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Evolving Understanding of the Role of Aldosterone
in Kidney Physiology

The steroid aldosterone is the primary mineralocorticoid hormone; its 
synthesis is prompted by hyperkalemia or sodium and volume depletion as 
the end result of RAS activation.

Aldosterone is an important contributor to both blood pressure control and — by 
provoking renal sodium reabsorption and potassium excretion.



Angiotensin is not the main trigger for aldosterone secretion.

MR is stimulated by several ligands (aldosterone, cortisol) and undergoes 
nonligand activation (via the regulatory protein Rac family small guanosine 
triphosphatase 1 [Rac1], elevated glucose, and high salt levels).

Leptin affects aldosterone synthesis, acting directly on adrenal glomerulosa 
cells to upregulate the expression of aldosterone synthase (encoded by 
CYP11B2) and increase the production of aldosterone via calcium-dependent 
mechanisms.



The Role of Nonepithelial MR Activation in CKD
Progression
The best-known function of aldosterone is its contribution to the control of 
electrolyte and fluid balance by interaction with MR expressed in 
aldosterone-sensitive kidney epithelial cells in the distal nephron. 

What is not as widely appreciated is that nonepithelial tissues also express MR, 
including the heart, adipocytes, podocytes, inflammatory cells, endothelial cells 
and vascular smooth muscle cells (VSMCs) 

The MR in nonepithelial cells offers an attractive target for protecting against 
inflammation and fibrosis in both the kidneys and the cardiovascular system.







The Interrelationship of Fibroblast Growth Factor
23 and Aldosterone

Aldosterone and angiotensin II increase FGF-23 expression in bone and boost levels 
of FGF-23 in the circulation.

Aldosterone may play an important role in increased FGF-23 secretion in patients with 
CKD.

After the administration of the MRA canrenone, an active metabolite of 
spironolactone, uremic mice with elevated aldosterone levels were shown to have a 
significant decrease in previously elevated concentrations of circulating FGF-23.

In experimental CKD, Klotho lessens tissue injury and fibrosis and improves 
hypertension by downregulating RAAS activity.

New therapeutic avenues to block the vicious cycle of aldosterone/MR overactivation and 
FGF-23 secretion with concomitant Klotho insufficiency, which often exists in patients 
with CKD.



MR Antagonism as a Therapeutic Strategy

Steroidal MRAs
Novel Nonsteroidal MRAs



Steroidal MRAs

In 2006 came the first assessment of the albuminuria-lowering effects of 
eplerenone in patients with type 2 diabetes mellitus (T2DM). Adding 
eplerenone, in doses of 50 or 100 mg, to enalapril resulted in a substantive and 
statistically significant reduction in albuminuria in patients with T2DM.



Novel Nonsteroidal MRAs

In response to concerns about the benefit-safety profile of steroidal MRAs, several 
new selective nonsteroidal MRAs were developed with the dual goal of 
improving efficacy and reducing unwanted side effects, primarily 
hyperkalemia.





Finerenone

The Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic 
Kidney Disease (FIDELIO-DKD) and Finerenone in Reducing CV Mortality and 
Morbidity in Diabetic Kidney Disease (FIGARO-DKD)







European Heart Journal (2022) 43, 474–484
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analysis







The main time-to-event efficacy outcomes were a composite cardiovascular outcome 
(cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or HHF) and a 
composite kidney outcome (kidney failure, a sustained ≥57% decrease in estimated GFR 
from baseline over ≥4 weeks, or death from kidney causes).

We wish to emphasize 2 important points derived from the FIDELITY analysis. 
First, it provides the best evidence to date that finerenone prevents HHF in a high-risk 
population. Second, the reduction in HHF was the primary contributor to finerenone’s 
cardiovascular benefit, with a relative risk reduction of 22% compared with placebo (P 
=0.003) in a study population in which patients with chronic symptomatic HFrEF at the run-in 
visit were excluded. This is an important and highly relevant finding for nephrologists 
because heart failure is a key contributor to morbidity and health care costs among 
patients with CKD and T2DM.

An important limitation of FIDELITY is that it did not include patients with nonalbuminuric 
CKD, highlighting the importance of conducting similar finerenone studies in a 
nonalbuminuric CKD cohort. 

FIDELITY pooled analysis



 It is noteworthy the benefits of finerenone were seen early — as soon as 1 
month after drug initiation for the cardiovascular outcome and just after 12 
months for the kidney outcome — and persisted for the 3-year duration of the 
trials. Based on these 2 studies, finerenone was recently approved by the US 
Food and Drug Administration (FDA).



Barriers to Implementing
Guideline-Recommended MR Blockade

Hyperkalemia



Hyperkalemia

The groundbreaking RALES trial reported that spironolactone reduced 
all-cause mortality by 30% in patients with reduced ejection fraction who were 
on RAS inhibitors and had levels of potassium ≤5.0 mEq/L and creatinine ≤2.5 
mg/dL at baseline.

A population-based study assessing the postpublication impact of the RALES trial 
found higher spironolactone prescriptions in patients with heart failure on 
RAS inhibitors and, concerningly, higher hyperkalemia-induced 
hospitalization and death.



Contemporary data from a Swedish general population cohort indicated that a plasma 
potassium level of > 5.0mEq/L occurred in 19% of individuals newly started on an MRA

Although patients who stopped MRA treatment after a hyperkalemia episode experienced 
fewer subsequent hyperkalemia events compared with those who continued the MRA 
despite hyperkalemia, importantly they also had a higher risk of cardiovascular events. 

It is unfortunate and indeed ironic that the precise populations that could benefit most 
from MRA therapy are those who are at increased risk for hyperkalemia.

The development of a novel class of nonsteroidal MRAs (including finerenone, 
aparenone, and esaxerenone, as discussed previously) generates excitement due to the 
promise of provoking less hyperkalemia than steroidal MRAs (spironolactone and 
eplerenone).



The increase was 0.21 mmol/L in patients receiving finerenone at 10 mg daily, 0.30 mmol/L in patients 
receiving finerenone at 5 mg twice daily, and 0.45 mmol/L in patients receiving spironolactone (mean 
dose of 37 mg). Interpretation is challenging because all 3 agents were administered at different 
(nonequivalent) doses. European Heart Journal (2013) 34, 2453–2463



Strategies used to mitigate hyperkalemia



It is important to accurately understand the magnitude of the risk of hyperkalemia. 
In FIDELITY, the total incidence of hyperkalemia-related adverse events was 
14.0% for finerenone compared with 6.9% for placebo; meanwhile, the number of 
hospitalizations due to hyperkalemia was 0.9% versus 0.2%, and the number 
of permanent discontinuations due to hyperkalemia was 1.7% versus 0.6%. 

Four months after treatment start, the mean increase in serum potassium was 
0.21 mEq/L with finerenone and 0.02 mEq/L with placebo. Most importantly, in 
patients receiving finerenone there were no deaths attributable to 
hyperkalemia.



The low incidence of permanent discontinuation of finerenone and the 
absence of deaths attributable to hyperkalemia were in large part due to a 
proactive approach aimed at minimizing the occurrence of hyperkalemia.

Importantly both newer potassium binders and sodium/glucose cotransporter 
2 (SGLT2) inhibitors provide additional mitigation possibilities to reduce the risk 
of hyperkalemia.



Post hoc analysis of the CREDENCE trial demonstrated that canagliflozin reduced the risk of 
investigator-reported hyperkalemia or initiation of potassium binders compared with placebo

European Heart Journal (2021) 42, 4891–4901



Future Treatment Paradigms With Nonsteroidal MRAs

Nondiabetic Kidney Disease
Combination Therapy



Nondiabetic Kidney Disease

FIND-CKD(Clinicaltrials.gov identifier NCT05047263) is currently enrolling patients 
to examine the effects of finerenone plus guideline-directed therapy on CKD 
progression, with expected completion in November 2025



Combination Therapy

Coadministration of low dosages of finerenone and empagliflozin led to a 
stronger survival benefit than equivalent or higher doses given individually.

CONFIDENCE is a planned phase 2 clinical trial that will leverage the preclinical 
studies and examine the effects of finerenone and empagliflozin alone and in 
combination versus placebo on reduction of albuminuria in patients with CKD and 
T2DM (Clinicaltrials.gov identifier NCT05254002). 

Although we are unaware of any preclinical or clinical data to suggest how MRAs, 
SGLT2 inhibitors, and GLP-1RAs should be used sequentially, such 
investigations should be initiated.
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Conclusion

Recent publication of FIDELIO-DKD and FIGARO-DKD

Key differences between steroidal and nonsteroidal MRAs in terms of clinical efficacy and 
serious adverse events

Overriding challenge is the hyperkalemia evoked by treatment with MRAs

Systematic application of careful monitoring and an array of mitigation strategies that 
should enable sustained therapy with finerenone

We propose that activation of MR, along with the associated inflammation and fibrosis, is 
relevant to the pathogenesis of CKD whether or not there is co-occurring diabetes.

Recently initiated or planned clinical trials (CKD-FIND, CONFIDENCE) that are investigating 
either the efficacy of finerenone in retarding and abrogating progression in patients with 
nondiabetic CKD, or finerenone in combination with SGLT2 inhibitors

We are not aware of any new evidence on the efficacy of MRAs for patients without 
albuminuria or any planned studies in this area.






