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Abstract: Cardiorenal syndrome (CRS) is a complex clinical and pathological condition characterized by 
the dysfunction of either the heart or the kidney, leading to subsequent dysfunction in the other organ in the 
context of acute or chronic functional impairment. Given the escalating incidence and mortality rates of 
CRS particularly against the backdrop of an aging population and the rising prevalence of cardiovascular 
diseases, underscore the need for a deeper understanding of its underlying pathogenesis. Recently, the role 
of mineralocorticoid receptors (MR) in CRS has garnered significant research attention. Evidence suggests 
that aberrant activation of MR not only disrupts water and sodium homeostasis, resulting in abnormal blood 
volume expansion, but also triggers inflammatory responses, tissue fibrosis, and hyperactivation of the 
sympathetic nervous system and renin-angiotensin-aldosterone system. These intricate pathophysiological 
processes exert profound negative impacts on cardiac and renal functions. Finerenone, a novel non-steroidal 
selective mineralocorticoid receptor antagonist (MRA), has demonstrated significant therapeutic potential 
and unique pharmacological mechanism in the treatment of cardiorenal syndrome, especially chronic kidney 
disease (CKD) associated with type 2 diabetes mellitus (T2DM) in recent years. In this review, we 
summarize the mechanisms by which finerenone interacts with MR and its promising therapeutic role in 
cardiorenal syndrome.
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1. Introduction

Cardiorenal syndrome (CRS) is defined as a pathophysiological disease that involves both the heart and 
the kidneys. It is characterized by the acute or chronic dysfunction of one organ, which primarily leads 
to dysfunction in the other organ and secondarily affects its function [1,2]. CRS establishes a vicious 
cycle wherein cardiac and renal dysfunction mutually exacerbate each other, thereby establishing a highly 
intricate and multifaceted network of biological communication and feedback mechanisms. These 
mechanisms encompass cellular, molecular, neural, endocrine, and paracrine processes [3]. Furthermore, 
CRS exerts a profound impact on quality of life and introduces considerable variability in prognosis, 
thereby attracting significant attention due to its intimate association with elevated mortality rates [4]. 
Consequently, a thorough investigation of the pathogenesis of CRS and the pursuit of effective treatment 
strategies possesses significant clinical value and profound implications.

Mineralocorticoid receptors (MR) is an important transcription factor that regulates various physiological 
processes by binding to mineral corticoids to maintain cardiovascular and renal homeostasis [5,6]. As a nuclear 
receptor, MR regulates the biological activity of mineralocorticoids, thereby participating in the modulation of 
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various physiological processes including which is essential for ensuring water-electrolyte balance, 
blood pressure stability, and cardiovascular health [7,8]. However, studies have shown that MR is 
abnormally activated in CRS patients, promoting excessive inflammation, fibrosis, oxidative stress, and 
apoptosis, which exacerbate heart and kidney damage [9]. Therefore, regulating the activity and 
expression level of MR is regarded as a potential new strategy for the treatment of CRS [10].

Finerenone, as a third generation non-steroidal selective mineralocorticoid receptor antagonist (MRA), 
exerts anti-inflammatory and anti-fibrotic effects and improves cardiac and renal function by blocking the 
overactivation of MR [11]. Currently, finerenone is approved for the treatment of type 2 diabetes-related 
CKD [12]. With the accumulation of clinical evidence, the application of finerenone in patients with heart 
failure and the combination therapy with SGLT2 inhibitors are also being explored [13,14]. These studies are 
expected to further expand the application of finerenone in the treatment of CRS. In this review, we 
summarized the mechanistic of finerenone in CRS by interacting with MR and its promising therapeutic role 
in CRS.

2. Overview of CRS

2.1. Classifications and Epidemiological Characteristics of CRS

According to the CRS consensus document published by the Acute Dialysis Quality Initiative (ADQI) in 
2008 [15]. CRS is systematically classified into five subtypes, characterized by the sequential involvement of 
organs and the nature of disease progression [16]. Type 1 CRS encapsulates a significant decline in cardiac 
function, such as acute cardiogenic shock or decompensated congestive heart failure, which subsequently 
induces acute kidney injury (AKI) [17]. Type 2 CRS is marked by chronic abnormalities in cardiac function, 
exemplified by chronic congestive heart failure, leading to the progressive exacerbation of CKD [18]. Type 3 
CRS refers to the sudden deterioration of renal function, such as acute renal ischemia or glomerulonephritis, 
which triggers acute cardiac dysfunction encompassing heart failure, arrhythmias, and ischemia [19,20]. Type 
4 CRS describes a scenario in which CKD, such as chronic glomerular disease, results in diminished cardiac 
function, cardiac hypertrophy, and elevated risk of adverse cardiovascular events [21]. Type 5 CRS 
encompasses systemic diseases, including diabetes, hypertension, sepsis, that result in concurrent cardiac and 
renal dysfunction [22].

In developing countries, the burden of CRS is particularly severe due to the scarcity of resources for 
screening and treatment. Consequently, there is an urgent necessity to enhance and optimize public health and 
medical services in these regions [23,24]. CRS is particularly prevalent among hospitalized patients, especially 
those with acute decompensated heart failure (ADHF), and approximately 25% progress to type 1 CRS [25]. 
AKI occurs in up to 50% of cardiac intensive care units. Type 2 CRS is common in patients with chronic heart 
failure (CHF) and has a 45% reduction in glomerular filtration rate (GFR) [26,27]. In type 3 CRS, the incidence 
of AKI is 9% among hospitalized patients and 35% among intensive care patients. Specific incidence data are 
insufficient [19,28]. Type 4 CRS poses a significant challenge to public health, as half of all patients with 
ESRD succumb to coronary heart disease (CHD) and its associated complications [21,29]. Type 5 CRS 
is more common in severe patients with multiple organ dysfunction syndrome (MODS) [22,30]. Given 
global aging and lifestyle changes, the incidence of CRS is expected to increase [31].

2.2. Pathogenesis of CRS

With the deepening of research, the pathogenesis of CRS is gradually explored (Figure 1) [31,32]. As a 
vital organ responsible for maintaining homeostasis, the kidney adapts to variations in blood flow by 
adjusting the functions of renal tubule reabsorption and excretion [33]. When the heart function is 
compromised, specifically including ADHF, ischemic injury, coronary angiography, and cardiac surgery, 
which in turn may give rise to AKI. Notably, the mechanisms through which these events mediate AKI may 
differ [34–36]. Additionally, the deregulated neuroendocrine and cytokine systems play a pivotal role in the 
pathogenesis of CRS [37]. Cardiac insufficiency initiates a robust activation of the sympathetic nervous 
system and the renin-angiotensin-aldosterone system (RAAS) [38,39]. This cascading effect not only results 
in vasoconstriction and a significant decrease in renal blood flow but also fosters the retention of water and 
salt, thereby exacerbating the circulatory and renal burden [40]. Specifically, the elevated aldosterone levels 
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not only enhance the capacity of kidney for sodium reabsorption but also accelerate tubular fibrosis, 
ultimately causing persistent and substantial renal dysfunction [41].

Furthermore, inflammation, which serves as a crucial factor in the etiology of CRS, persists throughout 
the entire course of the occurrence and development of the CRS [31,42]. The initial injury of the heart and 
kidney triggers a wide range of inflammatory responses, leading to the release of numerous inflammatory 
cytokines. These mediators facilitate the infiltration and activation of inflammatory cells [27,37]. Furthermore, 
the persistent inflammatory state may stimulate the remodeling of the heart and promote fibrotic processes in 
the kidney, thereby exacerbating their respective functions and perpetuating a vicious cycle that ultimately 
contributes directly to damage and dysfunction of both the heart and kidney [43].

Thus, a meticulous investigation into the intricate interplay of mechanisms underlying CRS 
pathogenesis offers a more comprehensive and nuanced understanding of the disease, and provides a solid 
theoretical basis and practical guidance for the development of more precise and effective treatment strategies 
[44,45]. Ongoing and future research endeavors should prioritize the discovery of novel molecular 
mechanisms and signaling pathways, ultimately improving patient outcomes and prognosis [1].

3. Biological Characteristics of MR

MR, a nuclear hormone receptor, functions as a ligand-activated transcription factor with three key 
components: amino-terminal transcription activation domain (AF-1), the DNA binding domain (DBD), and 
the carboxyl-terminal ligand binding domain (LBD) [46,47]. In the absence of ligands, MR remains inactive 
in the cytoplasm with heat shock protein (HSP). Binding of ligands triggers conformational changes, leading 

Figure 1.　Pathogenesis of CRS. The pathogenesis of CRS is deeply rooted in the complex interaction between the 
heart and the kidney, which is mainly driven by hemodynamic factors and non-hemodynamic factors. At the 
hemodynamic level, the core problem lies in the close relationship between the pumping efficiency of the heart and the 
perfusion of the kidney. Once the pumping function of the heart is weakened, it may lead to renal hypoperfusion. In 
contrast to hemodynamic factors, non-hemodynamic factors focus on the disorder of the neuroendocrine regulatory 
mechanism and the activation of a persistent inflammatory response. These pathological processes further promote the 
progressive damage to the structure and function of the heart and kidney, jointly inducing a series of complex cardiac 
and renal acute and chronic diseases. CRS, cardiorenal syndrome; NO, nitric oxide; ROS, reactive oxygen species; 
SNS, sympathetic nervous system; RAAS, renin-angiotensin-aldosterone system; GFR, glomerular filtration rate; 
ANP, atrial natriuretic peptide; BNP, b-type natriuretic peptide.
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to HSP dissociation, DBD exposure, and nuclear translocation of MR [48,49]. Within the nucleus, MR uses 
its DBD to interact with hormone response elements on target genes, orchestrating their transcriptional 
activation or inhibition [50]. MR has similar affinity for progesterone, cortisol, aldosterone, and other 
endogenous steroids [51]. Key functional groups at C17 and C11 in its structure are crucial for ligand binding 
and maintaining MR activity. The C17 hydroxyl group is essential for MR-ligand binding. Additionally, the 
structure of MR includes modifiable sites like phosphorylation and acetylation sites [52], which significantly 
impact its stability, subcellular localization, and transcriptional activity [53,54]. Physiologically, MR is 
widely distributed in key tissues like kidneys, heart, and blood vessels, performing numerous functions 
(Figure 2). In the kidney, it regulates sodium reabsorption and potassium excretion, maintaining fluid balance 
and blood pressure. In blood vessels, MR modulates vascular smooth muscle cell proliferation and 
contraction [55–57]. Therefore, there is great potential for specific treatment of MR in CRS.

4. Roles of MR in CRS

The signaling pathway of MR not only governs fundamental physiological processes but also plays a 
pivotal role in the occurrence and progression of CRS [58–60]. In the cytoplasm, the initial interaction 
between aldosterone and MR initiates a cascade of events that ultimately determines cellular behavior [61]. 

Figure 2.　Pathological mechanisms induced by excessive activation of the MR. The mechanism by which 
dysregulation of MR contributes to disease involves four primary pathways: inflammation, fibrosis, oxidative stress, 
and hemodynamics. Upon stimulation by ligands such as aldosterone or glucocorticoids, MR dissociates from heat 
shock proteins in the cytosol and forms ligand-receptor complexes that translocate to the nucleus to regulate gene 
expression. Overactivation of this process can result in disease. HSP, heat shock protein; 11β -HSD2, 11β
-hydroxysteroid dehydrogenase type 2; ECM, extracellular matrix; CTGF, connective tissue growth factor; TGF,
transforming growth factor; PAI, plasminogen activator inhibitor; Gal3, galectin-3; eNOS, endothelial nitric oxide
synthase; NF-κB, nuclear factor κB; MCP, monocyte chemoattractant protein; IL, interleukin; Th17, T helper 17 cell;
Treg, regulatory T cells.
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Aldosterone, a potent mineralocorticoid, circulates through the bloodstream like a messenger, delivering its 
signal to specific receptors on the surface or within target cells, primarily renal tubular epithelial cells [62]. 
Aldosterone binding to MR triggers a notable conformational change, exemplifying the molecular machinery 
in action. This transformation facilitates the translocation of MR from the cytoplasm to the nucleus and 
prepares it for interaction with DNA [63,64]. In the nucleus, MR acts as a master regulator, selectively 
binding to hormone response elements, modulating the expression of target genes, interacting with 
transcription factors, co-activators, and co-repressors, forming a vast network of molecular interactions [65, 
66]. In conclusion, the signal transduction mechanism of MR is a highly sophisticated and multifaceted 
process that involves hormone binding, receptor activation and translocation, gene transcription regulation, 
and crosstalk with multiple signaling pathways [67,68].

Through the decoding of the intricate mysteries surrounding above mechanism, a profound 
understanding of the underlying causes of numerous diseases is gained, enabling the development of highly 
efficacious therapeutic methodologies to address and combat them [69]. For example, in the distal nephrons, 
aldosterone binding to MR enhances the transcription and activity of the epithelial sodium channel, 
increasing sodium and fluid reabsorption, thereby maintaining fluid balance, and promoting potassium 
excretion to regulate electrolyte balance further [70–72]. In renal epithelial cells, the specific enzymatic 
activity of 11β -hydroxysteroid dehydrogenase type 2 converts cortisol to cortisone, which in turn does not 
bind to MR, thereby establishing aldosterone as the primary functional ligand for MR [73–75]. Recent studies 
have demonstrated that excessive activation of the MR plays a pivotal role in various pathological processes 
within the kidney, including oxidative stress, inflammation, and fibrosis. These processes, in turn, may 
facilitate the onset and progression of CRS [76,77]. In diabetic patients, hyperglycemia triggers the activation 
of the RAAS system, leading to an elevation in plasma aldosterone levels. Ultimately, this results in the 
excessive activation of MR and exacerbates renal fibrosis [78]. Furthermore, the inhibition of MR activity has 
been shown to effectively mitigate inflammation and fibrosis in the kidney, ultimately delaying the 
progression of diabetic nephropathy [79]. Many studies suggested that MR are also overactivation in patients 
with hypertension, resulting in sodium and fluid retention and exacerbating renal damage and MR inhibitor 
could significantly reduce blood pressure and improve renal function in patients with hypertension [80,81].

The activation of MR is also implicated in renal oxidative stress and inflammation processes associated 
with CRS. Notably, MR antagonists have been shown to significantly delay the progression of CRS [82]. For 
example, Jonatan et al. evaluated the antagonistic effect of MR or the deletion of MR genes in SMCs in Large 
White pigs, limiting IR-induced renal injury by influencing Rac1-mediated MR signaling, indicating that MR 
may play a significant role in type 1 CRS or type 3 CRS [83]. Chang et al. conducted a 6-month long-term 
observation using the rat UUO model to induce chronic renal and cardiac injuries, thereby simulating the type 4 
CRS model, and demonstrated that early treatment with the MR antagonist eplerenone can significantly 
alleviate MR activation and cardiac fibrosis through the MR-IL-1β-VEGFA signaling pathway [84]. Moreover, 
in addition, many studies have shown that knock-out MR Studies can delay renal and cardiac disease 
progression, and may have a positive impact on the treatment and prognosis of various CRS subtypes [85,86].

In addition to the role in kidney, MR is also involved in regulating cardiac function [9,87]. Under 
physiological conditions, MR plays a crucial role in modulating the excitability and conduction of 
cardiomyocytes, thereby maintaining the normal rhythm of cardiac electrical activity and preventing 
abnormal electrical phenomena such as arrhythmias [88]. Under pathological conditions, over-activation of 
MR is also involved in the occurrence and development of heart disease. For example, Daniela et al. 
suggested that inflammatory crosstalk between TIMD4+ macrophages and fibroblasts may involve the 
macrophage MR and mitochondrial superoxide anion release and they further demonstrated that MR 
deficiency in macrophages reduces the formation of fibrotic niches in the aging heart, protecting against 
inflammation, fibrosis, and dysfunction [89]. Multiple research endeavors have conclusively demonstrated a 
direct influence of MR on cardiac fibroblasts, fostering remodeling extracellular matrix (ECM). Initial 
investigations utilizing isolated rat cardiac myofibroblasts revealed that aldosterone stimulates fibroblast 
proliferation through the activation of the Ki-RasA/MAPK1/2 signaling cascade. Notably, this stimulatory 
effect was mitigated by the administration of spironolactone [90]. Further corroborating this finding, 
aldosterone-induced proliferation in rat cardiac fibroblasts was enhanced, as evidenced by the upregulation of 
cyclin D1 and E2 expression [91]. Consequently, aldosterone-mediated activation of MR contributes to the 
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proliferation of fibroblasts.
In summary, the MR is expressed in various body cells, specifically including heart and kidney cells and 

governs pathophysiological processes in CRS [92,93]. Therefore, the selection of an efficient and safe 
mineralocorticoid receptor antagonists (MRAs) is of paramount importance for the prevention and treatment 
of CRS.

5. Finerenone: The Third-Generation Non-Steroidal Selective Mineralocorticoid Receptor Antagonists

5.1. Properties and Mechanism of Action of Finerenone

Finerenone is a novel oral non-steroidal MRAs, that effectively blocks the excessive activation of MR 
induced by factors such as elevated aldosterone levels [5,11]. Finerenone possesses potent anti-inflammatory 
and anti-fibrotic characteristics, enabling it to efficiently safeguard crucial organs like the heart and kidney, 
delivering dual therapeutic advantages for patients with conditions impacting these organs [94]. Finerenone is 
considered a pioneering “first-in-class” medication, ideally suited for adult patients with type 2 diabetes-
associated CKD to reduce the risk of sustained eGFR decline, ESRD, cardiovascular death, and 
hospitalization due to heart failure [95].

Unlike traditional steroidal MRAs, finerenone exhibits distinct physicochemical properties and tissue 
distribution characteristics, demonstrating higher selectivity and stronger antagonistic potency towards MR 
(Table 1) [96]. In addition to its favorable effects on both the heart and kidney, finerenone also mitigates the 
risks associated with hyperkalemia and sex hormone-related adverse reactions, further enhancing its overall 
safety profile [97,98]. Research indicates that finerenone demonstrates superior safety and tolerability 
compared to traditional drugs [13,99]. Owing to its short half-life and the absence of active metabolites, 
finerenone may alleviate common adverse reactions, including electrolyte imbalances (particularly 
hyperkalemia), and potential deterioration of renal function [100].

5.2. The Antagonistic Effect of Finerenone on MR

With in-depth research into finerenone and its mechanism of action, accumulating evidence indicates 
that finerenone can effectively influence multiple pivotal steps in the MR signaling pathway, positively 
impacting cardiovascular and renal health [101]. Studies have shown that finerenone can more effectively 
alter the nuclear transport and subcellular localization of MR [102,103]. Compared to the traditional MRA 
spironolactone, finerenone demonstrates superior efficacy in this regard [104]. This regulatory effect may be 
achieved by influencing the distribution of MR between the nucleus and cytoplasm, thereby enhancing or 
inhibiting its transcriptional activity on target genes [105].

5.3. The Protective Effects of Finerenone on the Heart and Kidney

Finerenone has demonstrated remarkable efficacy in improving renal function (Figure 3) [106]. By 

Table 1.　Comparison of the Finerenone with traditional steroidal MRAs and the manifestation of its advantages.

Characteristics

Structural properties

Tissue distribution

MR affinity

Half-life (hours)

Absorption

Metabolites

MR selectivity

Adverse reaction

Spironolactone

Flat (Steroidal)

Kidney >> Heart

High (+++)

Long (>20)

100% bioavailable

Active metabolites

Low (+)

Hyperkalemia,
Hypolibido,

Gynecomastia,
Sexual dysfunction

Eplerenone

Flat (Steroidal)

Kidney > Heart

Low (+)

Medium (3–6)

69% bioavailable

No active

Medium (++)

Hyperkalemia,
Hyponatremia,
Hyperlipidemia

Finerenone

Bulky (Non-steroidal)

Kidney = Heart

High (+++)

Short (2–4)

44% bioavailable

No active

High (+++)

Hyperkalemia, No 
other major adverse 

reactions were 
observed

Embodiment of Advantages

Kidney and heart dual 
benefits, Stronger anti-
inflammatory and anti-

fibrotic effects

Lower risk of hyperkalemia

Lower risk of hormone-
related adverse reactions
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precisely inhibiting the excessive activation of aldosterone receptors, it effectively slows down the decline in 
GFR, thereby safeguarding the fundamental renal functions [107]. Furthermore, finerenone significantly 
reduces proteinuria levels, a crucial indicator of renal disease progression, suggesting effective 
containment of renal injury [108,109]. Importantly, finerenone possesses the capability to repair renal 
cells, offering comprehensive protection to the kidneys by alleviating inflammatory and fibrotic responses, 
this ultimately reducing the risk of patients progressing to ESRD [110].

Figure 3.　Finerenone targets mineralocorticoid receptor: Dual cardiac and renal benefits. Finerenone blocks the 
excessive activation of MR, exerting significant anti-inflammatory and anti-fibrotic effects, thereby achieving dual 
benefits for the heart and kidney.

Additionally, finerenone plays a pivotal role in cardiac protection [111]. By blocking the excessive 
activation of MR in the heart and blood vessels, it alleviates cardiac burden and contributes to the 
enhancement of overall cardiac function [112]. Specifically, finerenone potently inhibits cardiac inflammation 
and fibrosis, which are key pathological mechanisms underlying heart diseases such as heart failure [113]. 
Through this mechanism, finerenone safeguards cardiac structure and function while mitigating the risk of 
cardiovascular events [13]. Moreover, finerenone regulates fluid balance, mitigating the adverse effects of 
fluid retention on the heart, further consolidating its position in cardiac protection [94,114]. Furthermore, the 
therapeutic action of finerenone involves the restoration of the PI3K/Akt/eNOS signaling pathway in 
diabetes. Finerenone treatment can restore the activity of this signaling pathway, which is closely related to 
the improvement of mitochondrial function [115]. This suggests that MR activation plays a pivotal role in 
mitochondrial dysfunction associated with diabetic tubular injury [45,116].

Modulating inflammation and fibrosis within cardiac tissue is a complex process that involves the 
pivotal role of the MR signaling pathway. Research has shown that this pathway significantly contributes 
to the inflammatory and fibrotic responses in cardiac tissue [117,118]. Finerenone can inhibit 
inflammatory responses and remodeling processes in cardiac tissue by regulating MR signaling in 
macrophages [119]. Understanding this mechanism is crucial for treating CRS, as it may help alleviate 
cardiac damage [120]. Finerenone also modulates the expression of various target genes involved in 
physiological processes such as electrolyte handling, cardiovascular function, neuronal fate 
determination, and adipocyte differentiation [121]. In this manner, finerenone not only improves water-
sodium balance but also exerts positive effects on cardiovascular and metabolic systems [122].
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6. Application of Finerenone in CRS

Finerenone has demonstrated its efficacy in multiple clinical trials [123]. Two landmark Phase 3 trials, 
FIDELIO-DKD and FIGARO-DKD, have shown that compared to placebo, in patients with type 2 diabetes 
mellitus (T2DM) and extensive CKD, finerenone reduces the risk of cardiovascular and renal failure 
outcomes, outweighing the risk of hyperkalemia [124, 125]. In these two studies, finerenone significantly 
reduced the risk of kidney disease progression (17.8% vs. 21.1%) and positively affected cardiovascular risk. 
The FIDELITY study is a pooled analysis of two large Phase III clinical trials, FIDELIO-DKD and FIGARO-
DKD, which represent the most comprehensive research conducted to date in the field of T2D and CKD. The 
results of the FIDELITY study demonstrate that finerenone provides significant renal and cardiovascular 
benefits in patients with T2D and CKD. Specifically, compared to placebo, finerenone reduces the risk of 
composite renal outcomes by 23%, significantly decreases proteinuria, and achieves a 32% greater reduction 
in urinary albumin-to-creatinine ratio (UACR) from baseline at 4 months of treatment [13]. Furthermore, 
finerenone decreases the risk of composite cardiovascular outcomes by 14% and significantly reduces the risk 
of hospitalization for heart failure by 22%. Importantly, the cardiovascular benefits associated with 
finerenone remain consistent, irrespective of whether patients had a history of atherosclerotic cardiovascular 
disease (ASCVD) at baseline. In terms of safety, the overall frequency of adverse events with finerenone is 
comparable to that observed with placebo. While the incidence of hyperkalemia is slightly elevated, the 
increase in potassium levels is modest, and the proportion of patients permanently discontinuing treatment 
due to hyperkalemia is low. Notably, no sex hormone-related adverse events were observed [126]. FIDELITY 
subgroup analysis demonstrates that the cardiovascular benefits and safety profile of finerenone in 
participants with stage 4 CKD were consistent with the overall FlDELITY population; this was also the case 
for albuminuria and the rate of eGFR decline [13]. Furthermore, the influence of finerenone on the prognosis 
of patients taking sodium-glucose co-transporter 2 inhibitors was also evaluated in the pooled analysis of 
these pre-specified studies. The research discovered that, compared with placebo, the benefits of finerenone 
on the cardiorenal prognosis of patients with CKD and type 2 diabetes were independent of the use of 
SGLT2i [95]. Regarding the risk of hyperkalemia, we have clearly stated in the article the relationship 
between hyperkalemia risk and GFR, emphasizing that as the GFR decreases, the risk of hyperkalemia 
increases [127].

ARTS-HF is a Phase IIb, multi-center, randomized, double-blind, dose-exploration study utilizing active 
agents as comparators. The primary objective of this study was to comprehensively assess the differences in 
efficacy between finerenone and eplerenone by comparing these two drugs in terms of their ability to reduce 
the concentration of NT-proBNP, their safety profiles, and their potential impact on clinical endpoints. The 
findings indicated that finerenone, particularly at daily doses ranging from 2.5 to 10.0 mg, exhibited a more 
pronounced effect compared to eplerenone in lowering serum potassium concentration and mitigating the 
decline in eGFR. In patients with stable HFrEF and moderate CKD, finerenone demonstrated therapeutic 
efficacy comparable to eplerenone, as evidenced by significant reductions in NT-proBNP levels and 
proteinuria [128].

The FINEARTS-HF study is the first to explore the efficacy and safety of nonsteroidal MRAs in HFpEF/
HFmrEF patients [129]. It is a multicenter, randomized, double-blind, placebo-controlled Phase III study. A 
total of 6001 patients with symptomatic heart failure (NYHA Grade II-IV) with LVEF ≥ 40% were enrolled 
at 653 research centers in 37 countries. The study showed that for the HFmrEF/HFpEF patient population, 
finerenone significantly reduces the risk of composite endpoints of total heart failure events and 
cardiovascular mortality by 18% and 16%, respectively, while improving life quality of patients. This benefit 
is consistent across different patient subgroups. In terms of safety, the incidence of serious adverse events is 
comparable between the finerenone group and the placebo group (38.7% vs. 40.5%, respectively). Notably, 
the use of finerenone increases the risk of hyperkalemia (9.7% vs. 4.2%), but correspondingly decreases the 
risk of hypokalemia (4.4% vs. 9.7%) [130]. It is worth mentioning that the lower the GFR, the greater the risk 
of hyperkalemia [127]. The FINEARTS-HF study not only assessed therapeutic efficacy but also conducted a 
detailed examination of the safety of combination therapy. The concurrent use of finerenone and SGLT2i 
demonstrated additional protective effects in the treatment of patients with HF. The study supports the 
complementary role of finerenone and SGLT2i in the treatment of HF and suggests that the combination of 
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these two therapies may provide additional protection for patients with HF [131].
In conclusion, finerenone exhibits comprehensive benefits in the treatment of CRS. It significantly 

improves renal and cardiac functions while protecting multiple body systems through modulating inflammatory 
and fibrotic processes [112,132]. However, it is noteworthy that the specific effects of finerenone may vary 
among patients due to individual differences [133]. Therefore, when administering finerenone, it is 
imperative to tailor treatment plans based on the specific conditions and physiological characteristics of 
patients. Regularly monitoring relevant indicators to assess treatment efficacy and safety is also crucial [134]. 
By fully harnessing the multifaceted mechanisms of action of finerenone and adopting tailored treatment 
approaches, we can offer more precise and effective treatment options for patients with CRS, thereby 
improving their clinical outcomes and quality of life [13,134]. However, there remains insufficient research 
on its long-term effects and safety. Therefore, clinical medication should strictly comply with the principles 
of rational drug use and dose adjustment (Figure 4). Further studies are required to confirm its efficacy and 
safety across various patient populations.

Figure 4.　Drug administration and dose adjustment of finerenone.

7. Discussion and Prospect

Finerenone, an innovative achievement in modern medicine, distinguishes itself by its precise ability to 
block the excessive activation of MR [111]. This mechanism plays a pivotal role in the treatment of CRS, as 
it effectively inhibits inflammatory and fibrotic processes, thereby establishing a solid foundation for the 
restoration of cardiac and renal functions [135]. Finerenone boasts remarkable antioxidant and anti-
inflammatory properties, efficiently eliminating free radicals, reducing oxidative stress levels, and 
significantly inhibiting the release of inflammatory mediators, thereby comprehensively alleviating heart and 
kidney damage [9,136]. Additionally, by optimizing microcirculation and expanding the vascular network, 
finerenone significantly enhances blood supply to the heart and kidneys, facilitating functional recovery of 
these vital organs [137]. Its unique physiological regulatory mechanism also manifests in precise modulation 
of renal tubular function, effectively maintaining dynamic electrolyte and fluid balance within the body, 
which is crucial for preserving overall cardiorenal system health [136,138].

Given the complex pathophysiology and high mortality rates associated with CRS, finerenone, with its 
multi-faceted protective mechanisms, has emerged as a promising new therapeutic option in this field [139]. 
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Multiple internationally renowned large-scale clinical trials, such as FIDELIO-DKD and FIGARO-DKD, 
have robustly demonstrated the finerenone of superior efficacy and good safety profile in patients with T2DM 
and CKD [124,125]. These studies consistently show that finerenone can significantly reduce the incidence of 
major adverse cardiovascular and renal events, including cardiovascular death, non-fatal stroke, heart failure 
hospitalization, non-fatal myocardial infarction, and renal failure, conferring substantial therapeutic benefits 
to patients with CRS [13,140]. According to the definition of CRS, Type 3 CRS pertains to sudden 
deterioration in renal function, such as acute renal ischemia or glomerulonephritis, which triggers acute 
cardiac dysfunction encompassing heart failure, arrhythmias, and ischemia [15,19]. Type 4 CRS describes a 
condition where CKD, for instance, chronic glomerular disease, results in diminished cardiac function, 
cardiac hypertrophy, and elevated risk of adverse cardiovascular events [21]. Therefore, since the initial 
disease is CKD, type 4 CRS is the main beneficiary according to the definition and characteristics of type 3 
CRS and type4 CRS.

Despite the widely accepted classification scheme for CRS, there often remains a lack of clear 
delineation in clinical practice for the treatment and prognosis of various CRS subtypes. These subtypes 
frequently share certain primary or secondary pathogenic factors, thereby limiting their utility in clinical 
diagnosis and medication guidance [32]. We also acknowledge the significant role that finerenone plays in 
CRS treatment. However, we should adopt a more objective stance in evaluating its efficacy while paying 
close attention to its potential side effects and limitations, such as hyperkalemia and some unknown adverse 
events [141].

When assessing the efficacy of finerenone in CRS, existing research still has several evidence gaps. In 
particular, data on its efficacy and safety in specific CRS subtypes remains limited [111]. Furthermore, the 
effectiveness and safety of long-term treatment also require further research for confirmation. Additionally, 
there may be design limitations in existing studies, including insufficient sample sizes and inadequate follow-
up durations [13]. The absence of extensive research evidence on cardiorenal diseases related to non-diabetic 
kidney disease poses a challenge to our comprehensive understanding of the efficacy and safety of finerenone 
[125]. Regarding the major adverse events associated with finerenone, although some studies have reported 
on them, further research is still necessary to confirm their incidence rates and types [141].

In light of the outstanding performance of finerenone in clinical trials, authoritative medical institutions 
like the European Society of Cardiology (ESC) have incorporated it into relevant treatment guidelines as a 
recommended medication for patients with type 2 diabetes-related CKD [129,142]. This move not only 
further solidifies the crucial position of finerenone in treating CRS but also heralds its broad prospects for 
future clinical applications.

It is worth mentioning, though the classification of CRS is mainly based on the pathophysiological 
mechanism and clinical manifestations of the interaction between the heart and the kidney [143]. However, 
the contemporary management of CRS seemingly lacks specific, subtype-tailored treatment regimens. 
Specifically, in the case of acute CRS (types 1, 3, and 5), fundamental therapeutic strategies encompass the 
active management of heart failure, the maintenance of water, electrolyte, and acid-base homeostasis, the 
prevention or minimization of secondary renal insults such as renal hypoperfusion, nephrotoxic medications, 
and infections, the prompt addressing and prevention of acute complications, the reduction of mortality rates, 
and the prevention of the chronic progression of heart and/or renal failure [24]. On the other hand, in the 
context of chronic CRS (types 2 and 4), the primary focus is on the aggressive management of the underlying 
disease, the improvement of cardiac function, the mitigation of renal dysfunction progression, the prevention 
and management of chronic complications, the minimization or avoidance of CRS recurrences, and the 
enhancement of survival rates and quality of life [144,145]. Nonetheless, in the realm of clinical practice, 
these classifications may fail to provide substantial information regarding the mechanisms, treatment options, 
or prognostic outcomes associated with CRS, thus limiting their practical utility.

In conclusion, finerenone, with its unique multi-target therapeutic mechanism, dual protective effects on 
the cardiovascular and renal systems, robust clinical trial evidence, and endorsement by authoritative 
guidelines, has opened up a new therapeutic avenue for patients with CRS. It not only effectively alleviates 
symptoms and improves quality of life but also demonstrates significant potential in reducing disease risks and 
improving prognosis. Consequently, finerenone undoubtedly holds a pivotal position in the field of cardiorenal 
protection and is poised to become one of the mainstream treatment options in this domain in the future.
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