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BACKGROUND: The female preponderance in heart failure with preserved ejection fraction (HFpEF) is a distinguishing feature
of this disorder, but the association of sex with degree of diastolic dysfunction and clinical outcomes among individuals with
HFpEF remains unclear.

METHODS AND RESULTS: We conducted a prospective, multicenter, observational study of patients with HFpEF (PURSUIT-HFpEF
[Prospective Multicenter Observational Study of Patients with Heart Failure with Preserved Ejection Fraction]: UMIN0O00021831).
Between 2016 and 2019, 871 patients were enrolled from 26 hospitals (follow-up: 399+349 days). We investigated sex-related
differences in diastolic dysfunction and postdischarge clinical outcomes in patients with HFpEF. The echocardiographic end
point was diastolic dysfunction according to American Society of Echocardiography/European Association of Cardiovascular
Imaging criteria. The clinical end point was a composite of all-cause death and heart failure readmission. Women accounted
for 55.2% (481 patients) of the overall cohort. Compared with men, women were older and had lower prevalence rates of
hypertension, coronary artery disease, and chronic kidney disease. Women had diastolic dysfunction more frequently than
men (52.8% versus 32.0%, P<0.001). The incidence of the clinical end point did not differ between women and men (women
36.1/100 person-years versus men 30.5/100 person-years, P=0.336). Female sex was independently associated with the
echocardiographic end point (adjusted odds ratio, 2.839; 95% ClI, 1.884-4.278; P<0.001) and the clinical end point (adjusted
hazard ratio, 1.538; 95% Cl, 1.143-2.070; P=0.004).

CONCLUSIONS: Female sex was independently associated with the presence of diastolic dysfunction and worse clinical out-
comes in a cohort of elderly patients with HFpEF. Our results suggest that a sex-specific approach is key to investigating the
pathophysiology of HFpEF.

REGISTRATION: URL: https://upload.umin.ac.jp; Unique identifier: UMINO0O0021831.
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tients with heart failure with preserved ejection
fraction (HFpEF) are more likely to be female
than male. Women accounted for only 20% to 25%
of subjects in clinical trials evaluating heart failure

E pidemiological studies have established that pa-

with reduced ejection fraction,'"® whereas in clinical
trials assessing HFpEF, women account for as many
as 50% to 60% of the trial cohort.*® Female sex pre-
dominance is one of the strongest distinguishing
features of HFpEF compared with heart failure with

Correspondence to: Shungo Hikoso, MD, PhD, Department of Cardiovascular Medicine, Osaka University Graduate School of Medicine, 2-2 Yamadaoka,

Suita, Osaka 565-0871, Japan. E-mail: hikoso@cardiology.med.osaka-u.ac.jp

Supplementary Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.018574
*A complete list of the PURSUIT-HFpEF Investigators can be found in the Supplemental Material.

For Sources of Funding and Disclosures, see page 11.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2021;10:e018574. DOI: 10.1161/JAHA.120.018574


https://orcid.org/0000-0003-2284-1970
mailto:﻿
https://orcid.org/0000-0002-4329-2520
https://orcid.org/0000-0003-1637-4536
https://orcid.org/0000-0001-8276-1505
https://orcid.org/0000-0002-5618-4721
https://upload.umin.ac.jp
mailto:hikoso@cardiology.med.osaka-u.ac.jp
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.018574
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.ahajournals.org/journal/jaha

Sotomi et al

CLINICAL PERSPECTIVE

What Is New?

* In patients with acute heart failure and pre-
served left ventricular ejection fraction from
the PURSUIT-HFpEF (Prospective Multicenter
Observational Study of Patients with Heart
Failure with Preserved Ejection Fraction) pro-
spective multicenter East-Asian real-world heart
failure with preserved ejection fraction registry,
female sex was independently associated with
the presence of echocardiographic diastolic
dysfunction according to American Society of
Echocardiography/European  Association — of
Cardiovascular Imaging criteria.

e Although the incidence of the clinical end point
did not differ between women and men, fe-
male sex was independently associated with
increased risk of the clinical end point after mul-
tivariable adjustment.

What Are the Clinical Implications?

e Sex differences in heart failure with preserved
ejection fraction suggest the need for fur-
ther research to better understand underlying
pathophysiology, including contributions of sex
hormones and sex hormone deficiency, and
thereby identify novel preventive and disease-
modifying treatments for heart failure with pre-
served ejection fraction.

Nonstandard Abbreviations and Acronyms

HFpEF heart failure with preserved ejection
fraction

reduced ejection fraction or other cardiovascular
disease.

The immune system and inflammation have been
thought to be central to the development of HFpEF.®
Several comorbidities, including hypertension, di-
abetes mellitus, atrial fibrillation, obesity, and isch-
emia, are known to be associated with development
and prognosis of HFpEF. Inflammation driven by
such comorbidities may be a fundamental mecha-
nism causing myocardial dysfunction. Impacts of the
comorbidities differ between women and men. For
instance, hypertension increases the risk of heart
failure (HF) by 3x in women, compared with 2x in
men.” Diabetes mellitus has a more pronounced ef-
fect on HF in women, increasing the HF risk 5x in
women compared with 2.4x in men.® Atrial fibrilla-
tion increases the risk of HF hospitalization 1.63x in
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women as compared with 1.37x in men.? Women
have stronger immune responses than men, which
may contribute to the different impacts on the de-
velopment of diastolic dysfunction and subsequent
clinical outcomes between the sexes.®

Exploring mechanisms behind the sex differences
in HFpEF may help us to understand underlying HFpEF
pathophysiology and to identify more specific thera-
peutic approaches. The purpose of the present study
was to assess sex differences in the prevalence of di-
astolic dysfunction and clinical outcomes in HFpEF.

METHODS

Our study data will not be made available to other re-
searchers for purposes of reproducing the results be-
cause of institutional review board restrictions.

Study Patients
The  PURSUIT-HFpEF  (Prospective  Multicenter
Observational Study of Patients with Heart Failure with
Preserved Ejection Fraction) study is a prospective,
multicenter, observational study in which collaborating
hospitals in Osaka record clinical, echocardiographic,
and outcome data of patients with acute decompen-
sated heart failure with preserved left ventricular ejec-
tion fraction (>50%) (UMIN-CTR [University Hospital
Medical Information Network Clinical Trials Registry]
ID: UMINO00021831). Consecutive patients with acute
decompensated heart failure and preserved ejection
fraction were prospectively registered and agreed to be
followed up for collection of outcome data. Acute de-
compensated heart failure was diagnosed on the basis
of the following criteria: (1) clinical symptoms and signs
according to the Framingham Heart Study criteria'; and
(2) serum NT-proBNP (N-terminal pro-B-type natriuretic
peptide) level of >400 pg/mL or BNP (brain natriuretic
peptide) level of >100 pg/mL. All patients provided writ-
ten informed consent for participation in this study. The
study protocol was approved by the ethics committee of
each participating hospital. This study conformed to the
ethical guidelines outlined in the Declaration of Helsinki.
Details of the data collection have been described
elsewhere.’>'® In brief, basic patient characteristics,
echocardiography, laboratory tests, and lists of medi-
cations were obtained on admission, at discharge, and
at each annual follow-up time point. We used labora-
tory data and echocardiography data at the time of
discharge (in stable condition after treatment of acute
decompensated heart failure) in this analysis.

Study Design and End Points

The present study aimed to assess the frequency of
diastolic dysfunction in women and men and to inves-
tigate the sex-related differences in causes of diastolic
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dysfunction and prognostic predictors for postdis-
charge clinical outcomes in patients with HFpEF. Sex,
systemic inflammation represented by C-reactive pro-
tein, and various basic comorbidities were compre-
hensively evaluated in order to estimate their impacts
on diastolic dysfunction and postdischarge clinical
outcome.

The echocardiographic end point was diastolic
dysfunction.® Based on the echocardiographic
data obtained at discharge, diastolic dysfunction
was diagnosed according to the American Society
of Echocardiography and European Association of
Cardiovascular Imaging (ASE/EACVI) guidelines for
diastolic function assessment.' The 4 recommended
variables for identifying diastolic dysfunction and their
abnormal cutoff values are: septal €’ <7 cm/s or lateral
e’ <10 cm/s, average E/e’ ratio >14, left atrial volume
index >34 mL/m?, and peak tricuspid valve regurgita-
tion velocity >2.8 m/s. Only patients with all 4 criteria
available were analyzed. Left ventricular diastolic dys-
function was diagnosed if >560% of the parameters met
these cutoff values.

The clinical end point was a composite of all-cause
death and heart failure readmission. All patients were
followed up in each hospital after discharge. Survival
data were obtained by dedicated coordinators and
investigators by direct contact with patients and their
physicians at the hospital or in an outpatient setting or
by a telephone interview with their families or by mail. In
the present analysis, we analyzed all available clinical
follow-up data up to the end of 2019.

Statistical Analysis

Data are presented with listwise deletion. Categorical
variables are expressed as counts (percentages) and
compared with the chi-square test or Fisher’s exact
test. Continuous variables are expressed as mean (SD)
or median (interquartile range) and compared using
Student t test or the Mann-Whitney U test as appro-
priate. The clinical end point (a composite of all-cause
death and heart failure readmission) was assessed
according to sex in a time-to-first-event fashion with
the Kaplan—-Meier method and compared with the
log-rank test. Impact of female sex on the echocar-
diographic and clinical end points was assessed with
a binary logistic regression model and the Cox pro-
portional hazards model, respectively. Sex was the
variable of interest and the other covariates in the
models were as follows: C-reactive protein, age, ane-
mia (hemoglobin level <12 g/dL in women and <13 g/
dL in men according to the World Health Organization
definition'®), hypertension, diabetes mellitus, dyslipi-
demia, coronary artery disease, chronic kidney dis-
ease, atrial fibrillation, obesity (body mass index >25),
and cholinesterase.®'® These covariates were chosen
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based on the clinical consensus and our previous re-
ports.5'® Because we aimed to investigate the funda-
mental sex-related pathophysiology, we included only
basic characteristics in the covariates. However, as a
sensitivity analysis, we additionally constructed a Cox
proportional hazards model for the clinical end point
that included the aforementioned comorbidities and
postdischarge medications with prescription rates
that were significantly different between women and
men. The presence of a statistically significant inter-
action between sex and the model covariates was
tested by the Wald test. An interaction term between
each covariate and sex was included in the multi-
variable models to identify sex-related differences in
predictors of the echocardiographic and clinical end
points. Adjusted probability curves in women and
men were created with this model. The proportional
hazards assumption of sex for the clinical end point
was confirmed by Schoenfeld residuals (P=0.67). The
influence of these factors on the echocardiographic
and clinical end points were also assessed in women
and men separately in order to investigate the sex dif-
ferences in causes and prognostic factors of HFpEF.
As additional analyses, we evaluated the association
between the aforementioned covariates and indi-
vidual components of the clinical end point. The Cox
proportional hazards model was used for all-cause
death. The Fine and Gray model was used for heart
failure readmission considering all-cause death as a
competing risk.'® A P<0.05 was considered statisti-
cally significant. The significance level for subgroup
analysis (women and men) was 0.025 after adjust-
ment for multiplicity using the Bonferroni correc-
tion. All analyses were undertaken using SPSS 24.0
(IBM Corporation, Armonk, NY) or R software (ver-
sion 3.6.2; R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Study Subjects

Between June 2016 and December 2019, 871 patients
were enrolled from 26 hospitals. Mean follow-up dura-
tion was 399+349 days. Patients’ characteristics are
tabulated in Table 1.7 Of 871 patients enrolled, 481
(65.2%) were women and 389 (44.7%) were men. A
single patient with missing sex data was excluded from
the entire analysis. Compared with men, women were
older; had lower prevalence rates of hypertension, coro-
nary artery disease, and chronic kidney disease; and
were less commonly smokers. The level of C-reactive
protein was lower in women than in men. There was no
significant difference in body mass index, NT-proBNP,
or prevalence of dyslipidemia, diabetes mellitus, or atrial
fibrillation. During hospitalization, a diagnosis of cardiac
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Table 1. Patient Characteristics
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Variable Women Men P Value
Number 481* 389°
Age, y 82.23 (8.63) 79.75 (8.93) <0.001
Body mass index 21.73 (4.82) 22.19 (3.80) 0.124
Body weight, kg 47.77 (11.81) 58.92 (11.49) <0.001
Obesity (body mass index >25) 90 (19.0) 82 (21.4) 0.387
Systolic blood pressure, mm Hg 118.61 (18.12) 119.44 (17.88) 0.502
Diastolic blood pressure, mm Hg 66.20 (11.91) 65.34 (12.01) 0.296
Heart rate, bpm 72.56 (13.47) 70.09 (13.13) 0.007
NYHA class 0.011
NYHA | 153 (32.4) 155 (40.4)
NYHA I 268 (56.8) 207 (53.9)
NYHA I 43 (9.1) 17 (4.4)
NYHA IV 8(1.7) 5(1.3)
Frail® 186 (38.8) 73(18.8) <0.001
HFA-PEFF score 0.758
Low (0-1) 6(1.3) 4(1.1)
Intermediate (2—4) 132 (29.0) 115 (31.9)
High (5-6) 317 (69.7) 248 (67.6)
History
Hypertension 395 (82.5) 340 (87.6) 0.037
Dyslipidemia 207 (43.3) 149 (38.7) 0.186
Diabetes mellitus 149 (31.2) 138 (35.9) 0.147
Anemia 330 (68.8) 284 (73.4) 0.136
Atrial fibrillation 178 (37.2) 153 (39.3) 0.528
Persistent atrial fibrillation 145 (81.9) 128 (85.9) 0.368
Paroxysmal atrial fibrillation 32 (18.1) 21 (14.9)
Congestive heart failure, hypertension, age > 75 years, diabetes 5.27 (1.16) 4.46 (1.23) <0.001
mellitus, stroke or transient ischemic attack, vascular disease, age
65-74 years, sex category score
Congestive heart failure, hypertension, age > 75 years, diabetes 3.24 (1.06) 3.32 (1.04) 0.265
mellitus, previous stroke score
Smoking <0.001
Nonsmoker 392 (82.7) 144 (37.8)
Current smoker 26 (5.5) 61 (16.0)
Past smoker 56 (11.8) 176 (46.2)
Bleeding 17 (3.6) 22 (5.8) 0.139
Prior hospitalization for heart failure 116 (24.7) 97 (25.6) 0.811
Hypertrophic cardiomyopathy 20 (4.9 12 (3.2 0.471
Secondary cardiomyopathy 8(1.7) 5(1.3) 0.782
Family history of heart failure 27 (6.2) 9(2.6) 0.016
Atrioventricular block 33 (7.0) 35(9.2) 0.254
Sick sinus syndrome 41 (8.8) 23 (6.1) 0.152
Pacemaker implantation 42 (8.8) 26 (6.7) 0.310
Pericardial disease 5(1.1) 5(1.3) 0.760
Coronary artery disease 57 (12.1) 93 (24.2) <0.001
Percutaneous coronary intervention 44 (9.2) 75 (19.4) <0.001
Coronary artery bypass graft 10 (2.1) 21 (5.4) 0.010
Myocardial infarction 17 (3.6) 48 (12.6) <0.001
Open heart surgery 35 (7.3) 29 (7.5) >0.999
(Continued)
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Table 1. Continued

Sex Differences in HFpEF

Variable Women Men P Value
Peripheral artery disease 18 (3.9) 30 (8.0) 0.011
Chronic kidney disease 1683 (34.2) 177 (46.0) <0.001

Dialysis 2(0.4) 12 (3.1) 0.002
Stroke 62 (13.1) 59 (15.3) 0.375
Liver dysfunction 27 (5.6) 29 (7.6) 0.269
Malignant tumor 39 (8.2) 60 (15.7) 0.001

Laboratory data
Hemoglobin, g/dL 11.2 (1.96) 11.7 (2.09) <0.001
Hemoglogin Alc, % 6.15 (0.90) 6.14 (0.89) 0.979
Creatinine, mg/dL 1.00[0.80, 1.40] 1.20 [1.00, 1.70] <0.001
Estimated glomerular filtration rate, mL/min per 1.73 m? 41.89 (18.66) 43.89 (21.52) 0.146
High-density lipoprotein, mg/dL 45.36 (11.69) 42.53 (13.16) 0.002
Low-density lipoprotein, mg/dL 96.92 (28.95) 92.09 (31.34) 0.029
Total cholesterol, mg/dL 165.43 (35.37) 155.94 (35.03) <0.001
Triglyceride, mg/dL 108.00 (45.91) 103.45 (48.57) 0.186
Cholinesterase, IU/L 221.84 (69.55) 204.58 (65.85) 0.001
C-reactive protein, mg/dL 0.27 [0.11, 0.75] 0.31[0.13, 1.16] 0.036
NT-proBNP, pg/mL 1090 [481, 2340] 1090 [489, 2590] 0.955

Data with listwise deletion are expressed as mean (SD), median [interquartile range], or number (percentage).
*A single patient with missing sex data was excluded from the entire analysis. HFA-PEFF indicates Heart Failure Association-pretest assessment,
echocardiography and natriuretic peptide, functional testing, final etiology; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart

Association.

Frail was defined as the clinical frailty scale score >5." HFA-PEFF score is a diagnostic scoring system for heart failure with preserved ejection fraction
recommended by the Heart Failure Association of the European Society of Cardiology.'

amyloidosis was made in 5 patients (women 0/481 [0%)]
versus men 5/389 [1.3%], P=0.013). Medications at dis-
charge are presented in Table 2. Angiotensin Il recep-
tor blockers, calcium channel blockers, and antiplatelet
drugs were more frequently used in men than in women.

Echocardiographic End Point

The echocardiographic data in the present cohort were
overall in the normal range, except for left atrial param-
eters and left ventricular mass (Table 3).'° The left atrial
parameters and left ventricular mass were substantially
larger than the normal values of the Japanese cohort.”®
A total of 595 patients had enough echocardiographic
data for the assessment of diastolic dysfunction at dis-
charge. Of these patients, 261 (43.9%) had diastolic
dysfunction according to the ASE/EACVI criteria at dis-
charge. Its prevalence was significantly higher in women
than in men (179 [52.8%)] versus 82 [32.0%)], P<0.001).
In the overall cohort, female sex, anemia, and obesity
were independent factors associated with diastolic dys-
function (Figure 1). In women, anemia was a unique and
significant associated factor, whereas in men, there was
no significant independent factor associated with dias-
tolic dysfunction. However, the sex subgroup analysis
did not show significant interactions between the effect
of the individual factors and sex (Figure S1).
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Clinical End Point

The clinical end point of all-cause death or heart
failure readmission occurred in 265 patients (30.5%)
during the follow-up period. The incidence of the
clinical end point did not differ between women and
men (women 36.1/100 person-years versus men
30.5/100 person-years, P=0.336) (Table 4). Kaplan-
Meier curves and adjusted probability curves strati-
fied by sex are presented in Figure 2. In the overall
cohort, female sex, age, coronary artery disease,
chronic kidney disease, and cholinesterase were in-
dependently associated with the clinical end point
(Figures 2B and 3). Female sex was independently
associated with increased risk of the clinical end
point, which was mainly driven by the association
with heart failure readmission (Table S1). Chronic
kidney disease and cholinesterase were significantly
associated with the clinical end point both in women
and men, whereas coronary artery disease was an
independent predictor only in women, although there
were no significant interactions between the effect of
the individual factors and sex (Figure S2). As a sen-
sitivity analysis, we additionally constructed a Cox
proportional hazards model including postdischarge
medications (Figure S3). The result was consistent
with the main analysis.
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Table 2. Medication at Discharge

Variable Women Men P Value
Number 481* 389"
Angiotensin-converting 78 (16.4) 80 (20.8) 011
enzyme inhibitors
Angiotensin Il receptor 158 (33.1) 158 (40.9) 0.019
blockers
Beta blockers 262 (54.9) 210 (54.5) 0.945
Calcium channel blockers 207 (43.4) 206 (563.5) 0.003
Mineralocorticoid receptor 182 (38.2) 144 (37.3) 0.832
antagonists
Diuretics 380 (79.7) 317 (82.1) 0.386
Vasodilators 33(6.9) 45 (11.7) 0.017
Digitalis 19 (4.0) 1 (2.9 0.456
Oral hypoglycemic agents 28 (56.9) 38(9.9) 0.039
Sodium-glucose transport 23 (4.8) 19 (4.9 >0.999
protein 2 inhibitors
Statins 165 (34.6) 124 (32.2) 0.469
Anti-arrhythmic drugs 48 (10.1) 23 (6.0) 0.034
Anticoagulants 276 (57.9) 229 (59.3) 0.677
Antiplatelet drugs 118 (24.7) 143 (37.1) <0.001

Data with listwise deletion are expressed as number (percentage).
*A single patient with missing sex data was excluded from the entire
analysis.

DISCUSSION

The findings of this study can be summarized as fol-
lows: In the PURSUIT-HFpEF prospective multicenter
East-Asian HFpEF registry, (1) women accounted for
55.2% of the overall cohort; (2) women had echocar-
diographic diastolic dysfunction more frequently than
men; (3) female sex was independently associated with
the presence of echocardiographic diastolic dysfunc-
tion; (4) crude incidence of the clinical end point of all-
cause death or heart failure readmission did not differ
between women and men; (5) however, after multivari-
able adjustment, female sex was independently asso-
ciated with increased risk of the clinical end point; and
(6) there were no significant interactions between sex
and the effects of comorbidities on echocardiographic
and clinical end points.

Diastolic Dysfunction in Women

Female sex was independently associated with dias-
tolic dysfunction. This primary finding is supported by
several previous studies.?®?! A cross-sectional study
was conducted to examine sex differences in cardio-
metabolic profiles and exercise hemodynamic profiles
among individuals with HFpEF.?° This cross-sectional
study included 295 participants who met hemody-
namic criteria for HFpEF based on invasive cardio-
pulmonary exercise testing results. They examined
sex differences in hemodynamic parameters during
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exercise with right heart catheterization. Exercise ca-
pacity was similar in men and women, but women
had worse biventricular systolic reserve and diastolic
reserve even after multivariable adjustment. The im-
paired diastolic reserve in women is not the same but
correlated with diastolic dysfunction on echocardiog-
raphy. Another study evaluated a total of 161 subjects
using invasive hemodynamic and echocardiographic
approaches.?’ Compared with men, women had a
higher pulmonary capillary wedge pressure indexed to
peak exercise workload and lower systemic and pul-
monary arterial compliance at exercise. WWomen had
higher mitral inflow velocity to diastolic mitral annular
velocity at early filling ratios at rest and peak exercise,
along with a higher ejection fraction and smaller ven-
tricular dimensions.

There was the entity of HFpEF without the echocar-
diographic diastolic dysfunction in the present study.
This entity was more common in men than in women
(68% in men versus 47% in women, P<0.001). Majority
of this cohort may show impaired hemodynamics if
they perform functional testing (eg, exercise stress
echocardiography, invasive hemodynamic tests at rest
and with exercise),'® because all participants were di-
agnosed with acute decompensated heart failure at
the time of hospital admission. Given the previous ev-
idence,?%?" the potential population with impaired dia-
stolic reserve during exercise but without the evidence
of the echocardiographic diastolic dysfunction is pre-
sumably larger in women than in men. This would fur-
ther contribute to the female preponderance in HFpEF.
On the other hand, male patients had a higher preva-
lence of chronic kidney disease (46.0% versus 34.2%,
P<0.001) and peripheral artery disease (8.0% versus
3.9%, P=0.011) than female patients did. These extra-
cardiac deficits may more prominently affect systemic
vascular resistance or abnormalities in peripheral ox-
ygen extraction in men than in women.??-2* As for the
cardiac function, deficits in contractile reserve rather
than left ventricular diastolic dysfunction might play a
more important role in men than in women.?® These
points warrant further investigations.

The aforementioned sex-specific cardiac features
suggest that a kind of sex-specific pathway exists. A
variety of pathways has been thought to be associ-
ated with myocyte stiffness, including sex difference
in calcium handling,?® myocardium substrate metab-
olism,?® an activated renin-angiotensin-aldosterone
system in response to low estrogen,?” a drop in nitric
oxide with menopause,?’ protein kinase A,?® and ex-
tracellular signal-regulated kinase 2 activated by pro-
gesterone.?® Sex-specificity in patients with HFpEF is
also likely supported by the heterogeneity with a pos-
sible benefit of sacubitri-valsartan seen in women
in the PARAGON-HF (Prospective Comparison of
Angiotensin  Receptor-Neprilysin  Inhibitor  with
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Table 3. Echocardiographic Data

Sex Differences in HFpEF
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Variable Women Men P Value
Number 481* 389°
Left atrial diameter, mm 43.98 (8.67) 44.34 (8.03) 0.546
Left atrial volume index! 58.03 (32.76) 51.02 (24.56) 0.002
Left ventricular diastolic diameter, mm 43.87 (5.87) 47.84 (6.35) <0.001
Left ventricular systolic diameter, mm 28.19 (4.83) 31.55 (5.89) <0.001
Left ventricular ejection fractionf, % 61.21 (7.79) 59.60 (7.76) 0.006
left ventricular fractional shortening, % 35.81 (6.03) 34.22 (6.78) <0.001
Left ventricular outflow tract diameter, mm 19.10 (1.97) 21.09 (1.91) <0.001
Interventricular septum thickness, mm 9.72 (2.16) 10.35 (2.12) <0.001
Left ventricle posterior wall thickness, mm 9.66 (2.13) 10.33 (1.93) <0.001
Left ventricular mass, g 145.5 (56.2) 180.4 (55.6) <0.001
Left ventricular mass index, g/m? 104.4 (35.5) 111.3 (33.9 0.006
Relative wall thickness 0.45 (0.11) 0.44 (0.11) 0.395
Peak A velocity, m/s 0.85 (0.28) 0.81(0.25) 0.079
Peak E velocity, m/s 0.87 (0.34) 0.82 (0.30) 0.012
Deceleration time, s 0.22 (0.07) 0.21(0.07) 0.692
E/A ratio 1.02 (0.65) 1.00 (0.60) 0.794
lateral @', m/s 0.08 (0.03) 0.09 (0.03) 0.062
septal a’, m/s 0.07 (0.02) 0.08 (0.02) 0.006
lateral €', m/s 0.07 (0.03) 0.08 (0.03) 0.001
septal ', m/s 0.05 (0.02) 0.06 (0.02) <0.001
E/e’ (mean) 15.24 (7.01) 12.71 (5.87) <0.001
Right ventricle diastolic diameter 31.35 (6.42) 33.71 (6.91) <0.001
Tricuspid annular plane systolic excursion, mm 17.09 (4.41) 18.04 (4.63) 0.005
Tricuspid valve regurgitation pressure gradient, mm Hg 29.17 (10.27) 26.95 (8.22) 0.002
Aortic valve regurgitation

None 176 (38.3) 149 (40.5) 0.916

Trace 115 (25.1) 84 (22.8)

Mild 135 (29.4) 108 (29.3)

Moderate (7.0) 27 (7.3)

Severe 1(0.2) 0(0.0)
Aortic valve stenosis

None 405 (88.2) 334 (90.8) 0.149

Mild 33(7.2) 25 (6.9)

Moderate 21 (4.6) 8(2.2)

Severe 0(0.0) 1(0.3)
Mitral valve regurgitation

None 48 (10.5) 37 (10.1) 0.872

Trace 149 (32.5) 123 (33.4)

Mild 182 (39.7) 153 (41.6)

Moderate 78 (17.0) 53 (14.4)

Severe 2 (0.4) 2 (0.5)
Mitral valve stenosis

None 446 (97.2) 364 (98.9) 0175

Mild 11 (2.4) 4 (1)

Moderate 2(0.4) 0(0.0)
Tricuspid valve regurgitation

None 33(7.2) 29 (7.9) 0.340

(Continued)
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Table 3. Continued

Sex Differences in HFpEF

Variable Women Men P Value
Trace 142 (30.9) 137 (37.2)
Mild 178 (38.8) 130 (35.3)
Moderate 92 (20.0) 61 (16.6)
Severe 14 (3.1) 11 (3.0
Diastolic dysfunction according to the ASE/EACVI criteria 179 (52.8) 82 (32.0) <0.001
(echocardiographic end point)*

Data with listwise deletion are expressed as mean (SD) or number (percentage).

*A single patient with missing sex data was excluded from the entire analysis.

fLeft atrial volume index and left ventricular ejection fraction was assessed with modified Simpson method.
*Diastolic dysfunction was diagnosed according to the American Society of Echocardiography and European Association of Cardiovascular Imaging (ASE/
EACVI) guidelines for diastolic function assessment.'* A total of 595 patients had enough echocardiographic data for the assessment of diastolic dysfunction

based on the criteria.

Angiotensin Receptor Blockers Global Outcomes in
HF with Preserved Ejection Fraction) trial.*® Although
our present study cannot provide a specific answer for
the mechanism of HFpEF, our findings clearly suggest
that future investigations of this condition should be
sex specific.

In order to gain insight into the causes of diastolic
dysfunction, we evaluated the association of various
comorbidities with echocardiographic diastolic dys-
function. Systemic inflammation has been thought to
be related to the development of diastolic dysfunction.®
However, C-reactive protein was not independently as-
sociated with echocardiographic diastolic dysfunction
in our population. Numerous studies have correlated
inflammatory markers with diastolic dysfunction and

HFpEF in humans.®' Nevertheless, our present results
show no such impact. Anemia and obesity were in-
dependently associated with development of diastolic
dysfunction. Anemia may partially be related to iron
deficiency. It affects the immune response, cardio-
myocyte metabolism, and oxidative stress.®* Another
possibility is that anemia may be just a surrogate
marker of multimorbidity. Whether this association is
the result of specific shared upstream causes of both
anemia and cardiomyocyte dysfunction (eg, inflamma-
tion) or causal relationships between HF and anemia
(eg, decreased iron absorption) is unclear. In obesity,
adipose tissue may exacerbate metabolic inefficiency
and contribute to systemic inflammation.®® Although
C-reactive protein did not remain as an independent

Female sex | 2.84 (1.88,4.28) <0.01
C-reactive protein —— 1.01 (0.90,1.14) 0.84
Age per 10 years +—— 1.26 (0.97,1.63) 0.08
Anemia | 1.88 (1.19,2.98) <0.01
Hypertension L | 1.52 (0.85,2.72) 0.16
Diabetes mellitus | 1.10 (0.72,1.66) 0.67
Dyslipidemia ] 1.16 (0.77,1.76) 0.47
Coronary artery disease | 1.56 (0.94,2.58) 0.08
Chronic kidney disease | 0.99 (0.67,1.47) 0.96
Atrial fibrillation | 1.22 (0.82,1.81) 0.32
Obesity | 1.78 (1.05,3.02) 0.03
Cholinesterase per 100 1U/L —— 0.72 (0.51,1.00) 0.05
I [ |
0.5 1 2 5
Odds ratio

Figure 1.

Comorbidities related to diastolic dysfunction in the overall cohort.

Multivariable binary logistic regression analysis was performed in order to assess the impact of multiple comorbidities on the
echocardiographic end point (diastolic dysfunction) in the overall cohort (N=595). Results are illustrated as a forest plot. Female sex,
anemia, and obesity were significant factors associated with diastolic dysfunction. OR indicates odds ratio.
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Table 4. Incidence of the Clinical End Points
Event Women Men P Value
All-cause death and heart failure 36.1/100 person-years 30.5/100 person-years 0.336
readmission
All-cause death 12.8/100 person-years 12.8/100 person-years 0.929
Cardiac death 6.1/100 person-years 5.1/100 person-years 0.544
Noncardiac death 6.7/100 person-years 7.4/100 person-years 0.601
Death from unknown cause 0/100 person-years 0.3/100 person-years 0.368
Heart failure readmission 24.1/100 person-years 20.2/100 person-years 0.426

factor, this result does not reject the hypothesis that
inflammation is a fundamental mechanism for the de-
velopment of diastolic dysfunction. Unfortunately, the
present study cannot provide enough data to answer
this hypothesis. These topics need to be further inves-
tigated in basic science.

Prognosis of HFpEF in Women and Men

Crude rates of the clinical end point of all-cause death
or heart failure readmission did not differ between
women and men (Figure 2A). However, after adjust-
ment of various confounders, female sex was inde-
pendently associated with adverse clinical events
in HFpEF (Figures 2B and 3). This may be a result of
fewer baseline comorbidities in women than in men.
Previous studies also reported that comorbidity burden
in women is lower than that in men.?>%* The primary

finding is, however, inconsistent with the previous data
from a large-scale study (N=42 987) by Stolfo et al.3®
In the Swedish Heart Failure Registry population, mul-
tivariate Cox and logistic regression models were fit-
ted to investigate differences in prognosis, prognostic
predictors, and treatments across men and women. Of
42 987 patients, 9957 patients had HFpEF. Crude mor-
tality/HF hospitalization rates were significantly higher
in women than in men (hazard ratio [HR], 1.14; 95%
Cl, 1.07-1.21). After adjustments, however, the risk was
significantly lower in women (HR, 0.93; 95% ClI, 0.88-
0.99). Differences not only in the basic comorbidities
but also in the postdischarge medications such as
angiotensin Il receptor blockers and calcium channel
blockers between the sexes may have affected the
clinical outcomes. In the study from the Swedish Heart
Failure Registry, these medications were adjusted,

A Clinical endpoint (all-cause death and HF readmission)
Kaplan Meier curves

1.0
—— Women
— Men

0.8
[
Q
j
(7] Log rank P=0.19
©
‘c 0.6
c ; T——
= 7
= ) b
® 04 = ~
=] ) — W
£ o~
)
O

0.2

0.0

B Clinical endpoint (all-cause death and HF readmission)
Adjusted probablity curves

1.0
Women

Men

Adjusted HR 1.54
95%Cl [1.14-2.07]
9.6 P<0.01

Cumulative probability

400 600 800 1000 1200

Days from discharge
Number at risk

Women 481

389

261
220

149
131

118
103

43
37

32

Men 29

400 600 800 1000 1200

Days from discharge

Figure 2. Clinical outcomes stratified by sex.

A, The clinical end point of all-cause death or heart failure readmission was assessed in a time-to-first-event fashion with Kaplan-
Meier analysis. In the crude comparison, no difference was found between women and men (log-rank P=0.191). B, Adjusted probability
curves in women and men created with the multivariable Cox proportional hazards model included the following covariates: female sex,
C-reactive protein, age, anemia (hemoglobin level <12 g/dL in women and <13 g/dL in men according to the World Health Organization
definition'™), hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, chronic kidney disease, atrial fibrillation, obesity
(body mass index >25), and cholinesterase level.>'® The cumulative probability curves show the model-predicted event rates for the
“average” patient in women and men. HF indicates heart failure; and HR, hazard ratio.
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HR (95%Cl) P value
Female sex | 1.54 (1.14,2.07) <0.01
C-reactive protein —l— 1.07 (1.00,1.15) 0.06
Age per 10 years —— 1.35(1.11,1.63) <0.01
Anemia 0.92 (0.65,1.30) 0.62
Hypertension L | 1.00 (0.66,1.52) 0.99
Diabetes mellitus | 1.08 (0.80,1.47) 0.61
Dyslipidemia | 0.95 (0.70,1.29) 0.72
Coronary artery disease | 1.52 (1.07,2.15) 0.02
Chronic kidney disease | 1.75 (1.31,2.32) <0.01
Atrial fibrillation L | 1.21 (0.90,1.61) 0.21
Obesity | 1.16 (0.81,1.67) 0.42
Cholinesterase per 100 1U/L | 0.58 (0.44,0.75) <0.01
I [
0.5 1 2
Hazard ratio

Figure 3. Prognostic factors for the clinical end point in the overall cohort.

A multivariable Cox proportional hazards model was constructed in order to assess the impact of multiple comorbidities on the
postdischarge clinical end point in the overall cohort (N=870). The results are shown as a forest plot. Female sex, age, coronary artery
disease, chronic kidney disease, and cholinesterase were significantly associated with the clinical end point. HR indicates hazard

ratio.

whereas in our main analysis, we did not adjust the dif-
ferences in these medications. However, our sensitivity
analysis adjusting postdischarge medications provided
consistent results (Figure S3). Racial difference would
be one of the possible reasons for the opposite results
between ours and the previous data. The difference
in age (82+9 in the current cohort versus 79+10 in the
Swedish Heart Failure Registry) and body mass index
(22 versus 27) may also partially explain the opposite
findings. This point remains to be further investigated
in future studies.

Clinical Implications
Sex differences in HFpEF suggest the need for further
research to better understand underlying pathophysi-
ology, including contributions of sex hormones and sex
hormone deficiency, and thereby identify novel preven-
tive and disease-modifying treatments for HFpEF.
Anemia and obesity, besides female sex, were in-
dependently associated with diastolic dysfunction.
Anemia or iron deficiency and weight control might be
targets for preventing diastolic dysfunction. Besides fe-
male sex, coronary artery disease and chronic kidney
disease were independently associated with worse
clinical outcomes. Treatments for coronary artery dis-
ease and chronic kidney disease may be priorities in

J Am Heart Assoc. 2021;10:e018574. DOI: 10.1161/JAHA.120.018574

the treatments of HFpEF. Our results did not show
significant interactions between sex and effects of any
comorbidities (Figures S1 and S2). Therefore, aggres-
sive therapeutic intervention for these comorbidities
regardless of sex would be a reasonable option for the
time being.

Limitations

Several limitations should be acknowledged. First,
the present study is a multicenter prospective East-
Asian HFpEF registry, which would limit the gener-
alizability of the current findings to other races. The
cutoff value for obesity (body mass index of 25 in the
current analysis) would be different for other coun-
tries. Second, small sample size, especially of the
subgroup analysis stratified by sex, might have re-
sulted in type Il error. Results should be interpreted
with caution. Third, systemic inflammation was rep-
resented by C-reactive protein in the current study.
However, other inflammatory markers (interleukin-6,
tumor necrosis factor-a, etc) should be investigated
in future studies. Fourth, diastolic dysfunction was
assessed only in patients with enough echocardio-
graphic data (68% of the entire cohort). This might
have resulted in selection bias. Lastly, the study
demonstrated that female sex was independently
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associated with the presence of diastolic dysfunc-
tion. However, it is unclear whether the association
of female sex with HFpEF is the result of innate bio-
logical differences (eg, sex hormones), the result of
sex differences (environmental interactions that differ
between sexes), or some other residual confounding
(eg, women live longer than men). Future basic re-
search would be mandatory to elucidate the specific
mechanism of development of diastolic dysfunction
in women.

CONCLUSIONS

In the PURSUIT-HFpEF prospective multicenter East-
Asian HFpEF registry, women accounted for 55.2% of
the overall cohort. Women had echocardiographic di-
astolic dysfunction more frequently than men. Female
sex was independently associated with the presence
of diastolic dysfunction and worse clinical outcomes
in a cohort of elderly patients with HFpEF. Our results
suggest that a sex-specific approach would be key to
investigating the pathophysiology in HFpEF.
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The OCVC-Heart Failure Investigators
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Table S1. Association of the comorbidities and clinical endpoints

A composite of all-
cause death and HF

readmission®

All-cause death*

HF readmissiont

Hazard ratio [95%CI] P value  Hazard ratio [95%CI] Pvalue  Subdistribution hazard ratio [95%CI] P value
Female sex 1.538 [1.146, 2.064] 0.004 1.14110.733, 1.778] 0.560 1.553[1.091, 2.211] 0.015
C-reactive protein 1.071[0.976, 1.175] 0.150 1.150[1.047, 1.263] 0.004 0.829 [0.716, 0.960] 0.012
Age 1.030 [1.010, 1.050] 0.003 1.083 [1.042, 1.125] <0.001  1.008 [0.987, 1.031] 0.448
Anemia 0.916 [0.649, 1.292] 0.620 0.856 [0.481, 1.525] 0.600 1.045 [0.693, 1.576] 0.833
Hypertension 1.003 [0.690, 1.459] 0.990  0.776 [0.429, 1.402] 0.400  1.195[0.715, 1.995] 0.497
Diabetes mellitus 1.083 [0.793, 1.480] 0.620 1.055 [0.641, 1.737] 0.830 1.004 [0.701, 1.437] 0.983
Dyslipidemia 0.946 [0.697, 1.284] 0.720  0.943[0.571, 1.556] 0.820  1.123[0.781, 1.613] 0.532
Coronary artery disease  1.518 [1.063, 2.167] 0.022  1.615[0.973, 2.680] 0.064  1.392[0.921, 2.104] 0.117
Chronic kidney disease  1.745 [1.318, 2.311] <0.001  1.436[0.939, 2.198] 0.095  2.062 [1.463, 2.907] <0.001
Atrial fibrillation 1.206 [0.901, 1.614] 0.210 0.827 [0.527, 1.297] 0.410 1.418 [1.009, 1.994] 0.045
Obesity 1.161 [0.787, 1.712] 0.450 1.152 [0.646, 2.056] 0.630 1.008 [0.652, 1.556] 0.973
Cholinesterase 0.995 [0.992, 0.997] <0.001  0.991[0.986, 0.996] 0.001 0.996 [0.993, 0.999] 0.007




*Cox proportional hazard model was utilized to assess the impacts of the covariates on a composite of all-cause death and HF readmission, and
all-cause death. ¥The Fine and Gray model was used for assessing subdistribution hazards for HF readmission considering all-cause death as a

competing risk. Abbreviations: HF, heart failure, CI, confidence interval.



Figure S1. Comorbidities related to diastolic dysfunction in women and men

Multivariable binary logistic regression analysis was performed in order to assess the impact of multiple

comorbidities on the echocardiographic endpoint (diastolic dysfunction) in women (Red) and men (Blue)

separately. Results are illustrated as forest plot. In women, anemia was a unique and significant associated factor,

whereas in men, there was no significantly associated factors with diastolic dysfunction. *P value for interaction

between women and men.
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Figure S2. Prognostic factors for the clinical endpoint in women and men

Multivariable Cox proportional hazard model was constructed in order to assess the impact of multiple

comorbidities on the post-discharge clinical endpoint in women (Red) and men (Blue) separately. Results are

illustrated as forest plot. Chronic kidney disease and cholinesterase were significantly associated with the clinical

endpoint both in women and men. Coronary artery disease was a significant predictor only in women, albeit no

significant interaction. *P value for interaction between women and men.
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Figure S3. Prognostic factors for the clinical endpoint in the overall cohort

Multivariable Cox proportional hazard model was constructed in order to assess the impact of multiple

comorbidities on the post-discharge clinical endpoint in overall cohort with adjustment for post-discharge

medications. Results are illustrated as forest plot. Medications which prescription rates were different between

women and men were included as covariates (Table 2). The result was consistent with the main analysis.
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