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Summary of studies on nephropathy progression used in figures

Parving HH et al. Br Med J,1989; Viberti GC et al. JAMA, 1993; Klaur S et al. N

Eng J Med, 1993; Hebert L et al. Kidney Int, 1994; Lebovitz et al. Kidney Int, 1994; 

Bakris GL et al. Kidney Int, 1996; Maschio G et al. N Eng J Med, 1996; Bakris GL 

Hypertension, 1997; GISEN Group, Lancet, 1997

Adapted from Bakris et al. Am J Kidney Dis. 2000;36:646-661.

Barnett A.H., et al. N Engl J Med 2004;351:1952–1961 correction N Engl J Med 

2005;352:1731; Barnett A.H., et al. Acta Diabetol 2005;42(Suppl 1):S42–S49



ACEI/ARB discontinuation following eGFR decrease is associated with poor 
CV outcomes In patients with Declining Kidney Function

• ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HR, hazard ratio; MACE, major adverse 
cardiovascular events.

Qiao Y, et al. JAMA Intern Med. 2020;180:718–26.

Objective: a retrospective, propensity score-matched cohort study investigated the association of ACEi/ARB 

discontinuation after eGFR decrease (<30 mL/min/1.73 m2) and risk of mortality, MACE, and ESKD

ACEi/ARB discontinuation was associated 

with a higher risk of mortality

ACEi/ARB discontinuation was associated 

with a higher risk of MACE

• ACEi/ARB discontinuation was not significantly associated with ESKD risk (HR 1.19; 95% CI 0.86–1.65)

HR 1.39

95% CI 1.20–1.60 

HR 1.37

95% CI 1.20–1.56
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RISCHIO SIGNIFICATIVO 

DI PROGRESSIONE DELLA MALATTIA

RENAAL: Risk of dSCr, ESKD, or death with placebo versus losartan in patients with T2D and nephropathy

Risk reduction: 16%
p=0.02
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Mechanisms behind kidney disease progression

Glomerular 
hyperfiltration

Increase in 
inflammation

Decline in kidney function 
(potentially ESRD)

Glomerular 
hypertension

Vasculature 
affected

Microalbuminuria



The CRIC study is a prospective observational 

cohort study of 3939 participants with 

established CKD



Pathogenesis of Renal Disease Progression 

Ipertrophy
Iperplasy

Cytokines
growth factors
oxidative stress

ApoptosisIncreased Matrix production
Decreased Matrix degradation

Increased protein 
filtration RAAS/Ang II

Systemic and glomerular

hypertension

Hyperfiltration



A Menu of Therapies Drives Personalized Kidney Protection

modified, from Bakris EDTA 2022

No specific therapy for 

CKD

Captopril trial

Enalapril trial

RENAAL

IDNT

Dapa CKD

EmpaKidney

Fidelio DKD

Normal annual eGFR

decline

?

FINERENONE



The effect of aldosterone and aldosterone blockade on the progression of 
chronic kidney disease: a randomized placebo-controlled clinical trial
Hitoshi Minakuchi, Shu Wakino, Hidenori Urai, Arata Kurokochi, Kazuhiro Hasegawa, Takeshi Kanda, Hirobumi Tokuyama & Hiroshi Itoh



European Heart Journal (2022) 43, 3781–3791 

Aldosterone in chronic kidney disease and renal outcomes
The CRIC study is a multicentre, prospective, observational cohort study designed to investigate the risk factors for death, 

cardiovascular disease, and CKD progression in participants with known CKD.

From 8 April 2003, through 3 September 2008 (Phase 1), 3939 participants, 21–74 years old, were enrolled across seven clinical 

centres in the USA, with an eGFR ranging from 20 to 70 mL/min/1.73 m2.



In conclusion, podocytes are injured at the early stage in 

aldosterone-infused rats, resulting in the occurrence of 

proteinuria. Aldosterone can directly modulate podocyte function, 

possibly through the induction of oxidative stress and Sgk1. 

(Hypertension. 2007;49:355-364.)

Eplerenone: Proteinuric effect in rat model. 

Eplerenone protection



Local renal aldosterone production induces 

inflammation and matrix formation in 

kidneys of diabetic rats

Helmy M. Siragy and Chun Xue

Exp Physiol. 2008 July ; 93(7): 817–824. 

doi:10.1113/expphysiol.2008.042085

Aldosterone Synthase inhibitor (FAD 286): 

Hyperfiltration reduction in diabetic rat model 



In conclusion, aldosterone seems to

exert mainly MR-induced effects that

stimulate c-Raf, MEK1/2, MAPK1/2, the

activities of CDK2 and CDK4, and the

cell-cycle progression in mesangial cells.

MR antagonists may serve as a potential

therapeutic approach to mesangial

proliferative disease.

Aldosterone: Mesangial proliferation

in diabetic rat model 



Spironolactone:

Profibrotic effect in human cardiomiocytes



8 weeks after

5/6 nephrectomy

(biopsy)

After 4 weeks of

treatment

(autopsy)

CONTROLS

progression

SPIRO

regression

SPIRO+AT1RA

regression

Regression of Existing Glomerulosclerosis by 

Inhibition of Aldosterone
Jean Claude Aldigier, Talerngsak Kanjanbuch, Li-Jun Ma, Nancy J. 

Brown, and Agnes B. Fogo
Departments of Pathology and Medicine, Vanderbilt University Medical Center, 

Nashville, Tennessee

Aldigier et al. J Am Soc Nephrol,  2005

Spironolactone:

Glomerulosclerosis regression 

in diabetic rat model 



Aldosterone

MR

Fibroblasts, 

Podocytes

Endothelial Cells

Cardiomyocites

Epithelial Cells

(Kidney, Colon,

Salivary glands etc)

“Fast”
(minutes)

MR

“Slow”
(hours)

↑Endothelial dysfunction

↑PAI – 1

↑Vascular inflammation

↑Oxidative stress

↑Endothelin and Angio II receptors

↑Proliferation of myocytes and fibroblasts

↑Perivascular and interstitial  fibrosis

> ↑Sodium and water
reabsorption

> ↑Potassium excretion
> ↑Intravascular volume
> ↑Blood pressure

These effects may occur through binding of the

liganded MR to an MR responsive element to

initiate de novo gene transcription (genomic),

through MR-dependent activation of other

transcription factors that regulate gene

transcription, or through activation of receptor-

mediated signaling pathways in the absence of

transcription (non genomic).



1. In conclusion, aldosterone stimulates the 

production of ROS, inflammation and fibrosis of 

the heart, vasculature, and kidney through both 

MR-dependent and MR-independent mechanisms.

2. Studies in mice treated with aldosterone synthase 

inhibitors suggest that aldosterone is the primary 

ligand involved in cardiac and vascular fibrosis, but 

that MR antagonism may be necessary to prevent 

renal injury.



Bianchi S. et al Kidney International 2006; 70: 2116-2123

 165 proteinuric CKD patients

 1 year follow up

 Conventional therapy = ACEi or ARB

or both

 Spironolactone 25 mg/day

Spironolactone, in addition to ACEi/ARB, may reduce proteinuria and retard renal progression in CKD patients



Effects of mineralocorticoid receptor antagonists in proteinuric kidney disease: a systematic review

and meta-analysis of randomized controlled trials

Alexandrou ME, Papagianni A, Tsapas A, Loutradis C, Boutou A, Piperidou A, Papadopoulou D, Ruilope L, Bakris G, Sarafidis P. Effects of mineralocorticoid receptorantagonists in proteinuric kidney disease: a systematic

review and metaanalysisof randomized controlled trials. J Hypertens 2019;37:2307–2324.

Use of MRAs alone or on top of RAS blockade confers important antiproteinuric effects in 

patients with CKD, with a slight increase in mean potassium levels





Spironolactone is a non-selective steroidal MRA
RALES: 
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spironolactone

menstrual irregularities

impotence

gynecomastia
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Jeunemaitre et al. Am. J. Cardiol 1987; 60: 820 
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Jeunemaitre et al. Am. J. Cardiol 1987; 60: 820 

N Engl J Med. 2012;367:15

Significant increase in the risk of hyperkalemia with the addition of spironolactone to ACEi and/or ARB (relative risk
3.06, 95% CI 1.26, 7.41).



Finerenone is a third-generation dihydropyridine-derived nonsteroidal MR antagonist. The 

compound has higher affinity to MR than spironolactone (EC 50 = 18 nM) and lacks affinity 

for the other steroid receptors. Binding of finerenone to the MR generates a highly unstable 

complex, unable to bind to coregulators. 

Finerenone



Finerenone 1 mg/kg/die reduces mRNA expression of inflammation 
and fibrosis markers without significant effect on SBP

Kolkhof P, et al. J Cardiovasc Pharm 2014;64:69–78

Eplerenone

Finerenone dosed at equinatriuretic doses of eplerenone in a rat DOCA–salt model of kidney injury

Effect on mRNA expression of inflammatory and fibrotic markers 

in kidney tissue
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*p<0.05 versus placebo; #p<0.05 versus eplerenone

Fibrosis Biomarkers:

- Osteopontine

- Kidney plasminogen activator inhibitor-1

- Matrix metalloproteinase-2



• Cardiac fibrosis • Cardiac inflammation

Grune J, et al. Hypertension 2018;71:599–608

Finerenone reduces accumulation of collagen and macrophage 
infiltration in in preclinical models of cardiac injury
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Finerenone compared with eplerenone in a mouse model of 

isoproterenol-induced cardiac fibrosis and inflammation.
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1. Alicic RZ, et al. Clin J Am Soc Nephrol 2017;12:2032–2045; 2. Mora-Fernández C, et al. J Physiol 2014;18:3997; 3. Bauersachs J, et al. Hypertension 2015;65:257–263; 
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Braunwald E. J Am Coll Cardiol 2018;72:1845–1855; 8. Heerspink HJ, et al. Circulation 2016;134:752–772; 9. Zelniker TA & Braunwald E. J Am Coll Cardiol 2020;75:422–434; 10. American Diabetes Association. 
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CKD in T2D progression, associated with increased CV risk, is driven by the 
combined effects of metabolic, haemodynamic, inflammatory and fibrotic 
factors

ACE inhibitors and ARBs4,5

Thiazide-like diuretics and 

dihydropyridine Ca2+ 

channel blockers4,5

SGLT-2 inhibitors6–9

SGLT-2 inhibitors9,10

GLP-1RAs10

Metformin10

Other anti-hyperglycaemic 

agents10

Drivers of CKD in T2D progression1–3

Inflammation

and fibrosis1–3

Haemodynamic
(elevated BP and/or 

intraglomerular pressure)

Metabolic
(poor glycaemic 

control)

FINERENONE

ALDOSTERONE

EPLERENONE

Primary MoA of therapies shown

Current therapies for patients 

with CKD and T2D primarily 

target haemodynamic and 

metabolic factors ….




