEER-6

post-hoc pooled analysis22 Semaglutide

GFR

0.59 ml/min per 1.73 m2 (95% confidence 

interval 0.29; 0.89)

30-59 ml/min per 1.73 m2, 

1.06 ml/min per 1.73 m2 GLP-1 RA

Semaglutide FLOW trial

FLOW 

trial 2023

10 2024 3 5

Semaglutide

24% GLP-1 

RA

 

SGLT-

2i Finerenone RAS blockade

Semaglutide FLOW trial 

(inertial)
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