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BACKGROUND: Following a heart failure (HF)-decompensation, there is scarce data about sex-related prognostic differences
across left ventricular ejection fraction (LVEF) status. We sought to evaluate sex-related differences in 6-month mortality risk
across LVEF following admission for acute HF.

METHODS AND RESULTS: We retrospectively evaluated 4812 patients consecutively admitted for acute HF in a multicenter
registry from 3 hospitals. Study end points were all-cause, cardiovascular, and HF-related mortality at 6-month follow-up.
Multivariable Cox regression models were fitted to investigate sex-related differences across LVEF. A total of 2243 (46.6%)
patients were women, 2569 (53.4%) were men, and 2608 (54.2%) showed LVEF>50%. At 6-month follow-up, 645 patients died
(13.4%), being 544 (11.3%) and 416 (8.6%) cardiovascular and HF-related deaths, respectively. LVEF was not independently
associated with mortality (HR, 1.02; 95% CI 0.99-1.05; P=0.135). After multivariable adjustment, we found no sex-related dif-
ferences in all-cause mortality (P value for interaction=0.168). However, a significant interaction between sex and cardiovas-
cular and HF mortality risks was found across LVEF (P value for interaction=0.030 and 0.007, respectively). Compared with
men, women had a significantly lower risk of cardiovascular and HF-mortality at LVEF<25% and <43%, respectively. On the
contrary, women showed a higher risk of HF-mortality at the upper extreme of LVEF (>80%).

CONCLUSIONS: Following an admission for acute HF, no sex-related differences were found in all-cause mortality risk. However,
when compared with men, women showed a lower risk of cardiovascular and HF-mortality at the lower extreme of LVEF. On
the contrary, they showed a higher risk of HF death at the upper extreme.
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different aspects of heart failure (HF), such as epi-
demiology, clinical presentation, pathophysiology,
response to treatments, and prognosis.! Different stud-
ies have consistently shown that men are predisposed
to HF with reduced ejection fraction (HFrEF), whereas
women are more affected by HF with preserved

There are notable sex-related differences involving

gjection fraction (HFpEF).2~* Women are more symp-
tomatic and display poorer quality of life than men in
both conditions."*8 In contrast, different studies have
reported a better prognosis for women with HF.9-"
This has been consistently shown for HFrEF,"%6 put
has also been reported for HFpEF."#2"" However, most
prior studies have focused on stable HF patients, and
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CLINICAL PERSPECTIVE

What Is New?

e Following an admission for acute heart failure,
sex was not a determinant of 6-month all-cause
mortality risk.

e Women had a lower risk of cardiovascular and
heart failure-related mortality when left ven-
tricular ejection fraction was severely or mildly
reduced, respectively. On the contrary, in pa-
tients with supranormal left ventricular ejection
fraction, heart failure mortality risk was higher in
WOmen versus men.

What Are the Clinical Implications?

e There are notable sex-related differences in car-
diovascular and heart failure-related mortality
across left ventricular ejection fraction status in
heart failure patients.

e Future studies should evaluate the negative
prognostic implications of a supranormal left
ventricular ejection fraction in women with heart
failure.

Nonstandard Abbreviations and Acronyms

AHF acute heart failure

ARIC atherosclerosis risk in communities

ESC Europen Society of Cardiology

HFmrEF heart failure with mildly reduced
ejection fraction

HFpEF  heart failure with preserved ejection
fraction

HFrEF heart failure with reduced ejection
fraction

GREAT Global Research on Acute Conditions
Team

LVEF left ventricular ejection fraction

MAGGIC Meta-Analysis Global Group in Chronic
Heart Failure

little is known about the sex-related prognostic differ-
ences following hospitalization for decompensated HF.

In HFpEF, women account for over half of the pa-
tients.! Women are more symptomatic, exhibit worse
diastolic dysfunction, more congestion, poorer periph-
eral oxygen kinetics, or lower arterial compliance than
men.8'271% In contrast, women seem to have better sur-
vival than men, mainly in data derived from clinical trials,
as it has been shown in a pooled-analysis from the I-
PRESERVE (Irbesartan in Heart Failure with Preserved
Ejection Fraction), TOPCAT (Treatment of Preserved
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Cardiac Function Heart Failure with an Aldosterone
Antagonist), and CHARM-Preserved (Candesartan in
Heart failure: Assessment of Reduction in Mortality
and morbidity) trials,®'6 or in the recent PARAGON-HF
(Prospective Comparison of ARNI with ARB Global
Outcomes in Heart Failure with Preserved Ejection
Fraction) trial,'* a finding that is incompletely under-
stood. In contrast, data regarding sex-related differ-
ences in mortality risk from observational studies are
more conflicting, and female sex may be related to
comparable or even worse outcomes in HFpEF."”

This study aimed to evaluate sex-related differences
in mortality across the left ventricular ejection fraction
(LVEF) spectrum in a large cohort of patients from daily
clinical practice following admission for acute HF (AHF).

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Group and Protocol

This is a retrospective analysis from a multicentre pro-
spective registry of 4821 consecutive patients admit-
ted from January 2008 to October 2019 for AHF in 3
hospitals in Comunidad Valenciana (Spain), a region
of up to 5 million inhabitants, mostly of Caucasian
ethnicity. Two of them (Hospital Clinico Universitario
de Valencia and Hospital General Universitario de
Castellon) are tertiary centers with 582 and 574 beds,
respectively, while Hospital de Manises is a 325-bed
community hospital. A comprehensive dataset of de-
mographics, medical history, standard laboratory,
echocardiographic parameters, and treatments at dis-
charge were routinely recorded using pre-established
registry questionnaires during the index hospitaliza-
tion. Either patients with new-onset or worsening HF
were enrolled in the registry. HF was defined according
to the European Society of Cardiology (ESC) Clinical
Practice Guidelines.”® Patients with severe primary
valve disease or prosthetic heart valves were consid-
ered to be of valvular etiology. Patients with a history
of prior myocardial infarction or obstructive coronary
artery disease were considered of ischemic etiology.
Treatment strategies were individualized following
established guidelines operating at the time patients
were included in the registry.

Echocardiography

A 2-dimensional transthoracic echocardiogram was
performed in all patients during index hospitalization
(96+24 hours after admission) using the left lateral
decubitus position by experienced sonographers.
Commercially available systems were used throughout
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the study. Patients were admitted to the hospitaliza-
tion ward and clinically stable by the time of the ex-
amination. All images were recorded with the second
harmonic at the time of end expiration. LVEF was as-
sessed by the biplane Simpson method.

Follow-up, End points, and Ethical
Concerns
The incidence of 6-month all-cause, cardiovascular, and
HF-related mortality were considered to be the study
end points. Cardiovascular death was considered sec-
ondary to worsening HF, acute myocardial infarction,
stroke or transient ischemic attack, cardiac arrhyth-
mias, peripheral artery disease, sudden cardiac deaths,
or unknown cause of death.'® The cause of death was
considered as non-cardiovascular if a specific non-
cardiovascular cause was identified. HF-related deaths
were considered to be secondary to worsening HF or
sudden cardiac death. As LVEF trajectories are dynamic
over time,?® we censored follow-up at 6 months follow-
ing discharge to ensure appropriate associations be-
tween LVEF category and sex-related outcomes.

Survival status and the cause of death were ad-
judicated based on the paper-written and electronic
medical records from the public healthcare system.
Researchers in charge of end points adjudications
were all blinded to the LVEF status.

The study was conformed to the principles outlined
in the 1975 Declaration of Helsinki and was approved
by the institutional, local review ethical committee.

Statistical Analysis

Continuous variables were expressed as mean+SD or
median (interquartile range [IQRY]), whenever appropri-
ate. Discrete variables were summarized as percent-
ages. Baseline characteristics were compared among
categories with Pearson’s chi-square and t-test for
categorical or continuous variables, respectively. The
association between sex and the end points was
evaluated along the continuum of LVEF and across
established HF categories defined by LVEF (HFrEF
[£40%), HF with mid-range EF [41%-49%], and HFpEF
[>50%)]),'® using Cox regression analyses, and the re-
sults were expressed as hazard ratios (HR) with 95%
Cl. Candidate covariates were chosen based on pre-
vious medical knowledge; then, a backward step-
wise selection was performed. During this selection
process, the linearity assumption for all continuous
variables was simultaneously tested, and the variable
transformed, if appropriate, with fractional polynomi-
als. All variables listed in Table 1 were evaluated as
potential covariates in the multivariable models, inde-
pendently of their P value. For evaluating cardiovascu-
lar and HF mortality, Cox regression models adjusted
for competing events were employed. Competing
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events included non-cardiovascular death when evalu-
ating cardiovascular-for mortality and non-HF-death
when analyzing HF death. The discriminative ability
of the models was assessed by Harrell's C-statistics.
The variables included in the final multivariable model
for all-cause mortality were: age, sex, LVEF, previ-
ous admissions for AHF, New York Heart Association
(NYHA) class lll/IV before admission, ischemic etiology,
valvular etiology, atrial fibrillation, heart rate at admis-
sion, systolic blood pressure at admission, Charlson
comorbidity index, hemoglobin, N-terminal pro-brain
natriuretic peptides (NT-proBNP), blood urea nitrogen,
estimated glomerular filtration fraction by the Chronic
Kidney Disease Epidemiology Collaboration equa-
tion, and equivalent loop diuretic dose at discharge.
Cardiovascular and HF-mortality models included the
previous covariates except for hemoglobin and the es-
timated glomerular filtration fraction. The proportional-
hazards assumption was tested based on Schoenfeld
residuals. In all cases, we did not find a violation of the
proportionality assumption for the interaction of sex-
LVEF. The proportion of missing values of covariates
included in the multivariate model was <5%. The STATA
ICE module performed multiple imputations of the vari-
ables by the MICE system of chained equations. In the
process, we created 50 copies of the dataset and 100
cycles of regression switching. Then, the 50 estimated
values for each variable were averaged and used for
filling in the missingness.

A 2-sided P value of <0.05 was considered to be
statistically significant for all analyses. All survival anal-
yses were performed using STATA 15.1 (StataCorp.
2015. Stata Statistical Software: Release 14.1. College
Station, TX: StataCorp LP).

RESULTS

The mean (+SD) age of the whole sample was
74.2+11.1 years, and 2243 (46.6%) were women. The
number of patients with LVEF<40%, 41%-49%, and
>50% were 1514 (31.5%), 690 (14.3%), and 2608
(54.2%), respectively. Baseline characteristics catego-
rized by sex in the overall cohort are shown in Table 1.
Women were older and showed more frequent HFpEF
(70.5% versus 39.9%, respectively; P<0.001). Women
had fewer comorbidities and a lower prevalence of is-
chemic heart disease but showed a more advanced
NYHA class and a higher prevalence of valvular disease
or atrial fibrillation. Values of NT-proBNP and carbohy-
drate antigen 125 were lower in women. In contrast,
they presented with lower kidney function and a higher
pulmonary artery systolic pressure (Table 1).

In the cohort of patients with HFpEF, women also
had fewer comorbidities and less ischemic heart dis-
ease than men (Table 2). Still, they were older and
more likely to suffer from previous admissions for HF.
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Table 1. Baseline Characteristics By Sex in Patients Admitted for Acute Heart Failure

Overall Men Women
(n=4182) (n=2569) (n=2243) P value
Demographics and medical history
Age, y 74.2+1141 71.9+11.8 76.8+9.7 <0.001
NYHA class IlI-IV, n (%) 854 (17.7) 412 (16.0) 442 (19.7) 0.001
First HF admission, n (%) 3269 (67.9) 1762 (53.9) 1507 (46,1) 0.299
HFpPEF, n (%) 2608 (54.2) 1026 (39.9%) 1582 (70.5%) <0.001
Hypertension, n (%) 3821 (79.4) 2000 (77.8) 1821 (81.2) 0.004
Diabetes, n (%) 2093 (43.5) 1184 (46.1) 909 (40.5) <0.001
Dyslipidemia, n (%) 2510 (52.2) 1384 (53.9) 1126 (50.2) 0.011
Current smoker, n (%) 555 (11.5) 469 (18.2) 86 (3.8) <0.001
Peripheral artery disease, n (%) 485 (10.0) 350 (13.6) 135 (6.0) <0.001
COPD, (%) 988 (20.5) 709 (27.6) 279 (12.4) <0.001
Valvular heart disease, n (%) 1663 (34.6) 761 (29.6) 902 (40.2) <0.001
Ischemic heart disease, n (%) 1615 (33.6) 1078 (41.9) 537 (23.9) <0.001
Charlson index =2, n (%) 2787 (57.9) 1651 (64.3) 1.136 (50.6) <0.001
ICD carrier, n (%) 152 (3.2) 133 (5.2) 19(0.8) <0.001
Physical signs
Heart rate, bpm 96+28 95+27 97+28 0.001
SBP, mm Hg 143+31 14131 145+31 <0.001
DBP, mm Hg 80+19 80+19 79+18 0.343
Pleural effusion, n (%) 2306 (47.9) 1220 (47.8) 1078 (48.1) 0.857
Peripheral edema, n (%) 2958 (61.5) 1596 (62.1) 1362 (60.7) 0.310
Electrocardiogram
QRS >120 mseg, n (%) 1546 (32.1) 938 (36.5) 608 (27.1) <0.001
Atrial fibrillation, n (%) 2226 (46.3) 1141 (44.4) 1.085 (48.4) 0.006
Laboratory data
BUN, mg/dL 60.7£32.2 62.2+33.2 59.0+31.1 <0.001
Hemoglobin, g/dL 12.5+1.9 12.8+2.1 121+1.7 <0.001
Sodium, mEag/L 138+4 138+4 138+5 0.5622
NT-proBNP, pg/mL* 3690 (5445) 3958 (5938) 3463 (4989) <0.001
CA125, U/mL* 50 (90) 56 (100) 43 (78) <0.001
Creatinine at admission, mg/dL 1.28+0.67 1.41+0.76 1.13+0.52 <0.001
eGFR, mL/min 62.4+28.1 64.3+29.9 60.2+25.7 <0.001
eGFR< 60 mL/min, n (%) 2422 (50,3) 1206 (46.9) 1216 (54.2) <0.001
Echocardiography
LVEF, %* 51 (26) 45 (24) 58 (19) <0.001
DT, ms 207+55 200+57 216+53 <0.001
LAD, mm 44.3+7.5 45171 43.3+7.7 <0.001
TAPSE, mm 18.6+3.6 18.3+3.7 18.9+3.5 <0.001
PASP, mm Hg 46+12 45+12 47413 <0.001
PASP >45 mm HG, n (%) 2191 (45.5) 1063 (41.4) 1128 (50.3) <0.003
Treatment at discharge
Beta-blockers, n (%) 3286 (69.8) 1763 (70.3) 1523 (69.3) 0.466
ACEI/ARB/ARNI, n (%) 2508 (62.7) 1358 (63.5) 1150 (61.9) 0.291
MRA, n (%) 1614 (33.6) 984 (38.3) 616 (27.5) <0.001
Furosemide dose at discharge, mg 64.3+47.0 671+51.9 61.2+40.5 <0.001

ACEI indicates angiotensin-converting enzyme inhibitors; ARB, antagonist receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitor; BUN, blood urea
nitrogen; CA125, carbohydrate antigen 125, COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; DT, deceleration time; eGFR, estimated
glomerular filtration rate; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; ICD, implantable cardioverter defibrillator; MRA, mineralocorticoid
receptor antagonist; NT-proBNP, amino-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association, LAD, left atrial diameter; LVEF, left ventricular
ejection fraction; PASP, pulmonary arterial systolic pressure; SBP, systolic blood pressure; and TAPSE, tricuspid annular plane systolic excursion.

* Data given as n (%), mean+SD or median (IQR).
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Interestingly, sex-related differences in biomarkers be-
came blurred in patients with HFpEF, but women con-
sistently showed a higher prevalence of valvular heart
disease, pulmonary hypertension, or renal dysfunction.
In patients with either HFrEF or HF with midly reduced
EF (HFmrEF), women were also older with a higher
prevalence of valvular heart disease or pulmonary hy-
pertension, but with a lower prevalence of ischemic
heart disease and less burden of comorbidities. There
were no sex-related significant differences in guideline-
directed medical treatments, but women were less
likely to receive device therapy (Table 2).

Mortality Risk Across Sex and LVEF
All-Cause Mortality

At a 6-month follow-up, 645 patients had died (13.4%),
and mortality rates were 13.3% in women and 13.5%
in men (P=0.822). Kaplan Meier curves showed no sig-
nificant sex-related differences in all-cause mortality
(log-rank test, P=0.615) (Figure 1A).

In a multivariable analysis, LVEF, as main term, was
not an independent predictor of all-cause mortality
(HR, 1.02; 95% CI 0.99-1.05; P=0.135, Figure S1A).
Likewise, sex did not predict the risk. Sex was neutrally
associated with the end point across the continuum of
LVEF (women versus men; HR, 0.92; 95% CI 0.77-1.10;
P=0.335) (Figure 2), and in the three HF categories, as
is shown in Table 3. The interaction between sex and
LVEF was not significant (P value for interaction=0.168),
reflecting a non-differential prognostic effect of sex
along the continuum of LVEF, as is shown in Figure 2.
The C-statistic of the multivariable model for all-cause
mortality was 0.77. All the covariates included in the
model and their estimates are provided in Table S1.

Cardiovascular Mortality

At 6-month follow-up, 544 (11.3%) patients had died for
cardiovascular causes. Rates of cardiovascular mor-
tality were comparable between women and men (11.3
versus 11.3%, P=0.958), and no significant differences
in the incidence of cardiovascular mortality were found
(Figure 1B).

After multivariable adjustment, including non-
cardiovascular mortality as a competing event,
female sex was not an independent predictor of car-
diovascular mortality (HR, 0.97; 95% CI 0.79-1.19;
P=0.778). When the association between sex and
6-month  cardiovascular-mortality was evaluated
across the established categories of HF, sex was not
associated with this end point in any of the categories
(Table 3). However, we found a significant interaction
between sex and the continuum of LVEF (P for interac-
tion=0.030). Compared with men, women had a sig-
nificantly lower risk of cardiovascular mortality at lower
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extremes of LVEF (LVEF<25%), as shown in Figure 3
and Table 4. The risk of cardiovascular mortality was
progressively higher in women versus men as LVEF
increased (Figure 3), but differences did not reach
statistical significance (Table 4). The C-statistic for the
model was 0.78. LVEF was not an independent predic-
tor of cardiovascular mortality (P=0.755, Figure S1B).
All variables included in the model and their estimates
are provided in Table S2.

HF-Mortality

At 6-month follow-up, 416 (8.6%) patients had experi-
enced an HF-related death. Rates of HF mortality were
8.6% in women and 8.7% in men, and no significant
differences were found in the incidence of HF mortal-
ity, as is shown in Kaplan Meier curves (Figure 1C). In
the multivariable model, including established prog-
nosticators and non-HF mortality as a competing
event, sex was not an independent predictor of the
risk of HF death (women versus men: HR, 0.89; 95%
Cl 0.70-1.16; P=0.331). However, a differential prog-
nostic effect of sex across LVEF status was found (P
value for interaction=0.007) (Figure 4). Compared with
men, women displayed a reduced risk of HF death at
LVEF<43% (HR, 0.77; Cl 95%=0.59-0.99), but the risk
of HF mortality was progressively higher as LVEF in-
creased (Figure 4), and differences became significant
in women with HFpEF at the upper extreme of LVEF
(LVEF>80%), as it is shown in Table 4.

When the effect of sex and HF-mortality was explored
across LVEF categories, we found that women showed
a statistical trend to an adjusted lower risk if LVEF<40%
(HR, 0.69; 95% ClI, 0.47-1.03, P=0.069). In patients
with HFmrEF and HFpEF, sex was not related to the
end point (Table 3).

As a main term, LVEF was not independently asso-
ciated with the outcome (P=0.219; Figure S1C). The C-
statistic for the model was 0.80. All variables included
in the model and their estimates are provided in Table
S8.

DISCUSSION

In this study, sex was not a determinant of 6-month all-
cause mortality risk following a HF decompensation.
However, we found a differential prognostic effect of
sex across the LVEF spectrum for 6-month cardiovas-
cular and HF-mortality. Thus, women had a lower risk
of both outcomes at LVEF<25% and <43%, respec-
tively. On the contrary, women equaled cardiovascular
and HF death’s risk of men as LVEF increased, even
showing a higher risk of HF mortality at the upper
extreme of LVEF (>80%). However, established HF
categories based on LVEF could not discriminate sex-
mortality differences in this particular context further.
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General Sex-Related Differences in
Patients With Heart Failure

Different studies have shown overt sex-related differ-
ences in the clinical presentation of patients with HF!!
Women with HF are older than men, as it has been
consistently reported in different studies, such as
the MAGGIC (Meta-Analysis Global Group in Chronic
Heart Failure) meta-analysis,® or the Swedish HF reg-
istry. Accordingly, in the current study, women with
AHF were 5 years older on average than men. Notably,
women displayed more frequently HFpEF than men,
as has also been described."®2'* In the current study,
including patients admitted for AHF in real-world clini-
cal daily practice, these differences were striking, and
women constituted about 70% of patients with HFpEF.
These findings are in agreement with recent data
from the ARIC (Atherosclerosis Risk in Communities)
Community Surveillance Study from hospitalized
HFpEF patients in the United States, in which women
constituted 65% of the patients included in the regis-
try.?" In addition, women with HF have a different profile
of other clinical characteristics than men. Consistently
with previous databases, such as the MAGGIC meta-
analysis,® the Swedish HF registry,"" or the GREAT
(Global Research on Acute Conditions Team) Network
registry,’® women had a lower prevalence of ischemic
heart disease and other comorbidities such as vascular
disease or chronic pulmonary obstructive disease. In
contrast, the prevalence of hypertension, valvular dis-
ease, or renal failure was higher in women than in men,
and women showed a higher burden of symptoms.

Sex-Related Differences in Mortality in
Heart Failure With a Reduced Ejection
Fraction

Previous studies have consistently reported a lower
risk of women with HFrEF when compared with
men."%6811 Despite showing more symptoms and
poorer quality of life, women with HFrEF seem to have
a better prognosis in terms of death. It is the case of
real-world registries, such as the Swedish HF regis-
try, in which women had a lower risk of all-cause and
cardiovascular mortality, or data from clinical trials,
as it was reported in the CHARM program, or in a
pooled analysis from the PARADIGM-HF (Prospective
Comparison of ARNI with ACEI to Determine Impact
on Global Mortality and Morbidity in Heart Failure) and
ATMOSPHERE (Aliskiren Trial to Minimize Outcomes
in Patients with Heart Failure) trials, both showing
higher rates of all-cause, cardiovascular and HF-
related deaths in men.>® Our results are partially in
line with previous studies. Compared with men, the
risk of cardiovascular death in women was signifi-
cantly lower when LVEF was severely impaired, and
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Figure 1. Kaplan-Meier curves for mortality in women versus men.
A, Cumulative incidente of all-cause mortality by sex. B, Cumulative incidence of cardiovascular mortality by sex. C, Cumulative
incidence of HF mortality by sex. HF indicates heart failure.

differences were even more marked for HF mortality, patients included in trials such as PARADIGM-HF,
with a significantly lower risk starting in patients with EMPHASIS-HF (Eplerenone in Patients with Systolic
mildly reduced EF. However, sex was not indepen- Heart Failure and Mild Symptoms-HF), CHARM, or
dently associated with the risk of all-cause mortality. SHIFT (Systolic Heart Failure Treatment With the IF
This is similar to a recent analysis from the ESC HF Inhibitor Ivabradine Trial), respectively, were women.
Long-Term registry in 16 345 chronic and AHF pa- In addition, there is a gap between the women in-
tients from 21 countries in Europe, in which sex was cluded in landmark trials in HF and women with HF
not an independent risk factor for mortality,?®> or to from daily clinical practice, mainly in the acute set-
data from European patients enrolled in the large mul- ting. Women included in trials such as CHARM or
tinational GREAT registry.'® Recently, no sex-related PARADIGM-HF were considerably younger, with
differences in all-cause mortality were also found in  fewer comorbidities. For instance, in our study mean
patients included in the ASCEND-HF (Acute Study of age of women with LVEF<50% was 74 years, with half
Clinical Effectiveness of Nesitide in Decompensated of the patients showing renal insufficiency or diabe-
Heart Failure) trial.?®> Women have been historically  tes. In the study by Dewan et al, the mean age of
underrepresented in trials in HF.' The percentage of  women was 65 years, with only 12% showing renal
women included in landmark trials in HFrEF is <30%. dysfunction and 31% diabetes.® In an older and more
For instance, only 22%, 26%, 22%, or 24% of the comorbid cohort of women with HFrEF, as seen in
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Figure 2. Hazard ratios of women versus men across left ventricular ejection status for all-cause mortality risk in the
multivariable model.

Estimates of all-cause mortality risk of left ventricular ejection fraction status in men and women. The interaction between sex and left
ventricular ejection was not significant (P for interaction=0.168). HR indicates hazard ratio; and LVEF, left ventricular ejection fraction.
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Table 3. Estimates of Risk of All-Cause, Cardiovascular,
and Heart Failure-Related Mortality of Women Versus Men
Across LVEF Categories

Sex-Related Differences in Death in Heart Failure

Table 4. Estimates of Risk of All-Cause, Cardiovascular,
and Heart Failure-Related Mortality of Women Versus Men,
at Different Cut-Offs of Left Ventricular Ejection Fraction

HR (95% Cl) ‘ P value ‘ P for interaction* Hazard ratio (95% CI)
All-cause mortality All-cause Cardiovascular
HFrEF 0.86 (0.62-1.18) 0.354 0.742* LVEF, (%) | mortality mortality HF mortality
HFmrEF 0.87 (0.57-1.34) 0.531 15 0.78 (0.56-1.09) 0.61 (0.39-0.97) 0.45 (0.29-0.80)
HFpEF 0.98 (0.78-1.24) 0.904 20 0.79 (0.57-1.08) 0.65 (0.44-0.98) | 0.50 (0.31-0.81)
Cardiovascular mortality 25 0.80 (0.60-1.08) | 0.69(0.49-0.99) | 0.54 (0.35-0.84)
HFrEF 0.84 (0.60-1.18) 0.323 0.493* 30 0.81 (0.62-1.07) 0.74 (0.54-1.01) 0.60 (0.41-0.87)
HFmrEF 0.88 (0.55-1.41) 0.596 35 0.84 (0.66-1.07) 0.80 (0.61-1.04) 0.67 (0.48-0.92)
HFpEF 1.07 (0.82-1.40) 0.610 40 0.86 (0.69-1.07) 0.85 (0.68-1.07) 0.73 (0.60-0.97)
HF mortality 45 0.88 (0.73-1.07) 0.91 (0.74-1.12) 0.81 (0.63-1.03)
HFrEF 0.69 (0.46-1.04) 0.076 0.232* 50 0.91 (0.76-1.09) 0.98 (0.80-1.19) 0.89 (0.71-1.13)
HFmrEF 0.85 (0.49-1.49) | 0.577 55 0.94 (0.78-113) | 1.04(0.84-1.29) | 0.94 (0.75-1.20)
HFpEF 1.06 (0.78-1.44) | 0.691 60 0.97 (0.80-1.19) | 1.11(0.88-1.41) 1.09 (0.83-1.42)
Cl indicates confidence interval; HF, heart failure; HFmrEF, heart failure 65 1.01(0.80-1.29) | 1.19(0.90-1.58) 1.20 (0.88-1.64)
with mid-range ejection fraction; HFpEF, heart failure with preserved ejection 70 1.06 (0.79-1.42) 1.27 (0.92-1.75) 1.32 (0.92-1.90)
fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio;
and LVEF, left ventricular ejection fraction. I8 112(0.77-1.64) 1.38 (0.94-2.02) 1.49 (0.97-2.23)
* Adjusted Interaction between the sex and heart failure categories defined 80 117 (0.75-1.81) 1.46 (0.96-2.22) 1.61 (1.00-2.61)
by left ventricular ejection fraction.
85 1.28 (0.72-2.20) 1.56 (0.97-2.51) 1.78 (1.03-3.08)

real-world practice, differences in all-cause mortality
become blurred, probably reflecting a higher risk of
non-cardiovascular death. Future studies should go
deeper into the mechanisms involved in these sex-
related differences in HFrEF and provide clues to an
optimal representation of women in trials in HFrEF.

Sex-Related Differences in Heart Failure
With a Preserved Ejection Fraction
Concerning HFpEF, data from previous studies also
showed that women might have a better prognosis
than men. It has been consistently shown in clinical
trials. In a pooled analysis from CHARM-Preserved,
TOPCAT-Americas, and |-Preserve, women had a
30% lower risk of cardiovascular or HF-related death
than men.? In the recent PARAGON-HF trial, women
had higher HF readmission rates, but they showed
lower rates of all-cause and cardiovascular-death
when compared with men. On the other hand, data
from observational studies are conflicting. The risk of
all-cause and cardiovascular-death was significantly
lower in women in the Swedish HF registry." A 14%
lower 1-year all-cause mortality risk was described for
women with AHF and LVEF>40% in the international
GREAT registry.'® On the contrary, Hsich et al, reported
no sex-differences in the risk of in-hospital mortality
in patients with AHF.2* This is partially in line with our
results, in which women with HFpEF did not have a
better prognosis than men. Recently, in a multicenter
registry of 871 acute HFpEF patients in Japan, female
sex was even significantly associated with a higher risk

J Am Heart Assoc. 2022;11:e022404. DOI: 10.1161/JAHA.121.022404

HF indicates heart failure; and LVEF, left ventricular ejection fraction.

of a composite end point of all-cause mortality and HF
readmission (HR, 1.54; 95% Cl 1.14-2.07; P<0.001)."”

As in HFrEF, there are marked differences between
women with HFpEF included in clinical trials and those
from real-world clinical daily practice. Unlike HFrEF,
half of the patients included in trials such as TOPCAT,
PARAGON-HF, or EMPEROR-Preserved (Empagliflozin
Outcome Trial in Patients with Chronic Heart Failure
with Preserved Ejection Fraction) were women (50%,
52%, and 45%, respectively). However, as reflected in
our data, women in real-world studies are older, with a
higher prevalence of comorbidities and a worst func-
tional status than those included in landmark clinical
trials. For instance, women included in clinical trials
showed lower values of NT-proBNP than men.%' In
contrast, in our HFpEF cohort, median NT-proBNP
was nearly 3000 pg/mL, and no sex-related significant
differences were found in this regard.

In contrast to HFrEF, the pathophysiological mech-
anisms underlying a better prognosis of women versus
men in HFpEF are cumbersome and do not seem to
have a clear pathophysiological basis. Women have a
lower prevalence than men of ischemic heart disease
(20% versus 33% in our study), and this fact may help
to explain a worse prognosis in men, as ischemic heart
disease is a predictor of cardiovascular death in pa-
tients with HF.?5> On the contrary, women with HFpEF
exhibit many different clinical and pathophysiological
characteristics associated with negative outcomes in
HF. They have more symptoms, a worse functional
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Figure 3. Hazard ratios of women versus men across left ventricular ejection status for the risk of cardiovascular mortality
in the multivariable model.

Estimates of cardiovascular mortality risk of left ventricular ejection fraction status in men and women. A differential prognostic value
of LVEF between women and men was found (P for interaction=0.030). HR indicates hazard ratio; and LVEF, left ventricular ejection
fraction.

class, and more signs of congestion than men."®'*  in patients with HFpEF following admission for AHF, di-
In hemodynamic studies, women showed lower sys- abetes conferred a higher risk of mortality in women
temic compliance, worse biventricular systolic and  when compared with men.?®

diastolic reserve, and poorer peripheral oxygen kinet-

ics.'2® Other features that have a negative impact on . . Lo
outcomes in HFEF, such as pulmonary hypertension ~ Sex-Related Differences in Prognosis in

or right HF, are far more prevalent in women. Women  Patients With Supranormal LVEF

seem to have an intrinsic vulnerability to pulmonary One of the most interesting findings of the current
vascular remodeling, and the risk of pulmonary arte- study was that the risk of HF death was significantly
rial hypertension is four times higher in women.?® In a higher in the upper extreme of LVEF in women ver-
recent study from our group, 75% of the patients with sus men, as it has not been reported previously in HF.
HFpEF who developed advanced right heart dysfunc- Recent data have shown that a supranormal LVEF is
tion were women.?” In addition, other features may  associated with negative outcomes in the general pop-
specifically have a negative impact on prognosis in ulation, as postulated in the MESA (Multiethnic Study
some women with HFpEF. As we previously reported, of Atherosclerosis) study.?® A trend to a higher risk with
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Figure 4. Hazard ratios of women versus men across left ventricular ejection status for the risk of heart failure-related
mortality in the multivariable model.

Estimates of heart failure mortality risk of left ventricular ejection fraction status in men and women. A differential prognostic value
of LVEF between women and men was found (P for interaction=0.007). HR indicates hazard ratio; and LVEF, left ventricular ejection
fraction.
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LVEF>70% has also been described in patients with a
coded diagnosis of HF from a large echocardiographic
database in the United States.®® A key finding is that
the risk underlying a supranormal LVEF may be higher
in women versus men. In a large nationwide registry
in Australia, including nearly half a million subjects re-
ferred for echocardiography, the risk of cardiovascular
death started to increase at high LVEF levels (>60%-—
65%) in women versus men.3' In a large cohort of pa-
tients evaluated for coronary artery disease, women in
the upper extreme of LVEF had a higher risk of death
than men.3? Our results are in line with these studies
but extend them to the field of HF, reporting for the first
time that women with HF and supranormal LVEF may
have a higher risk of HF death than men.

Our observational study does not elucidate underlying
mechanisms accounting for these differences, but there
are well-established differences in cardiac remodeling in
women versus men.®3 A supranormal LVEF may reflect a
small LV cavity, typical of hypertensive heart disease or
hypertrophic cardiomyopathy. Women display smaller LV
cavities than men, and a small LV cavity results in a higher
LVEF.3 Arterial stiffness is a landmark of HFpEF in elderly
women, affecting subendocardial function. On the con-
trary, the subepicardial function remains relatively unaf-
fected, resulting in an increased circumferential shortening
and LV twist in women, driven to a maintained and even
augmented LVEF over time.®® A supranormal LVEF may
also reflect a hyperdynamic state or different patient char-
acteristics, such as anemia, hyperthyroidism, or valvular
regurgitations.®® A hyperdynamic state in women may
predispose them to a cardiac vulnerability and increased
metabolic demand in high-stress and overload states,
such as HF. In addition, microvascular dysfunction and
an increased sympathetic tone, typical adverse features
in HFpEF, have also been associated with a supranormal
LVEF in women, but not in men.®

Of note, there is controversy about what cut-off of
LVEF should be considered as “normal” across different
scientific societies.®” In this study, we have evaluated the
interaction between sex and the three HF categories
originally established by the ESC.'"® Still, some experts
advise for a different distribution of HF categories based
on LVEF in women versus men.®® For instance, the ben-
efit of the pharmacological neurohormonal blockade
may extent to a higher LVEF in women versus men.®8 In
addition, current findings support different sex-related
prognostic cut-offs based on LVEF. Therefore, future
classifications should take into account prognostic sex-
related differences across LVEF status in HF.

Limitations

First, this is an observational study in which hidden
bias and residual confounders might be operating.
Second, early in-hospital deaths (before echo as-
sessment) were not included in this analysis. Third,

J Am Heart Assoc. 2022;11:e022404. DOI: 10.1161/JAHA.121.022404
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echocardiographic studies were not reviewed by an
independent core laboratory external to the study so-
nographers. Fourth, the attribution of causes of death
in observational studies remains challenging. Fifth, our
results may not be extrapolated to other ethnic popula-
tions or geographical regions. Finally, pathophysiologi-
cal mechanisms underlying our findings are out of the
scope of our study, and future works should confirm
these findings and explore the underlying causes.

CONCLUSIONS

Following hospitalization for AHF, sex was not a deter-
minant of the risk of all-cause mortality. However, sex-
related differences in the risk of cardiovascular and HF
mortality were found. Women had a lower risk of car-
diovascular and HF mortality when LVEF was severely
impaired (<25%) and mildly reduced (<43%), respec-
tively. On the contrary, a higher risk of HF mortality was
found in women with supranormal LVEF (>80%). Future
studies should confirm these findings and evaluate the
potential negative implications of a supranormal LVEF in
women with HFpEF.
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SUPPLEMENTAL MATERIAL



Table S1. All the covariates and their estimates in the multivariable model for all-

cause 6-month mortality risk.

HR (95%Cl) p value

Age 1.00 (1.00-1.00) <0.001
Female sex 0.92 (0.77-1.10) 0.355
First HF

0.80 (0.68-0.95) 0.013
admission
NYHA class

1.40 (1.17-1.67) <0.001
-1V
Valvular

1.36 (1.11-1.66) 0.003
etiology
Ischemic

1.22 (0.97-1.52) 0.082
etiology
Charlson

1.03 (0.98-1.08) 0.203
index
Atrial

2.17 (1.19-3.95) 0.011
fibrillation
Heart rate at

1.01 (1.00 - 1.01) 0.006
admission




SBP at
2.50 (1.89-3.31) <0.001
admission

Hemoglobin

(g/d)

0.97 (0.93-1.02) | 0.289

NT-proBNP
1.53 (1.38-1.69) <0.001

(pg/ml)

Glomerular
filtration rate 1.00 (1.00-1.00) 0.037

(ml/min)

BUN (mg/dl) | 1.01(1.00-1.01) | <0.001

Loop diuretic
dose at 1.07 (1.05-1.10) <0.001

discharge

BUN: blood urea nitrogen; CI: confidence interval; HF: heart failure; HR: hazard ratio;
NT-proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York Heart

Association; SBP: systolic blood pressure.



Table S2. All the covariates and their estimates in the multivariable model for

cardiovascular 6-month mortality risk.

HR (95%Cl) p value

Age 1.00 (1.00-1.00) <0.001
Female sex 0.97 (0.79-1.19) 0.778
First HF

0.77 (0.64-0.93) 0.007
admission
NYHA class

1.36 (1.11-1.65) 0.003
H-1v
Valvular

1.59 (1.27-1.99) <0.001
etiology
Ischemic

1.24 (0.97-1.56) 0.080
etiology
Charlson

1.01 (0.96-0-99) 0.648
index
Atrial

2.39 (1.25-4.57) 0.009
fibrillation

Heart rate at
1.01 (1.00- 1.01) 0.023
admission

SBP at 2.77 (2.06-3.73) <0.001




admission

NT-proBNP
2.77 (2.06-3.73) <0.001

(pg/ml)

BUN (mg/dl) | 1.01 (1.00-1.01) | <0.001

Loop diuretic
dose at 1.08 (1.05-1.11) <0.001

discharge

BUN: blood urea nitrogen; CI: confidence interval; HF: heart failure; HR: hazard ratio;
NT-proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York Heart

Association; SBP: systolic blood pressure



Table S3. All the covariates and their estimates in the multivariable model for

heart failure 6-month mortality risk.

HR (95%Cl) p value

Age 1.00 (1.00-1.00) <0.001
Female sex 0.89 (0.70-1.16) 0.331
First HF

0.80 (0.64-1.01) 0.060
admission
NYHA class

1.38 (1.08-1.76) 0.011
H-1v
Valvular

1.76 (1.33-2.32) <0.001
etiology
Ischemic

1.14 (0.84-1.55) 0.404
etiology
Charlson

2.17 (1,18-4.00) 0.013
index
Atrial

2.24 (1.02-4.89) 0.043
fibrillation
Heart rate at

1.01 (0.99-1.01) 0.138
admission




SBP at
3.10 (2.16-4.45) <0.001
admission

NT-proBNP
1.69 (1.49-1.92) <0.001

(pg/ml)

BUN (mg/dl) | 1.01 (1.00-1.01) | <0.001

Loop diuretic
dose at 1.08 (1.04-1.11) <0.001

discharge

BUN: blood urea nitrogen; CI: confidence interval; HF: heart failure; HR: hazard ratio;
NT-proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York Heart

Association; SBP: systolic blood pressure



Figure S1. Hazard ratios of the association between left ventricular ejection as a
continuous variable and the risk of all-cause, cardiovascular, and heart failure

mortality in the multivariable model.
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