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IMPORTANCE Sex is associated with the clinical presentation, outcomes, and response to
treatment in patients with heart failure (HF). However, little is known about the safety and
efficacy of treatment with finerenone according to sex.

OBJECTIVE To estimate the efficacy and safety of finerenone compared with placebo in both
women and men.

DESIGN, SETTING, AND PARTICIPANTS Prespecified analyses were conducted in the phase 3
randomized clinical trial Finerenone Trial to Investigate Efficacy and Safety Superior to
Placebo in Patients with Heart Failure (FINEARTS-HF). The trial was conducted across 653
sites in 37 countries. Participants were adults aged 40 years and older with symptomatic
HF and left ventricular ejection fraction (LVEF) of 40% or greater randomized between
September 2020 and January 2023.

INTERVENTION Finerenone (titrated to 20 mg or 40 mg) or placebo.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of cardiovascular
death and total (first and recurrent) HF events (unplanned HF hospitalizations or urgent
HF visits).

RESULTS A total of 6001 patients were randomized in FINEARTS-HF, of whom 2732 were
women (45.5%), with a mean (SD) age of 73.6 (9.1) years. Women had higher rates of any
obesity, higher LVEF (54.6 [7.6%] vs 50.9 [7.6] for men), lower mean (SD) estimated
glomerular filtration rate than men (59.7 [19.1] vs 64.1 [20.0] for men; P<.001) , worse New
York Heart Association functional class, and lower Kansas City Cardiomyopathy
Questionnaire-Total Symptom Scores (KCCQ-TSS) (mean [SD] 62.3 [24.0] vs 71.0 [23.1]). The
incident rate of the primary outcome was slightly lower in women (15.7; 95% CI, 14.3-17.3)
than in men (16.8; 95% CI, 15.4-18.3) per 100 person-years. Compared with placebo,
finerenone reduced the risk of the primary end point similarly in women and men: rate ratio
0.78 (95% CI, 0.65-0.95) in women and 0.88 (95% CI, 0.74-1.04) in men (P = .41 for
interaction). Consistent effects were observed for the components of the primary outcome
and all-cause mortality. The mean increase (improvement) in KCCQ-TSS from baseline to 12
months was greater with finerenone, regardless of sex (P = .73 for interaction). Finerenone
had similar tolerability in women and men.

CONCLUSIONS AND RELEVANCE In FINEARTS-HF, finerenone reduced the risk of the primary
end point similarly in women and men with heart failure with mildly reduced or preserved
ejection fraction. Finerenone had similar tolerability in women and men.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04435626
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S ex-related differences have been reported in heart fail-
ure (HF) epidemiology, ejection fraction phenotype,
symptoms and presentation, comorbidities, and

outcomes.1-10 More controversially, sex has been reported
to modify the response to some treatments in patients with
HF. In HF with reduced ejection fraction (HFrEF), women
appear to obtain more benefit from cardiac resynchroniza-
tion therapy.11 In HF with mildly reduced ejection fraction
(HFmrEF) and HF with preserved ejection fraction (HFpEF),
sex-specific spline analyses suggested that the benefit of the
angiotensin receptor-neprilysin inhibitor (ARNI) sacubitril/
valsartan over enalapril, extended to a higher left ventricular
ejection fraction (LVEF) in women compared with men in the
PARAGON-HF trial (Prospective Comparison of ARNI With ARB
Global Outcomes in Heart Failure With Preserved Ejection
Fraction).12 A somewhat similar finding was reported with the
steroidal mineralocorticoid receptor antagonist (MRA) spi-
ronolactone compared with placebo in the TOPCAT trial (Treat-
ment of Preserved Cardiac Function Heart, Failure With an Al-
dosterone Antagonist) although the test for interaction between
sex, LVEF, and treatment was not statistically significant.13,14

Recently, semaglutide has been shown to reduce weight more
in women than men with HFmrEF/HFpEF and obesity.15

These findings underscore the importance of sex-
specific evaluation of the effect of treatment in HF as en-
dorsed by leading societies and journals and recently high-
lighted in HFmrEF/HFpEF.16-19 For that reason, we prespecified
an examination of the efficacy and safety of the nonsteroidal
MRA finerenone in women and men with HFmrEF/HFpEF en-
rolled in the FINEARTS-HF trial (Finerenone Trial to Investi-
gate Efficacy and Safety Superior to Placebo in Patients With
Heart Failure).20-22 Among the 6001 participants analyzed,
45.5% were women. The primary outcome was the compos-
ite of cardiovascular death and total (first and recurrent) HF
events, including unplanned hospitalization for HF or urgent
HF events. Treatment with finerenone reduced the primary end
point significantly by 16% compared with placebo (rate ratio,
0.84; 95% CI, 0.74-0.95; P = .007).20

Methods
FINEARTS-HF Study Design and Objectives
FINEARTS-HF was a prospective, randomized, double-blind,
placebo-controlled, event-based trial that examined the effi-
cacy and safety of finerenone compared with placebo, in pa-
tients with HFmrEF/HFpEF. This study followed the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline. The design, baseline characteristics, and primary
results have been published.20-22 The protocol was approved
by the respective ethics committee at each site and all patients
gave written consent. The FINEARTS-HF trial protocol is avail-
able in Supplement 1, and the statistical analysis plan is available
in Supplement 2.

Study Participants and Treatment
Key inclusion criteria were New York Heart Association (NYHA)
functional class II-IV, treatment with a diuretic for 30 or more

days before randomization, a left ventricular ejection frac-
tion (LVEF) 40% or more with evidence of structural heart
disease (either left atrial enlargement or left ventricular hy-
pertrophy), and an elevated natriuretic peptide level (N-
terminal pro-B-type natriuretic peptide [NT-proBNP] >300
pg/mL [or BNP >100 pg/mL] for patients in sinus rhythm or
NT-proBNP >900 pg/mL [or BNP >300 pg/mL] for patients in
atrial fibrillation). Ambulatory and hospitalized patients were
eligible for enrolment. Patients with prior LVEF less than 40%
with subsequent improvement to 40% or more were also
eligible provided that ongoing HF symptoms were present.
Key exclusion criteria were estimated glomerular filtration
rate (eGFR) less than 25 mL/min/1.73 m2, serum potassium
greater than 5.0 mmol/L at screening or randomization, or
symptomatic hypotension with mean systolic blood pressure
(SBP) less than 90 mm Hg at screening or randomization.
A complete list of exclusion criteria has been pulished.21

Eligible participants were randomized in a 1:1 ratio to fi-
nerenone or matching placebo. The starting dose was 10 mg
once daily in participants with an eGFR ≤60 mL/min/1.73 m2

with a maximum maintenance dose of 20 mg once daily,
whereas the starting dose was 20 mg once daily if the eGFR
was >60 mL/min/1.73 m2 with a maximum maintenance
dose of 40 mg once daily.

Trial Outcomes
The primary outcome was the composite of total (first and re-
current) HF events (including HF hospitalizations or urgent HF
events) and cardiovascular death. Secondary outcomes in-
cluded total HF events; change from baseline to 6, 9, and 12
months in the Kansas City Cardiomyopathy Questionnaire total
symptom score (KCCQ-TSS); improvement in NYHA func-
tional class from baseline to 12 months; time to first occur-
rence of composite renal end point (sustained decrease in eGFR
≥50% relative to baseline over at least 4 weeks, or sustained
eGFR decline in eGFR to <15 mL/min/1.73 m2, or initiation of
dialysis or kidney transplant); and time to all-cause death
(tested outside the α control hierarchy for the other second-
ary outcomes). Due to the small number of events for the com-
posite kidney end point, it was not examined in this sub-
group analysis. In sensitivity analyses, we also examined

Key Points
Question Are the effects and safety profile of finerenone in
patients with mildly reduced or preserved ejection fraction
consistent in women and men?

Findings In this secondary analysis of a randomized clinical trial
including 6001 adults with symptomatic heart failure and left
ventricular ejection fraction, women and men experienced similar
outcomes from finerenone treatment in reducing cardiovascular
death and heart failure events, as well as improving symptoms.
Adverse events were more common with finerenone but did not
differ between the sexes.

Meaning Heart failure with mildly reduced or preserved ejection
fraction is relatively more common in women, and results of this
study suggest that the consistent efficacy and safety of finerenone
is especially relevant for them.
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cardiovascular death, cardiovascular death or a first HF event,
and a first HF event. The prespecified safety outcomes in-
cluded hyperkalemia (serum potassium >5.5 mmol/L or >6.0
mmol/L), hypokalemia (serum potassium <3.5 mmol/L),
elevation of serum creatinine (≥2.5 mg/dL or ≥3.0 mg/dL), and
hypotension (SBP <100 mm Hg).

Statistical Analysis
Baseline characteristics were summarized as frequencies with
percentages, means with SDs, or medians with IQRs. Differ-
ences in baseline characteristics were tested using the χ2 test
for categorical variables and the Wilcoxon rank sum test for
nonnormally distributed variables and t test for normally dis-
tributed continuous variables. A Poisson model with robust SEs
was used to analyze the incidence rate of events by sex with
total follow-up time included as an offset in the model. To com-
pare the effects of finerenone vs placebo according to sex, time-
to-event data were evaluated using Kaplan-Meier curves and
Cox proportional hazards regression models, with treatment
assignment as a fixed effect and region and baseline LVEF
(<60% or ≥60%) as stratification factors, with hazard ratios (HR)
and 95% CIs reported. Total (first and recurrent) events were
evaluated using Nelson-Aalen cumulative hazard curves and
rate ratios (RRs) with 95% CIs from semiparametric propor-
tional rates models from the approach of Lin et al,23 with ad-
justments and stratification for the variables mentioned pre-
viously. Models were also adjusted for baseline variables (age,
heart rate, SBP, body mass index, eGFR, NYHA functional class
III/IV, LVEF, myocardial infarction, NT-proBNP [log], diabe-
tes, history of atrial fibrillation, and history of HF hospitaliza-
tion). The effect of finerenone vs placebo across the range of
LVEF as a continuous variable was modeled using a restricted
cubic spline with 3 knots. The proportion of patients with im-
provement in NYHA functional class from baseline to 12 months
was evaluated using logistic regression models, adjusted for
treatment assignment and stratification factors, and odds ra-
tios (OR) with 95% CIs reported, with these models also being
adjusted for the variables mentioned previously.

Changes from baseline to 12 months in creatinine, serum
potassium, SBP, and KCCQ-TSS between treatment groups were
analyzed using mixed-effects models for repeated measure-
ments, adjusted for baseline values, follow-up visits, treat-
ment assignment, interaction between treatment and visit, and
stratification factors. Missing values were excluded from the
analysis. Least squares mean differences between treatment
groups at each visit were reported. Responder analyses were
conducted to compare the proportions of patients experienc-
ing a deterioration (defined as a deterioration of ≥5 points) and
those showing clinically significant improvements, catego-
rized as small (≥5 points), moderate (≥10 points), or large (≥20
points) changes in KCCQ-TSS at 12 months, as described
previously.24 These comparisons were analyzed using logis-
tic regression models adjusted for baseline KCCQ score, strati-
fication factors region, and baseline LVEF (<60%, ≥60%). The
incidence of safety end points was estimated using logistic re-
gression models adjusted for stratification factors and treat-
ment effect with an interaction by sex, which was tested using
a likelihood ratio test. All statistical analyses were conducted

using STATA version 18 (StataCorp LLC), and a P < .05 was con-
sidered statistically significant.

Results
Patient Characteristics: Women vs Men
Overall, 2732 women (45.5%) and 3269 men (54.5%) were ana-
lyzed (eFigure 1 in Supplement 3). Baseline characteristics by
sex are presented in Table 1. Women were older than men
(mean [SD] age, 73.6 [9.1] years vs 70.6 [9.9] years for men) and
had lower mean (SD) eGFR than men (59.7 [19.1] vs 64.1 [20.0]
for men; P < .001) and higher rates of BMI class II-II obesity than
men (654 of 2732 [24.0%] vs 492 of 3269 [15.1%]). The me-
dian NT-proBNP levels were similar in women and men (with
and without atrial fibrillation). The mean (SD) LVEF was 54.6%
(7.6%) in women vs 50.9% (7.6%) in men. The distribution of
LVEF by sex is shown in eFigure 2 in Supplement 3; the pro-
portion of women with a LVEF 60% or more was 24.9% vs
14.3% of men. Women also had a worse NYHA functional class
distribution (35.0% NYHA class III/IV vs 27.5% in men) and
much worse self-reported health status (KCCQ-TSS, KCCQ-
overall summary score, and KCCQ-clinical summary score—
all approximately 10 points lower in women compared with
men). Women had worse scores across all KCCQ domains,
with lower values in the physical limitation, social limita-
tions, symptom frequency, symptom burden, and quality-of-
life domains compared with men (eTable 1 and eFigure 3 in
Supplement 3). Women were much less likely than men to be
current or former smokers and had lower rates of chronic ob-
structive pulmonary disease. Women had lower rates of dia-
betes (despite a higher rate of obesity), coronary heart dis-
ease, and peripheral arterial disease but higher rates of
hypertension and atrial fibrillation.

Background Treatment at Baseline: Women vs Men
Women were more often treated with angiotensin receptor
blockers than angiotensin-converting enzyme inhibitors com-
pared with men but treated less frequently with sodium-
glucose cotransporter 2 inhibitors. The use of β-blockers and
loop diuretics was similar in both women and men although
thiazide diuretics were used more frequently in women.

Trial Treatment Dose Achieved: Women vs Men
In patients assigned to the 10 mg, increasing to 20 mg, dosing
strategy, the mean (SD) achieved dose in the placebo arm for
the duration of the trial was 16.8 (4.0) mg in women and 16.6
(4.1) in men; for finerenone, the mean (SD) dose was 15.8 (4.3)
mg in women and 15.5 (4.4) mg in men. In patients assigned
to the 20 mg, increasing to 40 mg, dosing strategy, the mean
(SD) achieved dose in the placebo arm was 34.5 (7.8) mg in
women and 34.5 (7.7) in men; for finerenone the mean (SD) dose
was 32.0 (9.2) mg in women and 32.5 (9.1) mg in men.

Clinical Outcomes: Women vs Men
Women had slightly lower event rates than men (eTable 2 in
Supplement 3). The incidence rate of the primary outcome was
slightly lower in women (15.7; 95% CI, 14.3-17.3) than in men
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Table 1. Baseline Characteristics of Women and Men

Characteristic
Women
(n = 2732)

Men
(n = 3269) P value

Participants

Age, mean (SD), y 73.6 (9.1) 70.6 (9.9) <.001

Age >70 y, No. (%) 1867 (68.4) 1739 (53.2) <.001

Region, No. (%)

Asia 354 (13.0) 629 (19.2)

<.001

Eastern Europe 1228 (45.0) 1422 (43.5)

Latin America 328 (12.0) 313 (9.6)

North America 188 (6.9) 283 (8.7)

Western Europe, Oceania, other 634 (23.2) 622 (19.0)

Race, No. (%)a

Asian 360 (13.2) 636 (19.5)

<.001
Black 52 (1.9) 36 (1.1)

White 2224 (81.4) 2511 (76.8)

Other 96 (3.5) 86 (2.6)

Heart failure characteristics

NYHA functional class, No. (%)

II 1776 (65.0) 2370 (72.5)

<.001III 935 (34.2) 878 (26.9)

IV 21 (0.8) 20 (0.6)

Any prior hospitalization for HF, No. (%) 1623 (59.4) 1996 (61.1) .19

LVEF, % mean (SD) 54.6 (7.6) 50.9 (7.6) <.001

Improved LVEF ≥40%, No. (%) 68 (2.5) 205 (6.3) <.001

LVEF ≥60%, No. (%) 679 (24.9) 468 (14.3) <.001

KCCQ total symptom score, mean (SD) 62.3 (24.0) 71.0 (23.1) <.001

KCCQ overall summary score, mean (SD) 57.7 (22.2) 67.0 (21.3) <.001

KCCQ clinical summary score, mean (SD) 59.9 (22.5) 69.9 (21.5) <.001

Physiological and laboratory measurements

SBP, mean (SD), mm Hg 130.1 (15.3) 128.8 (15.3) .001

Heart rate, mean (SD), bpm 72.1 (12.0) 70.9 (11.6) <.001

BMI, mean (SD) 30.6 (6.7) 29.4 (5.6) <.001

BMI group, No. (%)

<18.5 (Underweight) 41 (1.5) 24 (0.7)

<.001

18.5 to <25 (Normal weight) 537 (19.7) 704 (21.6)

25 to <30 (Overweight) 803 (29.5) 1187 (36.4)

30 to <35 (Class I obesity) 692 (25.4) 854 (26.2)

≥35 (Class II–III obesity) 654 (24.0) 492 (15.1)

Waist circumference, mean (SD), cm 101.7 (16.3) 105.8 (16.0) <.001

Increased waist circumferenceb 2183 (79.9) 1822 (55.7) <.001

Waist/hip ratio, mean (SD) 0.93 (0.10) 1.00 (0.10) <.001

eGFR, mean (SD), mL/min/1.73 m2 59.7 (19.1) 64.1 (20.0) <.001

eGFR <60, No. (%), mL/min/1.73 m2 1452 (53.1) 1436 (43.9) <.001

eGFR <45, No. (%), mL/min/1.73 m2 677 (24.8) 655 (20.0) <.001

eGFR <30, No. (%), mL/min/1.73 m2 118 (4.3) 103 (3.2) <.001

NT-proBNP level, median (IQR), pg/mL 1074 (443-1984) 1014 (452-1911) .41

In patients with AF, median (IQR), pg/mL 1769 (1212-2808) 1683 (1108-2802) .16

In patients without AF, median (IQR), pg/mL 568 (307-1247) 608 (316-1270) .30

Hemoglobin, mean (SD), g/dL 12.8 (1.5) 13.8 (1.7) <.001

Potassium, mean (SD), mmol/L 4.3 (0.5) 4.4 (0.5) <.001

HbA1c, median (IQR), % 6.0 (5.7-6.7) 6.1 (5.7-6.8) .03

UACR, mean (SD), mg/g 133 (487) 185 (697) .001

UACR category, No. (%), mg/gc

< 30 1625 (61.8) 1886 (59.6)

.00230 to <300 785 (29.9) 927 (29.3)

≥300 220 (8.4) 354 (11.2)

(continued)
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(16.8; 95% CI, 15.4-18.3) per 100 person-years. The difference
between women and men increased after adjustment for base-
line variables associated with prognosis (eTable 2 in Supple-
ment 3). Although women had a lower (worse) baseline KCCQ-
TSS than men and baseline KCCQ-TSS was associated with
incidence of the primary outcome, women had a lower inci-
dence of the primary outcome than men across the range of
KCCQ-TSS (eFigure 4 in Supplement 3). The incidence of dif-
ferent causes of death varied between women and men (eFig-
ure 5 in Supplement 3).

Effect of Finerenone: Women vs Men
There was no evidence that sex modified the effect of finere-
none compared with placebo on the primary end point, with
an RR of 0.78 (95% CI, 0.65-0.95) in women and 0.88 (95% CI,
0.74-1.04) in men (P = .41 for interaction) (Table 2 and Figure 1).
Adjusting for established variables did not change this result
(Table 2). The reduction in risk of the primary composite end

point was observed across the range of LVEF in both women
and men (Figure 1). Consistent benefits were observed for
the components of the primary outcome, ie, total HF events
(RR, 0.76; 95% CI, 0.62-0.94 in women vs RR, 0.86; 95% CI,
0.70-1.04 in men; P = .45 for interaction), and cardiovascular
death (HR, 0.87; 95% CI, 0.66-1.15 in women vs HR, 0.96; 95%
CI, 0.76-1.20 in men; P = .62 for interaction) (Table 2, Figure 2;
eFigure 6 in Supplement 3). A similar pattern was seen for
cardiovascular death or first HF event (P = .62 for interac-
tion), first HF event (P = .98 for interaction), and all-cause
death (P = .82 for interaction) (Table 2, Figure 2; eFigure 6 in
Supplement 3).

The improvement in NYHA functional class from base-
line to 12 months did not differ significantly with finerenone
compared with placebo and did not differ between sexes
(P = .16 for interaction) (eTable 3 in Supplement 3). The mean
increase (improvement) in KCCQ-TSS from baseline to 12
months was greater with finerenone compared with placebo

Table 1. Baseline Characteristics of Women and Men (continued)

Characteristic
Women
(n = 2732)

Men
(n = 3269) P value

Medical history, No. (%)

Hypertension 2452 (89.8) 2873 (87.9) .02

Diabetes 1036 (37.9) 1403 (42.8) <.001

Myocardial infarction 449 (16.4) 1092 (33.4) <.001

Peripheral arterial disease 171 (6.3) 366 (11.2) <.001

AF history 1538 (56.3) 1735 (53.1) .01

Chronic obstructive pulmonary disease 288 (10.5) 485 (14.8) <.001

Smoking status

Current 112 (4.1) 399 (12.2)

<.001Former 433 (15.9) 1360 (41.6)

Never 2187 (80.0) 1510 (46.2)

Stroke 376 (13.8) 455 (13.9) .86

Anemia 674 (26.2) 910 (29.4) .008

Treatments, No. (%)

β-Blocker 2309 (84.5) 2786 (85.2) .45

ACEi 879 (32.2) 1276 (39.0) <.001

ARB 1084 (39.7) 1017 (31.1) <.001

ARNI 153 (5.6) 360 (11.0) <.001

SGLT2i 320 (11.7) 497 (15.2) <.001

Loop diuretics 2362 (86.5) 2877 (88.0) .07

Thiazide/thiazide-like diuretics 443 (16.2) 388 (11.9) <.001

Digoxin 266 (9.7) 205 (6.3) <.001

Anticoagulant 1352 (49.5) 1525 (46.7) .03

Pacemaker 155 (5.7) 177 (5.4) .66

ICD 5 (0.2) 43 (1.3) <.001

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; AF, atrial
fibrillation; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor–neprilysin inhibitor; BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared); eGFR, estimated glomerular
filtration rate; HbA1c, glycated hemoglobin; HF, heart failure; ICD, implantable
cardiac defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood
pressure; SGLT2i, sodium–glucose cotransporter 2 inhibitor; UACR, urine
albumin-to-creatinine ratio.

SI conversion factors: To convert HbA1c to proportion of total hemoglobin,
multiply by 0.01; hemoglobin from g/dL to g/L, multiply by 10; potassium from
mmol/L to mEq/L, divide by 1.0.

a Race (as chosen by participants) was captured on a dedicated demographics
case report form and included the following categories: American Indian or
Alaska Native, Asian, Black or African American, Native Hawaiian or Other
Pacific Islander, White, or not reported. In the table “other” includes American
Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, and not
reported.

b Defined as >88 cm in women and >102 cm in men.
c Baseline UACR unavailable in 204 patients, hence percentages are expressed

as the number of participants of 5797. Also, BMI is unavailable for 13 patients,
SBP is unavailable for 2 patients, KCCQ is unavailable for 15 patients, LVEF is
unavailable for 8 patients, NT-proBNP is unavailable for 158 patients, and
HbA1c is unavailable for 113 patients.
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irrespective of sex (P = .73 for interaction) (eTable 3 and eFig-
ure 7 in Supplement 3). The proportion of patients with an im-
provement in KCCQ-TSS of at least 5 points, 10 points, and 20
points tended to be greater with finerenone compared with pla-
cebo (but only statistically significant, overall, for ≥20 points),
with consistent effects observed in both women and men
(P = .24 for interaction at 5 points; P = .16 for interaction at 10
points; and P = .65 for interaction at 20 points) (eTable 3 and
eFigure 8 in Supplement 3). Although not statistically signifi-
cant, the proportion of patients with a decrease in KCCQ-TSS
of at least 5 points tended to be smaller in those treated with
finerenone compared with placebo in both women and men
(P = .58 for interaction) (Table 2; eFigure 8 in Supplement 3).

Potassium levels showed a slight increase in the finere-
none group at 1 month, with minimal change thereafter (eFig-
ure 9 in Supplement 3). At 12 months, the placebo-corrected
increase in potassium was 0.19 mmol/L (95% CI, 0.15-0.22
mmol/L) in women and 0.20 mmol/L (95% CI, 0.16-0.23
mmol/L) in men (to convert potassium from millimoles per

liter to milliequivalents per liter, divide by 1.0). Similarly, cre-
atinine levels increased by a small amount in the finerenone
group at 1 month, followed by minimal change thereafter (eFig-
ure 9 in Supplement 3). At 12 months, the placebo-corrected
increase in creatinine was 0.07 mg/dL (95% CI, 0.04-0.09 mg/
dL) in women and 0.08 mg/dL (95% CI, 0.05-0.10 mg/dL) in
men (to convert creatinine from milligrams per deciliter to
micromoles per liter, multiply by 88.4). SBP decreased mod-
estly at 1 month in the finerenone group, with little change
thereafter (eFigure 9 in Supplement 3). At 12 months, the pla-
cebo-corrected reduction in SBP was −2.68 mm Hg (95% CI,
−3.93 to −1.43 mm Hg) in women and −3.52 mm Hg (95%
CI, −4.60 to −2.45 mm Hg) in men.

Tolerability and Safety: Women vs Men
Comparing placebo groups, hypokalemia was more common
and elevated creatinine was less common in women com-
pared with men (Table 3). Finerenone increased the incidence
of hyperkalemia and hypotension, and reduced the risk of hy-

Figure 1. Key Trial Outcomes According to Sex and Treatment Assignment in Finerenone Trial to Investigate Efficacy
and Safety Superior to Placebo in Patients With Heart Failure (FINEARTS-HF)
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A and B, The Nelson-Aalen estimate of the cumulative hazard for the primary
composite end point and total HF events. C and D, The association between
LVEF and the incidence rate for the primary outcome, by sex and treatment.

The shaded area represents the 95% CI. HF indicates heart failure; LVEF, left
ventricular ejection fraction.
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pokalemia compared with placebo, and these differences were
similar in both women and men (Table 3). The proportion of
women experiencing a potassium level >5.5 mmol/L was 13.2%
in the finerenone group vs 6.0% in the placebo group (odds
ratio, 2.36; 95% CI, 1.78–3.13). In men, these proportions were

15.1% in the finerenone group and 7.6% in the placebo group
(odds ratio, 2.21; 95% CI, 1.75–2.79; P = .72 for interaction).
Potential antiandrogen adverse effects were infrequent in both
treatment groups, with no evidence of a difference between
finerenone and placebo (eTable 4 in Supplement 3).

Figure 2. Effects of Finerenone on Key Outcomes According to Sex in Finerenone Trial to Investigate Efficacy
and Safety Superior to Placebo in Patients With Heart Failure (FINEARTS-HF)

Finerenone
better

Placebo
better

1.510.4
RR (95% CI)

Outcome
RR
(95% CI)

Primary outcome
Overall 0.84 (0.74-0.95)
Women 0.78 (0.65-0.95)
Men 0.88 (0.74-1.04)

Total HF events
Overall 0.82 (0.71-0.94)
Women 0.76 (0.62-0.94)
Men 0.86 (0.70-1.04)

All-cause death
Overall 0.93 (0.83-1.06)
Women 0.94 (0.78-1.14)
Men 0.92 (0.78-1.08)

Finerenone
better

Placebo
better

1.510.4
HR (95% CI)

Outcome
HR
(95% CI)

Cardiovascular death or first HF event
Overall 0.84 (0.76-0.94)
Women 0.81 (0.69-0.96)
Men 0.86 (0.75-0.99)

Cardiovascular death
Overall 0.93 (0.78-1.11)
Women 0.87 (0.66-1.15)
Men 0.96 (0.76-1.20)

First HF event
Overall 0.81 (0.72-0.92)
Women 0.81 (0.67-0.97)
Men 0.81 (0.69-0.95)

The Lin et al23 proportional rates
approach (recurrent events) and
Cox proportional hazards regression
(time to first event) models are
stratified by region and baseline
left ventricular ejection fraction
(<60% or �60%) and adjusted for
treatment assignment. HF indicates
heart failure; HR, hazard ratio;
RR, rate ratio.

Table 3. Tolerability According to Sex in FINEARTS-HF

Safety profile

Women (n = 2732) Men (n = 3269) Tolerability: women vs men

Placebo Finerenone Placebo Finerenone
Odds ratio (95% CI)a

P value for
interactionWomen Men

Hypotension, No. (%)
SBP <100 mm Hg 154 (11.6) 209 (16.1) 207 (13.1) 329 (20.4) 1.57 (1.24-1.98) 1.76 (1.44-2.16) .50

Elevated serum creatinine,
No. (%)

≥ 2.5 mg/dL 20 (1.5) 31 (2.4) 69 (4.4) 110 (6.9) 1.58 (0.89-2.79) 1.60 (1.17-2.18) .99
≥ 3.0 mg/dL 9 (0.7) 12 (0.9) 25 (1.6) 45 (2.8) 1.31 (0.55-3.13) 1.80 (1.10-2.95) .56

Elevated serum potassium,
No. (%)

>5.5 mmol/L 79 (6.0) 170 (13.2) 120 (7.6) 243 (15.1) 2.36 (1.78-3.13) 2.21 (1.75-2.79) .72
>6.0 mmol/L 14 (1.1) 37 (2.9) 27 (1.7) 49 (3.1) 2.74 (1.47-5.11) 1.83 (1.14-2.96) .31

Decreased serum potassium,
No. (%)

< 3.5 mmol/L 148 (11.2) 61 (4.7) 133 (8.5) 66 (4.1) 0.39 (0.29-0.54) 0.45 (0.33-0.61) .56

Abbreviations: FINEARTS-HF, Finerenone Trial to Investigate Efficacy and Safety
Superior to Placebo in Patients with Heart Failure; SBP, systolic blood pressure.

SI conversion factors: To convert creatinine from mg/dL to μmoL, multiply by

88.4; potassium from mmoL/L to mEq/L, divide by 1.0.
a Models were adjusted for region and baseline left ventricular ejection fraction

(<60% or �60%), and treatment assignment.
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Discussion

It is important to evaluate the efficacy and safety of new treat-
ments for HF in both women and men, considering their dif-
ferent clinical and pharmacokinetic profiles.25-31 Notably, ap-
proximately half of the patients in the FINEARTS-HF trial were
women, making it one of the few cardiovascular trials with a
substantial representation of women. In the present prespeci-
fied subgroup analysis, finerenone reduced the risk of the pri-
mary composite end point of total (first and recurrent) HF
events (including HF hospitalizations and urgent HF events)
and cardiovascular death, to a similar extent in both women
and men. Additionally, finerenone improved symptoms, as evi-
denced by the KCCQ-TSS, in both women and men. Further-
more, sex did not modify the tolerability of finerenone.

As expected, there were notable differences between wom-
en and men that were consistent with previous reports.13,32-35

Women were older than men, more often had a history of hy-
pertension and poor renal function and often had obesity yet
were less likely to have diabetes. Comorbidities were less preva-
lent in women compared with men, with marked differences
in the prevalence of coronary artery disease and chronic ob-
structive pulmonary disease (potentially related to big differ-
ences in smoking). Conversely, women were assessed by
physicians to have worse NYHA functional class, and corre-
spondingly lower self-reported KCCQ scores than men, de-
spite having a higher LVEF and similar NT-proBNP levels com-
pared with men. Indeed, there was a notably higher proportion
of women with LVEF 60% or more compared with men (24.9%
of women vs 14.3% of men).

The use of loop diuretics was similar between women and
men, although more women received a thiazide diuretic. How-
ever, despite evidence suggesting that women respond more
favorably to sacubitril/valsartan in patients with LVEF 45% or
more, as demonstrated in PARAGON-HF,12 the proportion of
women receiving an ARNI was lower than men, as was the use
of SGLT2 inhibitors.

Despite their worse KCCQ-TSS and NYHA functional class,
women had a lower risk of the outcomes of interest, espe-
cially mortality, and particularly after adjustment compared
with men. This has also been reported,34 although the differ-
ence between women and men is not as large as in HFrEF. The
explanation for this is uncertain but may be related to the lower
prevalence of ischemic heart disease among women.34

The most important finding in the FINEARTS-HF trial is
that finerenone reduced the incidence of the primary end point
and total HF events similarly in women and men, which was
notable given the higher LVEF in women. While comparing
different clinical trials is difficult, two separate analyses of

TOPCAT suggested that spironolactone had a greater benefit
in women compared with men, particularly at a higher LVEF.14

However, these reports from TOPCAT differ from not just
FINEARTS-HF but also previous trials in HFrEF where the ben-
efit of MRA therapy was similar in women and men.35

Improving symptoms and health-related quality of life in
HF patients is important and this may be especially true for
women who have much worse KCCQ scores than men (al-
most 10 points lower). Therefore, it was notable that finere-
none treatment led to statistically significant improvements
in KCCQ scores, in both women and men. Although these
overall mean changes appeared small, they were very similar
to those observed with SGLT2 inhibitors and sacubitril/
valsartan in patients with HFmrEF/HFpEF.36-38

HF treatments must also be safe. The excess incidences of
elevated potassium, creatinine, and low blood pressure with
finerenone compared with placebo showed no significant dif-
ference between women and men. Notably, the average in-
creases in creatinine levels were small in both sexes, which may
address concerns that elevated creatinine is often seen as a bar-
rier to the use of this treatment. Nevertheless, the doubling in
incidence of hyperkalemia with finerenone compared with
placebo underscores the need for careful monitoring of potas-
sium levels when using finerenone in clinical practice.

Limitations
As with any study of this type, there are several potential limi-
tations. Most importantly, the participants analyzed were en-
rolled in a randomized clinical trial with specific inclusion and
exclusion criteria, which may limit the generalizability of these
findings to all patients with HFmrEF or HFpEF. For some analy-
ses (eg, laboratory variables), there were missing data al-
though these were not extensive. It was difficult to assess the
effect of treatment on the risk of death from cardiovascular
causes due to the relatively low rate of this event and the rela-
tively short follow-up period. In the adjusted analyses, there
may have been unknown confounders.

Conclusions
In this secondary analysis of the FINEHART-HF randomized
clinical trial, finerenone reduced the risk of the primary com-
posite outcome of total (first and recurrent) HF events and car-
diovascular death, while also improving symptoms, in both
women and men. Additionally, finerenone had similar toler-
ability in women and men. Heart failure with mildly reduced
or preserved ejection fraction is relatively more common in
women, and results of this study suggest that the consistent
efficacy and safety of finerenone is especially relevant for them.
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Editor's Note

Sex-Specific Efficacy and Safety in HF Trials
Inclusion Is Only the First Step
Sadiya Khan, MD, MSc; Clyde W. Yancy, MD, MSc; Gregg C. Fonarow, MD

Heart failure is one of the major health threats to women and
men, with both sexes facing similarly high lifetime risks of de-
veloping heart failure and dismal outcomes following diagno-
sis. Yet, important sex-related differences are observed in the

age at presentation, symp-
toms, comorbid conditions,
ejection fraction phenotype,

health-related quality of life, and clinical outcomes for heart
failure.1 Given that biological sex assigned at birth may modify
the efficacy or safety of therapies, sex-specific evaluations of
randomized clinical trials of efficacy, safety, and tolerability
of evidence-based heart failure therapies are essential. While
sex-specific analyses are mandated by regulatory and fund-
ing agencies, randomized clinical trials in heart failure still do
not reliably have sufficient representation of women to rigor-
ously evaluate meaningful sex differences. Therefore, both rep-
resentative inclusion of women in clinical trials and report-
ing of sex-specific analyses remain important priorities.

Women represent well over 50% of the patients who pre-
sent with heart failure with mildly reduced ejection fraction
(HFmrEF) or preserved ejection fraction (HFpEF), often with left
ventricular ejection fraction greater than 0.60.1 Yet, in con-
trast with heart failure with reduced ejection fraction (HFrEF),
where multiple therapies have been demonstrated to improve
clinical outcome, until recently there was an absence of evi-
dence-based therapies for HFmrEF and HFpEF.1 Clinical trials
have established clinical benefits of sodium glucose cotrans-
porter inhibitors and incretin mimetics in patients with HFm-
rEF or HFpEF.1 Similar efficacy, safety, and tolerability were
found for women and men with these agents. While there were
definitive data for mineralocorticoid receptor antagonists (MRA)
in HFrEF, data in HFrEF and HFpEF were inadequate.1 The

Finerenone Trial to Investigate Efficacy and Safety Superior to
Placebo in Patients With Heart Failure (FINEARTS-HF) convinc-
ingly demonstrated that the nonsteroidal MRA finerenone re-
duced the primary composite risk of cardiovascular death and
total worsening heart failure events in patients with heart fail-
ure and ejection fraction 40% or more.2

Chimura and colleagues3 have provided a detailed pre-
specified secondary sex-based analysis of FINEARTS-HF. The
trial enrolled 2732 women (45.5%) of the total population. Com-
pared with placebo, finerenone similarly reduced the risk of
the primary composite end point with a rate ratio of 0.78 (95%
CI, 0.65-0.95) in women and 0.88 (95% CI, 0.77-1.04) in men,
(P = .41 for interaction).3 Improvements in health status in-
dexed by KCCQ score were also similar by sex. While adverse
events, particularly hyperkalemia, were more frequent with
finerenone vs placebo, tolerability and safety were similar in
women and men.

The findings of this trial and the demonstration of consis-
tent benefit of finerenone represents an important therapeu-
tic advance in women and men with HFmrEF/HFpEF and is a
definitive declaration of MRA efficacy for heart failure across
the entire EF spectrum and for all heart failure phenotypes.
Future trials should mimic sex-specific analyses as was done
in Chimura and colleagues3 along with equitable implemen-
tation by sex.

In practice, careful attention to dosing and close monitor-
ing for hyperkalemia for both women and men will be obliga-
tory. This work sets the stage for translating these findings
by ensuring there is effective, safe, and equitable implemen-
tation regardless of sex and avoiding the all-too-common
undertreatment of women with heart failure even when evi-
dence of benefit is available.
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