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Abstract

Aims This study aimed to elucidate age-stratified clinical profiles and outcomes in patients with heart failure (HF) with pre-
served left ventricular ejection fraction (LVEF) (HFpEF).
Methods and results The Chronic Heart Failure Registry and Analysis in the Tohoku District-2 (CHART-2) Study included 2824
consecutive HFpEF patients with LVEF ≥ 50% (mean age 69.0 ± 12.3 years; 67.7% male) with a median follow-up of 9.8 years.
We stratified them into five age groups: ≤54 (N = 349, 12.4%), 55–64 (N = 529, 18.7%), 65–74 (N = 891, 31.6%), 75–84 (N = 853,
30.2%), and ≥85 years (N = 202, 7.2%), and we categorized these age groups into younger (≤64 years) and older (≥65 years)
groups. We compared the clinical profiles and outcomes of HFpEF patients across age groups. Younger HFpEF groups exhibited
a male predominance, elevated body mass index (BMI), and poorly controlled diabetes (haemoglobin A1c > 7.0%). Older
HFpEF groups were more likely to be female with multiple comorbidities, including coronary artery disease, hypertension, re-
nal impairment, and atrial fibrillation. The positive association between elevated BMI and HFpEF was more pronounced with
lower classes of age from ≥85 to ≤54 years, especially in males. With higher classes of age from ≤54 to ≥85 years, mortality
rates increased, and HF death became proportionally more prevalent (Ptrend < 0.001), whereas sudden cardiac death (SCD)
exhibited the opposite trend (Ptrend = 0.002). Poorly controlled diabetes emerged as the only predictor of SCD in the younger
groups (adjusted hazard ratio 4.26; 95% confidence interval 1.45–12.5; P = 0.008). Multiple comorbidities were significantly
associated with an increased risk of HF-related mortality in the older groups.
Conclusions Younger HFpEF patients (≤64 years) exhibit a male predominance, elevated BMI, and poorly controlled diabetes,
highlighting the importance of glycaemic control in reducing SCD risk. Older HFpEF patients (≥65 years) are more likely to be
female, with multiple comorbidities linked to an increased risk of HF-related mortality. These findings underscore the need
for physicians to recognize age-related, distinct HFpEF phenotypes for personalized patient management.
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Introduction

Heart failure (HF) with preserved left ventricular (LV) ejection
fraction (LVEF) (HFpEF) is a heterogeneous disorder, and
various phenotyping approaches have been employed to en-
hance patient management.1 However, as HFpEF is generally
considered a disease of the elderly,2,3 there is a lack of
information regarding younger HFpEF patients.

We previously demonstrated that in our CHART (Chronic
Heart Failure Registry and Analysis in the Tohoku District)
Studies, the prevalence of HFpEF increased not only in adults
aged 65 years or older but also in those under 65 years,
when comparing the CHART-1 Study (registration period:
2000–04) and the CHART-2 Study (registration period:
2006–10).4–6 Indeed, recent studies have highlighted a
greater number of HFpEF patients under 65 years than
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anticipated, characterized by distinct clinical backgrounds and
prognosis compared with the older ones.7–9 Recently, Tromp
et al. conducted a pooled analysis of three major HFpEF trials,
CHARM Preserved, I-PRESERVE, and TOPCAT, which revealed
divergent traits between older and younger HFpEF patients.9

Older patients tended to be female with multiple comorbidi-
ties, whereas younger patients exhibited a male predomi-
nance, obesity, diabetes, and a more favourable prognosis,
albeit with an increased risk of cardiovascular (CV) mortality,
especially sudden cardiac death (SCD).9 While age-related dif-
ferences in patient profiles and outcomes observed in HFpEF
trials are apparent, their generalized applicability remains
uncertain, warranting further studies. Additionally, there is a
significant knowledge gap regarding whether the impact of
clinical profiles on outcomes varies by age. For these reasons,
phenotyping HFpEF patients from the viewpoint of age is
important for patient management.

Thus, we aimed to comprehensively examine the
age-stratified clinical profiles and outcomes of HFpEF patients
in the CHART-2 Study.5,10

Methods

Study design

The CHART-2 Study is a multicentre, prospective, observa-
tional cohort study, and details of the study design have been
described previously (NCT00418041).5 Briefly, in the CHART-2
Study, according to the American Heart Association/American
College of Cardiology/Heart Failure Society of America (AHA/
ACC/HFSA) guidelines,11 a total of 10 219 consecutive stable
patients aged ≥20 years with coronary artery disease (CAD),
asymptomatic structural heart disease (stage B), and a
current or past history of symptomatic HF (stage C/D) were
enrolled at the Tohoku University Hospital and 23 participat-
ing hospitals between October 2006 and March 2010.5 CAD
was defined as either organic stenosis requiring revasculariza-
tion or vasospastic angina documented on an electrocardio-
gram (ECG) or angiography.5 The definition of stage B is
summarized in Supporting Information, Appendix S1. HF
was diagnosed by attending experienced cardiologists based
on the Framingham criteria.12 The study protocol was ap-
proved by the local ethics committees at each participating
hospital. Baseline and follow-up data, including medical his-
tory, laboratory and echocardiography data, and clinical out-
comes, were collected at the time of enrolment and have
been recorded annually thereafter by clinical research co-
ordinators. The cause of death was finally adjudicated by
the principal members of the executive office of the
CHART-2 Study based on the death certificate and medical re-
cord of each patient. SCD was defined as the unexpected
death of a stable patient occurring within 1 h after the onset

of symptoms or during sleep.13 However, when a cause of
death (e.g. pulmonary embolism, aortic dissection, or cere-
bral haemorrhage) was identified by autopsy imaging carried
out as necessary, the death was not counted as SCD. Exter-
nal death was defined as a death due to accidents and vio-
lence, including environmental events, circumstances, and
conditions.

In the present study, we focused on stage C/D chronic HF
patients (N = 4876) and carefully selected a cohort of 2824
HFpEF patients with LVEF ≥ 50%, while excluding severe
valvular heart disease. We systematically stratified them into
five distinct age groups: ≤54 (N = 349, 12.4%), 55–64
(N = 529, 18.7%), 65–74 (N = 891, 31.6%), 75–84 (N = 853,
30.2%), and ≥85 years (N = 202, 7.2%). As prior literature
has generally employed an age cut-off of 65 years to distin-
guish younger and older HFpEF patients,7–9 and furthermore,
various international organizations, including the World
Health Organization (WHO), Centers for Disease Control and
Prevention (CDC), European Union (EU), and United Nations
(UN), commonly use this age cut-off to demarcate the older
population in their studies and reports,14–17 we categorized
the patients into those under 65 years (N = 878, 31.1%) and
those aged 65 years or older (N = 1946, 68.9%), defining them
as the younger and older HFpEF groups, respectively.

Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation or median with an interquartile range. Comparisons of
these variables were performed by one-way analysis of vari-
ance (ANOVA) or the Kruskal–Wallis rank sum test, as appro-
priate. Categorical variables were expressed as numerals with
percentages and were compared by Fisher’s exact test.

To examine age-related differences in clinical profiles in
HFpEF patients, we performed binomial and multinomial
logistic regression analyses, including the following baseline
variables by reference to the previous literature8,9: sex, body
mass index (BMI), CAD, hypertension, diabetes, chronic
kidney disease (CKD), atrial fibrillation (AF), New York Heart
Association (NYHA) class, LVEF, and B-type natriuretic peptide
(BNP). CKD was diagnosed when the estimated glomerular
filtration rate was <60 mL/min/1.73 m2. Diabetes was de-
fined by a history of antidiabetic therapy and/or haemoglobin
A1c (HbA1c) ≥ 6.5%.10 For diabetic patients, as achieving
HbA1c ≤ 7.0% is generally recommended to prevent
microvascular complications,18 we thus reclassified diabetes
into well-controlled diabetes (HbA1c ≤ 7.0%) and poorly con-
trolled diabetes (HbA1c > 7.0%).

We performed Cox proportional hazard analyses to com-
pare the risks of all-cause death, CV death, including SCD
and HF death, and non-CV death across age groups. When
evaluating mode of death, we further applied the Fine and
Gray competing risk regression model, considering all-cause
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death as a competing risk.19 For multivariable adjustment,
the variables listed above were included. Furthermore, to
compare predictors of SCD and HF death between the youn-
ger and older groups, we performed Cox proportional hazard
analyses with forward–backward stepwise variable selection
applying the competing risk regression model.19 To examine
how the clinical profiles distinguishing younger and older
HFpEF patients impact their outcomes, we employed age
and the baseline variables listed above as shared potential
confounders, which included most of the clinically relevant
predictors of SCD and HF death in HFpEF patients identified
from the post hoc analyses of the I-PRESERVE trial.20,21

In the present study, a P-value < 0.05 was considered to
be statistically significant. All the statistical analyses were
performed by R Version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Baseline clinical characteristics across age groups

Table 1 provides a comprehensive overview of baseline clini-

cal characteristics. The male proportion showed an increment

with lower classes of age, ranging from 49.5% in ≥85 years to

75.6% in ≤54 years. Concurrently, BMI values and the preva-

lence of obesity (defined as BMI ≥ 30 kg/m2) escalated with

lower classes of age from ≥85 to ≤54 years. However, the

obesity rate was remarkably low, even in the youngest group

(only 17.7%). Poorly controlled diabetes exhibited a higher

prevalence among the younger groups. As expected, multiple

comorbidities were more prevalent, and NYHA class was

higher among the older groups. Importantly, only 38 patients

(1.3%) received implantable cardioverter defibrillator implan-

tation (22 in the younger groups and 16 in the older groups).

Serum BNP levels increased with higher classes of age, from

≤54 to ≥85 years.

LVEF, relative wall thickness, LV mass index, and left atrial
diameter exhibited higher values in the older groups. Con-
versely, LV end-diastolic diameter was greater in the younger
groups. Utilization of beta-blockers and oral antidiabetic
agents was more prevalent in the younger groups. Although
loop and thiazide diuretics were more frequently adminis-
tered to the older groups, the prescription rates of these di-
uretics were relatively low across age groups.

After correcting for confounders, male sex, elevated BMI,
and poorly controlled diabetes were positively correlated
with the younger groups (Figure 1A). In contrast, the older
groups exhibited positive associations with female sex, CAD,
hypertension, CKD, AF, NYHA class III/IV, higher LVEF, and
elevated serum BNP levels (Figure 1A). Additionally, the
positive association between elevated BMI and HFpEF be-
came increasingly prominent with lower classes of age from

≥85 to ≤54 years, particularly among males (Figure 1B).
Importantly, sex differences in age-related trends in the
influence of diabetes control status were not evident
(Supporting Information, Figure S1).

Clinical outcomes and causes of death across age
groups

During a median follow-up period of 9.8 years, 1264 patients
experienced mortality. Incidence rates for all-cause death, CV
death, including SCD and HF death, and non-CV death
increased with higher classes of age from ≤54 to ≥85 years
(Table 2). However, the increasing risk of SCD with age disap-
peared, unlike other causes of death, after multivariable
adjustment applying the competing risk regression model
(Table 2). The overall population observed a proportion of
38.5% for CV deaths and 48.8% for non-CV deaths. Notably,
statistically significant age-associated trends in causes of
death were evident; SCD and external death became more
prevalent with lower classes of age from ≥85 to ≤54 years
(Ptrend = 0.002 and Ptrend = 0.001, respectively), whereas HF
death showed an incremental trend with higher classes of
age from ≤54 to ≥85 years (Ptrend < 0.001) (Figure 2).

Comparison of predictors of sudden cardiac death
and heart failure death between the younger and
older groups

In the cohort of patients categorized by age, SCD and HF
death were characterized by distinct predictive factors. In
the younger groups, poorly controlled diabetes showed a sig-
nificant association with an increased risk of SCD, while in the
older groups, elevated serum BNP levels modestly predicted
a higher likelihood of SCD (Table 3A). Parallel analyses were
performed to examine predictors of HF death across both
age groups. In the younger groups, female sex, CAD, NYHA
class III/IV, and elevated serum BNP levels positively corre-
lated with an increased risk of HF death (Table 3B). Notably,
in the older groups, advanced age itself, higher LVEF, and
similarly to the younger groups, elevated serum BNP levels
were significantly predictive of HF-related mortality.
Additionally, it is also worth noting that comorbidities, such
as diabetes, CKD, and AF, were associated with the occur-
rence of HF-related mortality, whereas these associations
were not observed in the younger groups (Table 3B).

Discussion

In the present study, we conducted a thorough investigation
into the clinical profiles and outcomes of patients with
HFpEF, considering diverse age strata. The major findings
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are as follows: (i) younger HFpEF patients demonstrated
distinctive traits, including a male predominance, elevated
BMI, and poorly controlled diabetes, whereas older HFpEF
patients are more likely to be female with multiple comorbid-
ities such as CAD, hypertension, renal impairment, and AF; (ii)
the importance of elevated BMI in relation to HFpEF patho-
physiology increased with decreasing age, especially in males;
(iii) all-cause mortality and the proportion of HF death
showed an incremental trend with advancing age, whereas
the proportion of SCD showed the opposite trend; and (iv)
poorly controlled diabetes emerged as an independent
predictor of SCD risk in younger HFpEF patients, whereas
multiple comorbidities were substantially linked to an ele-
vated risk of HF-related mortality in older HFpEF patients.
These findings suggest that HFpEF exhibits significant varia-
tions in its clinical profiles and outcomes depending on age,
underscoring the crucial role for physicians to recognize
age-related HFpEF phenotypes for providing personalized pa-
tient care.

Age-stratified distinct clinical profiles and
outcomes of heart failure with preserved ejection
fraction patients

Recent investigations have underscored notable contrasts
between HFpEF patient profiles and outcomes across age
segments.7–9 In concordance with these studies, the present
CHART-2 Study corroborated that male sex and elevated
BMI are distinguishing features of younger HFpEF patients.
Although our study population demonstrated a significantly
lower obesity rate as compared with the prior studies,7–9

we clarified that higher BMI as a continuous measure was
substantially associated with younger HFpEF, highlighting that
even in the absence of clinical obesity, elevated BMI itself re-
mains a potential driver of early-onset HFpEF. Furthermore,
we demonstrated for the first time that the positive associa-
tion between elevated BMI and HFpEF became more pro-
nounced in younger males. This divergence may be attributed
to differing patterns of adiposity distribution across sexes.
Males typically exhibit visceral adiposity, whereas females
tend to exhibit peripheral adiposity, with the distinction being
more pronounced before menopause.22 Treatment with se-
maglutide, a potent glucagon-like peptide 1 receptor agonist,
resulted in more substantial reductions in symptoms and
physical limitations, greater enhancements in exercise func-
tion, and increased weight loss compared with placebo for
HFpEF patients with obesity.23 Obesity should not be viewed
solely as a comorbidity, but rather, it should be considered a
fundamental contributor and a focal point of therapeutic
intervention, at least for younger HFpEF patients.

Furthermore, we emphasize the pivotal role of diabetes,
particularly when poorly controlled (defined as HbA1c >

7.0%), in characterizing younger HFpEF patients. The accrualTa
b
le

1
(c
on

ti
nu

ed
)

≤5
4
ye
ar
s
(N

=
34

9)
55

–
64

ye
ar
s
(N

=
52

9)
65

–
74

ye
ar
s
(N

=
89

1)
75

–
84

ye
ar
s
(N

=
85

3)
≥8

5
ye
ar
s
(N

=
20

2)
P-
va
lu
e

Th
ia
zi
de

di
ur
et
ic

12
(3
.4
)

18
(3
.4
)

21
(2
.4
)

42
(4
.9
)

9
(4
.5
)

0.
06

4
St
at
in

13
2
(3
7.
8)

22
6
(4
2.
7)

36
5
(4
1.
0)

34
3
(4
0.
2)

47
(2
3.
3)

<
0.
00

1
O
ra
la

nt
id
ia
be

ti
c
ag

en
t

35
(1
0.
0)

85
(1
6.
1)

13
4
(1
5.
0)

11
5
(1
3.
5)

18
(8
.9
)

0.
01

3
In
su
lin

7
(2
.0
)

39
(7
.4
)

45
(5
.1
)

31
(3
.6
)

0
(0
.0
)

<
0.
00

1

A
F,

at
ria

lfi
br
ill
at
io
n;

BM
I,
bo

dy
m
as
s
in
de

x;
BN

P,
B-
ty
pe

na
tr
iu
re
ti
c
pe

pt
id
e;

BP
,b

lo
od

pr
es
su
re
;C

A
D
,c

or
on

ar
y
ar
te
ry

di
se
as
e;

C
KD

,c
hr
on

ic
ki
dn

ey
di
se
as
e;

eG
FR

,e
st
im

at
ed

gl
om

er
ul
ar

fi
lt
ra
ti
on

ra
te
;H

bA
1c

,h
ae

m
og

lo
bi
n
A
1c

;H
F,

he
ar
t
fa
ilu

re
;I
CD

,i
m
pl
an

ta
bl
e
ca
rd
io
ve
rt
er

de
fi
br
ill
at
or
;I
V
ST

D
,i
nt
er
ve
nt
ric

ul
ar

se
pt
al

th
ic
kn

es
s
at

en
d-
di
as
to
le
;L

A
D
,l
ef
t
at
ria

ld
ia
m
et
er
;

LV
D
d,

le
ft

ve
nt
ric

ul
ar

en
d-
di
as
to
lic

di
am

et
er
;
LV

EF
,
le
ft

ve
nt
ric

ul
ar

ej
ec
ti
on

fr
ac
ti
on

;
LV

M
I,
le
ft

ve
nt
ric

ul
ar

m
as
s
in
de

x;
M
RA

,
m
in
er
al
oc

or
ti
co

id
re
ce
pt
or

an
ta
go

ni
st
;
N
YH

A
,
N
ew

Yo
rk

H
ea

rt
A
ss
oc

ia
ti
on

;P
W
D
,p

os
te
ri
or

w
al
lt
hi
ck
ne

ss
at

en
d-
di
as
to
le
;R

A
S,

re
ni
n-
an

gi
ot
en

si
n
sy
st
em

;R
W
T,

re
la
ti
ve

w
al
lt
hi
ck
ne

ss
.

W
el
l-c

on
tr
ol
le
d
di
ab

et
es

st
at
us

w
as

de
fi
ne

d
as

H
bA

1c
≤
7.
0%

,a
nd

po
or
ly
co

nt
ro
lle

d
di
ab

et
es

st
at
us

w
as

de
fi
ne

d
as

H
bA

1c
>
7.
0%

.O
ft
he

ov
er
al
lc
oh

or
t,
22

31
(7
9.
0%

)a
,1

69
1
(5
9.
9%

)b
,

16
88

(5
9.
8%

)c
,a

nd
18

05
(6
3.
9%

)d
w
er
e
av
ai
la
bl
e
du

e
to

m
is
si
ng

da
ta
.

Age-stratified profiles and outcomes of HFpEF 2227

ESC Heart Failure 2024; 11: 2223–2233
DOI: 10.1002/ehf2.14798



of visceral adiposity tends to contribute to insulin resistance
and type 2 diabetes, thus establishing a plausible link between
elevated BMI, visceral adiposity, and diabetes among younger
HFpEF patients. Moreover, given the potential of diabetes to

induce LV dysfunction through mechanisms involving
hyperglycaemia, hyperinsulinaemia, systemic inflammation,
and oxidative stress,24,25 its impact on CV mortality becomes
more prominent in the younger population.26 Indeed, we re-

Figure 1 (A) Baseline clinical characteristics associated with younger and older HFpEF patients. In binomial logistic regression analysis, age-related
differences in clinical characteristics among HFpEF patients were examined. The following variables were included for multivariable adjustment:
sex, BMI, CAD, hypertension, diabetes, CKD, AF, NYHA class, LVEF, and BNP. Well-controlled diabetes status was defined as HbA1c ≤ 7.0%, and poorly
controlled diabetes status was defined as HbA1c > 7.0%. (B) Sex differences in age-related trends of the relevance of BMI to HFpEF. In multinomial
logistic regression analysis, sex differences in age-related trends in the relevance of BMI to HFpEF were examined. The following variables were in-
cluded for multivariable adjustment: sex, BMI, CAD, hypertension, diabetes, CKD, AF, NYHA class, LVEF, and BNP. OR, odds ratio. Other abbreviations
are in Table 1.
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ported for the first time that poorly controlled diabetes
emerged as an independent risk factor for SCD, which was a
distinctive cause of death, especially in younger HFpEF pa-
tients. When applying the competing risk regression model,
the lack of an increasing risk of SCD with age, unlike other
causes of death, may underscore the clinical importance of
SCD in younger HFpEF patients, albeit partially due to the scar-
city of SCD events. To date, several studies have reported that
diabetes, especially insulin-treated diabetes, is a risk factor for
SCD in HFpEF patients.21,27,28 Cardiac autonomic neuropathy
observed in diabetes mellitus, characterized by parasympa-
thetic denervation and enhanced sympathetic tone accompa-
nied by elevated circulating catecholamines, has been
demonstrated.29 Given the increasing prevalence of HFpEF
in younger individuals,3 identifying those at higher risk of
SCD is clinically important. In contrast to patients with HF
with reduced LVEF (HFrEF), therapeutic strategies to avert
SCD in HFpEF patients lack pharmacological or device-based
options.11,30 Our present findings indicate that appropriate
glycaemic control may be beneficial to prevent SCD, at least
for younger HFpEF patients.

Importantly, in contrast to the report by Tromp et al.,9 HF
death remained a significant cause of death for younger

HFpEF patients, although the proportion of HF death declined
as age decreased. This disparity may be attributed to differ-
ent study designs, selection criteria, and/or ethnicities among
study populations. Moreover, although age-related trends in
causes of death were generally preserved regardless of sex
(Supporting Information, Figure S2), the rate of HF death
was notably higher among younger females aged 55–64 years,
which may be attributed to the limited number of CV-related
deaths in younger females. Additionally, in contrast to youn-
ger males, CAD was more prevalent, but not statistically sig-
nificant, in younger females who experienced HF death than
in those who experienced other CV deaths excluding HF
death (Supporting Information, Table S1), possibly explaining
the positive association of female sex and CAD with the
occurrence of HF-related mortality in the younger groups.
Nevertheless, these observations remain inconclusive due to
the insufficient statistical power.

Conversely, multiple non-cardiac comorbidities, including
hypertension, renal impairment, anaemia, AF, diabetes, and
chronic obstructive lung disease, have emerged as the
determinants and prognostic indicators of CV-related adverse
outcomes in HFpEF patients, who are often typified by older
females.2,3 The demographics of this patient cohort closely

Table 2 Clinical outcomes across age groups

Outcomes Cases/N
Median survival
time (years)

Events/1000
person-years
(95% CI)

Crude HR
(95% CI) P-value

Adjusted HR
(95% CI) P-value

All-cause death
≤54 years 44/349 6.03 12.2 (8.83–16.3) 1.00 (reference) — 1.00 (reference) —

55–64 years 119/529 7.01 21.9 (18.1–26.2) 1.80 (1.28–2.55) 0.001 1.59 (1.09–2.31) 0.015
65–74 years 345/891 6.19 41.7 (37.4–46.3) 3.51 (2.57–4.80) <0.001 2.94 (2.08–4.16) <0.001
75–84 years 582/853 4.94 103.4 (95.2–112.2) 9.45 (6.95–12.8) <0.001 7.06 (4.97–10.0) <0.001
≥85 years 174/202 3.71 193.0 (165.4–223.9) 19.8 (14.3–27.6) <0.001 12.9 (8.68–19.1) <0.001

CV death
≤54 years 21/349 5.21 5.80 (3.59–8.86) 1.00 (reference) — 1.00 (reference) —

55–64 years 45/529 7.01 8.27 (6.03–11.1) 1.37 (0.82–2.30) 0.230 1.12 (0.65–1.93) 0.670
65–74 years 126/891 5.83 15.2 (12.7–18.1) 2.36 (1.49–3.75) <0.001 1.74 (1.06–2.86) 0.028
75–84 years 216/853 4.68 38.4 (33.4–43.9) 4.79 (3.60–7.48) <0.001 2.90 (1.76–4.77) <0.001
≥85 years 79/202 3.89 87.6 (69.4–109.2) 8.63 (5.32–14.0) <0.001 4.88 (2.73–8.73) <0.001

Sudden cardiac death
≤54 years 7/349 4.10 1.97 (0.78–3.98) 1.00 (reference) — 1.00 (reference) —

55–64 years 14/529 6.13 2.57 (1.41–4.32) 1.28 (0.52–3.15) 0.600 1.03 (0.39–2.67) 0.960
65–74 years 23/891 4.91 2.78 (1.76–4.17) 1.25 (0.54–2.91) 0.610 0.98 (0.40–2.38) 0.960
75–84 years 44/853 4.65 7.82 (5.68–10.5) 2.61 (1.18–5.80) 0.018 1.82 (0.73–4.55) 0.200
≥85 years 6/202 3.32 6.65 (2.44–14.5) 1.52 (0.51–4.53) 0.450 1.32 (0.39–4.47) 0.660

HF death
≤54 years 8/349 5.41 2.21 (0.95–4.35) 1.00 (reference) — 1.00 (reference) —

55–64 years 16/529 7.25 2.94 (1.68–4.77) 1.28 (0.55–2.98) 0.570 1.08 (0.43–2.72) 0.860
65–74 years 59/891 7.31 7.13 (5.42–9.19) 2.83 (1.36–5.92) 0.006 2.25 (1.00–5.05) 0.050
75–84 years 108/853 5.16 19.2 (15.8–23.2) 5.91 (2.89–12.1) <0.001 3.73 (1.65–8.43) 0.002
≥85 years 57/202 4.07 63.2 (47.9–81.9) 15.2 (7.27–31.9) <0.001 8.78 (3.64–21.2) <0.001

Non-CV death
≤54 years 21/349 7.36 5.80 (3.59–8.86) 1.00 (reference) — 1.00 (reference) —

55–64 years 59/529 7.98 10.8 (8.25–14.0) 1.82 (1.11–2.99) 0.017 1.73 (1.02–2.95) 0.042
65–74 years 178/891 6.20 21.5 (18.5–24.9) 3.45 (2.20–5.40) <0.001 3.27 (2.00–5.35) <0.001
75–84 years 288/853 4.76 51.2 (45.4–57.5) 6.89 (4.44–10.7) <0.001 5.95 (3.62–9.79) <0.001
≥85 years 71/202 3.22 78.7 (61.5–99.3) 7.82 (4.79–12.8) <0.001 6.14 (3.44–11.0) <0.001

CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio.
Other abbreviations are in Table 1. In Cox proportional hazard analyses applying the competing risk regression model, the following var-
iables were included for multivariable adjustment: sex, BMI, CAD, hypertension, diabetes, CKD, AF, NYHA class, LVEF, and BNP.
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mirror those of the older HFpEF population in our present
study. We demonstrated that, with advancing age, mortality
risk, excluding SCD, increased notably, and the proportion
of HF deaths gradually rose. Moreover, we clarified for
the first time that, in addition to advanced age, these
non-cardiac comorbidities substantially predicted HF death
in older HFpEF patients, while indicating that these comor-
bidities are not causally associated with an increased risk of
HF-related mortality but rather represent the clinical markers
of a higher global health risk. Intriguingly, higher LVEF was
significantly protective of HF-related mortality. Prior studies,
mostly consisting of acute HF patients, have reported a
U-shaped relationship between LVEF and all-cause mortality,
with the lowest risk being observed at LVEF of 60–65%,31,32

indicating that HF with supranormal LVEF > 65% (HFsnEF) is
a high-risk population. The present study observed a similar
U-shape trend in all-cause mortality but was not statistically
significant (Supporting Information, Figure S3A). In particular,
regarding HF-related mortality, higher LVEF linearly reduced
the risk, at least for older HFpEF patients (Supporting
Information, Figure S3B). Although no prior studies have
reported the impact of supranormal LVEF, especially on

HF-related mortality, a recent study suggested that, in con-
trast to non-CV-related mortality risk, CV-related mortality
risk showed a declining trend from HFrEF to HFsnEF.33

Our observations highlight disparate pathophysiological
and prognostic underpinnings across age groups. A larger
scale HFpEF population database is warranted to validate
and elucidate these clinically pertinent age-related disparities.

Study limitations

Several limitations should be acknowledged in our study. First,
the CHART-2 Study enrolled only Japanese patients, and cau-
tion should be taken when generalizing the present findings
to other populations, which calls for external validation stud-
ies. Second, as this is a post hoc analysis of an observational
study, the impact of missing data (e.g. diastolic functional pa-
rameters) and the presence of unmeasured confounders (e.g.
ECG data, including the left bundle branch block recognized as
a risk factor for SCD21) on the results should be acknowl-
edged. Third, given our selection of HFpEF patients according
to LVEF-based classification in line with AHA/ACC/HFSA

Figure 2 Age-related differences in causes of death in heart failure (HF) with preserved ejection fraction patients. AMI, acute myocardial infarction;
CV, cardiovascular; NCV, non-cardiovascular; NS, not significant.
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guidelines,11 our HFpEF population comprised a spectrum of
diseases, including hypertrophic cardiomyopathy and infiltra-
tive cardiomyopathies (e.g. cardiac amyloidosis and sarcoido-
sis). However, the sensitivity analysis after excluding these ae-
tiologies showed no substantial change in the results of the
present study. Fourth, the relatively small number of patients
who experienced SCD in our study may have impacted the sta-
tistical power and led to potential data overfitting. Neverthe-
less, it is worth noting that the proportion of SCD in our study
(7.4% of total deaths and 19.3% of CV deaths) closely aligns
with figures reported in the Minnesota Heart Survey (10.7%
of total deaths and 27.7% of CV deaths)34 and the Japanese
Cardiac Registry of Heart Failure in Cardiology (JCARE-CARD)
(10.7% of total deaths and 18.4% of CV deaths).35 These stud-
ies, which surveyed cause-specific mortality in HFpEF patients,
share similar proportions of SCD and underscore the preva-
lence of non-CV death, a characteristic often noted in obser-
vational studies of HFpEF patients compared with clinical tri-
als involving individuals with fewer comorbidities.2 Thus, the
relatively small proportion of SCD in our study may be attrib-
uted to a significant representation of non-CV deaths, which
accounted for approximately half of all deaths.

Conclusions

Younger HFpEF patients (≤64 years) exhibit a male predomi-
nance, elevated BMI, and poorly controlled diabetes,
highlighting the importance of glycaemic control in reducing
SCD risk. Older HFpEF patients (≥65 years) are more likely to
be female, with multiple comorbidities linked to an increased
risk of HF-related mortality. These findings underscore the
need for physicians to recognize age-related, distinct HFpEF
phenotypes for personalized patient management.
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