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Abstract

Background: Data on sex differences in heart failure (HF) with reference to left ventricular ejection fraction (LVEF) are limited.
Methods and Materials: We examined 4683 consecutive patients (mean 69 years) with HF in the CHART-2 study. Results:
Compared to men (N = 3188), women with HF (N = 1495) were older and had a lower prevalence of ischemic heart disease and
cancer, received less implementation of evidence-based treatment, and were characterized by more severe HF in terms of higher New
York Heart Association (NYHA) functional class and increased brain natriuretic peptide (BNP) levels, despite greater preservation of
LVEF. During the median 6.3-year follow-up, all-cause mortality was comparable between women and men (32.8% vs 33.2%, P = .816),
while women had higher cardiovascular mortality, particularly among those with LVEF >50%. Although no sex differences existed in
cause of death among patients with LVEF < 40% and 41% to 49%, women had a higher proportion of cardiovascular death and lower
proportion of noncardiovascular death than men among those with LVEF > 50%. Multivariable Cox regression models showed that
women with HF had reduced risk of both cardiovascular and noncardiovascular death, regardless of LVEF category. Beta-blockers
were associated with improved mortality in women but not men with LVEF < 40%, while renin—angiotensin system inhibitors were not
associated with improved mortality in women with LVEF > 50% but were in men. Conclusion: In addition to sex-specific differences
in the age of onset, etiology and response to treatment, women with heart failure and preserved left ventricular ejection fraction
(LVEF > 50%) have higher cardiovascular mortality than men. Sex-related management of congestive heart failure should include a
consideration of LVEF.
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lifetime risk of HF compared to men (30%-42% in white
males vs 32%-39% in white females, and 20%-29% in black
males vs 24%-46% in black females).®

Introduction

Substantial sex differences in the clinical features of heart
failure (HF) have been reported, specifically with regard to
clinical characteristics, etiology, treatment, and outcome.!™
However, these sex differences in HF should be reevaluated
in the current era, since the overall picture of HF has recently
changed, particularly regarding an increase of HF in
women*® and HF with preserved left ventricular ejection
fraction, LVEF (HFpEF).7’9'12 Roger reported a greater

: Department of Cardiovascular Medicine, Tohoku University Graduate School
of Medicine, Sendai, Japan

2 Department of Evidence-based Cardiovascular Medicine, Tohoku University
Graduate School of Medicine, Sendai, Japan

increase of HF incidence in women than men from 1979 to
2000 among 4537 cases of new-onset HF in Olmsted County,
Minnesota (8% vs 3%),” while Huffman et al reported that
women have recently shown similar or in fact increased
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Another emerging change in HF structure affecting sex dif-
ferences in this condition is an increase in HFpEF.”''"' This is
now recognized as a new entity of HF."*'* Since women at
least have a generally higher prevalence of HFpEF than men,'"
7 a proper addressing of HF in the present era warrants inves-
tigation of potential interaction in women having HF with
LVEF. To date, however, data on women with HF or on sex
differences in HF are limited, particularly with reference to
LVEF.

In this study, we aimed to elucidate the characteristics of HF
in women in an aged society, with special reference to LVEF.

Methods and Materials

The Chronic Heart Failure Analysis and Registry in the
Tohoku District-2 Study

The Chronic Heart Failure Analysis and Registry in the Tohoku
District-2 (CHART-2) study is a multicenter, prospective
observational study that enrolled 10 219 patients older than
20 years with significant coronary artery disease (stage A) or
in stages B to D between October 2006 and March 2010.'!+17-2
Heart failure in the CHART-2 study was diagnosed by attend-
ing physicians based on the Framingham criteria.”® Staging
was conducted at the time of registration according to the
American college of Cardiology (ACC)/American Heart Asso-
ciation (AHA) guidelines classification, namely, stage A at
high risk of HF but without structural heart disease or symp-
toms of HF; stage B with asymptomatic cardiac structural and/
or functional abnormalities; stage C with HF symptoms; and
stage D with severe HF.?* All information, including clinical
characteristics, medical history, laboratory data, and echocar-
diography data were recorded at the time of enrollment and
thereafter annually by trained physicians and clinical research
coordinators. The CHART-2 study was approved by the local
ethics committee in each participating hospital, and informed
consent was obtained from all patients.

Study Design

The diagram for the present study is shown in Figure 1. Among
the 10 219 patients registered in the CHART-2 study, we
enrolled 4683 consecutive stage C/D patients with HF having
baseline echocardiographic data. In accordance with the ACC/
AHA guideline classification,>* we divided them into 3 groups,
namely, patients with HF with preserved LVEF (HFpEF,
LVEF > 50%, n = 3193), borderline HFpEF (LVEF 41% to
50%, n = 709), and HF with reduced LVEF (HFrEF, LVEF <
40%, n = 781). When prior myocardial infarction or coronary
artery disease was present, the main etiology of HF was deter-
mined to be ischemic heart disease (IHD). Those without IHD
but with a previous diagnosis of dilated cardiomyopathy
(DCM), hypertrophic cardiomyopathy (HCM), and valvular
heart disease (VHD) were then classified as having DCM,
HCM, or VHD, respectively. Valvular heart disease was spe-
cifically defined as severe aortic or mitral valvular disease by
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Figure 1. The consort diagram of the present study.

echocardiography. Hypertensive heart disease (HHD) was
diagnosed when a patient did not have IHD, DCM, HCM, or
VHD but did have a history of hypertension. If a patient was
classified as not having IHD, DCM, HCM, VHD, or HHD, the
HF etiology was classified as “others.” Using the registry data
of these patients, we examined sex differences in clinical char-
acteristics, management, prognosis, prognostic factors, and
cause of death in patients with stage C/D HF, with special
reference to sex and HF categories. Primary endpoint was
all-cause death, and the secondary endpoints were cardiovas-
cular death, noncardiovascular death, and admission for HF.

Statistical Analysis

All continuous variables are shown as mean (standard devia-
tion [SD]). Continuous clinical characteristics were compared
by Welch’s ¢ test or Wilcoxon rank-sum test for 2 groups, and
analysis of variance or the Kruskal-Wallis rank sum test for 3
groups. All discrete variables are shown as frequency (percent-
age). Discrete characteristics were compared by Fisher’s exact
test. Kaplan-Meier curves and log-rank tests were used to esti-
mate and compare sex differences in the occurrence of primary
endpoint. Incidence rates per 1000 person-year for primary and
secondary endpoints were compared with the Mid-p exact test.
Determinants of each endpoint were examined by univariable
Cox proportional hazard models and multivariable Cox propor-
tional hazard models with stepwise variable selection. All
potential confounding factors were included in the univariable
Cox regression; factors for the multivariable model were then
selected from the set of covariates with P < .2 in the univari-
able analysis using stepwise backward elimination procedure.
For the overall cohort analysis, the optimal set of covariates
was selected from all samples, and the same set of the variables
were applied to temporal change and/or LVEF category anal-
ysis except to the drug response analysis, in which the optimal
set of covariates was selected each time for every LVEF cate-
gory. The covariates included in the multivariable analysis
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were age, sex, body mass index, systolic blood pressure, dia-
stolic blood pressure, heart rate, left ventricular diastolic
dimension, LVEF, levels of albumin, blood urea nitrogen,
BNP, creatinine, hemoglobin, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol and triglyceride, pre-
vious or current smoking, HF etiologies (IHD, HT, DCM,
HCM, and VHD) and comorbidities (amyloidosis, adult con-
genital heart disease, atrial fibrillation, cancer, diabetes melli-
tus, hypertension, hyperuricemia, myocardial infarction,
sarcoidosis, and stroke), history of prior admission for HF,
coronary artery bypass graft, cardiac resynchronization ther-
apy, implantable cardioverter defibrillator, pacemaker implan-
tation, and percutaneous coronary intervention and medications
at baseline (antiplatelet, aldosterone antagonist, beta-blocker,
calcium channel blocker, diuretic, renin—angiotensin system
[RAS] inhibitor, statin, and warfarin). All statistical analyses
were performed using the open-source statistics computing
software R version 3.4.2.,25 with a P value of <.05 and a P
value for interaction <.1 considered to indicate statistical sig-
nificance in the present study.

Results

Baseline Characteristics

Baseline characteristics of overall women and men are shown
in Table 1. Among the 4683 stage C/D patients with HF, 1495
(32%) were women, aged 3.9 years older than men. Compared
to men, women with HF were characterized by a lower body
mass index, and lower prevalence of diabetes, smoking history,
myocardial infarction, and cancer as well as by a higher pre-
valence of atrial fibrillation and history of HF hospitalization.
Although women with HF had more preserved LVEF, they had
relatively severe HF manifestations compared to men, charac-
terized by a higher heart rate, higher New York Heart Associ-
ation (NYHA) class, and increased BNP levels. Women with
HF were less likely to undergo percutaneous coronary inter-
vention or coronary artery bypass graft surgery. Furthermore,
women were less frequently treated with an implantable cardi-
overter—defibrillator and/or cardiac resynchronization therapy,
although they were more frequently treated with other cardiac
pacemakers. Regarding HF treatment at baseline, women were
less frequently treated with beta-blockers, RAS inhibitors con-
sisting of angiotensin-converting enzyme (ACE) inhibitors and
angiotensin II receptor blockers (ARB), and statins but were
more frequently treated with aldosterone antagonists and diure-
tics in the overall population.

Sex differences in baseline characteristics of patients with
HF were also found when the groups were divided by LVEF
category (Table 2). From HFrEF to borderline HFpEF, and then
to HFpEF, mean age and the prevalence of hypertension and
cancer significantly increased in men but remained unchanged
in women, whereas the prevalence of atrial fibrillation
increased in women but not in men. As for treatment, it was
noted that the use of ARB was increased from HFrEF to

Table I. Baseline Characteristics.?

Women, Men, P
N = 1495 N = 3188 Value
Age, years 71.5 (12.2) 67.6 (12.1) <0.001
Height, cm 149.5 (6.8) 163.8 (7.0) <0.001
Body weight, kg 52.1 (I'L.1) 64.6 (11.5) <0.001
Body mass index, kg/m>  23.3 (4.4) 24 (3.6) <0.001
Clinical history, n (%)
Hypertension 1331 (89.0%) 2854 (89.6%) 0.611
Diabetes mellitus 534 (35.7%) 1305 (40.9%)  <0.001
Dyslipidemia 1192 (79.7%) 2613 (82.0%) 0.071
Hyperuricemia 663 (44.3%) 2006 (62.9%)  <0.001
Smoking 198 (14.0%) 1847 (61.2%) <0.001
Atrial fibrillation 649 (43.4%) 1284 (40.3%) 0.045
Myocardial infarction 304 (20.3%) 1270 (39.8%) <0.001
Stroke 293 (19.6%) 651 (20.4%) 0.532
Hospitalization for HF 854 (57.2%) 1648 (51.7%)  <0.001
Cancer 172 (11.5%) 462 (14.5%) 0.005
NYHA class, n (%)
| 254 (17.1%) 841 (26.5%)  <0.00I
Il 1008 (67.7%) 2050 (64.6%)
1l 214 (14.4%) 263 (8.3%)
v 13 (0.9%) 20 (0.6%)
Hemodynamics
Systolic BP, mmHg 126.6 (20.0) 126.0 (18.8) 0.311
Diastolic BP, mmHg 71.1 (12.3) 72.7 (11.9) <0.001
Heart rate, bpm 73.7 (15.0) 71.7 (14.7) <0.001
LVDd, mm 48.9 (8.9) 53.6 (9.0) <0.001
LVEF, % 60.0 (15.2) 55.1 (15.1) <0.001
Laboratory data
Hemoglobin, g/dL 12.3 (1.7) 13.6 (2.0) <0.001
Albumin, g/dL 4.0 (0.5) 4.1 (0.5) 0.004
eGFR, mL/min/1.73 m> 587 (22.1) 61.8 (20.8) <0.001
LDL-C, mg/dL 108.0 (31.2) 103.9 (30.5) <0.001
BNP, pg/mL 123 (51,264) 96.0 (38,227) <0.001
Previous treatments, n (%)
PCI 289 (19.3%) 1175 (36.9%)  <0.001
CABG 87 (5.8%) 340 (10.7%)  <0.001
PMI I62 (10.8%) 209 (6.6%) <0.001
ICD 0 (2.0%) 86 (2.7%) 0.189
CRT I8 (1.2%) 49 (1.5%) 0.429
Medication, n (%)
Antiplatelet 734 (49.1%) 1524 (47.8%) <0.001
ACE inhibitor and/or 1025 (68.6%) 2379 (74.6%)  <0.00l
ARB
ACE inhibitor 578 (38.7%) 1524 (47.8%)  <0.001
ARB 504 (33.7%) 988 (31.0%) 0.064
Aldosterone 434 (29.0%) 730 (22.9%)  <0.00I
antagonist
beta-blocker 663 (44.3%) 1670 (52.4%)  <0.001
Calcium channel 573 (38.3%) 2089 (65.5%) 0.747
blocker
Diuretic 975 (65.2%) 1741 (54.6%)  <0.001
Statin 533 (35.7%) 1246 (39.1%) 0.026

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin Il recep-
tor blocker; BP, blood pressure; CABG, coronary artery bypass graft; CRT,
cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate;
HF, heart failure; ICD, implantable cardioverter defibrillator; LVDd, left ven-
tricular diastolic dimension; LVEF, left ventricular ejection fraction; LDL-C,
low-density lipoprotein cholesterol; NYHA, New York Heart Association; PClI,
percutaneous coronary intervention; PMI, pacemaker implantation.
?Continuous variables were expressed as mean (standard deviation [SD]),
except brain natriuretic peptide (BNP) levels that were expressed as median
with inter-quartile range (IQR).
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borderline HFpEF and then to HFpEF in men but did not differ
in women. Comparison of clinical background in each LVEF
category indicated that sex differences were particularly noted
in the HFpEF population but were not particularly evident in
the HFrEF population. Notably, sex differences in NYHA
classes and BNP levels were noted in the HFpEF and the bor-
derline HFpEF groups but were no longer observed in the
HFrEF population. In contrast, with regard to medication, sex
differences were noted in the HFrEF group as well as in the
HFpEF and borderline HFpEF groups. For example, even in the
HFrEF group, women still had a tendency to be treated less
frequently with B-blockers and had a significantly decreased
prescription rate of ACEI compared to men.

Heart Failure Etiologies

The most frequently observed HF etiology was IHD (49.9%),
followed by HHD (19.0%) in both sexes (Table 1). However,
the proportion of IHD was lower in women than in men (36.5%
vs 56.2%, P < .001) whereas that of HHD was higher in
women than in men (23.5% vs 16.9%, P < .001). Following
IHD and HHD, VHD and DCM were the third and fourth
etiologies, respectively, in women, while DCM was the third
and VHD was the fourth in men. While the proportion of IHD
was the most frequent and comparable among the HFpEF,
borderline HFpEF, and HFTEF groups regardless of sex, the
proportion of DCM was as high as that of IHD in women with
HFrEF while not so high in men with HFrEF (Table 2). In both
sexes, the proportions of HHD and VHD were most increased
in the HFpEF group whereas that of DCM was most frequently
increased in the HFTEF group.

Long-Term Outcomes

There were 1550 deaths (491 in women (32.8%) vs 1059 in
men (33.2%), P = .816) during the median follow-up of 6.3
years. Kaplan-Meier curves indicated that women with HF had
comparable all-cause mortality to men but had an increased
incidence of cardiovascular death and admission for HF and
a tendency toward decreased noncardiovascular mortality
(Figure 2). When divided by LVEF category, the increased
incidence of cardiovascular death and HF admission in women
was statistically significant in the HFpEF group but not in the
HFrEF or borderline HFpEF groups (Figure 3). The incidence
of cardiovascular death and HF admission was decreased in the
HFrEF and borderline HFpEF groups and then to the HFpEF in
both sexes, with the exception of a lack of difference in cardi-
ovascular death between the borderline HFpEF and the HFpEF
in women. In contrast, the incidence of noncardiovascular
death did not differ by LVEF category in either sex (Figure 4).

Cause of Death

Of 1550 deaths during the median follow-up of 6.3 years, 713
(46.0%), 647 (41.7%), and 190 (12.3%) were due to cardiovas-
cular, noncardiovascular, and unknown causes, respectively.
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Figure 2. Kaplan-Meier estimates for clinical outcomes.

Table 3 shows sex differences in the cause of death. In the
overall population, when compared to men, women had a
higher incidence of deaths due to HF (9.4% vs 7.0%, P =
.004) and a lower incidence of deaths due to noncardiovascular
origins (12.1% vs 14.6%, P = .021), which was likely attribu-
table to deaths due to cancer (3.3% vs 5.9%, P < .001) and
infectious pneumonia (1.5% vs 2.3%, P = .075). Subgroup
analysis by LVEF category indicated that these sex differences
in the cause of death were statistically evident only in the
HFpEF population (death due to HF, 8.6% vs 5.2%, P <
.001; death due to cancer, 3.6% vs 5.9%, P = .005; and death
due to infectious pneumonia, 1.2% vs 2.3%, P = .021).

Prognostic Impact of Female Sex

Multivariable Cox proportional hazard models indicated that
female sex was associated with decreased all-cause mortality
(adjusted hazard ratio (HR) 0.743; 95% confidence interval
(95% CI): 0.650-0.849, P < .001), which was most attributable
to a significant decrease in noncardiovascular mortality
(adjusted HR 0.582; 95% CI: 0.482-0.703, P < .001) and mod-
estly attributable to cardiovascular mortality (adjusted HR
0.817; 95% CI: 0.688-0.970, P = .021; Table 4). Women had
comparable adjusted risk for HF admission (adjusted HR
0.917; 95% CI: 0.806 -1.044, P = .191). Furthermore, no sta-
tistically significant interaction was seen between female sex
and LVEF category in all-cause death. There were also no
significant interactions between female sex and LVEF category
in cardiovascular death, noncardiovascular death, or HF
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Figure 3. Kaplan-Meier estimates for clinical outcomes by LVEF category. LVEF denotes left ventricular ejection fraction.
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admission. Figure 5A shows temporal changes in the prognos-
tic impact of female sex on primary and secondary end points
during the observational period. When compared to men,
women tended to have reduced risk of all-cause mortality at
1-year and had statistically significant reduced risk after 1-year
follow-up. It was noted that women did not have a reduced risk
of cardiovascular death at 1- and 3-year follow-up but then had
a significantly reduced risk at the 5-year and overall follow-up.
Reduced risk for noncardiovascular death was observed in
women compared to men throughout the period, while risk of
HF admission was comparable between the sexes throughout
the follow-up. Figure 5A shows temporal changes in sex dif-
ferences in prognostic impacts of BNP level during the follow-
up period. In each end point, the prognostic impact of BNP
level was decreased across the follow-up in women but not in
men. As a result, interaction between female sex and prognos-
tic impact of BNP level decreased across the time. These obser-
vations in Figure 5 did not differ by LVEF category.

Sex Differences in Prognostic Factors and Drug
Responses

Table 5 shows sex differences in the prognostic impact of each
factor indicated in the stepwise selection of multivariable Cox
proportional hazard models for all-cause death. No significant
interaction between sex and each factor was indicated for all-

cause death in the overall cohort. Subgroup analysis also indi-
cated that impact of each factor on all-cause death was not
influenced by sex in any LVEF category. Figure 6 compares
the prognostic impact of medications between the sexes. In the
overall population, B-blockers and RAS inhibitors were asso-
ciated with improved all-cause mortality. Notably, although
there was no significant interaction with sex on the prognostic
impact of B-blockers in the overall population, sex difference
was noted for the use of beta-blockers in the HFTEF group
(adjusted HR 0.457; 95% CI: 0.235-0.888, P = .021 in women,
vs adjusted HR 0.874; 95% CI: 0.639-1.196, P = .400 in men,
P for interaction = .042) while not in the borderline HFpEF or
HFpEF groups. In contrast, with the use of RAS inhibitors, sex
difference was observed in the overall patients (P for interac-
tion = .045), which was most evident in the HFpEF group
(adjusted HR 0.962; 95% CI: 0.721-1.284, P = .794 in women,
vs adjusted HR 0.701; 95% CI: 0.566-0.869, P = .001 in men,
P for interaction = .053).

Discussion

Using the database of the CHART-2 study, a large-scale obser-
vational study for HF in Japan, the present study demonstrated
substantial sex differences in HF in the current era. When
compared to men, women with HF had distinct clinical char-
acteristics in terms of age, etiology, comorbidity, management,



Sakata et al

35

Table 3. Cause of Death by Sex and HF Categories.

Borderline HFpEF HFpEF

HFrEF

All

Men,

Women,
N

Men,

Women,

Men,

Women,

Men,

Women,
N

= 2068 Value

N

1124

Value

519

N =

N = 190

Value

181 N = 600

N =

3187 Value

N =

1495

Cause of Death

0.355

0.857 355 (31.6%) 620 (30%)

0.722

168 (32.4%)
76 (14.6%)
33 (6.4%)
23 (4.4%)

0267 63 (33.2%)
0.698 30 (15.8%)

0.903
>0.999

0816 73 (40.3%) 271 (45.2%)

0.067 48 (26.5%)
0.004 26 (14.4%)

1059 (33.2%)

491 (32.8%)
249 (16.7%)
141 (9.4%)
41 (2.7%)

All

0.003
<.001

171 (15.2%) 237 (11.5%)

97 (8.6%)
24 (2.1%)

151 (25.2%)
83 (13.8%)

39 (6.5%)

464 (14.6%)

223 (7.0%)
117 (3.7%)

Cardiovascular

107 (5.2%)

0.188
0.384
0.661

18 (9.5%)

Heart failure

0.405

55 (2.7%)

5 (2.6%)
2 (1.1%)

4(2.1%)
| (0.5%)

12 (6.6%)

0.118

Sudden death

AMI

0.318

15 (0.7%)
40 (1.9%)
20 (1.0%)

12 (1.1%)

23 (2.0%)

4 (0.8%)
6 (1.2%)
10 (1.9%)

0.723

8 (1.3%)
13 (2.2%)
8 (1.3%)
89 (14.8%)
38 (6.3%)

3 (1.7%)

5 (2.8%)
2 (1.1%)

0.334
19 (10.5%)

27 (0.8%)

17 (1.1%)

32 (2.1%)

0.894
0.375
0.036

0.470

0.582
>0.999

0.498
>0.999

59 (1.9%)
38 (1.2%)
466 (14.6%)
188 (5.9%)

Stroke

Others
Noncardiovascular

15 (1.3%)
136 (12.1%) 306 (14.8%)

0.304
40 (3.6%)

71 (13.7%) >0.999

18 (1.2%)
181 (12.1%)
50 (3.3%)

0.176 26 (13.7%)

0.092

0.021
<.001

0.005

121 (5.9%)

0.115
>0.999
>0.999
>0.999

29 (5.6%)

5 (2.6%)
5 (2.6%)

0 (0%)

5 (2.8%)
4(2.2%)
| (0.6%)
3 (1.7%)
0 (0.0%)
6 (3.3%)
6 (3.3%)

Cancer

48 (23%)  0.021

13 (1.2%)
2 (0.2%)
7 (0.6%)
5 (0.4%)

69 (6.1%)

48 (4.3%)

13 (2.5%)

0.772

12 (2.0%)
2 (0.3%)
5 (0.8%)
3 (0.5%)

29 (4.8%)

0.075

73 (2.3%)
14 (0.4%)
17 (0.5%)
19 (0.6%)

155 (4.9%)
129 (4.0%)

22 (1.5%)

Infectious pneumonia
Aspiration pneumonia

0.157
0617

11 (0.5%)
10 (0.5%)
14 (0.7%)

102 (4.9%)

| (0.2%)
2 (0.4%)
2 (0.4%)

24 (4.6%)

21 (4.0%)

0.547
0.396
>0.999

0.298

3 (0.2%)
10 (0.7%)
7 (0.5%)

89 (6.0%)

0 (0.0%)
2 (1.1%)

14 (7.4%)

0.542
0.677

Infection except pneumonia
External death

Others
Unknown

0.480
0.162
0.446

0.292

0.186

>0.999

0.538

0.121
>0.999

77 (3.7%)

0.424 7 (3.7%)

31 (5.2%)

61 (4.1%)

Abbreviations: AMI, Acute myocardial infarction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.

drug response, cause of death, and outcomes, which differed by
LVEF category. In particular, we noted that women with HF
had more severe HF and more increased cardiovascular mor-
tality than men, despite their reduced cardiovascular risk after
adjustment by clinical background compared to men. To our
knowledge, this is the first study to comprehensively elucidate
sex differences in HF with reference to LVEF and provides
insights into future directions for sex-specific HF management
in the contemporary era.

Sex Differences in Clinical Characteristics and Adherence
to Clinical Practice Guidelines

First, the present study demonstrated sex differences in the
clinical characteristics of 4683 consecutive patients with stage
C/D HF enrolled from the CHART-2 study, one of the largest
scale prospective observational studies for HF in the world (N
=10 219). Women in the present study were characterized by
older age, more preserved LVEF, lower prevalence of IHD, and
higher prevalence of VHD. These findings are consistent with
previous reports from Western countries?®2® and our prelimi-
nary report.'® The present study revealed that the clinical man-
ifestations of HF appeared to be more severe in women than in
men, since women had more advanced NYHA functional class
and elevated serum BNP level despite more preserved LVEF.
The insufficient implementation of evidence-based medication
(beta-blockers, RAS inhibitors, and statins) in women com-
pared to men could be explained, at least in part, by these sex
differences in the present study, particularly by more preserved
LVEF and lower prevalence of IHD in women, since the cur-
rent clinical guidelines recommend treatment with B-blockers,
RAS inhibitors, and statins in patients with HFrEF and/or
IHD.?***3°% However, subgroup analysis by LVEF category
revealed decreased prescription rates of B-blockers and ACEI
in women even in the HFrEF population. In addition, women
with HF having IHD underwent PCI less frequently than men,
even in patients with IHD (data not shown). Thus, women with
HF are less adequately treated and consequently manifest more
severe HF conditions than men.

Sex Difference in Prognosis and Cause of Death

Although women had significantly reduced risk for all the
mortality outcomes after adjustment with clinical background,
women had comparable all-cause mortality to men and an
increased incidence of cardiovascular death and HF admission
in the present study. This observation is not consistent with
those from several previous landmark studies, which showed
areduced crude incidence of death in women with HF,'=3-:6-26-28
Considering that an increased incidence of cardiovascular
death and HF admission in women was statistically evident
only in the HFpEF population, the lack of prognostic advan-
tage in women with HF could be explained by the higher
proportion of HFpEF in women in the present study. Indeed,
a lack of sex difference in crude mortality was also reported in
patients with HFpEF enrolled in the ancillary arm of the
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Table 4. Prognostic Impact of Female Sex by HF Categories.”

All-Cause Death Cardiovascular Death Noncardiovascular Death HF Admission
HR 95% ClI P Value HR 95% ClI P Value HR 95% ClI P Value HR 95% ClI P Value
All 0.743 0.650-0.849 <0.001 0.820 0.694-0.969 0.020 0.585 0.485-0.706 <0.001 0.927 0.819-1.050 0.232
HFrEF 0.673 0.491-0.923 0.014 0.845 0.595-1.200 0.347 0.564 0.331-0.962 0.035 1.026 0.781-1.347 0.853
Borderline HFpEF  0.754 0.530-1.074 0.118 0.710 0.446-1.130 0.149 0.562 0.337-0.939 0.028 0.940 0.691-1.281 0.697
HFpEF 0.781 0.661-0.923 0.004 0.904 0.729-1.120 0.354 0.583 0.467-0.728 <0.001 0.966 0.822-1.136 0.678

Abbreviations: Cl, confidence interval; HF, heart failure; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; HR, hazard ratio.
2P Values for interaction between prognostic impact of female sex and LVEF category (HFrEF, borderline HFpEF and HFpEF) were 0.756, 0.567, 0.896, and 0.510
for all-cause death, cardiovascular death, noncardiovascular death, and HF admission, respectively.

Digitalis Investigation Group trial.*® Since both the number
and the proportion of patients with HFpEF are increasing in
aged societies,”*"!! these lines of observation are quite impor-
tant in considering the future direction of HF management in
the aged and super-aged societies.

In the present study, reduced risk of noncardiovascular
death was more evident than that for cardiovascular risk:
Overall hazard risk of noncardiovascular death was smaller
than that for cardiovascular death. Notably, reduced risk of
cardiovascular death in women was not significant during early
follow-up but became significant later whereas that for non-
cardiovascular death was constantly evident in women
throughout the observational period. Considering a decline in
prognostic impact of BNP level across the time in women but
not in men, this discrepancy in temporal changes of prognostic
impact for women between cardiovascular and noncardiovas-
cular death could be explained by a more severe HF status in
women: More women with severe HF, for example, those with
increased BNP levels, could have died due to cardiovascular
causes in the early period, abolishing the reduced risk of female
sex in nature at least in the early follow-up period. Therefore,
we should pay more attention to women with HF for further
implementation of evidence-based medicine and better adher-
ence to the treatment to improve mortality of women with HF.

We also emphasize that the prognostic impact of female sex
did not differ among HFrEF, borderline HFpEF, and HFpEF in
the multivariable Cox hazard models in the present study, indi-
cating that gender-specific cardiovascular risk may exist
regardless of LVEF in the current era. Importantly, this
gender-specific risk could be social rather than biological,
since women likely visit hospitals later with a more advanced
stage of HF than men, a common observation in daily practice.
From this viewpoint, education for both primary and secondary
prevention of HF to improve adherence to HF prevention and
management is more important in women than in men.

Factors Influencing Sex Difference in Prognosis

There has been little consensus on the explanation for the sex
difference in prognosis. Although previous studies suggested
that LVEF has been suggested to explain sex differences in HF
prognosis, the reduced risk of each end point in women did not
differ among the HFrEF, borderline HFpEF, and HFpEF

groups in the present study. This supports the finding that the
lower risk in women with HF was not explained by LVEF in a
recent post hoc analysis of the Candesartan in Heart failure:
Assessment of Reduction in Mortality and morbidity
(CHARM) program.26

Recently, Lam et al assessed sex differences in baseline
characteristics and outcomes among 4128 patients with HFpEF
in the Irbesartan in Heart Failure with Preserved Ejection Frac-
tion trial and found that the sex-related difference in risk of
all-cause events was modified by 4 factors, namely, renal dys-
function, advanced NYHA class symptoms, the presence or
absence of atrial fibrillation, and stable angina pectoris.?” In
the present study, however, no clinical background, including
these 4 factors, showed significant interactions with sex, indi-
cating that these factors were not strong enough to affect sex
differences. Kajimoto et al reported marked differences
between men and women with respect to the association of
anemia and LVEF with survival in Japanese acute decompen-
sated patients registered in the Acute Decompensated Heart
Failure Syndromes registry: After adjustment for multiple co-
morbidities, anemia was an independent predictor of all-cause
death for HFrEF but nor for HFpEF in men, while it was for
HFpEF but not for HFrEF in women.>' In the present study,
however, sex differences in prognostic impact of anemia were
not observed regardless of LVEF category. Although these
discrepancies could be explained by several factors, including
differences in ethnicity or nature of the studies (post-hoc anal-
ysis of the randomized study vs observational study, or acute
decompensated HF vs stable chronic HF), further studies are
warranted to elucidate factors modifying sex differences in
patients with HFpEF to improve prognosis of patients with
HF in the contemporary or future aged societies.

Sex Differences in Prognostic Impacts of Cardiovascular
Medications

In the management of HF, the use of cardioprotective drugs,
particularly B-blockers and RAS inhibitors, plays important
roles. The current clinical guidelines for HF, however, do not
provide sex-specific recommendations due to the underrepre-
sentation of women and lack of sex-specific evaluation in pre-
vious trials. Thus, one of the most important messages from the
present study is the presence of sex differences in the
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Figure 5. Temporal changes in (A) prognostic impact of female sex and (B) sex differences in prognostic impact of BNP level during the
observational period. BNP denotes brain natriuretic peptide; HR, hazard ratio.

prognostic impacts of cardiovascular medications: Compared attenuated benefit of RAS inhibitors (particularly ACE inhibi-
to men, use of a B-blocker was associated with better mortality  tors) in women is also of clinical significance given that it had
in women, whereas RAS inhibitors produced better mortality in  been suggested in the post hoc analysis of the previous land-
men. This finding of a greater benefit with beta-blockers and an  mark trials of beta-blockers and RAS inhibitors but remained to
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Table 5. Prognostic Factors by Sex.

Women Men
HR 95% ClI HR 95% ClI P Value for Interaction
Overall cohort
Age 1.057 (1.045-1.070) 1.051 (1.044-1.059) 0414
Body mass index 0.957 (0.933-0.982) 0.942 (0.922-0.963) 0.520
Diastolic blood pressure 0.993 (0.986-1.001) 0.991 (0.986-0.997) 0.688
Heart rate, bpm 1.007 (1.001-1.013) 1.006 (1.002-1.010) 0.627
eGFR 0.990 (0.984-0.995) 0.990 (0.986-0.993) 0.720
BNP (per 100 pg/mL) 1.103 (1.073-1.133) 1.080 (1.064-1.096) 0.230
Anemia 1.313 (1.072-1.608) 1.387 (1.202-1.601) 0.819
Cancer 1.534 (1.183-1.988) 1.307 (1.120-1.526) 0.287
Cerebrovascular disease 1.307 (1.047-1.631) 1.451 (1.258-1.672) 0.468
Statins 0.750 (0.606-0.927) 0.787 (0.683-0.907) 0.610
HFrEF
Age 1.031 (1.006-1.058) 1.039 (1.025-1.053) 0.972
Body mass index 0913 (0.841-0.991) 0.975 (0.934-1.017) 0.077
Diastolic blood pressure 0.995 (0.974-1.016) 0.988 (0.976-1.000) 0.543
Heart rate, bpm 0.999 (0.980-1.019) 0.998 (0.990-1.007) 0.824
eGFR 0.985 (0.971-1.000) 0.988 (0.981-0.995) 0.772
BNP (per 100 pg/mL) 1117 (1.051-1.187) 1.066 (1.042-1.091) 0.025
Anemia 0.578 (0.311-1.074) 0917 (0.693-1.215) 0.332
Cancer 1.904 (0.962-3.766) 1.250 (0.889-1.757) 0.232
Cerebrovascular disease 2.565 (1.273-5.167) 1.317 (0.983-1.764) 0.158
Statins 0.845 (0.483-1.478) 0.943 (0.717-1.241) 0.188
Borderline HFpEF
Age 1.019 (0.988-1.050) 1.038 (1.019-1.057) 0.302
Body mass index 0.952 (0.888-1.022) 0.964 (0.912-1.020) 0.949
Diastolic blood pressure 0.977 (0.953-1.002) 0.988 (0.974-1.002) 0.455
Heart rate, bpm 0.997 (0.977-1.019) 1.003 (0.993-1.014) 0.737
eGFR 0.999 (0.983-1.016) 0.993 (0.984-1.003) 0.386
BNP (per 100 pg/mL) 1.063 (0.978-1.156) 1117 (1.057-1.180) 0.215
Anemia 1.410 (0.766-2.596) 1.350 (0.915-1.993) 0.787
Cancer 1.396 (0.662-2.944) 1.814 (1.217-2.702) 0.595
Cerebrovascular disease 1.816 (0.933-3.534) 1.236 (0.856-1.784) 0.720
Statins 0.634 (0.342-1.176) 0.757 (0.528-1.087) 0.694
HFpEF
Age 1.072 (1.056-1.087) 1.068 (1.056-1.080) 0.706
Body mass index 0.961 (0.933-0.990) 0.930 (0.903-0.957) 0.121
Diastolic blood pressure 0.997 (0.988-1.006) 0.996 (0.988-1.003) 0.871
Heart rate, bpm 1.010 (1.003-1.017) 1.010 (1.004-1.016) 0.900
eGFR 0.988 (0.981-0.994) 0.990 (0.985-0.994) 0.422
BNP (per 100 pg/mL) 1.127 (1.084-1.173) 1.104 (1.064-1.145) 0.401
Anemia 1.565 (1.231-1.989) 1.626 (1.347-1.964) 0.926
Cancer 1.372 (1.006-1.872) 1.234 (1.012-1.506) 0.628
Cerebrovascular disease 1.352 (1.048-1.745) 1.601 (1.332-1.924) 0.279
Statins 0.766 (0.594-0.987) 0.693 (0.573-0.838) 0.539

Abbreviations: BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart

failure with reduced ejection fraction.

be confirmed. For example, in the US Carvedilol Heart Failure
Study, it was shown that carvedilol improved survival to a
greater degree in the 256 women with moderate HF symptoms
and LVEF < 35% (HR: 0.23, 95% CI: 0.07-0.69) than in the
men (HR: 0.41, 95% CI: 0.22-0.80).>% In the Cardiac Insuffi-
ciency Bisoprolol Study (CIBIS 1II), a significant reduction in
all-cause mortality among women treated with bisoprolol com-
pared to men was observed, although this was not significant in
multivariate analysis.®® The Studies of Left Ventricular

Dysfunction (SOLVD) investigators also reported that treat-
ment with enalapril was associated with a reduction in mortal-
ity and hospitalizations, albeit less so for women.>*
Furthermore, in a meta-analysis of ACE inhibitors, attenuation
of benefit from ACE inhibition in women when compared to
men was indicated recently.>> Since these landmark studies,
however, no subsequent randomized clinical studies have been
conducted in recent years, as evidence on the benefits of
B-blockers and RAS inhibitors was so robust. Thus, findings
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Figure 6. Prognostic impact of medication and its interaction with sex. HFpEF denotes heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; HR, hazard ratio; RAS, renin—angiotensin system.

from the large-scale observational cohorts are significant in
providing important insights to confirm sex differences in the
benefits of cardiovascular medications. Nevertheless, prospec-
tive trials to examine sex differences in the effects of

cardiovascular medications in the near future are strongly war-
ranted, particularly considering factors that may affect sex dif-
ferences including age, LVEF, HF severity, renal function,
atrial fibrillation, and THD.
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Study Limitations

Several limitations of this study should be mentioned. First, the
CHART-2 study is a prospective observational study for HF in
Japan with a larger proportion of patients with HFpEF compared
to previous studies in Western countries. Second, we used the clin-
ical data at enrollment in the CHART-2 study and did not consider
drug adherence or initiation and/or discontinuation during follow-
up. Third, because the CHART-2 study is an observational study,
we cannot rule out the possibility of significant confounding factors
associated with management and prognosis. Thus, caution should
be taken when generalizing the present findings to other popula-
tions, and validation studies in other countries should be performed.

Conclusion

In this study, we demonstrated substantial sex differences in
patients with HF in our CHART-2 study. In the current era, the
reduced risk of female sex in nature might be abolished by the more
severe status of HF in women, particularly in those with preserved
LVEEF. Establishing sex-related HF management with consider-
ation to LVEF is an emerging agenda item in the aged society.
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