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Abstract  
Background: Patients with chronic kidney disease (CKD) and type 2 diabetes (T2D) are at risk 

of atrial fibrillation or flutter (AFF) due to cardiac remodeling and kidney complications. 

Finerenone, a novel, selective, nonsteroidal mineralocorticoid receptor antagonist, inhibited 

cardiac remodeling in preclinical models.  

Objectives: To examine the effect of finerenone on new-onset AFF and cardiorenal effects by 

history of AFF in FIDELIO-DKD.  

Methods: Patients with CKD and T2D were randomized (1:1) to finerenone or placebo. Eligible 

patients had a urine albumin-to-creatinine ratio ≥30 to ≤5,000 mg/g, an estimated glomerular 

filtration rate (eGFR) ≥25 to <75 ml/min/1.73 m
2
 and received optimized doses of renin–

angiotensin system blockade. Effect on new-onset AFF was evaluated as a prespecified outcome 

adjudicated by an independent cardiologist committee. The primary composite outcome (kidney 

failure, sustained ≥40% decrease in eGFR from baseline, or renal death) and key secondary 

outcome (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization 

for heart failure) were analyzed by history of AFF.  

Results: Of 5,674 patients, 461 (8.1%) had a history of AFF. New-onset AFF occurred in 82 

(3.2%) patients on finerenone and 117 (4.5%) on placebo (hazard ratio: 0.71; 95% confidence 

interval: 0.53 to 0.94; p = 0.016). The effect of finerenone on primary and key secondary kidney 

and cardiovascular outcomes was not significantly impacted by baseline AFF (interaction p 

value: 0.16 and 0.85, respectively).  

Conclusions: In patients with CKD and T2D, finerenone reduced the risk of new-onset 

AFF. The risk of kidney or cardiovascular events was reduced irrespective of history of AFF at 

baseline.  

  

CONDENSED Abstract   
Patients with chronic kidney disease (CKD) and type 2 diabetes (T2D) are at high risk of atrial 

fibrillation or flutter (AFF), which further increases morbidity and mortality – this burden may 

be reduced by novel therapeutic strategies delaying AFF development. In FIDELIO-DKD, 

finerenone (a novel, selective nonsteroidal mineralocorticoid receptor antagonist) improved 

cardiovascular and kidney outcomes in patients with advanced CKD and T2D. In this 

prespecified analysis, finerenone reduced the risk of new-onset AFF versus placebo (hazard 

ratio: 0.71; 95% confidence interval: 0.53 to 0.94; p = 0.016). Finerenone may be effective in 

lowering new-onset AFF in patients with CKD and T2D.  

  

The study is registered with the European Union Clinical Trials Register (EudraCT 2015-

000990-11) and ClinicalTrials.gov (NCT02540993).  
  

Keywords: Chronic kidney disease, Clinical trial, Finerenone, Mineralocorticoid receptor 

antagonist, New-onset atrial fibrillation, Type 2 diabetes  

  

Abbreviations  
AFF = atrial fibrillation or flutter; CI = confidence interval; CKD = chronic kidney disease; ECG 

= electrocardiogram; eGFR = estimated glomerular filtration rate; FIDELIO-DKD = Finerenone 

in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease; HR = hazard 

ratios; MRA = mineralocorticoid receptor antagonist; T2D = type 2 diabetes; UACR = urine 

albumin-to-creatinine ratio.  
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Introduction  

Atrial fibrillation is the most common sustained arrhythmia, with a rising prevalence that 

substantially increases the risk of stroke and heart failure (1,2). Chronic kidney disease (CKD) 

and type 2 diabetes (T2D) are associated with increased risk of atrial fibrillation (3-6), and also 

higher morbidity and mortality associated with atrial fibrillation compared with patients without 

diabetes (7,8). Both CKD and T2D have been shown to induce atrial structural or electrical 

remodeling that may, in turn, provide the substrate for the development of atrial fibrillation (3-6). 

Preclinical evidence suggests that aldosterone upregulation and mineralocorticoid receptor 

overactivation are associated with structural cardiac remodeling and may also be involved in the 

pathophysiology of atrial fibrillation (9-11). However, previous clinical data report inconsistent 

benefits of steroidal mineralocorticoid receptor antagonists (MRAs) in reducing the risk of atrial 

fibrillation, where MRA treatment reduced the incidence of new-onset atrial fibrillation or flutter 

(AFF) in patients with heart failure with reduced ejection fraction (12) but not in patients with 

heart failure with preserved ejection fraction (13).  

Finerenone, a novel, selective, nonsteroidal MRA, significantly reduced the risk of 

cardiovascular events in patients with CKD and T2D in the FIDELIO-DKD (Finerenone in 

Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease) phase III 

trial (14,15). In preclinical models, finerenone reduced mineralocorticoid receptor-mediated 

myocardial remodeling, including prevention of left atrial dilatation and left atrial fibrosis (16). 

The aim of this secondary analysis of the FIDELIO-DKD trial was to describe the effect of 

finerenone on the incidence of new-onset AFF in patients with CKD and T2D. Furthermore, we 

aimed to assess the effect of finerenone on kidney and cardiovascular outcomes in patients with 

and without a history of AFF.   
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Methods  

Study design and participants  

The study design of FIDELIO-DKD, an international, multicenter, phase III, randomized, 

double-blind, placebo-controlled, parallel-group, event-driven trial has been described in detail 

previously (14,17). Eligible patients were aged ≥18 years with clinically diagnosed T2D, and 

either moderately elevated albuminuria (defined as urine albumin-to-creatinine ratio [UACR] 

≥30 to <300 mg/g), an estimated glomerular filtration rate [eGFR] ≥25 to <60 ml/min/1.73 m
2
, 

and a history of diabetic retinopathy, or severely elevated albuminuria (defined as UACR ≥300 

to ≤5000 mg/g) and an eGFR ≥25 to <75 ml/min/1.73 m
2
. Patients were required to have been 

treated with a maximum tolerated dose of either an angiotensin-converting enzyme inhibitor or 

an angiotensin receptor blocker according to the manufacturer’s label for at least 4 weeks prior to 

the screening visit and to have a serum potassium level of ≤4.8 mEq/l at the run-in and screening 

visits. Patients with known nondiabetic kidney disease, chronic symptomatic heart failure with 

reduced ejection fraction (New York Heart Association Class II–IV), a recent history of dialysis 

for acute kidney failure or a kidney transplant, or uncontrolled hypertension were excluded. The 

trial was conducted in accordance with the principles of the Declaration of Helsinki. The study 

protocol was approved by the relevant regulatory authorities and ethics committees at each trial 

site, and written informed consent was obtained from all participants. The study is registered 

with the European Union Clinical Trials Register (EudraCT 2015-000990-11) and 

ClinicalTrials.gov (NCT02540993).  

Procedures and outcomes  

Patients were randomly assigned (1:1) to receive once-daily oral treatment with 

finerenone (10 or 20 mg) or matching placebo. Randomization was stratified by region (North 
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America, Europe, Asia, Latin America, other), albuminuria at screening (moderately increased, 

severely increased), and eGFR at screening (25 to <45, 45 to <60, ≥60 ml/min/1.73 m
2
). 

Electrocardiograms (ECGs; 12-lead) were performed at run-in, screening, and baseline visits and 

annually thereafter, as well as on an ad hoc basis if potassium levels were severely elevated or if 

there was another clinical need. New-onset of AFF was a prespecified exploratory outcome 

defined as newly detectable AFF (verified through ECGs, electrophysiology study, exercise 

ECG, or echocardiogram) in patients without a prior medical history of AFF and with irregular 

ventricular rate and rhythm, and an absence of P-waves, or the presence of sawtooth flutter 

waves, particularly in leads II, III, and aVF; variable P-wave morphology that is re-entrant 

source dependent and a regular atrial rate of 250 to 350/min, with variation in conduction of 

impulses to the ventricles. For this analysis, outcomes were assessed in a time-to-event analysis 

based on the following outcomes: (i) number of patients with and time to new-onset AFF; (ii) 

key subgroup analysis for time to new-onset AFF; (iii) incidence of AFF by medical history and 

baseline ECG; (iv) impact of finerenone versus placebo on the primary composite kidney 

outcome (kidney failure, a sustained decrease of ≥40% in eGFR from baseline, or death from 

renal causes), key secondary composite cardiovascular outcome (death from cardiovascular 

causes, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for heart failure), 

secondary composite kidney outcome (kidney failure, a sustained decrease of ≥57% in eGFR 

from baseline [equivalent to a doubling of the serum creatinine level] or death from renal 

causes), all-cause mortality, all-cause hospitalization, and the change in UACR from baseline to 

month 4 in patients with a history of AFF at baseline compared with those without; and (v) time 

to new-onset AFF in the subgroups by change from baseline to month 4 in serum potassium. The 

history of AFF was determined by the investigator. Investigator-reported new-onset AFF events 
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were prospectively adjudicated by cardiologists from an independent clinical event committee 

blinded to treatment assignment.  

Statistical analysis  

Efficacy analyses were performed in the full analysis set comprising all randomly 

assigned patients without critical Good Clinical Practice violations. Baseline characteristics of 

patients, grouped by history of AFF status, were reported in means ± standard deviations, 

medians, and interquartile ranges or percentages. Events were reported from randomization up to 

the end-of-study visit. Patients without an event were censored at the date of their last contact 

with complete information on all components of their respective outcomes. A log-rank test, 

stratified by region, eGFR, and albuminuria categories at screening was used to test the null 

hypothesis of equal hazards of the primary, secondary, and exploratory time-to-event efficacy 

outcomes in the finerenone and placebo groups. Treatment effects were expressed as hazard 

ratios (HRs) with corresponding 95% confidence intervals (CIs) from a Cox proportional hazards 

model adjusted for stratification factors. The proportional hazards assumption for the stratified 

Cox model for time to new diagnosis of AFF was evaluated, including a time–treatment 

interaction term (time-log transformed). Additionally, medical history of AFF and its interaction 

with treatment was included in the model to test the independence of the treatment effect from 

medical history of AFF. Treatment effect on change in UACR from baseline to month 4 was 

assessed by analysis of covariance with factors treatment group, region, eGFR category at 

screening, type of albuminuria at screening, log-transformed baseline value as covariate nested 

within type of albuminuria, subgroup, and treatment group by subgroup interaction. A stratified 

Cox proportional hazards model, landmarked at the month 4 visit, was used to investigate the 
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treatment effect on new-onset AFF in the subgroups by change from baseline to month 4 in 

serum potassium.  

Results  

Patients  

A total of 5,734 patients were randomly assigned in the FIDELIO-DKD trial. After the 

prospective exclusion of 60 patients from all analysis, owing to violations of Good Clinical 

Practice, 5,674 were assessed in the full analysis set. Among the 5,674 patients, 461 (8.1%) had a 

history of AFF at baseline. Of these patients, 240 were treated with finerenone (equivalent to 

8.5% of all patients in the finerenone group) and 221 were treated with matching placebo 

(equivalent to 7.8% of all patients in the placebo group). Patients with a history of AFF were 

more likely to be older, male, White, with a history of cardiovascular disease, higher body mass 

index, higher waist circumference, higher level of C-reactive protein, and lower median UACR 

than those without a history of AFF (Table 1). In contrast, blood pressure, eGFR, glycated 

hemoglobin, and duration of diabetes were similar in patients with and without a history of AFF. 

Patients with a history of AFF were more likely to be receiving concomitant beta-blockers, loop 

diuretics, potassium supplements, antithrombotic agents, and nonvitamin K antagonist oral 

anticoagulants. In contrast, patients without a history of AFF were more likely to be treated with 

aspirin and other antiplatelet therapies.  

Baseline ECG data were available for 5,668 (99.9%) patients. There were 251 patients 

with AFF detected at baseline ECG and 5,423 patients in whom AFF was not detected at 

baseline ECG. A comparison of baseline characteristics for patients with and without AFF 

detected at baseline ECG revealed a similar pattern to that observed between patients with and 

without a prior history of AFF (Supplemental Table 1).  
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Of the 461 patients with a history of AFF, 234 (50.8%) also had AFF on baseline ECG. 

In contrast, of the 5,213 patients without a history of AFF, there were 17 (0.3%) with AFF 

detected on baseline ECG (Table 2). The numbers of patients with a history of AFF and with 

AFF detected by baseline ECG were balanced by treatment groups (Supplemental Table 2).  

Effect of finerenone on new-onset of AFF  

The median follow-up was 2.6 years (interquartile range: 2.0 to 3.4 years) in the full 

analysis set. In the overall population, the prevalence of AFF was reported in 273 patients by 

investigators as an adverse or outcome event. The prevalence of AFF events in the overall 

population was lower with finerenone compared with placebo (120 [4.2%] patients vs. 153 

[5.4%] patients, respectively). Atrial flutter was infrequent in both groups. (Table 3).  

The incidence for adjudicated new-onset AFF in patients without a history of AFF was 

significantly lower with finerenone than with placebo (82/2,593 [3.2%] vs. 117/2,620 [4.5%] 

patients, respectively; incidence per 100 patient-years: 1.20 and 1.72, respectively; HR: 0.71; 

95% CI: 0.53 to 0.94; p = 0.0164). As shown by the Kaplan–Meier curve (Figure 1), a gradual 

separation in treatment effect was observed between finerenone and placebo, which was evident 

at 6 months, followed by a consistent divergence throughout the duration of the trial. There was 

no evidence of a violation of the proportional hazards assumption. The lower incidence of new-

onset AFF with finerenone in patients without a history of AFF was generally consistent across 

subgroups for sex, age, body mass index, history of cardiovascular disease, baseline systolic 

blood pressure, baseline UACR, and baseline serum potassium (Figure 2), and there was no 

indication of heterogeneity in treatment effect on new-onset AFF landmarked at month 4 across 

different levels of serum potassium change from baseline to month 4 (p value for interaction: 

0.65; Supplemental Figure 1).  
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Effect of finerenone on the kidney and cardiovascular composite outcomes in patients with AFF 

at baseline  

The overall incidence of the primary kidney outcome (composite of time to kidney 

failure, a sustained ≥40% decrease in eGFR from baseline, or renal death) was significantly 

lower with finerenone than with placebo (504 [17.8%] patients vs. 600 [21.1%] patients, 

respectively; HR: 0.82; 95% CI: 0.73 to 0.93; p = 0.001). Patients with a medical history of AFF 

had a lower risk of the primary kidney outcome (placebo incidence per 100 patient-years: 6.75 in 

patients with a history of AFF compared with 9.28 in patients without a history of AFF). There 

was no significant difference in the effect of finerenone between patients with and without a 

history of AFF (HR: 1.13; 95% CI: 0.71 to 1.79 and HR: 0.81; 95% CI: 0.71 to 0.91, 

respectively; p value for interaction: 0.16) (Figure 3). Similarly, there were significantly fewer 

patients with events for the key secondary cardiovascular outcome (composite of time to first 

onset of death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or 

hospitalization for heart failure) with finerenone compared with placebo (367 [13.0%] patients 

vs. 420 [14.8%] patients, respectively; HR: 0.86; 95% CI: 0.75 to 0.99; p = 0.034). An elevated 

risk of the key secondary cardiovascular outcome was observed in patients with a history of AFF 

(placebo incidence per 100 patient-years: 12.86 in patients with a history of AFF compared with 

5.38 patients without a history of AFF). Nevertheless, the effect of finerenone was found to be 

consistent for patients with and without a history of AFF (HR: 0.88; 95% CI: 0.62 to 1.24 and 

HR: 0.85; 95% CI: 0.73 to 0.99, respectively; p value for interaction: 0.85) (Figure 3).  

Further investigations showed that the risk of fatal or non-fatal stroke was elevated after a 

new-onset of AFF. The results from a stratified Cox proportional hazards model for stroke with a 

new-onset AFF index event, modeled as a time-dependent covariate, indicated an approximately 
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7-fold increased risk of stroke after new-onset of AFF (HR: 7.13; 95% CI: 4.01 to 

12.70). Occurrence of the secondary composite kidney outcome (time to first onset of kidney 

failure, sustained ≥57% decrease in eGFR from baseline, or renal death) was also lower in the 

overall population with finerenone compared with placebo (HR: 0.76; 95% CI: 0.65 to 0.90) and 

was not modified by history of AFF (HR: 0.71; 95% CI: 0.34 to 1.48 for patients with AFF and 

HR: 0.76; 95% CI: 0.65 to 0.91 for patients without AFF; p value for interaction: 0.85) 

(Figure 3). Additionally, the reduction in UACR as a ratio to baseline at month 4 (ratio of least-

squares mean: 0.69; 95% CI: 0.66 to 0.72 in the overall population) was consistent irrespective 

of history of AFF (ratio of least-squares mean, 0.69; 95% CI: 0.67 to 0.72 for patients without a 

history of AFF and ratio of least-squares mean: 0.64; 95% CI: 0.55 to 0.73 for patients with a 

history of AFF; p value for interaction: 0.22). The effects of finerenone on all-cause mortality 

and all-cause hospitalization were consistent in patients with and without a history of AFF 

(Figure 3).  

Concomitant treatment for new-onset AFF was provided for 60 patients in the finerenone 

group and 83 in the placebo group. Treatment with cardiac therapy, as defined by the Anatomical 

Therapeutic Chemical classification system, in these patients was balanced for finerenone and 

placebo (22/82 [26.8%] and 35/117 [29.9%], respectively), and a higher proportion of patients in 

the finerenone group were treated with antithrombotic agents (47/82 [57.3%] for finerenone and 

57/117 [48.7%] for placebo) (Supplemental Table 3).  

Discussion  

This prespecified exploratory analysis of the FIDELIO-DKD trial indicates that 

finerenone lowers the incidence of new-onset AFF in patients with CKD and T2D. The lower 

incidence of new-onset AFF with finerenone compared with placebo was notable at month 6 and 
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continued throughout the trial, suggesting a sustained effect. A similar observation was reported 

in the EMPHASIS-HF (Eplerenone in Mild Patients Hospitalization and Survival Study in Heart 

Failure) trial, in which the incidence of new-onset AFF was decreased by treatment with the 

steroidal MRA eplerenone in a different population of patients with symptomatic heart failure 

with reduced ejection fraction, who were excluded from the FIDELIO-DKD trial (12). In 

contrast, a post hoc analysis of the TOPCAT (Treatment of Preserved Cardiac Function Heart 

Failure with an Aldosterone Antagonist) trial showed that spironolactone did not reduce the risk 

of either new-onset atrial fibrillation or atrial fibrillation recurrence in patients with symptomatic 

heart failure with preserved ejection fraction (13). Differences between these and the present 

findings may be partly because of the different patient populations studied. Whether finerenone 

will also lead to a reduction in new-onset AFF in patients with heart failure with preserved 

ejection fraction is currently being studied in the ongoing FINEARTS-HF (Finerenone Trial to 

Investigate Efficacy and Safety Superior to Placebo in Patients with Heart Failure) trial (18).  

A potential mechanism explaining the benefit of finerenone on new-onset AFF is the 

attenuation of adverse atrial remodeling associated with CKD or T2D by the inhibition of 

aldosterone activity (9,10,16). CKD was associated with atrial structural remodeling that led to 

atrial fibrillation in a murine model (5). T2D may further predispose patients to atrial fibrillation 

through atrial electrical and structural remodeling triggered by increased reactive oxygen species 

or advanced glycation end-products (6). Patients with atrial fibrillation have been found to have 

increased atrial mineralocorticoid receptor expression compared with those with normal sinus 

rhythm (11), and preclinical studies have shown that inhibition of mineralocorticoid receptor 

prevented fibrotic remodeling of the atrial myocardium via interfering with the small GTPase 

Rac1 (10). Transgenic mice with cardiac-specific overexpression of Rac1 develop an age-
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dependent phenotype with atrial dilatation, fibrosis, and atrial fibrillation (19). In cardiac 

fibroblasts, finerenone completely prevented aldosterone/mineralocorticoid receptor-induced 

expression of the key profibrotic mediator connective tissue growth factor and the collagen 

crosslinking enzyme lysyl oxidase, as well as microRNA-21, which enhances myocardial 

remodeling and fibrosis (16). Furthermore, finerenone attenuated left atrial and left ventricular 

dilatation and significantly reduced mineralocorticoid receptor overactivation-mediated protein 

expression of transforming growth factor-beta and collagen 3 alpha 1, as well as fibrosis in 

transgenic mice with cardiac-specific overexpression of Rac1 (16). Taken together, these 

preclinical data suggest that the mineralocorticoid receptor plays a key role in the development 

of cardiac fibrosis and remodeling and that finerenone has demonstrated inhibitory activity 

against these processes.  

Atrial fibrillation is a major and growing public health problem, with heart failure 

reported in 20% to 30% of patients (2). It is also associated with a 5-fold increase in the risk of 

stroke and up to 3.5-fold increase in the risk of death (2). The increasing burden of atrial 

fibrillation is, at least in part, related to the rise in age-associated predisposing conditions such as 

CKD and T2D (20). This would appear to be the case when comparisons were drawn between 

the FIDELIO-DKD and the TOPCAT trials, where a higher incidence of new-onset AFF was 

observed in the placebo arm of the FIDELIO-DKD trial (1.72 per 100 patient-years) compared 

with the placebo arm of the TOPCAT trial (1.33 per 100 patient-years) (13). Indeed, CKD 

increased the incidence of atrial fibrillation in the large population-based Atherosclerosis Risk in 

Communities study conducted in the United States (3). T2D also increases the risk of atrial 

fibrillation, despite good control of glycemia and albuminuria, and this is further exacerbated by 

the coexistence of impaired kidney function (4). Therefore, therapies that have kidney-protective 
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and cardioprotective properties may be effective in reducing the burden of AFF in patients with 

T2D; this was demonstrated here with finerenone and reported by others with glucose-lowering 

sodium glucose co-transporter-2 inhibitors (21-23). In addition to a reduction in the risk of new-

onset AFF, the previously reported kidney-protective and cardioprotective effects of finerenone 

in these patients with CKD and T2D (14,15) were shown here to be consistent in patients with or 

without a history of AFF.  

The process of atrial electrical, structural, and functional remodeling, collectively called 

atrial disease or atrial myopathy, that provides the substrate for the development of atrial 

fibrillation seems to be triggered by different cardiac and extracardiac morbidities, including 

heart failure with reduced ejection fraction, T2D, and CKD (24,25). This may partly explain the 

reduction in incidence of atrial fibrillation that was observed in the FIDELIO-DKD trial. Data 

from the ongoing FINEARTS-HF trial may clarify the different outcomes in new-onset AFF 

observed between finerenone in this study and that reported with spironolactone in the TOPCAT 

trial. In this regard, atrial disease has been proposed as the intersect of the pathogenetic processes 

leading to atrial fibrillation, heart failure with preserved ejection fraction, and perhaps 

thromboembolism, all of which coexist frequently (26). As a result, targeting atrial derangement 

at an early stage of development with drugs such as finerenone may result in the prevention of 

downstream conditions and the improvement of overall outcomes in high-risk patients (27). The 

present and previous findings are a positive step in this direction, but further prospective clinical 

research is required to test the hypothesis.   

This is a secondary analysis of a randomized controlled trial with a low number of new-

onset AFF events and, therefore, its findings should be interpreted with caution. One limitation is 

the possibility that clinically silent or asymptomatic cases of new-onset AFF may have been 
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missed, given that: (i) the history of AFF was determined by investigators only at the start of the 

trial and (ii) 12-lead ECGs were only performed annually after the start of the trial unless there 

was a clinical need.   

Conclusions  

Among patients with CKD and T2D, finerenone reduced the risk of new-onset AFF. In 

addition, finerenone reduced the risk of kidney or cardiovascular events, with no significant 

differences between patients with and without a history of AFF at baseline (Central 

Illustration).  
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Clinical Perspectives 

Competency in Patient Care: Treatment with the selective, nonsteroidal mineralocorticoid 

receptor antagonist finerenone was associated with a lower incidence of newly detected atrial 

fibrillation in patients with chronic kidney disease (CKD) and type 2 diabetes mellitus (T2D).  

Translational Outlook: Future research should assess the long-term clinical outcomes of 

treatment with finerenone in patients with CKD and T2D, including its impact on stroke and 

other cardiovascular events and survival. 
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Figure Legends  

Figure 1 Time to New-Onset of AFF in Patients Without a History of AFF.   

Incidence of new-onset AFF was assessed in a time-to-event analysis. The Kaplan–Meier curve 

shows that the risk of new-onset AFF was lower with finerenone (solid line) in patients without a 

history of AFF compared with those in the placebo group (dotted line). This effect was evident at 

6 months, followed by a consistent divergence throughout the trial (full analysis set in patients 

without a history of AFF). AFF = atrial fibrillation or flutter; HR = hazard ratio; CI = confidence 

interval; PY = patient-years.  

Figure 2: New-Onset AFF in Prespecified Patient Subgroups.   

Incidence of new-onset AFF by prespecified subgroups was analyzed using a stratified Cox 

proportional hazards model. The forest plot shows the risk of new-onset AFF being consistently 

lower across these patient subgroups (full analysis set in patients without a history of AFF). AFF 

= atrial fibrillation or flutter; BMI = body mass index; CI = confidence interval; eGFR = 

estimated glomerular filtration rate; GLP-1RA = glucagon-like peptide-1 receptor agonist; 

HbA1c = glycated hemoglobin; PY = patient-year; SBP = systolic blood pressure; SGLT-2i = 

sodium-glucose co-transporter-2 inhibitor; UACR = urine albumin-to-creatinine ratio.  

Figure 3: Outcomes According to History of AFF.   

Primary kidney outcome, key secondary CV outcome, secondary composite kidney outcome, all-

cause mortality, all-cause hospitalization, and ratio of UACR at month 4 to baseline 

were analyzed using a stratified Cox proportional hazards model. The forest plot shows that 

incidence of all outcomes were consistently lower in patients treated with finerenone, 

irrespective of history of AFF, compared with patients in the placebo group (full analysis set).  
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AFF = atrial fibrillation or flutter; CI = confidence interval; gmean = geometric mean; PY = 

patient-years; UACR = urine albumin-to-creatinine ratio.  

Central Illustration: New-onset AFF and cardiorenal outcomes by AFF history in 

FIDELIO-DKD.   

In the FIDELIO-DKD trial, finerenone significantly lowered the incidence of new-onset AFF in 

patients with CKD and T2D. Finerenone also reduced the risk of kidney and cardiovascular 

outcomes irrespective of history of AFF at baseline. The observed effects of finerenone to lower 

new-onset AFF in this analysis may be via the reduction of mineralocorticoid receptor-mediated 

cardiac remodeling. AFF = atrial fibrillation or flutter; CI = confidence interval; CKD = chronic 

kidney disease; CV, cardiovascular; CVD = cardiovascular disease; DNA = deoxyribonucleic 

acid; NS = no significant; R = randomization; T2D = type 2 diabetes.  
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Table 1. Patient Baseline Characteristics Stratified by History of AFF at Baseline 

Characteristic Without History of AFF  

(n = 5,213) 

With History of AFF  

(n = 461) 

Age, years, mean ± SD 65.1 ± 9.1 70.3 ± 7.7 

Sex, male, n (%) 3,615 (69.3) 368 (79.8) 

Race, n (%)   

White 3,196 (61.3) 396 (85.9) 

Black/African American 256 (4.9) 8 (1.7) 

Asian 1,398 (26.8) 42 (9.1) 

Systolic blood pressure, mm Hg, 

mean ± SD 

138.1 ± 14.4* 137.5 ± 14.2 

Diastolic blood pressure, mm Hg, 

mean ± SD 

75.8 ± 9.7* 75.9 ± 9.5 

BMI, kg/m
2
, mean ± SD 31.0 ± 6.0* 32.4 ± 5.9* 

Duration of diabetes, years, 

mean ± SD 

16.5 ± 8.7* 16.9 ± 9.3 

HbA1c, %, mean ± SD 7.69 ± 1.35* 7.46 ± 1.23 

Serum potassium, mEq/l, 

mean ± SD 

4.38 ± 0.46* 4.26 ± 0.48 

eGFR, ml/min/1.73 m
2
, 

mean ± SD 

44.4 ± 12.6* 43.9 ± 12.0 

eGFR, ml/min/1.73 m
2
, n (%)

†
   

<25 121 (2.3) 14 (3.0%) 

25 to <45 2,730 (52.4) 251 (54.4) 
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45 to <60 1,754 (33.6) 146 (31.7) 

≥60 606 (11.6) 50 (10.8) 

UACR, mg/g, median (IQR) 858 

(447‒1,659)* 

801 

(416‒1,439) 

UACR, mg/g, n (%)
†
   

<30 22 (0.4) 1 (0.2) 

30 to <300 631 (12.1) 54 (11.7) 

≥300
 

4,557 (87.4) 406 (88.1) 

Mean waist–hip ratio, mean ± SD 1.00 ± 0.12* 1.01 ± 0.09* 

Waist circumference, cm, mean ± 

SD 

106.3 ± 15.1* 112.3 ± 15.0 

CRP, mg/l, mean ± SD 4.5 ± 9.0* 5.5 ± 9.3* 

Heart rate, bpm, mean ± SD 72.4 ± 11.3* 70.3 ± 12.5 

History of CVD, n (%)   

Yes 2,319 (44.5) 286 (62.0) 

No 2,894 (55.5) 175 (38.0) 

Current smoker, n (%)  760 (14.6) 46 (10.0) 

Medication use at baseline, n (%)   

Angiotensin-converting 

enzyme inhibitors 

1,742 (33.4) 200 (43.4) 

Angiotensin receptor blockers 3,465 (66.5) 260 (56.4) 

Beta-blockers 2,610 (50.1) 358 (77.7) 

Diuretics 2,887 (55.4) 327 (70.9) 

Loop diuretics 1,407 (27.0) 212 (46.0) 
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Thiazide diuretics 1,240 (23.8) 115 (24.9) 

Statins 3,864 (74.1) 351 (76.1) 

Potassium supplements 131 (2.5) 39 (8.5) 

Potassium-lowering agents 129 (2.5) 7 (1.5) 

Glucose-lowering therapies 5,079 (97.4) 445 (96.5) 

Insulin and analogs 3,369 (64.6) 268 (58.1) 

Metformin  2,295 (44.0) 195 (42.3) 

Sulfonylureas 1,222 (23.4) 105 (22.8) 

DPP-4 inhibitors 1,402 (26.9) 120 (26.0) 

GLP-1RAs 362 (6.9) 32 (6.9) 

SGLT-2 inhibitors 235 (4.5) 24 (5.2) 

Antithrombotic medication   

Antithrombotic agents  3,145 (60.3) 425 (92.2) 

Aspirin 2,652 (50.9) 131 (28.4) 

Antiplatelet therapy 3,051 (58.5) 171 (37.1) 

NOACs 30 (0.6) 163 (35.4) 

Full analysis set. 

*Missing data for n ≤ 14 patients; 
†
Missing data for n ≤ 3 patients without a history of AFF. 

Medical history of AFF was determined by the investigator.  

AFF = atrial fibrillation or flutter; BMI = body mass index; bpm, beats per minute; CRP = C-

reactive protein; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; eGFR = 

estimated glomerular filtration rate; GLP-1RA = glucagon-like peptide-1 receptor agonist; 

HbA1c = glycated hemoglobin; IQR = interquartile range; NOAC = nonvitamin K antagonist 

oral anticoagulant; SD = standard deviation; SGLT-2 = sodium-glucose co-transporter-2; UACR 

= urine albumin-to-creatinine ratio. 

  

Jo
urn

al 
Pre-

pro
of



27 

Table 2. Relations Between History of AFF and Presence of AFF at the Time of 

Randomization as Determined by ECG 

n (%) AFF by baseline ECG History of AFF 

Yes No 

Overall 

(n = 5,674) 

Yes 234 (4.1) 17 (0.3) 

No 227 (4.0) 5,196 (91.6) 

Full analysis set. 

AFF = atrial fibrillation or flutter; ECG = electrocardiogram. 
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Table 3. Prevalence of Components of AFF Events in the Overall Population  

n (%) Finerenone 

(n = 2,833) 

Placebo 

(n = 2,841) 

Total 

(n = 5,674) 

AFF 120 (4.2) 153 (5.4) 273 (4.8) 

Atrial fibrillation 104 (3.7) 137 (4.8) 241 (4.2) 

Atrial flutter 16 (0.6) 16 (0.6) 32 (0.6) 

Full analysis set. 

AFF = atrial fibrillation or flutter.  
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ONLINE MATERIAL 

ONLINE TABLE 1 Patient Baseline Characteristics Stratified by AFF According to ECG at 

Baseline 

Characteristic Without AFF at  

baseline ECG  

(n = 5,423) 

With AFF at  

baseline ECG 

(n = 251) 

Age, years, mean ± SD 65.3 ± 9.1 70.4 ±7.2 

Sex, male, n (%) 3,774 (69.6) 209 (83.3) 

Race, n (%)   

White 3,383 (62.4) 209 (83.3) 

Black/African American 262 (4.8) 2 (0.8) 

Asian 1,406 (25.9) 34 (13.5) 

Systolic blood pressure, mm Hg, 

mean ± SD 

138.1 ± 14.3
*
 136.1 ± 15.3 

Diastolic blood pressure, mm Hg, 

mean ± SD 

75.8 ± 9.7
*
 77.2 ± 9.9 

BMI, kg/m
2
, mean ± SD 31.1 ± 6.0

*
 32.4 ± 5.9

*
 

Duration of diabetes, years, 

mean ± SD 

16.6 ± 8.8
*
 16.0 ± 9.0

*
 

HbA1c, %, mean ± SD 7.68 ± 1.35
*
 7.59 ± 1.24 

Serum potassium, mEq/l, 

mean ± SD 

4.38 ± 0.46
*
 4.23 ± 0.46 

eGFR, ml/min/1.73 m
2
, 

mean ± SD 

44.3 ± 12.6
*
 45.2 ± 12.3 

eGFR, ml/min/1.73 m
2
, n (%)

†
   

<25 130 (2.4) 5 (2.0%) 

25 to <45 2,850 (52.6) 131 (52.2) 
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45 to <60 1,817 (33.5) 83 (33.1) 

≥60 624 (11.5) 32 (12.7) 

UACR, mg/g, median (IQR) 855 

(446‒1,641)
*
 

778 

(442‒1,509) 

UACR, mg/g, n (%)
†
   

<30 22 (0.4) 1 (0.4) 

30 to <300 654 (12.1) 31 (12.4) 

≥300
 

4,744 (87.5) 219 (87.3) 

Mean waist–hip ratio, mean ± SD 1.00 ± 0.12
*
 1.01 ± 0.10

*
 

Waist circumference, cm, mean ± 

SD 

106.5 ± 15.1
*
 112.2 ± 15.6

*
 

CRP, mg/l, mean ± SD 4.5 ± 9.0
*
 5.5 ± 9.3

*
 

Heart rate, bpm, mean ± SD 72.2 ± 11.4
*
 73.0 ± 12.5 

History of CVD, n (%)   

Yes 2,447 (45.1) 158 (62.9) 

No 2,976 (54.9) 93 (37.1) 

Current smoker, n (%)  778 (14.3) 28 (11.2) 

Medication use at baseline, n (%)   

Angiotensin-converting 

enzyme inhibitors 

1,831 (33.8) 111 (44.2) 

Angiotensin receptor blockers 3,585 (66.1) 140 (55.8) 

Beta-blockers 2,780 (51.3) 188 (74.9) 

Diuretics 3,039 (56.0) 175 (69.7) 

Loop diuretics 1,503 (27.7) 116 (46.2) 

Thiazide diuretics 1,286 (23.7) 69 (27.5) 

Statins 4,020 (74.1) 195 (77.7) 
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Potassium supplements 150 (2.8) 20 (8.0) 

Potassium-lowering agents 134 (2.5) 2 (0.8) 

Glucose-lowering therapies 5,285 (97.5) 239 (95.2) 

Insulin and analogs 3,502 (64.6) 135 (53.8) 

Metformin  2,374 (43.8) 116 (46.2) 

Sulfonylureas 1,265 (23.3) 62 (24.7) 

DPP-4 inhibitors 1,460 (26.9) 62 (24.7) 

GLP-1RAs 378 (7.0) 16 (6.4) 

SGLT-2 inhibitors 241 (4.4) 18 (7.2) 

Antithrombotic medication   

Antithrombotic agents  3,336 (61.5) 234 (93.2) 

Aspirin 2,725 (50.2) 58 (23.1) 

Antiplatelet therapy 3,143 (58.0) 79 (31.5) 

NOACs 92 (1.7) 101 (40.2) 

Full analysis set with data on baseline ECG missing for 6 patients.  

*Missing data for n ≤ 24 patients; 
†
Missing data for n ≤ 3 patients without AFF at baseline 

ECG. 

AFF = atrial fibrillation or flutter; BMI = body mass index; bpm, beats per minute; CRP = C-

reactive protein; CVD = cardiovascular disease; DPP-4 = dipeptidyl peptidase-4; ECG = 

electrocardiogram; eGFR = estimated glomerular filtration rate; GLP-1RA = glucagon-like 

peptide-1 receptor agonist; HbA1c = glycated hemoglobin; IQR = interquartile range; NOAC 

= nonvitamin K antagonist oral anticoagulant; SD = standard deviation; SGLT-2 = sodium-

glucose co-transporter-2; UACR = urine albumin-to-creatinine ratio. 
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ONLINE TABLE 2 Relations Between History of AFF and Presence of AFF at the Time of 

Randomization by Treatment Groups 

n (%) AFF by 

Baseline ECG 

History of AFF 

Yes No 

Finerenone  

(n = 2,833) 

Yes 126 (4.4) 10 (0.4) 

No 114 (4.0) 2,583 (91.2) 

Placebo 

(n = 2,841) 

Yes 108 (3.8) 7 (0.2) 

No 113 (4.0) 2,613 (92.0) 

Full analysis set. 

AFF = atrial fibrillation or flutter; ECG = electrocardiogram. 
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ONLINE TABLE 3 Concomitant Treatment for New-Onset AFF Events in Patients Without 

AFF at Baseline 

 Finerenone 

(n = 82) 

Placebo  

(n = 117) 

Total  

(n = 199) 

Patients, n (%) with ≥1 concomitant 

medication 

60 (73.2) 83 (70.9) 143 (71.9) 

Antithrombotic agents 47 (57.3) 57 (48.7) 104 (52.3) 

Vitamin K antagonist 14 (17.1) 19 (16.2) 33 (16.6) 

Heparin group 13 (15.9) 18 (15.4) 31 (15.6) 

Platelet aggregation inhibitors (exclude 

heparin) 

4 (4.9) 2 (1.7) 6 (3.0) 

Direct thrombin inhibitors 1 (1.2) 1 (0.9) 2 (1.0) 

Direct Factor Xa inhibitors 32 (39.0) 31 (26.5) 63 (31.7) 

Cardiovascular system medications 32 (39.0) 52 (44.4) 84 (42.2) 

Cardiac therapy 22 (26.8) 35 (29.9) 57 (28.6) 

Digitalis glycosides 6 (7.3) 5 (4.3) 11 (5.5) 

Antiarrhythmics, class Ic 1 (1.2) 1 (0.9) 2 (1.0) 

Antiarrhythmics, class III 17 (20.7) 30 (25.6) 47 (23.6) 

Adrenergic and dopaminergic agents 0 1 (0.9) 1 (0.5) 

Other cardiac stimulants 0 2 (1.7) 2 (1.0) 

Organic nitrates 1 (1.2) 2 (1.7) 3 (1.5) 

Other vasodilators used in cardiac 

diseases 

0 1 (0.9) 1 (0.5) 
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Other cardiac preparations 0 1 (0.9) 1 (0.5) 

Other cardiac combination products 1 (1.2) 0 1 (0.5) 

Diuretics 3 (3.7) 5 (4.3) 8 (4.0) 

Thiazides (plain) 1 (1.2) 2 (1.7) 3 (1.5) 

Sulfonamides (plain) 1 (1.2) 3 (2.6) 4 (2.0) 

Aldosterone antagonists 1 (1.2) 0 1 (0.5) 

Vasoprotectives 7 (8.5) 6 (5.1) 13 (6.5) 

Corticosteroids 0 1 (0.9) 1 (0.5) 

Muscle relaxants 5 (6.1) 4 (3.4) 9 (4.5) 

Heparins or heparinoids for topical use 3 (3.7) 2 (1.7) 5 (2.5) 

Beta-blocking agents 14 (17.1) 15 (12.8) 29 (14.6) 

Beta-blocking agents (nonselective) 2 (2.4) 1 (0.9) 3 (1.5) 

Beta-blocking agents (selective) 11 (13.4) 12 (10.3) 23 (11.6) 

Alpha- and beta-blocking agents 2 (2.4) 2 (1.7) 4 (2.0) 

Calcium channel blockers 5 (6.1) 4 (3.4) 9 (4.5) 

Phenylalkylamine derivatives 1 (1.2) 1 (0.9) 2 (1.0) 

Benzothiazepine derivatives 4 (4.9) 3 (2.6) 7 (3.5) 

Agents acting on the renin–angiotensin 

system 

4 (4.9) 1 (0.9) 5 (2.5) 

Angiotensin-converting enzyme 

inhibitors (plain) 

2 (2.4) 0 2 (1.0) 

Angiotensin II receptor blockers (plain) 2 (2.4) 1 (0.9) 3 (1.5) 
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Lipid modifying agents (HMG-CoA 

reductase inhibitors) 

1 (1.2) 0 1 (0.5) 

Full analysis set in patients without a history of AFF. 

AFF = atrial fibrillation or flutter; HMG-CoA = β-Hydroxy β-methylglutaryl-CoA. 
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ONLINE FIGURE 1 Serum Potassium Change From Baseline to Month 4 on New-Onset of AFF in Patients Without a History of AFF.  

 

 

The effect of serum potassium change from baseline to month 4 on new-onset AFF was analyzed using a stratified Cox proportional hazards 

model, landmarked at the month 4 visit, in the subgroups by change from baseline to month 4 in serum potassium quartiles. The forest plot shows 

that incidence of new-onset AFF was consistently lower in patients treated with finerenone compared with patients in the placebo group, 

irrespective of change in serum potassium level (full analysis set in patients without a history of AFF). 

AFF = atrial fibrillation or flutter; CI = confidence interval; PY=patient-years. 
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