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Abstract

Aims The long-term outcome in patients with heart failure (HF) after hospitalization may vary substantially depending on
their age and left ventricular ejection fraction (LVEF). We aimed to assess the relative rates of cardiovascular death (CVD)
and non-CVD based on the age and how the rates differ under the updated LVEF classification system.
Methods and results Consecutively registered hospitalized patients with HF (N = 3558; 39.7% women with a mean age of
73.9 ± 13.3 years) were followed for a median of 2 (interquartile range, 0.8–3.1) years. The CVDs and non-CVDs were evalu-
ated based on age [young (<65 years), older (65–84 years), and very old (≥85 years)] and LVEF classification [HF with pre-
served EF (HFpEF; LVEF ≥50%) and non-HFpEF (LVEF <50%)]. The adverse clinical events were adjudicated independently
by a central committee. Overall, 1505 (42.3%) had HFpEF [young: n = 182 (12.1%), older: n = 894 (59.4%), very old: n = 429
(28.5%)], and 2053 (57.7%) had non-HFpEF [young: n = 575 (28.0%), older: n = 1159 (56.5%), very old: n = 319 (15.5%)]. During
the follow-up, the crude incidence of all-cause death was higher in non-HFpEF than in HFpEF across all age groups (non-HFpEF
vs. HFpEF, young: 10.4% vs. 5.5%, log-rank P = 0.10; older: 26.6% vs. 20.9%, log-rank P = 0.002; very old: 36.7% vs. 31.7%, log-
rank P = 0.043). CVDs accounted for more than half of all deaths in non-HFpEF (young 65.0%, older 64.2%, and very old 55.6%),
whereas the proportion of CVDs remained less than half in HFpEF (young 50.0%, older 41.2%, very old 38.2%). HF readmission
was associated with subsequent all-cause death in non-HFpEF [hazard ratio (HR): 1.72, 95% confidence interval (CI): 1.41–2.09,
P < 0.001], but not in HFpEF (HR: 1.12, 95% CI: 0.87–1.43, P = 0.39).
Conclusions The probability of a non-CVD increases in both LVEF categories with advancing age, but that it is greater in the
HFpEF category. The findings indicate that mitigating CV-related outcomes alone may be insufficient for treating HF in older
population, particularly in the HFpEF category.
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Introduction

The incidence of heart failure (HF) has increased substantially
over the last decade. HF is a serious healthcare concern given
its high morbidity and mortality, particularly in countries with
rapidly ageing populations.1,2 There have been notable ad-
vances achieved in HF management, and numerous clinical

trials have demonstrated that neurohormonal agents contrib-
ute to reduced mortality in patients with HF with reduced
ejection fraction [HFrEF; left ventricular ejection fraction
(LVEF) ≤ 40%].3–5 More recently, novel agents, such as angio-
tensin receptor-neprilysin inhibitor or sodium-coupled
glucose transporter 2 inhibitor, have demonstrated clinical
benefits in patients with HF with reduced and mildly reduced
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ejection fraction (HFmrEF, LVEF 41–49%) and with preserved
ejection fraction (HFpEF; LVEF ≥50%).6–8

The beneficial effect of these HF-specific therapies is pri-
marily attributed to fewer adverse cardiovascular (CV)
events.3–8 However, patients with HF remain at risk of both
CV and non-CV events, and the relative proportion of each
may vary based on their age and HF phenotype.9 The number
of patients with HF with non-cardiac multi-co-morbidities has
been increasing in recent years,10 driven by the burden of
older patients and those with preserved LVEF.10,11 Nonethe-
less, to date, data on the relative mode of death among pa-
tients with HF based on age and LVEF-based classification
are limited.

In order to facilitate both patient-level decision-making
and population-level strategies for reducing morbidity among
patients with HF, it is crucial to understand the mode of
death in real-world patients with HF equipped with a broad
range of symptoms and complications. This study used a mul-
ticentre registry of patients discharged after HF admission to
elucidate the interrelationship between HF readmission,
mode of death, age, and LVEF.

Methods

This study was part of the West Tokyo Heart Failure Registry
(WET-HF). In brief, the WET-HF is a multicentre, prospective
registry including data from consecutively hospitalized
patients with acute HF at six institutions within the Tokyo
metropolitan area from 2006 to 2017.12,13 A central study
committee adjudicated the mode of death to ensure accu-
racy. Initially, all deaths were reviewed by the investigators
and divided into two groups: those requiring adjudication or
those with a clearly defined mode of death. Then, central
committee members reviewed the abstracted records and
adjudicated the modes of death.

Before the launch of this registry, information on the pres-
ent study’s objectives, social significance, and an abstract
were provided for clinical trial registration to the University
Hospital Medical Information Network of Japan
(UMIN000001171). The institutional review boards at each
site approved the study protocol, and the research followed
the Declaration of Helsinki. Written or oral informed consent
was obtained from each patient before the study.

Patient data and selection

Participants aged ≥20 years with acute HF were diagnosed
based on the Framingham criteria and physical examinations
including electrocardiography, echocardiography, and labora-
tory tests analysed by experienced cardiologists at each
institution.3–5,14 Patients who refused to participate in the
study or presented with concurrent HF and acute coronary

syndrome were excluded from registration. Patient data were
entered into an electronic data capture system with a robust
data query engine and system validations for data quality. In
addition, the principal investigators verified the quality of the
reporting at least once a year, and periodic queries were con-
ducted to ensure quality.

Of 4000 consecutively registered patients, we excluded pa-
tients who died during the index hospitalization [n = 164
(4.1%)], those who were not followed up [n = 244 (6.1%)],
and those without LVEF data [n = 34 (0.8%)]. The remaining
3558 patients were included and grouped by LVEF status
[HFpEF, LVEF ≥50% and non-HFpEF (HFmrEF and HFrEF), LVEF
<50%], which was based on the universal classification of HF
[5]. Finally, for each LVEF category, we further categorized the
participants into three age groups: <65 years (young), 65–
84 years (older), and ≥85 years (very old) (Figure S1). The def-
inition of very old was based on previous epidemiology
studies.10 Board-certified physicians or physiology technicians
assessed LVEF on echocardiography using the modified
Simpson’s method during the index hospitalization after the
HF signs and symptoms were stabilized.

Variables and outcomes

Ischaemic aetiology was defined as a history of myocardial in-
farction, percutaneous coronary intervention, coronary artery
bypass grafting, or at least one major epicardial coronary ar-
tery with ≥75% stenosis. The New York Heart Association
(NYHA) functional class was evaluated at discharge by the
treating cardiologists at each institution. Cardiogenic shock
was defined as systolic blood pressure ≤90 mmHg or
inotropes use according to a previous study.15 Regarding
the co-morbidities, anaemia was defined according to the
World Health Organization criteria (haemoglobin at discharge
<13 g/dL for men and <12 g/dL for women). Chronic kidney
disease was defined as estimated glomerular filtration rate
(eGFR) at discharge <60 mL/min/1.73 m2. The eGFR was
calculated using the Modification of Diet in Renal Disease
Equation for Japanese Patients, proposed by the Japanese So-
ciety of Nephrology.16 We assessed nutritional status via the
Geriatric Nutritional Risk Index (GNRI).17

HF death (HFD), sudden cardiac death (SCD), and other
cardiovascular deaths (CVDs), including acute coronary syn-
drome, acute aortic syndrome, intracranial haemorrhage,
and stroke, were considered CVDs. SCD was defined as
unexpected and otherwise unexplained death in a previously
stable patient or death from documented or presumed car-
diac arrhythmia without a clear non-CV cause in a previously
stable patient within 24 h from the onset.18 Non-CVDs were
all other causes of death. Treating physicians at each partici-
pating hospital identified HF readmissions according to stan-
dard definitions.12
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Statistical analyses

We compared the patient characteristics among the three
age groups stratified by LVEF. Parametric and
non-parametric variables and their respective differences
were assessed using a one-way analysis of variance and the
Kruskal–Wallis test. Significant differences between the inde-
pendent categorical variables were assessed using the
chi-squared test.

The incidence of all-cause death was estimated using the
Kaplan–Meier survival function and compared among the
different age groups stratified by LVEF using the log-rank
test. Furthermore, considering the long-time interval in this
study, we divided the participants into those enrolled from
2006 to 2012 (N = 1291, 36.2%) and those enrolled from
2013 to 2017 (N = 2267, 63.8%). We subsequently com-
pared both crude incidence of all-cause death and readmis-
sion among them.

The cumulative incidence of each mode of death was es-
timated, accounting for competing risks; CVD (including
HFD, SCD, and other-CVD) and non-CVD were considered
competing events. The incidence of each mode of death
stratified by age and LVEF categories were compared using
the log-rank test. The CVD proportion was compared
among the three age groups using the Cochran–Armitage
test for trends. For sensitivity analyses, we evaluated the
CVD proportion among patients with HFrEF, HFmrEF, and
HFpEF for each age group. We also re-categorized the par-
ticipants using different LVEF cut-offs (55% and 60%) and
assessed the CVD proportions.

Cox proportional hazards models were used to evaluate
risk factors for all-cause death for each LVEF category. Covar-
iates included in the multivariable model were as follows:
age, sex, LVEF, diabetes, atrial fibrillation, previous stroke, hy-
peruricemia, chronic obstructive pulmonary disease (COPD),
history of smoking, N-terminal pro-B-type natriuretic peptide
(NT-proBNP) level at admission, HF readmission, the NYHA
functional class at discharge, and levels of systolic blood
pressure, haemoglobin, eGFR, and GNRI at discharge. When
analysing patients with non-HFpEF, we also added the
following covariates in the model: the prescription of
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers and β-blockers at discharge and implanta-
tion of implantable cardioverter-defibrillators or cardiac
resynchronization therapy devices. In addition, we assessed
the interaction between HF readmission and age for all-cause
death. Multivariate Fine–Gray competing risk models were
used to explore the association between covariates and CVDs
or non-CVDs.

P-values of <0.05 were considered statistically significant.
All statistical analyses were performed using SPSS version
24.0 (IBM Corporation, Armonk, NY, USA) and R software
(version 3.6.2; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

Of the 3558 discharged patients with HF included in the pres-
ent analysis, 1505 (42.3%) were HFpEF patients [young:
n = 182 (12.1%), older: n = 894 (59.4%), very old: n = 429
(28.5%)], and 2053 (57.7%) were non-HFpEF (HFmrEF and
HFrEF) patients [young: n = 575 (28.0%), older: n = 1159
(56.5%), very old: n = 319 (15.5%); Figure S1]. The distribution
of LVEF is shown in Figure 1. Across the LVEF categories, older
patients were more female and had poor renal function and
nutrition status and a higher number of co-morbidities.
Among patients with non-HFpEF, older patients were less
likely to receive β-blockers, angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers, and mineralo-
corticoid receptor antagonists (Table 1).

Clinical outcomes after discharge

The crude incidence of all-cause death and HF readmission
was similar between the non-HFpEF and HFpEF patients (all-
cause death: 23.6% vs. 22.1%, long-rank P = 0.60, HF readmis-
sion: 31.2% vs. 31.2%, log-rank P = 0.80) during the median
follow-up period of 2.0 [interquartile range, 0.8–3.1] years.
Regarding temporal trends, mean age increased in patients
enrolled in 2013–2017 than those in 2006–2012: non-HFpEF,
72.0 ± 13.5 years vs. 70.1 ± 14.5 years, P = 0.004; HFpEF,
77.9 ± 11.6 years vs. 76.7 ± 11.3 years vs., P = 0.07, respec-
tively. In non-HFpEF category, both the 2-year crude inci-
dence of all-cause death and HF readmission did not show
any significant differences between patients enrolled in
2006–2012 (N = 819) and those enrolled in 2013–2017
(N = 1234): all-cause death; 18.4% vs. 15.6%, log-rank
P = 0.90 (Figure S2), HF readmission; 30.6% vs. 25.4%, log-
rank P = 0.60, respectively. On the contrary, in HFpEF cate-
gory, these incidences were significantly higher in patients
enrolled in 2006–2012 (N = 472) compared with those en-

Figure 1 Distributions of LVEF.
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rolled in 2013–2017 (N = 1033): all-cause death; 14.2% vs.
16.5%, log-rank P = 0.002 (Figure S3), HF readmission;
23.1% vs. 28.2%, log-rank P < 0.001, respectively.

When subdivided by predefined age groups, the cumula-
tive mortality rate was higher among non-HFpEF patients
than HFpEF patients across all age groups (non-HFpEF vs.
HFpEF, young: 10.4% vs. 5.5%, log-rank P = 0.10; older:
26.6% vs. 20.9%, log-rank P = 0.002; very old: 36.7% vs.
31.7%, log-rank P = 0.043) (Figure 2).

CV vs. non-CV mortality

The crude CV and non-CV mortality increased with age,
regardless of the LVEF category (Figure 3 and Table 2). The
proportion of non-CVD gradually increased among older age
groups (P for trend = 0.003). The trend was particularly prom-
inent among HFpEF patients. Non-CVDs outnumbered CVDs
as the primary cause of death in patients with HFpEF (the
proportion of CVDs; young: 50.0%, older: 41.2%, very old:
38.2%), whereas CVDs consistently accounted for more than
half of all-cause deaths across all age groups in non-HFpEF
patients (young: 65.0%, older: 64.3%, very old: 58.6%). Fur-
thermore, when non-HFpEF patients were divided into
HFmrEF and HFrEF subgroup, the proportion of CVDs was
higher in HFrEF (young: 68.8%, older: 65.0%, very old:
57.5%) than in HFmrEF (young: 50.0%, old: 62.2%, very old:
41.2%) across all age groups (Figure 4).

Table 2 and Figure S4 detail the cause-specific mortalities
among the age groups. HFD and SCD were the leading and
second leading causes of CVDs across all age groups, regard-
less of the LVEF status. HFD occurred more frequently with
increasing age, and the incidence was substantially higher in
patients with non-HFpEF than in those with HFpEF of the
same age (Figure S5). The 2-year crude incidences of SCD in
non-HFpEF and HFpEF categories were 5.1% and 2.7%, re-
spectively. Further, the incidence of SCD in the non-HFpEF
category was significantly higher in the older group than that
in the younger and very old groups, whereas its incidence did

not differ in the HFpEF category. The other-CVD incidence
was relatively lower than SCD and HFD and was not associ-
ated with age in either LVEF category. Deaths due to infection
and malignancy were the leading and second leading causes
of non-CVDs in older and very-old groups.

Predictors of all-cause death, CVD, and non-CVD

HF readmission was the strongest predictor of CVD in both
non-HFpEF [subdisributional hazard ratio (sHR) 2.68, 95%
confidence interval (CI) 2.09–3.45, P < 0.001] and HFpEF
(sHR 1.86, 95% CI 1.30–2.65, P < 0.001) (Figure 5A,B, respec-
tively). On the contrary, HF readmission remained the signif-
icant predictor of all-cause death in non-HFpEF (HR 1.72, 95%
CI 1.41–2.09, P < 0.001), but not in HFpEF (HR 1.12, 95% CI
0.90–1.65, P = 0.19) (Table 3). In addition, we found a signif-
icant interaction between HF readmission and age categories
for all-cause death in non-HFpEF (interaction P < 0.001), but
not in HFpEF (interaction P = 0.48).

Regardless of the LVEF categories, age, lower levels of
GNRI, haemoglobin, eGFR, and NYHA functional class ≥III
were significant predictors of both all-cause death and CVD.
On the contrary, lower LVEF and higher NT-proBNP levels
were associated with CVD in non-HFpEF, but not in HFpEF.
Regarding the non-CVD, age, lower levels of haemoglobin,
eGFR, and GNRI were significant predictors across the LVEF
categories (Figure 5C,D). The presence of COPD was signifi-
cant predictor of non-CVD in HFpEF (sHR 2.30 95% CI 1.47–
3.60, P < 0.001), but not in non-HFpEF (sHR 1.24, 95% CI
0.67–2.30, P = 0.49).

Discussion

This study analysed cause-specific mortality based on
age and LVEF classification. Our major findings were as
follows: (i) patients with non-HFpEF had higher mortality
than those with HFpEF for each age group; (ii) for patients

Figure 2 Kaplan–Meier survival curves for the cumulative incidence of all-cause death.
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in the non-HFpEF category, CVDs accounted for more
than half of the deaths across age groups, and the propor-
tion of CVDs was higher than in patients with HFpEF; (iii)
the proportion of CVDs gradually decreased with
increasing age, regardless of the LVEF status; (iv) HF read-

mission was associated with subsequent all-cause death in
patients with non-HFpEF, but not in those with HFpEF;
and (v) age, lower haemoglobin level, and poor nutritional
status were associated with non-CVD across the LVEF
categories.

Figure 3 Incidence of CVD and non-CVD. (A) Non-HFpEF and (B) HFpEF. The cumulative incidence was estimated by the Fine–Gray model.

Table 2 Comparison of clinical outcomes

Mode of death

Non-HFpEF (LVEF <50%) HFpEF (LVEF ≥50%)

Young
N = 575

Older
N = 1159

Very old
N = 319 P-value

Young
N = 182

Older
N = 894

Very old
N = 429 P-value

All-cause death 60 (10.4) 308 (26.6) 117 (36.7) <0.001 10 (5.5) 187 (20.9) 136 (31.7) <0.001
CVD 39 (6.8) 198 (17.1) 65 (20.4) <0.001 5 (2.7) 77 (8.6) 52 (12.1) <0.001
HFD 18 (3.1) 104 (9.0) 44 (13.8) <0.001 2 (1.1) 40 (4.5) 29 (6.8) <0.001
SCD 15 (2.6) 75 (6.5) 15 (4.7) 0.001 3 (1.6) 23 (2.6) 14 (3.3) 0.55
Other-CVD 6 (1.0) 19 (1.6) 6 (1.9) 0.52 0 14 (1.6) 9 (2.1) 0.14

Non-CVD 21 (3.7) 110 (9.5) 52 (16.3) <0.001 5 (2.7) 110 (12.3) 84 (19.6) <0.001
Infection 2 (0.3) 28 (2.4) 13 (4.1) <0.001 2 (1.1) 27 (3.0) 19 (4.4) 0.09
Malignancy 3 (0.5) 26 (2.2) 12 (3.8) <0.001 0 27 (3.0) 13 (3.0) 0.03
Fatal bleeding 2 (0.3) 4 (0.3) 1 (0.3) >0.99 1 (0.5) 3 (0.3) 4 (0.9) 0.27
Digestive disease 0 2 (0.2) 2 (0.6) 0.14 1 (0.5) 4 (0.4) 3 (0.7) 0.78
Respiratory failure 1 (0.2) 9 (0.8) 0 0.14 0 13 (1.5) 4 (0.9) 0.27
Renal failure 0 3 (0.3) 2 (0.6) 0.17 0 3 (0.3) 7 (1.6) 0.02
Others 8 (1.4) 32 (2.8) 16 (5.0) <0.001 1 (0.5) 29 (3.2) 30 (7.0) <0.001
Unknown 5 (0.9) 6 (0.5) 6 (1.9) 0.06 0 4 (0.4) 4 (0.9) 0.38

HF readmission 96 (16.7) 345 (29.8) 319 (38.6) <0.001 33 (18.1) 232 (26.0) 135 (31.5) 0.002

CVD, cardiovascular death; HFD, heart failure death; SCD, sudden cardiac death.
Values are n (%).
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As older patients have been traditionally recruited less of-
ten in randomized controlled trials, there remains inconsistent
evidence regarding the optimal therapeutic approach.3,4,13 In
our study, although CVDs were the primary mode of death
for patients with non-HFpEF (HFmrEF and HFrEF), its propor-

tion decreased gradually with age, probably owing to the in-
creasing burden of non-cardiac co-morbidities and frailty.19–
22 However, older non-HFpEF patients hadmore SCDs, the sec-
ond leading cause of CVDs, compared with the young patients.
These findings underscore the fact that even though the abso-
lute benefit of HF therapies may be less for older patients com-
pared with that for young patients, it is still important to apply
the therapies if they can be delivered at an acceptable cost.
Given the growing burden of older patients with HF,3,22,23

our findings highlight the need for novel strategies that can as-
sist in facilitating optimal disease-specific pharmacotherapies.

In contrast to non-HFpEF patients, the majority of patients
with HFpEF in our study died from non-CV causes, especially
in older age groups. The proportion of non-CVD seemed to
be higher than that in previous randomized controlled trials
for HFpEF,24,25 although the difference can be partially ex-
plained by the fact that epidemiological studies, such as ours,
enrol more older patients with non-cardiac co-morbidities

Figure 4 Proportion of CVD stratified by age and LVEF categories.

Figure 5 Predictors of cardiovascular and non-cardiovascular mortality. (A) Predictors of CVD in non-HFpEF. (B) Predictors of CVD in HFpEF. (C) Pre-
dictors of non-CVD in non-HFpEF. (D) Predictors of non-CVD in HFpEF. Covariates: (i) CVD: age, sex, LVEF, NT-proBNP level at admission, HF readmis-
sion, the NYHA functional class at discharge, and levels of SBP, haemoglobin, eGFR, and GNRI at discharge. When analysing patients with non-HFpEF,
we also added the prescription of ACE-inhibitors/ARBs and β-blockers at discharge as covariates in the model. (ii) Non-CVD: age, sex, COPD, HF read-
mission, and levels of haemoglobin, eGFR, and GNRI at discharge.
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than those in previous clinical trials.26 Previously, a joint anal-
ysis of three large-scale trials targeting HFpEF highlighted the
heterogeneity of HFpEF by age, including HFpEF in younger
patients with obesity and older patients with non-cardiac co-
morbidities.27 Among the patients who died, older patients
with non-cardiac co-morbidities died more often from non-
CV causes,3,27 consistent with the results of the present study.
Although the therapeutic effects of novel pharmacotherapies
are known to extend to patients in the higher LVEF range,8

our findings suggest that their absolute benefit may be atten-
uated in older patients given the higher incidence of non-CVD,
a competing risk for therapies that focus on reducing CV mor-
tality. The absolute benefit will be expected to become smaller
given lower CVD and higher non-CVD rates. This has important
implications for the clinical and economic value of therapies
that target CVDmorbidity among HFpEF populations, whereas
a given therapy’s effectiveness may be substantially higher
among HFrEF patients. Collectively, a challenge is to markedly
improve the prognosis of HFpEF patients by simply applying
therapeutic interventions targeting cardiac co-morbidities.

We found an association between lower haemoglobin
levels and non-CVD, regardless of the LVEF categories, em-
phasizing the importance of screening for causes of
anaemia.3 This is probably related to the fact that anaemia
reflects more co-morbidities faced by patients (e.g. cancer,
chronic renal failure, infections, iron deficiency, or
malnutrition).3 In addition, the post hoc analysis of the
DAPA-HF (Dapagliflozin And Prevention of Adverse-outcomes
in Heart Failure) study revealed that resolution of anaemia
was better achieved with dapagliflozin than with placebo
and patients with resolution had better outcomes than those

without.28 Further investigations are needed to assess its fea-
sibility in a broader range of patients with HF. Additionally, in
line with previous studies,29,30 a lower GNRI value was consis-
tently associated with the increased risk for both CVD and
non-CVD, suggesting the importance of nutritional assess-
ments in all patients with HF. On the contrary, given the op-
timal management for patients with HF with malnutrition is
still under discussion, there is a need to develop multimodal
dietary interventions.31

The association between HF readmission and CV mortality
in both HFpEF and non-HFpEF is consistent with previously
published studies.32 Thus, efforts targeting the prevention
of readmission remain crucial, regardless of the LVEF cate-
gory. Meanwhile, we found that the association between HF
readmission and all-cause mortality varied based on the LVEF
category, indicating that reduction in HF readmission would
be a weaker surrogate for overall benefits in HFpEF patients
than in non-HFpEF patients. For HFpEF, hospitalization due
to non-CV causes likely has a stronger association with all-
cause death given the higher risk of non-CVD. Thus, the im-
plementation of integrated risk management is warranted
to decrease the burden of non-CV events among HFpEF pa-
tients. For instance, the presence of chronic application of
specific treatment measures is frequently challenging, driven
by the fact that most HFpEF patients are older and have im-
paired physical status and cognitive function and frailty.22 In
this context, our findings underscore the importance of a
multiple domain approach, including medical, emotional,
physical function, and social environmental.3,4,22 A recent
randomized clinical trial revealed that the rehabilitation inter-
vention improved physical function compared with usual care

Table 3 Independent predictors of all-cause death

Variables

Non-HFpEF HFpEF

HR (95% CI) P-value HR (95% CI) P-value

Age (per 10 years increase) 1.36 (1.23–1.50) <0.001 1.62 (1.39–1.88) <0.001
Male (vs. female) 1.50 (1.18–1.90) <0.001 1.12 (0.85–1.47) 0.41
GNRI at discharge (per 1 decrease) 1.01 (1.00–1.02) <0.001 1.02 (1.01–1.03) <0.001
SBP at discharge (per 1 mmHg decrease) 1.02 (1.01–1.02) <0.001 1.00 (0.99–1.01) 0.38
LVEF (per 5% decrease) 1.08 (1.02–1.14) 0.009 1.08 (0.97–1.20) 0.14
NT-proBNP at admission (per 500 pg/mL increase) 1.00 (1.00–1.01) <0.001 1.00 (0.99–1.01) 0.20
eGFR at discharge (per 1 mL/min/1.73 m2 increase) 1.01 (1.00–1.01) 0.011 1.01 (1.00–1.02) 0.004
Haemoglobin at discharge (per 1 g/dL decrease) 1.20 (1.13–1.27) <0.001 1.15 (1.07–1.24) <0.001
NYHA classification at discharge ≥III 1.66 (1.35–2.04) <0.001 1.65 (1.30–2.11) <0.001
HF readmission 1.72 (1.41–2.09) <0.001 1.12 (0.88–1.43) 0.34
Diabetes 1.31 (1.07–1.60) 0.009 1.12 (0.87–1.46) 0.38
Atrial fibrillation 0.95 (0.78–1.16) 0.59 1.12 (0.87–1.43) 0.39
Previous stroke 0.97 (0.73–1.28) 0.82 1.22 (0.90–1.65) 0.19
Hyperuricemia 1.01 (0.83–1.23) 0.91 1.17 (0.92–1.51) 0.20
COPD 1.57 (1.05–2.33) 0.026 1.59 (1.04–2.44) 0.032
History of smoking 1.00 (0.81–1.24) 0.97 1.13 (0.85–1.50) 0.39
ACE-I/ARB (at discharge) 0.75 (0.62–0.91) 0.004
β-Blocker (at discharge) 0.67 (0.53–0.86) 0.002
ICD/CRT-D (at discharge) 0.99 (0.73–1.34) 0.94

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide;
CI, confidence interval; COPD; chronic obstructive pulmonary disease; CVD, cardiovascular death; eGFR, estimated glomerular filtration
rate; HF, heart failure; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association; SBP, systolic blood pressure.
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even in older HFpEF patients.33 Nevertheless, further investi-
gations are needed for optimizing the integrated care for
HFpEF patients.

Our research has several limitations. First, this was a mul-
ticentre observational study. Because the treatment strategy
for HF was not predetermined, the treatment varied accord-
ing to the physicians and medical centres. In addition, similar
to previous reports, the present study included only patients
who could be followed up and whose mode of death data
were obtained, potentially leading to selection bias. Second,
we could not observe the temporal trends in data on the
LVEF and the medications taken due to these data not being
collected after discharge. Particularly, considering the effects
of the LVEF trajectory on clinical outcomes,5 we could not ex-
clude LVEF changes that affected the modes of death. Third,
we could not assess the significant factors relevant to the
clinical outcomes within patients with HF, such as the preva-
lence of frailty,21,22 sarcopenia,3,22 iron deficiency,3,34 and
cancer.3 This limitation would have affected the findings with
the predictors of deaths in this study. Fourth, the data on the
incidence of deaths due to pulmonary embolism were not
available for this study. Although the incidence of pulmonary
embolism in Japan was about 20% of that of the United
States,1,35,36 not including it in our analysis may have
underestimated the incidence of CVD proportion. Finally,
the majority of participants enrolled in this registry were
Asian patients. Previous multinational studies have demon-
strated substantial regional differences in clinical outcomes
and prescribing patterns of guideline-directed medical
therapy.37,38 Thus, racial or environmental differences should
be considered when translating these findings in other coun-
tries. However, we would like to emphasize that our registry
included a very large number of elderly patients with distinct
phenotypes; additionally, we conducted an objective assess-
ment of 2-year outcomes and offered novel insights into ad-
dressing serious health concerns in a markedly increased
population of elderly patients with HF.

Conclusions

The 2-year incidence of CVD and non-CVD varied substan-
tially by age and LVEF status. Our findings indicate that miti-
gating CVDs alone is insufficient, highlighting the challenge of
treating HF in the older population. The traditional clinical tri-
als in HF have focused on CV outcomes, and caution is war-
ranted in applying the results in real-world scenarios, partic-
ularly in patients with HFpEF.
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