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Type 2 diabetes mellitus (T2DM) affects an estimated 463 million people worldwide, equivalent to 1 in 11 adults. Moreover, the rapid 
growth of this disease has resulted in a high incidence of diabetic kidney disease (DKD), which, together with hypertension, is the 
main cause of chronic kidney disease (CKD). Hyperglycaemia, low-grade inflammation, altered lipid metabolism and hyperactivation 

of the renin–angiotensin–aldosterone system (RAAS) seem to be interrelated mechanisms contributing to both T2DM and microvascular 
complications. The introduction of drugs such as sodium–glucose cotransporter 2 inhibitors and glucagon-like peptide 1 receptor agonists 
has improved the ability to slow the progression of DKD, and has also demonstrated benefits in cardiovascular disease. Beyond the effects 
of these novel antidiabetic drugs, a body of evidence suggests that the overactivation of the mineralocorticoid receptor also contributes to 
CKD progression. Moreover, new and ongoing trials have demonstrated that the selective nonsteroidal mineralocorticoid receptor antagonist 
(MRA) finerenone improves the risk of CKD progression and cardiovascular events in patients with CKD and T2DM and optimized RAAS 
blockade. We review the rationale for the development and use of MRA drugs to slow CKD progression in patients with DKD, as well as other 
pleiotropic effects, and highlight the warnings associated with these agents.
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Chronic kidney disease (CKD) represents one of the greatest future 

public health challenges due, among other consequences, to its elevated 

burden on economic and human resources within healthcare systems.1 

Moreover, the rapid growth of type 2 diabetes mellitus (T2DM) results 

in a high incidence of diabetic kidney disease (DKD), which, together 

with hypertension, is the main cause of CKD progression to end-stage 

kidney disease (ESKD) and the need for renal replacement therapies.2 

The introduction of drugs such as sodium–glucose cotransporter 2 

(SGLT-2) inhibitors and glucagon-like peptide 1 (GLP-1) receptor agonists 

has improved the ability to slow the progression of DKD, with additional 

benefits in cardiovascular disease (CVD);3,4 however, the residual renal risk 

remains high and renal progression has not been completely arrested. 

Beyond the effects of these novel antidiabetic drugs, a growing body 

of evidence suggests that the overactivation of the mineralocorticoid 

receptor also contributes to CKD progression.5 Thus, recent evidence 

supports the use of mineralocorticoid receptor antagonist (MRA) drugs 

with some therapeutic benefits.6 In this regard, findings from the FIDELIO-

DKD (Finerenone in reducing kidney failure and disease progression 

in DKD) and more recently FIGARO-DKD (Finerenone in reducing 

cardiovascular mortality and morbidity in DKD) trials have demonstrated 

that the selective nonsteroidal MRA, finerenone, improves the risk of CKD 

progression and cardiovascular events in patients with CKD and T2DM 

and optimized renin–angiotensin–aldosterone system (RAAS) blockade.7,8 

Moreover, finerenone also reduced albuminuria with minimal effects on 

blood pressure and glycaemia. Here, we review the rationale for the 

development and use of MRA drugs to slow CKD progression in patients 

with T2DM and DKD, as well as other pleiotropic effects, and highlight the 

warnings associated with these agents (Figure 1).
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Diabetic kidney disease pandemic
Worldwide, 463 million people, equivalent to 1 in 11 adults, are 

estimated to have T2DM. In Europe, almost 60 million people are 

affected by this disease, and in the USA 34.2 million, representing 10.5% 

of the country’s population.1 Moreover, it is estimated that 232 million 

people have undiagnosed diabetes and 374 million people (1 in 13 

adults) have impaired glucose tolerance.2 Thus, the clinical burden and 

socioeconomic impact of T2DM is huge, and the total annual medical 

and societal costs related to diabetic complications are estimated to 

increase to more than US$622 billion by 2030.2

A recently published large, retrospective, population-based cohort study 

analysed a total of 65,731 adults with T2DM and CKD, and revealed that 

CKD progression was observed in approximately 10–17% of patients 

over a median follow-up of 2 years.9 Similar prior studies showed that 

accelerated progression of kidney dysfunction leading to ESKD is more 

frequent in patients with diabetes compared with CKD from other 

aetiologies, such as proteinuria, heart failure, anaemia and elevated 

systolic blood pressure, all of which are predictors of fast progression.10 

Diabetic-mediated kidney damage is currently detected and monitored 

by albuminuria, although more accurate biomarkers are needed. Apart 

from being a marker of kidney damage and progression, albuminuria 

is an independent predictor of all-cause mortality and cardiovascular 

events and mortality.11

Hyperglycaemia, low-grade inflammation, altered lipid metabolism, 

RAAS hyperactivation and increased sympathetic activity seem to be 

interrelated mechanisms contributing to both T2DM and microvascular 

complications.12–14 All these factors indirectly contribute to endothelial 

dysfunction, particularly that caused by oxidative stress linked to 

reduced nitric oxide bioactivity and leading to intraglomerular damage.9,13 

Current treatments for DKD improve the pathological pathways 

involving RAAS activation, and metabolic and haemodynamic changes. 

In contrast, they do not produce a clear improvement on the pathways 

of inflammation, oxidative stress and fibrosis. New therapeutic options 

are needed to block these complementary pathogenic mechanisms  

in order to reduce residual renal risk and prevent the growth of the 

DKD pandemic.

Mineralocorticoid receptor antagonist in chronic 
activation of the RAAS 
DKD progression is closely associated with chronic hyperactivation of the 

RAAS, and the role of MRAs in those patients affected has been rapidly 

acknowledged by the medical community owing to a strong physiological 

rationale, as mineralocorticoid receptors are widely expressed in different 

tissues such as kidneys and heart cells. The blockage of these receptors 

by MRA leads to haemodynamic and non-haemodynamic effects, 

resulting in a decrease in inflammation and fibrosis, and a slowdown in 

the progression of cardiorenal disease.15

Regarding haemodynamic changes associated with finerenone, the actual 

evidence suggests that a decrease in intraglomerular pressure may 

limit podocyte injury and albuminuria, preventing albuminuria-induced 

tubular cell inflammatory and pro-fibrotic responses, thus preventing 

the loss of klotho, and even decreasing the metabolic load of proximal 

tubular cells. This pattern is consistent with the response to conventional  

RAAS blockers.16 

Effects of diabetes on kidney

– In�ammation
– Fibrosis
– Glomerulosclerosis
– Tubular and podocyte injury
– Vasoconstriction
– Mesangial expansion

– Hyperkalemia*
– Male breast
– Female menstrual disorders
– Others

– Slow CKD progression
– Reduce hypertension
– Reduce proteinuria
– Improve CV outcomes

MRA adverse effects

MRA bene�cial targets MRA clinical effects

 Anti-in�ammatory mediators
 Pro�brotic mediators
 Oxidative stress
 Vasocontrictors

Figure 1: Beneficial effects and warnings of mineralocorticoid receptor antagonist drugs in patients with chronic kidney 
disease and type 2 diabetes mellitus

The adverse kidney effects of diabetes (in red) could be improved by the use of MRA through beneficial targets (in green), such as increased anti-inflammatory mediators and 
decreased pro-fibrotic mediators and oxidative stress, among others. These mechanisms may improve the renal function and slow CKD with additional CV benefits (in green). 
Some warning of these agents (in orange) should be noted.  
CKD = chronic kidney disease; CV = cardiovascular; MRA = mineralocorticoid receptor antagonist.  
*Associated more with steroidal MRAs.
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Beyond the haemodynamic effects, finerenone has a direct action on 

tissue inflammation and fibrosis. These changes relate to inhibition of 

pro-inflammatory and pro-fibrotic effects recruited by the transcription 

factor induction via the mineralocorticoid receptor. Furthermore, 

mineralocorticoid receptor activation is a key mediator of renal damage 

induced by klotho deficiency and resulting from deficiency of klotho 

actions on adrenal cells, independently of RASS activation.16 Finally, these 

mineralocorticoid receptor activations are common with the activation 

of the angiotensin II/angiotensin receptor axis.15 

Mineralocorticoid receptor antagonists:  
Current perspective 
Steroidal MRAs have been used for decades for the treatment of 

hypertension, primary aldosteronism and heart failure (Figure 2).7,8,17–20 

Oxidative stress, inflammation and kidney fibrosis are the common 

endpoints of CKD from various aetiologies, including DKD. Several 

experimental and clinical studies have shown that MRA improved kidney 

outcomes, such as decreased renal death or doubling of creatinine, 

reduced proteinuria, and neutral effects on estimated glomerular 

filtration rate (eGFR).21 

Recent evidence supports the use of MRA drugs showing therapeutic 

benefits in renal outcomes. Since the release of data from the  

FIDELIO-DKD study7 and the preliminary report from the FIGARO-DKD 

trial,8 researchers have focused attention on the selective nonsteroidal 

MRA, finerenone, and the capacity to improve the risk of CKD progression, 

with additional benefits of slowing down CVD progression in patients 

with CKD and/or T2DM. Indeed, it has been reported that finerenone 

reduced albuminuria after 4 months of treatment, with minimal effects 

on blood pressure and glycaemia.22,23

Steroid MRAs exhibit greater accumulation in kidneys than in the heart; in 

contrast, finerenone shows equal distribution in the heart and kidney. Of 

interest, the clearance of finerenone is predominantly mediated through 

non-kidney routes of elimination and without biologically active metabolites.24

A growing body of evidence from animal and preclinical studies 

suggests that finerenone is effective at slowing end-organ damage in 

cardiorenal disease.24,25 These favourable kidney effects are explained 

by downregulation of expression of proinflammatory and profibrotic 

markers, reduction in albuminuria and regression of tubulointerstitial 

fibrosis. Moreover, updated information about the renal activation of the 

aldosterone mineralocorticoid receptor system in the development of 

salt-sensitive hypertension and renal injury will provide new insights into 

the uses of MRAs for the treatment of cardiorenal diseases by different 

mechanisms.26 Similarly, in animal models of cardiac hypertrophy, 

finerenone was more effective at reducing cardiac fibrosis, plasma 

prohormone levels of brain natriuretic peptide (BNP) and albuminuria 

compared with eplerenone.21

Although the evidence from ongoing and new trials is awaited, existing 

studies may provide supporting data. The ROTATE-3 (Rotation for Optimal 

Targeting of Albuminuria and Treatment Evaluation) trial explores the 

different albuminuria-lowering drug classes to identify the individual 

drug response in diabetic and non-diabetic patients with CKD.27 This 

trial was designed to investigate the individual albuminuria response to 

an MRA (eplerenone) and an SGLT-2 inhibitor (dapagliflozin). Moreover, 

the Mineralocorticoid Receptor Antagonist Tolerability Study (ARTS) is a 

phase IIb trial that was conducted to explore the safety and tolerability 

of finerenone relative to placebo or active treatment with spironolactone 

in patients with heart failure and in mild stages of CKD.17 Preliminary 

data report that events of hyperkalaemia or declined kidney function 

occurred less frequently in the finerenone arm than in patients randomly 

assigned to spironolactone. Finerenone and spironolactone appeared to 

be equally effective in improving albuminuria and the serum levels of 

N-terminal pro-BNP (NTproBNP).22 These results will help to improve the 

current strategies for treatment and to slow DKD progression in those 

patients affected.

Mineralocorticoid receptor antagonists: 
Warnings 
Steroid MRAs (spironolactone and eplerenone) can significantly improve 

the prognosis and quality of life in patients with heart failure, and reduce the 

rates of hospitalization and mortality.18 However, due to the low selectivity, 

these classic MRAs may lead to serum potassium elevation, development 

of gynaecomastia, female menstrual disorders and other undesirable 

effects, which limits their clinical use.21 However, recent evidence showed 

that finerenone had excellent selectivity to the mineralocorticoid receptor, 

and its half maximal inhibitory concentration (IC50) was only 17.8 nmol/L 

(spironolactone IC50 = 24.2 nmol/L, eplerenone IC50 = 990 nmol/L).23 Thus, 
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Figure 2: Milestones in the development of mineralocorticoid receptor antagonists for the treatment of heart failure and 
diabetic kidney disease7,8,17–20

FDA = US Food and Drug Administration. 
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finerenone selectivity to mineralocorticoid receptor is significantly higher 

(>500-fold) than to glucocorticoid, androgen and progesterone receptors, 

respectively.28 Finally, close monitoring of potassium levels is warranted 

in those patients under renin–angiotensin system blockade and MRA 

treatments. Physicians should be aware of the risk of hyperkalaemia in all 

patients and especially in patients with eGFR <30 mL/min/1.73 m2.29 

With the focus still on hyperkalaemia risk, two recent alternative 

potassium-binding resins, patiromer sorbitex calcium and sodium 

zirconium cyclosilicate, have shown promising results in the 

management of patients predisposed to developing recurrent 

hyperkalaemia, and their use may allow for further optimization of 

guideline-directed medical therapy.30

Combined drugs in the treatment of diabetic 
kidney disease
Beyond the classic uses of RAAS blockade with angiotensin-converting 

enzyme inhibitors or angiotensin receptor blockers in the treatment of 

DKD progression, the combinations of SGLT-2 inhibitors, GLP-1 receptor 

agonists and nonsteroidal MRAs are expected to be increasingly used in 

the setting of DKD. In advance of these novel findings for finerenone in 

the cardiovascular field, current evidence supports the combined use of 

SGLT-2 inhibitors and GLP-1 receptor agonists to slow the progression of 

DKD, with renal and cardiovascular benefits. These drugs are proven to 

have an additive effect on lowering weight and blood pressure. It has also 

been suggested that the addition of SGLT-2 inhibitors and GLP-1 receptor 

agonists to insulin therapy could reduce the dose of insulin required, or 

even allow for its withdrawal, as well as achieving an ideal triad in the 

treatment of diabetes (good glycaemic control with no weight gain and 

reduced risk of hypoglycaemia), with the added cardiorenal benefits.31 

As we commented earlier, the evidence for MRA is incomplete, pending 

the results from ongoing and new trials; however, future evidence could 

support the combined use of MRA with other drugs in the therapeutic 

arsenal for the management of DKD. 

Conclusion
Novel MRAs have demonstrated efficacy in slowing the progression 

of CKD in patients with diabetes. Finerenone has a smaller effect on 

serum potassium levels than classic MRAs and a different side-effect 

profile to other agents, such as SGLT-2 inhibitors and GLP-1 receptor 

agonists, for the treatment of CKD in T2DM. Hence, combining RAAS 

blockade with the new hypoglycaemic agents such as SGLT-2 inhibitors, 

GLP-1 receptor agonist and finerenone will allow treatment of DKD by 

addressing several key factors in its progression, such as haemodynamic 

dysfunction, inflammation and fibrosis, with optimal and safe glycaemic 

control. Finally, although new evidence for finerenone in the cardiorenal 

field is pending, it is one of the most promising treatments for patients 

with DKD. q
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