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Summary
Background Data on the effect of mineralocorticoid receptor antagonist therapy on HbA1c levels and new-onset diabetes 
are conflicting. We aimed to examine the effect of oral finerenone, compared with placebo, on incident diabetes in the 
Finerenone Trial to Investigate Efficacy and Safety Superior to Placebo in Patients with Heart Failure (FINEARTS-HF) 
trial.

Methods In this randomised, double-blind, placebo-controlled trial, 6001 participants with heart failure with New York 
Heart Association functional class II–IV, left ventricular ejection fraction 40% or higher, evidence of structural heart 
disease, and elevated N-terminal pro-B-type natriuretic peptide levels were randomly assigned to finerenone or 
placebo, administered orally. Randomisation was performed with concealed allocation. The primary outcome of the 
trial was the composite of cardiovascular death and total (first and recurrent) heart failure events (ie, heart failure 
hospitalisation or urgent heart failure visit). In the present analysis, participants with diabetes at baseline (investigator-
reported history of diabetes or baseline HbA1c ≥6·5%) were excluded. New-onset diabetes was defined as 
a HbA1c measurement of 6·5% or higher on two consecutive follow-up visits or new initiation of glucose-lowering 
therapy. The full-analysis set comprised all participants randomly assigned to study treatment, analysed according to 
their treatment assignment irrespective of the treatment received (ie, intention to treat). The safety analysis set 
comprised participants randomly assigned to study treatment who took at least one dose of the investigational 
product, analysed according to the treatment actually received. This trial is registered with ClinicalTrials.gov, 
NCT04435626, and is closed to new participants.

Findings Between Sept 14, 2020, and Jan 10, 2023, 6001 participants were recruited and randomly assigned to 
finerenone or placebo. 3222 (53·7%) participants did not have diabetes at baseline and comprised the study 
population. During a median duration of follow-up of 31·3 months (IQR 21·5–36·3), 115 (7·2%) participants in the 
finerenone group and 147 (9·1%) in the placebo group developed new-onset diabetes, corresponding to a rate of 
3·0 events per 100 person-years (95% CI 2·5–3·6) in the finerenone group and 3·9 events per 100 person-years 
(3·3–4·6) in the placebo group. Compared with placebo, finerenone significantly reduced the hazard of new-onset 
diabetes by 24% (hazard ratio [HR] 0·76 [95% CI 0·59–0·97], p=0·026). Fine–Gray competing risk analysis, 
accounting for the competing risk of death, yielded a similar finding (subdistribution HR 0·75 [0·59–0·96], p=0·024). 
Results were similar in sensitivity analyses, in which the definition of new-onset diabetes was expanded to include 
initiation of SGLT2 inhibitor treatment with diabetes as indication, restricted to HbA1c measurements only, and 
restricted to new initiation of glucose-lowering drugs only (excluding SGLT2 inhibitor treatment). Findings were 
similar when participants treated with glucose-lowering drugs at baseline were excluded (n=15). The effect of 
finerenone, compared with placebo, on new-onset diabetes was consistent across key participant subgroups. 
Seven participants had an adverse event of new diabetes not captured by any of the definitions above.

Interpretation In participants with heart failure with mildly reduced or preserved ejection fraction without diabetes, 
oral finerenone reduced the hazard of new-onset diabetes, representing a meaningful additional clinical benefit of 
this treatment in these individuals.

Funding Bayer.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
People with heart failure are at higher risk of developing 
new-onset diabetes than age-matched and sex-matched 
healthy individuals.1,2 The development of diabetes has 
a detrimental effect on individuals with heart failure, as 
those with diabetes have worse heart failure symptoms 

and quality of life, more rapid decline in kidney function, 
higher rates of hospitalisation, and reduced survival 
compared with those without diabetes.3–9 The increased 
risks related to diabetes have been repeatedly documented 
in both individuals with heart failure and reduced 
ejection fraction (HFrEF; ie, left ventricular ejection 
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fraction [LVEF] ≤40%) and those with mildly reduced 
(HFmrEF; ie, LVEF of 41–49%) or preserved (HFpEF; 
ie, LVEF ≥50%) ejection fraction,3–9 and these risks might 
be greater in individuals with HFmrEF or HFpEF 
compared with those with HFrEF.3–9 Individuals with 
HFmrEF or HFpEF might also have a higher incidence 
diabetes than those with HFrEF, because obesity is more 
prevalent in the former.3–9

The reasons for the increased incidence of diabetes in 
heart failure are uncertain, but heart failure is a state of 
insulin resistance, and activation of the renin–
angiotensin–aldosterone system appears to contribute to 
this.10,11 Angiotensin receptor blockers (ARBs), and 
possibly angiotensin-converting enzyme inhibitors, 
reduce the incidence of diabetes in individuals with heart 
failure (and in individuals with hypertension and impaired 
glucose tolerance as well).12–14 Therefore, it is of interest to 
know whether mineralocorticoid receptor antagonists 
(MRAs) also affect the incidence of diabetes in individuals 
with heart failure. This question was addressed in the 
Finerenone Trial to Investigate Efficacy and Safety 
Superior to Placebo in Patients with Heart Failure trial 
(FINEARTS-HF), which enrolled 6001 participants with 
HFmrEF or HFpEF, with and without diabetes.15,16 
Finerenone is a non-steroidal MRA that counteracts the 
pathophysiological effects of mineralocorticoid receptor 
overactivation on the heart, vasculature, and kidney, which 
include myocardial hypertrophy and fibrosis, endothelial 
dysfunction, systemic hypertension, sodium retention, 
inflammation, and proteinuria.17,18 Antagonising these 
detrimental actions might also counteract several of the 
causes of glucose intolerance and reduce the incidence of 
new-onset diabetes.

In the overall FINEARTS-HF population, finerenone 
reduced the risk of the primary composite outcome of 
total (first and repeat) worsening heart failure events and 
cardiovascular death, and improved health-related quality 
of life.19 In this analysis, we examined the efficacy of 
finerenone compared with placebo in preventing 
new-onset diabetes, which was a prespecified exploratory 
endpoint in FINEARTS-HF.

Methods
Study design
FINEARTS-HF was a randomised, double-blind, placebo-
controlled trial in participants with symptomatic 
HFmrEF or HFpEF, investigating the efficacy and safety 
of finerenone compared with matching placebo in 
addition to usual therapy. The design, baseline 
characteristics, and primary results of FINEARTS-HF 
are published.15,16,19 The trial protocol (appendix 1 pp 1–284) 
was approved by the ethics committees at all participating 
institutions, and all participants provided written 
informed consent.

Trial participants
Key inclusion criteria were age 40 years or older, diuretic 
treatment for 30 days or more before randomisation, 
New York Heart Association (NYHA) functional 
class II–IV, LVEF 40% or higher, evidence of structural 
heart disease, and elevated natriuretic peptide levels. 
Both individuals who were ambulatory and hospitalised 
were eligible for enrolment. Individuals with previous 
LVEF lower than 40% with subsequent improvement 
to 40% or higher were also eligible for enrolment 
provided that ongoing heart failure symptoms were 

Research in context

Evidence before this study
We searched PubMed for publications in English from database 
inception to Aug 1, 2024, using the search terms “heart failure”, 
“mineralocorticoid receptor antagonists”, and “diabetes”. The 
steroidal mineralocorticoid receptor antagonist (MRA) 
spironolactone has consistently been associated with elevations 
in HbA1c in individuals with and without diabetes. In the 
EMPHASIS-HF trial, which enrolled participants with heart 
failure and reduced ejection fraction, the steroidal MRA 
eplerenone did not reduce the risk of incident diabetes. 
In two large clinical trials of participants with chronic kidney 
disease and type 2 diabetes, the non-steroidal MRA finerenone 
led to a reduction in kidney and cardiovascular events, including 
hospitalisations for heart failure. In FINEARTS-HF, which 
enrolled participants with heart failure with mildly reduced or 
preserved ejection, with and without diabetes, finerenone 
reduced the hazard of the primary composite outcome of total 
(first and recurrent) worsening heart failure events and 
cardiovascular death, and improved health-related quality of 
life. We consider this evidence to have a low risk of bias.

Added value of this study
In participants with heart failure with mildly reduced or preserved 
ejection fraction, without diabetes, the non-steroidal MRA 
finerenone reduced the hazard of new-onset diabetes (defined 
as a HbA1c measurement of ≥6·5% on two consecutive follow-up 
visits or new initiation of glucose-lowering therapy, excluding 
SGLT2 inhibitor treatment) by 24%. Results were similar in 
sensitivity analyses, in which the definition of new-onset 
diabetes was expanded to include initiation of SGLT2 inhibitor 
treatment with diabetes as indication, restricted to HbA1c 
measurements only, and restricted to new initiation of glucose-
lowering drugs only (excluding SGLT2 inhibitor treatment). The 
effect of finerenone, compared with placebo, on new-onset 
diabetes was consistent across key participant subgroups.

Implications of all the available evidence
In participants with heart failure with mildly reduced or preserved 
ejection fraction, without diabetes, finerenone reduced the 
hazard of new-onset diabetes, representing a meaningful 
additional clinical benefit of this treatment in these individuals.

See Online for appendix 1
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present. Key exclusion criteria were estimated 
glomerular filtration rate (eGFR) lower than 
25 mL/min/1·73 m² or serum or plasma potassium 
higher than 5·0 mmol/L at screening or randomisation. 
A complete list of exclusion criteria is provided in the 
design paper.16

For the purposes of this analysis, participants with 
diabetes at baseline (investigator-reported history of 
diabetes or baseline HbA1c ≥6·5% [48 mmol/mol]) were 
excluded. The remaining participants, constituting our 
study population, were divided into the following 
categories based on glycaemic status at baseline, derived 
from the criteria of the American Diabetes Association:20 
normoglycaemia (no investigator-reported history of 
diabetes and baseline HbA1c <5·7% [<39 mmol/mol]) and 
prediabetes (no investigator-reported history of diabetes 
and baseline HbA1c 5·7–6·4% [39–47 mmol/mol]).

Randomisation and masking
Eligible participants were randomly assigned (1:1) to 
finerenone or matching placebo. Block randomisation 
was performed using block sizes of six and stratified 
according to geographic region (Western Europe and 
Oceania, Southwestern Europe, Central Europe, 
Southeastern Europe, Northeastern Europe, Asia, North 
America, or Latin America) and LVEF (<60% or ≥60%). 
Randomisation was performed with concealed allocation 
as detailed in the protocol (appendix 1 pp 1–284) and 
statistical analysis plan (appendix 1 pp 285–337).

Procedures
Participants with an eGFR of 60 mL/min/1·73 m² or 
lower started 10 mg of the assigned treatment once daily 
with a maximum maintenance dose of 20 mg once daily, 
whereas participants with an eGFR higher than 
60 mL/min/1·73 m² started 20 mg once daily with 
a maximum maintenance dose of 40 mg once daily.

We measured HbA1c at baseline, 1 month, 3, months, 
6 months, 9 months, 12 months, and every fourth month 
thereafter.

Outcomes
The primary outcome was the composite of cardiovascular 
death and total (first and recurrent) heart failure events 
(ie, heart failure hospitalisation or urgent heart failure 
visit). The secondary outcomes were: total (first and 
recurrent) heart failure events; improvement in NYHA 
class from baseline to 12 months; change in the Kansas 
City Cardiomyopathy Questionnaire total symptom score 
(KCCQ-TSS) from baseline to 6, 9, and 12 months; 
composite kidney endpoint (defined as sustained decline 
in eGFR ≥50% relative to baseline over at least 4 weeks, 
sustained eGFR decline <15 mL/min/1·73 m², or 
initiation of dialysis or renal transplantation); and 
all-cause death. All deaths and potential primary non-fatal 
events were adjudicated by an independent clinical 
events committee.

The incidence of a new diagnosis of diabetes in 
participants without this condition at baseline was 
prespecified as an exploratory endpoint in the academic 
statistical analysis plan (appendix 1 pp 285–337) and is 
the focus of this report. We defined new-onset diabetes 
as a HbA1c measurement of 6·5% or higher on 
two consecutive follow-up visits or the initiation 
of a glucose-lowering agent (ie, insulin, biguanides, 
sulfonylurea, DPP-4 inhibitors, GLP-1 analogues, 
glitazones, glinides, and alpha-glucosidase inhibitors). In 
the main analysis, initiation of SGLT2 inhibitor treatment 
was not included in the definition of new-onset diabetes 
because these agents were shown to be of benefit in 
participants with HFmrEF or HFpEF during the conduct 
of FINEARTS-HF.

In sensitivity analyses, we expanded the new-onset 
diabetes endpoint to include: initiation of SGLT2 
inhibitor treatment, if the investigator-reported indication 
was diabetes; and adverse event reports, where diabetes 
was recorded as an adverse event. 

We also examined the change in HbA1c levels from 
baseline to 12 months.

Statistical analysis
We summarised baseline characteristics as frequency (%), 
mean (SD), or median (IQR), and we tested differences 
in baseline characteristics between participants who 
developed new-onset diabetes versus those who did not 
using the Fisher exact test or χ² test for binary or 
categorical variables, the Wilcoxon rank sum test for 
non-normally distributed continuous variables, and the 
two-sample t test for normally distributed continuous 
variables. We assessed normal distribution by graphical 
assessment (ie, histograms, boxplots, and quantile–
quantile plots).

We analysed the change in HbA1c levels from baseline 
to 12 months using mixed-effect models for repeated 
measurements and adjusted for baseline value, visit, 
treatment-by-visit interaction, geographic region, and 

Figure 1: Effect of finerenone compared with placebo on change in HbA1c 
from baseline to 12 months in participants without diabetes at baseline
Error bars represent 95% CIs. The mixed-effects model was adjusted for baseline 
value, visit, treatment-by-visit interaction, geographic region, and baseline LVEF.
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baseline LVEF. We reported least-squares mean 
differences with 95% CIs between treatment groups.21 
For each treatment group, we estimated a separate 
covariance pattern on the basis of an unstructured 
covariance to adjust for within-subject variance. The 
assumption of normality, homogeneity of variance of 
residuals, and linearity of continuous predictors was 
fulfilled.

We calculated the incidence rate of new-onset diabetes 
as number of events per 100 person-years, and we 
estimated 95% CIs with Poisson regression with 
robust SEs. We calculated the cumulative incidence of 
new-onset diabetes using the Aalen–Johansen estimator 
to account for the competing risk of death, and we 
assessed the difference between treatment groups with 
the Gray test. We evaluated the effect of finerenone 
versus placebo on new-onset diabetes with Cox 
proportional hazards models, stratified according to 
geographic region (Western Europe and Oceania, 
Southwestern Europe, Central Europe, Southeastern 
Europe, Northeastern Europe, Asia, North America, or 
Latin America) and baseline LVEF (<60% or ≥60%), and 
adjusted for HbA1c level at baseline, and we reported 
hazard ratios (HRs) with 95% CIs.22 We stratified models 
according to the randomisation stratification variables as 
prespecified in the statistical analysis plan (appendix 1 
pp 285–337). The proportional hazards assumption was 
examined with scaled Schoenfeld residuals and 
log(–log[survival]) curves and was not violated (appendix 2 
p 11). The assumption of linearity was assessed by 
plotting the observed Martingale residuals against the 
values of continuous predictors and was not violated. We 
also performed a Fine–Gray competing risk analysis, 
with all-cause death considered a competing risk, and 
reported subdistribution HRs (ie, the instantaneous risk 
of the outcome of interest given that a participant has not 
already died for any reason) with 95% CIs.23 In all models, 
we set both the origin and start time at the date of 
randomisation and followed participants until the date of 
development of diabetes (ie, the date of the first HbA1c 
measurement of ≥6·5% or the initiation of a glucose-
lowering agent), death, or last contact. In a sensitivity 
analysis, we used the date of the second (confirmatory) 
HbA1c measurement of ≥6·5% (or the date of initiation of 
a glucose-lowering agent) as the time of new-onset 
diabetes.

We evaluated the association between new-onset 
diabetes and clinical outcomes using Cox proportional-
hazards models for time-to-event data and 
semiparametric proportional-rates models for total (first 
and recurrent) events,24 where an indicator of a new 
diabetes diagnosis was entered into the model as a time-
updated covariate (with follow-up time starting at 
randomisation).25 We attributed the period of risk before 
a new diagnosis of diabetes to the group with no 
diagnosis of diabetes for the calculation of incidence 
rates. We reported HRs for time-to-event data and rate 

No new-onset 
diabetes (n=2960)

New-onset 
diabetes (n=262)

p value

Age, years 72·5 (9·9) 70·6 (10·4) 0·0025

Sex ·· ·· 0·24

Male 1548 (52·3%) 147 (56%) ··

Female 1412 (47·7%) 115 (44%) ··

Race ·· ·· 0·19

White 2331 (78·8%) 195 (74%) ··

Black 40 (1·4%) 2 (<1%) ··

Asian 489 (16·5%) 57 (22%) ··

Other 100 (3·4%) 8 (3%) ··

Geographic region ·· ·· 0·019

Western Europe, Oceania and Others 638 (21·6%) 55 (21%) ··

Eastern Europe 1305 (44·1%) 124 (47%) ··

Asia 486 (16·4%) 55 (21%) ··

North America 213 (7·2%) 8 (3%) ··

Latin America 318 (10·7%) 20 (8%) ··

Systolic blood pressure, mm Hg 128·9 (15·5) 129·3 (14·4) 0·66

Diastolic blood pressure, mm Hg 75·8 (10·3) 77·5 (9·2) 0·013

Heart rate, bpm 70·8 (11·8) 72·0 (11·1) 0·11

BMI 28·9 (5·9) 30·5 (6·2) <0·0001

<18·5 49/2953 (1·7%) 1 (<1%) 0·0037

18·5–24·9 744/2953 (25·2%) 49 (19%) 0·0037

25·0–29·9 1048/2953 (35·5%) 85 (32%) 0·0037

30–34·9 670/2953 (22·7%) 71 (27%) 0·0037

≥35·0 442/2953 (15·0%) 56 (21%) 0·0037

Atrial fibrillation or flutter on ECG 1194/2950 (40·5%) 130 (50%) 0·0040

NT-proBNP, pg/mL 1067 (458–1885) 1075 (486–1937) 0·96

Atrial fibrillation or flutter on ECG 1685 (1196–2741) 1433 (1019–2339) 0·0019

No atrial fibrillation or flutter on ECG 570 (322–1196) 530 (257–1422) 0·61

HbA1c, % 5·7% (0·4) 6·0% (0·4) <0·0001

HbA1c, mmol/mol 39·1 (4·0) 41·7 (4·2) <0·0001

Creatinine, μmol/L 95·9 (27·7) 94·9 (26·6) 0·60

eGFR, mL/min/1·73m² 63·6 (19·2) 65·7 (19·1) 0·093

≥60 1648 (55·7%) 158 (60%) 0·15

<60 1312 (44·3%) 104 (40%) 0·15

Urine albumin-to-creatinine ratio, mg/g 13·0 (5·2–37·0) 21·0 (7·0–62·5) <0·0001

<30 2018/2859 (70·6%) 149/252 (59%) 0·0001

30–299 717/2859 (25·1%) 81/252 (32%) 0·0001

≥300 124/2859 (4·3%) 22/252 (9%) 0·0001

Potassium, mmol/L 4·4 (0·5) 4·3 (0·5) 0·042

Sodium, mmol/L 140·9 (2·9) 141·1 (2·4) 0·21

Haemoglobin, g/L 135·1 (15·7) 137·5 (17·0) 0·021

Blood urea nitrogen, mg/dL 21·5 (8·5) 21·5 (9·0) 0·95

Platelet count, 10⁹/L 218·2 (66·4) 213·7 (70·5) 0·31

White blood cell count, 10⁹/L 6·5 (2·0) 6·8 (2·0) 0·017

Smoking status

Never 1877 (63·4%) 161 (61%) 0·25

Former 853 (28·8%) 73 (28%) 0·25

Current 230 (7·8%) 28 (11%) 0·25

LVEF, % 52·7% (8·0) 51·7% (7·7) 0·052

<50 1055/2956 (35·7%) 116 (44%) 0·022

(Table 1 continues on next page)
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ratios (RRs) for total events, stratified according to 
geographic region and baseline LVEF and adjusted for 
treatment assignment. In addition, we reported HRs 
and RRs stratified by geographic region and baseline 
LVEF and adjusted for treatment assignment, age, sex, 
systolic blood pressure, heart rate, BMI, log of 
N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
eGFR, LVEF, NYHA class, previous heart failure 
hospitalisation, ischaemic heart disease (ie, previous 
myocardial infarction or coronary revascularisation), 
and atrial fibrillation or flutter. We selected these 
covariates before analysis, and only included those we 
considered most relevant based on previous knowledge 
and literature.26–29 In all models, we set both the origin 
and start time at the date of randomisation. In the time-
to-event models, we followed participants until the date 
of the outcome of interest, death, or last contact; in the 
total events models, we followed participants until death 
or last contact.

We performed all analyses according to the intention-
to-treat principle (ie, participants were analysed according 
to their randomly allocated treatment assignment, 
irrespective of the treatment received). We conducted all 
analyses using Stata version 18.0.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, writing of 
the report, or the decision to submit for publication. 

Results
Of the 6001 participants randomly assigned, 1243 (20·7%) 
were normoglycaemic (ie, no investigator-reported 
history of diabetes and HbA1c <5·7%), 1979 (33·0%) had 
prediabetes (ie, no investigator-reported history of 
diabetes and HbA1c 5·7–6·4%), and 2779 (46·3%) had 
diabetes (ie, investigator-reported history of diabetes 
[including 15 participants with type 1 diabetes] or 
HbA1c ≥6·5%). A HbA1c measurement at baseline was 
available for 5888 (98·1%) participants, and the median 
HbA1c level at baseline was 6·1% (IQR 5·7–6·7).

The baseline characteristics of participants according 
to glycaemic status are shown in appendix 2 (pp 2–3). 
Compared with participants with diabetes, those with 
normoglycaemia or prediabetes were older, more likely 
to be female, and less likely to be current or former 
smokers, and they had lower systolic blood pressure, 
heart rate, BMI, HbA1c, blood urea nitrogen, and urine 
albumin-to-creatinine ratio but higher eGFR. Although 
there were no significant differences in LVEF and 
NT-proBNP levels between participants with and without 
diabetes, those with normoglycaemia or prediabetes had 
less advanced NYHA functional class and higher (better) 
KCCQ-TSS, and they were less likely to have a previous 
heart failure hospitalisation, ischaemic heart disease, 
peripheral artery disease, hypertension, and sleep 
apnoea, but were more likely to have atrial fibrillation or 

No new-onset 
diabetes (n=2960)

New-onset 
diabetes (n=262)

p value

(Continued from previous page)

50-59 1329/2956 (45·0%) 102 (39%) 0·022

≥60 572/2956 (19·4%) 44 (17%) 0·022

New York Heart Association class

II 2110 (71·3%) 187 (71%) 1·00

III 834 (28·2%) 74 (28%) 1·00

IV 15 (0·5%) 1 (<1%) 1·00

KCCQ-TSS 69·0 (22·8) 66·8 (23·8) 0·15

KCCQ-CSS 67·5 (21·5) 65·7 (22·4) 0·20

KCCQ-OSS 64·6 (21·4) 63·6 (22·2) 0·47

Medical history

Prediabetes 1769 (59·8%) 210 (80%) <0·0001

Hospitalisation for heart failure 1704 (57·6%) 170 (65%) 0·021

Time from last heart failure hospitalisation

No previous heart failure hospitalisation 1256 (42·4%) 92 (35%) 0·010

0–7 days 480 (16·2%) 53 (20%) 0·010

8 days–3 months 781 (26·4%) 67 (26%) 0·010

3–12 months 173 (5·8%) 27 (10%) 0·010

>1 year 270 (9·1%) 23 (9%) 0·010

Atrial fibrillation or flutter 1718 (58·0%) 173 (66%) 0·012

Stroke 390 (13·2%) 47 (18%) 0·031

Myocardial infarction 650 (22·0%) 66 (25%) 0·23

PCI or CABG 866 (29·3%) 93 (35%) 0·034

Peripheral arterial occlusive disease 202 (6·8%) 24 (9%) 0·16

Hypertension 2528 (85·4%) 235 (90%) 0·057

Chronic obstructive pulmonary disease 363 (12·3%) 30 (11%) 0·70

Sleep apnoea 142 (4·8%) 14 (5%) 0·69

History of LVEF <40% 135 (4·6%) 11 (4%) 0·79

Treatment

Angiotensin-converting enzyme inhibitor 1074 (36·3%) 90 (34%) 0·53

Angiotensin receptor blocker 976 (33·0%) 100 (38%) 0·087

Angiotensin receptor–neprilysin inhibitor 252 (8·5%) 14 (5%) 0·074

β-blocker 2467 (83·3%) 228 (87%) 0·12

SGLT2 inhibitor 164 (5·5%) 13 (5%) 0·69

Loop diuretic 2545 (86·0%) 235 (90%) 0·094

Any diuretic 2927 (98·9%) 258 (98%) 0·55

Digoxin 234 (7·9%) 38 (15%) 0·0002

Pacemaker/CRT/ICD 208 (7·0%) 19 (7%) 0·89

Insulin 1 (<0·1%) 0 1·00

Biguanide 12 (0·4%) 0 0·62

Sulfonylurea 0 0 1·00

DPP-4 inhibitor 0 0 1·00

GLP-1 receptor agonist 2 (<0·1%) 0 1·00

Glitazone 0 0 1·00

Glinide 0 0 1·00

Alpha-glucosidase inhibitor 0 0 1·00

Data are mean (SD), n (%), n/N (%), median (IQR), or p. ECG=electrocardiogram. NT-proBNP=N-terminal pro-B-type 
natriuretic peptide. eGFR=estimated glomerular filtration rate. LVEF=left ventricular ejection fraction. KCCQ=Kansas 
City Cardiomyopathy Questionnaire. TSS=total symptom score. CSS=clinical summary score. OSS=overall summary 
score. PCI=percutaneous coronary intervention. CABG=coronary artery bypass graft surgery. CRT=cardiac 
resynchronisation therapy. ICD=implantable cardioverter-defibrillator. 

Table 1: Baseline characteristics according to development of new-onset diabetes in participants 
without diabetes at baseline
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flutter. Regarding pharmacological therapy, participants 
with normoglycaemia or prediabetes were less frequently 
treated with an ARB, β-blocker, SGLT2 inhibitor, and 
loop diuretic compared with individuals with diabetes. 
One participant with prediabetes (baseline HbA1c 6·3%) 
was treated with insulin (which can be used in individuals 
with prediabetes).

The population for these analyses comprised 
3222 participants who did not have diabetes at baseline, 
of whom 1979 (61·4%) had prediabetes. A HbA1c 
measurement at baseline was available in 3151 (97·8%) 
participants, and the median HbA1c level was 5·8% 
(IQR 5·5–6·0%). The baseline characteristics according 
to treatment assignment in participants without diabetes 
at baseline are shown in appendix 2 (pp 4–5). The 
baseline characteristics were well balanced between 
participants assigned to receive finerenone or placebo.

In participants without diabetes at baseline, HbA1c levels 
changed little during follow-up in either treatment 
group. Compared with placebo, finerenone did not affect 
HbA1c levels (placebo-corrected mean change at 
12 months –0·01 [95% CI –0·03 to 0·02], p=0·67; 
figure 1).

During a median follow-up of 31·3 months 
(IQR 21·5–36·3), 262 (8·1%) participants developed 

new-onset diabetes, of whom 176 fulfilled the HbA1c 
criterion for new-onset diabetes. Among these 
176 participants, 35 (20%) initiated glucose-lowering 
treatment excluding SGLT2 inhibitor treatment, and 
45 (26%) initiated glucose-lowering treatment including 
SGLT2 inhibitor treatment.

Baseline characteristics according to the development 
of new-onset diabetes are shown in table 1. Compared 
with participants who did not develop diabetes, those 
who did were younger and more likely to have 
prediabetes, and they had higher BMI, urine albumin-
to-creatinine ratio, and HbA1c levels. They also had lower 
LVEF, but similar KCCQ-TSS and NYHA functional 
class. Participants who developed diabetes were more 
likely to have a previous heart failure hospitalisation, 
ischaemic heart disease, atrial fibrillation or flutter, and 
stroke than those who did not.

Data on the numbers and proportions of participants at 
risk and participants censored during follow-up 
according to treatment assignment are shown in 
appendix 2 (p 6). Overall, 115 (7·2%) participants in the 
finerenone group and 147 (9·1%) in the placebo group 
developed new-onset diabetes, corresponding to a rate of 
3·0 events per 100 person-years (95% CI, 2·5–3·6) in the 
finerenone group and 3·9 events per 100 person-years 

Figure 2: Effect of finerenone compared with placebo on new-onset diabetes in participants without diabetes at baseline
HbA1c measurements or initiation of glucose-lowering drugs excluding (A) and including (B) SGLT2 inhibitors, HbA1c measurements only (C), and initiation of 
glucose-lowering drugs excluding SGLT2 inhibitors (D). Shaded area represents 95% CI.
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(3·3–4·6) in the placebo group (figure 2). Compared with 
placebo, finerenone significantly reduced the hazard of 
new-onset diabetes by 24% (HR 0·76 [95% CI 0·59–0·97], 
p=0·026). Fine–Gray competing risk analysis, accounting 
for the competing risk of death, yielded a similar finding 
(subdistribution HR 0·75 [0·59–0·96], p=0·024). Results 
were similar in sensitivity analyses, in which the 
definition of new-onset diabetes was expanded to include 
initiation of SGLT2 inhibitor treatment with diabetes as 
the indication, restricted to HbA1c measurements only, 
and restricted to new initiation of glucose-lowering drugs 
only (excluding SGLT2 inhibitor treatment; table 2, 
figure 2). Data on the type of glucose-lowering drugs 
initiated during follow-up are shown in appendix 2 (p 7). 
The findings were similar when participants treated with 
glucose-lowering drugs at baseline were excluded (n=15; 
appendix 2 p 8). Similar findings were also yielded when 
the date of the second (confirmatory) HbA1c measurement 
of 6·5% or higher was used as the time of new-onset 
diabetes (appendix 2 p 9). Analysis of adverse events 
identified seven participants reported as possible cases of 
new diabetes not captured by any of the definitions 
above. Four of these participants had a HbA1c 
measurement of 6·5% or higher as the final 
measurement in the trial (of whom one initiated an 
SGLT2 inhibitor with heart failure as the indication), and 
therefore did not have a confirmatory measurement; 
two had a single HbA1c measurement of 6·5% or higher 
not confirmed on a subsequent measurement (of whom 
one initiated an SGLT2 inhibitor with heart failure as the 
indication); and one participant did not have an elevated 
HbA1c at any point (or initiate any glucose-lowering 
therapy). The inclusion of these seven participants in the 
analysis of new-onset diabetes defined by HbA1c 
measurements and new initiation of glucose-lowering 
drugs (including initiation of SGLT2 inhibitor treatment 
with diabetes as the indication) did not change the 
findings (table 2).

The effect of finerenone, compared with placebo, on 
new-onset diabetes was consistent in both participants 
with normoglycaemia and those with prediabetes at 
baseline, regardless of the definition of new-onset 
diabetes (appendix 2 p 10). The effect of finerenone, 
compared with placebo, on new-onset diabetes was also 
consistent across other key subgroups, including age, sex, 
race, BMI, smoking status, NYHA class, KCCQ-TSS, 
LVEF, NT-proBNP, eGFR, and baseline medication 
(figure 3).

Data on the association between new-onset diabetes (as 
a time-updated covariate) and clinical outcomes are 
shown in table 3. The event rates associated with the 
development of new-onset diabetes were 23·5 events per 
100 person-years for the primary composite endpoint, 
18·0 events per 100 person-years for total worsening heart 
failure events, 5·5 events per 100 person-years for 
cardiovascular death, and 8·5 events per 100 person-years 
for all-cause death. For comparison, the corresponding 

event rates in the full FINEARTS-HF population 
were 16·3, 12·8, 3·5, and 6·9 events per 100 person-years. 
New-onset diabetes was associated with a higher risk of 
cardiovascular death and total worsening heart failure 
events and each of its components, as well as all-cause 
death, and these associations persisted after adjustment 
for other recognised prognostic variables. There was no 
interaction between new-onset diabetes and randomised 
treatment for any of the outcomes (pinteraction=0·90 for the 
primary outcome, 0·68 for total worsening heart failure 
events, 0·44 for cardiovascular death, and 0·26 for 
all-cause death), suggesting that the development of 
diabetes is associated with worse outcomes, regardless of 
treatment assignment.

Discussion
In this prespecified analysis of FINEARTS-HF, we 
confirmed that individuals with HFmrEF or HFpEF have 

Finerenone (n=1606) Placebo (n=1616) p value

HbA1c measurements or initiation of glucose-lowering drugs excluding SGLT2 inhibitors

Events 115 (7·2%) 147 (9·1%) ··

Event rate per 100 person-years 3·0 (2·5 to 3·6) 3·9 (3·3 to 4·6) ··

Rate difference –0·89 (–1·74 to –0·05) ·· ··

HR* 0·76 (0·59 to 0·97) ·· 0·026

Subdistribution HR† 0·75 (0·59 to 0·96) ·· 0·024

HbA1c measurements or initiation of glucose-lowering drugs including SGLT2 inhibitors

Events 119 (7·4%) 156 (9·7%) ··

Event rate per 100 person-years 3·1 (2·6 to 3·8) 4·2 (3·6 to 4·9) ··

Rate difference –1·03 (–1·90 to –0·17) ·· ··

HR* 0·74 (0·58 to 0·94) ·· 0·013

Subdistribution HR† 0·73 (0·58 to 0·93) ·· 0·012

HbA1c measurements, initiation of glucose-lowering drugs including SGLT2 inhibitors, or adverse events

Events 123 (7·7%) 159 (9·8%) ··

Event rate per 100 person-years 3·2 (2·7 to 3·9) 4·3 (3·6 to 5·0) ··

Rate difference –1·01 (–1·89 to –0·13) ·· ··

HR* 0·74 (0·59 to 0·94) ·· 0·015

Subdistribution HR† 0·74 (0·59 to 0·94) ·· 0·015

HbA1c measurements only

Events 75 (4·7%) 101 (6·3%) ··

Event rate per 100 person-years 1·9 (1·5 to 2·4) 2·7 (2·2 to 3·2) ··

Rate difference –0·71 (–1·39 to –0·02) ·· ··

HR* 0·71 (0·52 to 0·96) ·· 0·027

Subdistribution HR† 0·70 (0·52 to 0·95) ·· 0·023

Initiation of glucose-lowering drugs excluding SGLT2 inhibitors

Events 53 (3·3%) 68 (4·2%) ··

Event rate per 100 person-years 1·3 (1·0 to 1·8) 1·7 (1·4 to 2·2) ··

Rate difference –0·39 (–0·94 to 0·16) ·· ··

HR* 0·77 (0·54 to 1·11) ·· 0·16

Subdistribution HR† 0·78 (0·54 to 1·11) ·· 0·17

Data are n (%), effect size (95% CI), or p. HR=hazard ratio. *Models were stratified by geographic region and baseline 
LVEF and adjusted for HbA1c levels at baseline. †Models were adjusted for geographic region baseline LVEF, and HbA1c 
levels at baseline.

Table 2: Effect of finerenone compared with placebo on new-onset diabetes in participants without 
diabetes at baseline
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Figure 3: Effect of finerenone compared with placebo on new-onset diabetes in participants without diabetes at baseline according to subgroups
Models were stratified by geographic region and baseline LVEF and adjusted for HbA1c levels at baseline. New-onset diabetes was defined based on 
HbA1c measurements or initiation of glucose-lowering drugs (excluding SGLT2 inhibitors). ACEi=angiotensin-converting enzyme inhibitor. ARB=angiotensin receptor 
blocker. ARNI=angiotensin receptor–neprilysin inhibitor. eGFR=estimated glomerular filtration rate. KCCQ-TSS=Kansas City Cardiomyopathy Questionnaire total 
symptom score. LVEF=left ventricular ejection fraction. NT-proBNP=N-terminal pro-B-type natriuretic peptide. NYHA=New York Heart Association. 
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a high incidence of diabetes, of whom more than 80% 
had prediabetes at baseline, and showed that the non-
steroidal MRA finerenone reduces this hazard by 24%, 
representing a meaningful additional clinical benefit of 
this treatment in individuals with HFmrEF or HFpEF.

Among participants without diabetes at baseline 
assigned to placebo, the incidence of new diabetes was 
3·9 cases per 100 person-years of follow-up. This 
incidence rate is similar to those reported in other 
clinical trials in participants with heart failure,12,30–32 but 
considerably higher than expected in the general 
population; for example, the incidence of self-reported 
physician diagnosis of diabetes was around 0·7 cases 
per 100 person-years in American adults aged 65 years 
or older.33

Previous data on the effect of steroidal MRAs on 
glycaemic indices are conflicting. Spironolactone has 
consistently been associated with elevations in HbA1c in 
individuals with and without diabetes.34–37 This could 
reflect the relatively non-selective action of 
spironolactone leading to an increase in cortisol levels, 
mediated through binding to glucocorticoid receptors.34 
Less is known about eplerenone, although, in an 
analysis similar to the present one, eplerenone did not 
reduce the incidence of diabetes in the Eplerenone in 
Mild Patients Hospitalization and Survival Study in 
Heart Failure trial (EMPHASIS-HF).26 Finerenone, 
a non-steroidal MRA, did not change HbA1c levels in 
participants with chronic kidney disease and type 2 
diabetes,38 consistent with the observations in the 
present study which included participants without 
diabetes, although we do not know whether these 
findings can be generalised to individuals who are non-
diabetic without heart failure.

There is evidence that ARBs and angiotensin-
converting enzyme inhibitors might also reduce the 
incidence of diabetes.12,13 In FINEARTS-HF, almost 80% 
of participants were treated with one of these agents at 
baseline, showing that the reduction in new-onset 
diabetes with finerenone was additional to any effect of 
these other agents (and larger than observed with 
ARBs).12,13 More recently, the SGLT2 inhibitor 
dapagliflozin was shown to reduce the incidence of 
diabetes in participants with HFrEF in the Dapagliflozin 
and Prevention of Adverse Outcomes in Heart Failure 
trial (DAPA-HF).32 Because enrolment and much of the 
follow-up in FINEARTS-HF occurred before SGLT2 
inhibitors were shown to be of benefit in HFmrEF or 
HFpEF, baseline use of these agents was low (5·5% in 
participants with normoglycaemia or prediabetes: 
4·8% in the finerenone group and 6·2% in the placebo 
group). Importantly, fewer participants in the finerenone 
group (12·4%) initiated an SGLT2 inhibitor after 
randomisation than in the placebo group (16·5%); 
ie, a differential drop-in of SGLT2 inhibitor did not 
account for the lower incidence of diabetes in the 
finerenone group.

A 24% reduction in the hazard of new-onset diabetes 
with finerenone is clinically meaningful and represents 
an additional clinical benefit of this treatment in 
individuals with HFmrEF or HFpEF. Although the 
95% CI suggests that the true effect of this treatment 
could range from a large reduction of 41% to a small 
reduction of 3%, any reduction in the hazard of new 
diabetes in individuals with heart failure is important, 
given that the development of diabetes is associated with 
substantial morbidity and mortality in these high-risk 
individuals, as also shown in the present study.

The beneficial effect of finerenone in reducing 
new-onset diabetes was generally consistent across key 
participant subgroups, although participants with higher 
LVEF appeared to derive a greater benefit compared with 
those with lower LVEF (pinteraction=0·076). However, 
subgroup analyses like these should be interpreted 
carefully because the interaction tests were not 
sufficiently powered and, more importantly, were not 
adjusted for multiple comparisons (ie, 15 subgroups 
were evaluated), and therefore could constitute chance 
findings.

The absence of a significant difference in HbA1c levels 
between treatment arms, despite a reduction in 
new-onset diabetes with finerenone, is likely to reflect 
variation in individual changes in HbA1c. Although the 
treatment might have effectively prevented HbA1c from 
crossing the threshold for diabetes in high-risk 

No new-onset diabetes 
(n=2960)

New-onset diabetes 
(n=262)

p value

Cardiovascular death and total worsening heart failure events

Event rate per 100 person-years 12·4 (11·7–13·3) 23·5 (19·4–28·3) ··

RR* ·· 2·04 (1·42–2·95) 0·0001

RR† ·· 1·88 (1·33–2·67) 0·0004

Total worsening heart failure events

Event rate per 100 person-years 9·9 (9·2–10·6) 18·0 (14·5–22·3) ··

RR* ·· 2·04 (1·34–3·12) 0·0009

RR† ·· 1·84 (1·23–2·75) 0·0029

Cardiovascular death

Event rate per 100 person-years 2·6 (2·2–3·0) 5·5 (3·7–8·1) ··

HR* ·· 2·05 (1·34–3·13) 0·0009

HR† ·· 2·00 (1·30–3·09) 0·0016

All-cause death

Event rate per 100 person-years 5·5 (5·0–6·0) 8·5 (6·2–11·7) ··

HR* ·· 1·48 (1·06–2·06) 0·022

HR† ·· 1·55 (1·10–2·17) 0·011

Data are effect size (95% CI) or p. One participant had missing data for systolic blood pressure, one for heart rate, 
one for New York Heart Association functional class, seven for BMI, four for LVEF, and 86 for N-terminal pro-B-type 
natriuretic peptide. In total, 97 (3·0%) participants had at least one missing variable. RR=rate ratio. HR=hazard ratio. 
LVEF=left ventricular ejection fraction. *Models were stratified by geographic region and baseline LVEF. †Models were 
stratified by geographic region and baseline LVEF and adjusted for age, sex, systolic blood pressure, heart rate, BMI, log 
of N-terminal pro-B-type natriuretic peptide, estimated glomerular filtration rate, LVEF, New York Heart Association 
functional class, previous hospitalisation with heart failure, ischaemic heart disease (ie, previous myocardial infarction 
or coronary revascularisation), and atrial fibrillation or flutter.

Table 3: Association between new-onset diabetes as a time-updated covariate and outcomes
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individuals (ie, individuals with prediabetes), the 
variation in individual changes could have diluted this 
effect when examining the mean changes across the 
entire population.

The mechanism underlying the reduction in the 
hazard of new diabetes observed in FINEARTS-HF is 
uncertain. Primary hyperaldosteronism is a state of 
insulin resistance, and higher plasma aldosterone levels 
are associated with greater insulin resistance in 
normotensive and hypertensive individuals.39 However, 
as discussed earlier, steroidal MRAs do not improve 
glycaemic control, although this could be due to off-target 
effects not shared by finerenone. Diuretic use in heart 
failure frequently causes hypokalaemia, which is known 
to cause impaired glucose tolerance by reducing insulin 
secretion,40 and finerenone halved the risk of 
hypokalaemia in FINEARTS-HF. Reducing progressive 
worsening of heart failure might reduce the use (and 
doses) of diuretic agents and decrease neurohumoral 
activation, which promotes insulin resistance.10,11 
Finerenone does not directly reduce blood glucose or 
weight.41,42 We do not know whether it could have 
enhanced pancreatic β-cell function or improved insulin 
sensitivity because we could not investigate these in 
FINEARTS-HF, which was designed as a large phase 3 
morbidity and mortality trial. Finerenone did improve 
participant-reported health status as measured by the 
KCCQ-TSS in FINEARTS-HF, and if this translated into 
increased physical activity, it could have contributed to 
a reduction in incident diabetes. Other more speculative 
mechanisms include a reduction in inflammation and 
oxidative stress (effects shown experimentally following 
blockade of the mineralocorticoid receptor), improvement 
of glucose tolerance through recruitment of brown 
adipose tissue, and other direct effects of renin–
angiotensin–aldosterone system inhibition not related to 
insulin resistance, eg, enhancement of pancreatic β-cell 
function, increase in skeletal muscle blood flow, 
inhibition of adipocyte maturation, and reduction in 
diuretic use.17,18,43

The findings of this study should be viewed in the 
context of potential limitations. First, participants 
enrolled in clinical trials are selected according to specific 
inclusion and exclusion criteria, and our results might 
not be generalisable to all individuals with heart failure 
in the general population. In particular, the proportion of 
non-White participants recruited was not globally 
representative. Second, because this is a HFmrEF or 
HFpEF trial, these data cannot necessarily be extrapolated 
to a population without HFmrEF or HFpEF, including 
those with HFrEF or those without heart failure. Third, 
we did not have measurements of plasma insulin or 
glucometabolic investigations that might have helped 
better understand the salutary effects of finerenone 
on new-onset diabetes. Fourth, since some of the glucose-
lowering therapies have indications beyond diabetes 
(eg, GLP-1 receptor agonists for the treatment of obesity), 

we cannot rule out that some participants might have 
initiated these drugs during follow-up for reasons other 
than diabetes. Fifth, in the analyses of the association 
between new-onset diabetes (as a time-updated covariate) 
and outcomes, the risk of residual confounding cannot 
be excluded, despite comprehensive adjustment for 
potential confounders. In addition, the CIs of the point 
estimates in these analyses were wide, and the 
associations should therefore be interpreted with caution.

In conclusion, in this prespecified analysis of 
a randomised clinical trial of participants with HFmrEF 
or HFpEF, more than 80% of the participants who 
developed diabetes had prediabetes at baseline. The non-
steroidal MRA finerenone reduced the hazard of diabetes 
by approximately 25%, representing a meaningful 
additional clinical benefit of this treatment in participants 
with HFmrEF or HFpEF.
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