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Differences in Prognostic Factors among Patients
Hospitalized for Heart Failure According to the Age
Category: From the KUNIUMI Registry Acute Cohort

Tomoyo Hamana', Wataru Fujimoto '?, Akihide Konishi®, Makoto Takemoto®, Koji Kuroda®,
Soichiro Yamashita®, Junichi Imanishi’, Masamichi Iwasaki’, Takashi Todoroki?,
Masanori Okuda®, Takatoshi Hayashi’, Hiromasa Otake ', Hidekazu Tanaka',
Masakazu Shinohara®, Ryuji Toh® and Ken-ichi Hirata'

Abstract:

Objective Previous studies have described several prognostic factors for heart failure (HF); however, these
results were derived from registries consisting of conventional age groups, which might not represent the in-
creasingly aging society. The present study explored the prognostic factors for all-cause death in hospitalized
patients with HF across different age categories using an acute HF registry that included relatively old pa-
tients.

Methods From a total of 1,971 consecutive patients with HF, 1,136 patients were enrolled. We divided the
patients into 4 groups (<65, 66-75, 76-85, and >85 years old) to evaluate all-cause death and prognostic fac-
tors of all-cause death.

Results During the mean follow-up period of 1,038 days, 445 patients (39.2%) had all-cause death. A
Kaplan-Meier analysis demonstrated significantly higher incidence of all-cause death in the elderly groups
than in the younger groups (log-rank p<0.001). A Cox proportional-hazard regression analysis revealed that
the presence of atrial fibrillation [hazard ratio (HR): 23.3, 95% confidence interval (CI): 2.36-231.1, p=0.007]
was a notable predictive factor for all-cause death in the <65 years old group, whereas the Clinical Frailty
Scale score (HR: 1.33, 95% CI: 1.16-1.52, p<0.001) and hypoalbuminemia (HR: 0.49, 95% CI: 0.31-0.78, p=
0.003) were predictors in the >85 years old group.

Conclusions Atrial fibrillation was a notable predictor of HF in young patients, whereas frailty and low-
grade albuminemia were essential predictive factors of HF in elderly patients. With the increasing number of
elderly patients with HF, comprehensive multidisciplinary treatment will be necessary.
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Japan, 29% of the population was over 65 years old in

Introduction 2020. As the incidence of HF increases with age, the HF

pandemic is predicted to become evident in Japan by

The number of patients with heart failure (HF) has been 2035 (2). Although evidence-based medication improved the
increasing rapidly with the aging of the population (1). In long-term prognosis of patients with HF until the 2000s (3),
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Figure 1.

Patient flowchart. Among a total of 1,971 patients with acute heart failure who were hos-

pitalized in Awaji Island, 1,136 patients were finally included and divided into 4 groups.

the one-year mortality rate remained high and relatively un-
changed over the last decade (4). In addition, the complica-
tion of a high re-hospitalization rate after discharge (5, 6)
constitutes a burden on the healthcare system.

Previous studies have shown various prognostic factors
for patients with HF including anemia, chronic kidney dis-
ease, and hypoalbuminemia (7, 8). However, these data are
derived from registries that include patients of conventional
age groups, which might not represent the increasingly ag-
ing society. As the features of HF differ among age
groups (9-11), the prognostic factors may differ between
younger and older patients. With the gradual aging of the
population, it has become important to assess the factors
separately by age groups.

Awaji Island is one of the largest isolated islands in Ja-
pan; it also has one of the most aged populations in Japan
and a low migration rate with a relatively stable population.
The total oopulation of Awaji Island is about 130,000,
which has decreased slightly over time from 135,147 in
2015 (12) to 130,866 in 2022 (13-15). In 2015, the propor-
tion of the Awaji Island population >65 years old was
34.2%, which was higher than the Japanese national average
of 26.6% (12). The migration rate in Awaji Island is about
0.3% (13-15), which is markedly lower than the Japanese
national average (2.1%) (16).

The present study explored the prognostic factors of all-
cause death in patients with HF across age categories using
the Kobe University Heart Failure Registry in Awaji Medical
Center, the acute heart failure registry; the KUNIUMI Regis-
try acute cohort (2).

Materials and Methods

Study design and population
The KUNIUMI Registry acute cohort is a population-

based registry of acute HF on Awaji Island in Japan (2).
This registry is a multicenter retrospective study of hospital-
ized patients with HF in Awaji Island. Six acute-care hospi-
tals (Awaji Medical Center, Seirei Awaji Hospital, Higashi-
ura Heisei Hospital, Junshin Awaji Hospital, Sumoto Itsuki
Hospital, and Nakabayashi Hospital) were enrolled in this
registry. Since all acute-care hospitals in Awaji Island par-
ticipated in this registry and no patients with acute HF had
been transported off of the Awaji Island to another island,
including the main island by ambulance, nearly all patients
with acute HF on Awaji Island were considered to have
been enrolled.

From this registry, a total of 1,971 consecutive patients
with HF who met the Framingham criteria (17) and were
hospitalized on Awaji Island between April 2013 and March
2020 were retrospectively enrolled (Fig. 1). After the exclu-
sion of 523 recurrent cases, we assessed the data of the re-
maining 1,448 patients with de novo acute HF. We also ex-
cluded 166 patients with in-hospital death and 146 without
sufficient follow-up data; the final enrolment for this study
therefore comprised 1,136 patients with de novo acute HF.
Patients were divided into 4 groups by age category: 134
patients (11.8%) <65 years old, 184 patients (16.2%) 66-75
years old, 400 patients (35.2%) 76-85 years old, and 418
patients (36.8%) >85 years old.

This study was approved by the Ethics Committee of
Hyogo prefectural Awaji Medical Center (No. 20-11) and
was conducted in accordance with the principles of the Dec-
laration of Helsinki. The study was registered in the Univer-
sity Hospital Medical Information Network (UMIN) Clinical
Trials Registry (UMIN000038637).

Study outcomes

The study endpoints were all-cause death, cardiovascular
(CV) death, non-CV death, and HF re-hospitalization. CV
death was defined as death from HF, myocardial infarction,
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or stroke; cardiac death; or any documented sudden death
without an apparent non-CV cause (18). All patients were
followed up by telephone and medical record reviews. We
defined frailty using the Clinical Frailty Scale (CFS), which
is a semiquantitative tool that provides a generally accepted
clinical definition of frailty, ranging from 1 (very fit) to 9
(terminally ill) at discharge (19).

Statistical analyses

Continuous variables are expressed as meanststandard de-
viations or medians (25-75th percentile) and compared using
a one-way analysis of variance followed by a Scheffe post-
hoc analysis for normally distributed data and the Kruskal-
Wallis test followed by a Conover post-hoc analysis for non-
normally distributed data. Categorical variables are presented
as numbers or frequencies (%) and compared using the ¥
test or Fisher’s exact test. The cumulative incidence of the
endpoint was calculated using the Kaplan-Meier method
with the log-rank test. Baseline characteristics, medication,
laboratory data at discharge, echocardiographic data, CFS at
discharge, all-cause deaths, CV deaths, non-CV deaths, and
HF re-hospitalizations were compared among the four
groups.

To examine the predictive factors for all-cause death in
each group, we used the Cox proportional-hazards model to
estimate the hazard ratio (HR) for endpoints and their 95%
confidence interval (CI) using univariate and multivariate
models. First, a univariate analysis was performed with cer-
tain clinical factors, and then the interaction between age
and these factors was investigated as a whole; if the interac-
tion was significant, the clinical factors were investigated
separately for the age group. All of the variables were in-
cluded in the multiple regression analysis using forced entry
method. All analyses were performed using the MedCalc
software program version 19.8 (MedCalc Software, Ostend,
Belgium). A two-sided p value of <0.05 was considered sta-
tistically significant.

Results

Patient characteristics

In the overall population, the mean age was 79.8+11.8
years old, and the percentage of men was 54.3%. Table 1
summarizes the baseline characteristics, medication, labora-
tory data at discharge, and echocardiographic data. The pro-
portion of women increased with increasing age, and the
body mass index (BMI) was lower in the >85 years group
than other younger groups. The prevalence of comorbidities,
such as diabetes mellitus, atrial fibrillation (AF), hemodialy-
sis, ischemic disease, and cognitive disorder, differed signifi-
cantly among groups. The wusage of [-blockers
angiotensin-converting enzyme inhibitors or angiotensin-II
receptor blockers was higher in the younger groups, whereas
the usage of diuretics including loop diuretic and tolvaptan
was higher in the older groups. Older patients showed

and

higher levels of blood urea nitrogen (BUN) and lower levels
of serum hemoglobin and albumin than younger patients.
The left ventricular end-diastolic and end-systolic diameters
were significantly larger and the left ventricular ejection
fraction significantly lower in younger patients than in older
patients. Elderly patients showed higher E/e' values than
younger patients. The CFS score at discharge was signifi-
cantly higher in the older patients than in the younger pa-
tients. More than 80% of the patients >65 years old were
undergoing rehabilitation during hospitalization.

The percentage of patients prescribed anticoagulants for
AF is shown in Supplementary material 1, which also shows
the rate of patients underdosed with direct oral anticoagulant
(DOAC).

Clinical outcomes

During the mean follow-up period of 1,038+716 days af-
ter hospital discharge, 445 patients (39.2%) had all-cause
death, including 199 (17.5%) who suffered CV deaths. The
number of all-cause deaths among patients by age category
was 21 (265 years old), 51 (66-75 years old), 170 (76-85
years old), and 203 (>85 years old). A total of 322 patients
(28.3%) were re-hospitalized for HF. The 1- and 3-year
mortality rates were 18.4% and 39.4%, respectively. A
Kaplan-Meier analysis showed a significantly higher inci-
dence of all-cause death, CV death, and non-CV death in
the older groups than in the younger groups (log-rank
p<0.001) (Fig. 2a-c). Regarding HF re-hospitalization, there
was no significant difference in the incidence between the <
65 and 66-75 years old groups (HR: 1.26, 95% CI: 0.87-
1.83) and between the 76-85 years and >85 years old groups
(HR: 1.09, 95% CI: 0.83-1.43); however, the incidence was
significantly higher in the 76-85 years old group than in the
66-75 years old group (HR: 1.70, 95% CI. 1.25-2.32)
(Fig. 2d).

Cause of death

The causes of death are compared by age category in
Fig. 3. In all age categories, CV death was the main cause
of death in patients with HF; however, the proportion of CV
death decreased with age (71.4%, 49.0%, 40.6%, and 44.3%
in <65 years old, 66-75 years old, 76-85 years old, and >85
years old groups, respectively, p=0.054). In contrast, the
older groups had a higher rate of pneumonia and other in-
fections than the younger groups. Cancer deaths were fre-
quent in the 66-75 years old group (21.6%), although the
proportion tended to decrease in the 76-85 (9.4%) and >85
(4.9%) years old groups.

Fig. 4 shows the comparison of the cause of CV deaths in
each age category. HF was the main cause of CV deaths in
all groups (66.7%, 64.0%, 73.9%, and 81.1%, in the <65,
66-75, 76-85, and >85 years old groups, respectively, p=
0.26), and sudden death was the second-most common cause
of CV deaths (26.7%, 28.0%, 20.3%, and 16.7%, in the
<65, 66-75, 76-85, and >85 years old groups, respectively, p
=0.56).
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Table 1. A Comparison of the Patients’ Baseline Characteristics, Medication, Laboratory Data at Discharge,

and Echocardiographic Data.

<65 years 66-75 years 76-85 years >85 years Post hoc
N=134 N=184 N=400 N=418 P YAUC o ysist
Age, years 55.7+9.2 70.8+3.0 81.1+2.8 90.1+3.3 <0.001 ab,cde.,f
Male, n (%) 102 (76.1) 123 (66.8) 226 (56.5) 166 (39.7)  <0.001 b,cde,f
BMI, km/m? 24.8+6.6 21.7+4.4 21.1+3.7 19.8+3.7 <0.001 ab,ce.f
Comorbidities
Hypertension, n (%) 82 (61.2) 119 (64.7) 246 (61.5) 283 (67.7) 0.26
Diabetes mellitus, n (%) 59 (44.0) 78 (42.4) 117 (29.3) 71 (17.0) <0.001 b,c,dee,f
Dyslipidemia, n (%) 38 (28.4) 49 (26.6) 88 (22.0) 79 (18.9) 0.059
Atrial fibrillation, n (%) 43 (32.1) 102 (55.4) 215 (53.8) 230 (55.0)  <0.001 a,b,c
Lung disease, n (%) 17 (12.7) 23 (12.5) 78 (19.5) 66 (15.8) 0.096
Hemodialysis, n (%) 15(11.2) 19 (10.3) 22 (5.5) 9(12.2) <0.001 b,c,def
Ischemic heart disease, n (%) 31(23.1) 70 (38.0) 126 (31.5) 85 (20.3) <0.001 ae,f
Cognitive disorder, n (%) 3(2.2) 8(4.3) 51 (12.8) 106 (25.4)  <0.001 b,c,d.e,f
Clinical presentation
Systolic blood pressure, mmHg 151.1+42.0 145.4+34.6 142.0+£30.8 145.0+32.9  0.089
Diastolic blood pressure, mmHg 95.3+26.2 88.8+21.4 79.7+20.5 81.1+64.6 0.005 b.c
Heart rate, bpm 108.9+30.4 100.7+29.1 89.3£26.7 90.6+27.2  <0.001 b,c,de
NYHA 0.60
1L, n (%) 7(5.2) 11 (6.0) 20 (5.0) 12 (2.9)
111, n (%) 26 (19.4) 40 (21.7) 88 (22.0) 88 (21.1)
IV, n (%) 101 (75.4) 133 (72.3) 292 (73.0) 318 (76.1)
Etiology
Ischemic cardiomyopathy, n (%) 31 (23.1) 70 (38.0) 126 (31.5) 85 (20.3) <0.001 a.e,f
Hospitalization length, days 22.3+19.4 26.3+20.6 24.4+18.2 26.2+18.9 0.14
Rehabilitation during hospitalization, n (%) 91 (67.9) 148 (80.4) 332 (83.0) 360 (86.1)  <0.001 a,b,c
Treatment
Intubation, n (%) 22 (16.4) 26 (14.1) 34 (8.5) 23 (5.5) <0.001 byc,de
NIPPV, n (%) 30 (22.4) 39 (21.2) 83 (20.8) 89 (21.3) 0.98
IABP, n (%) 15(11.2) 11 (6.0) 20 (5.0) 8(1.9) <0.001  byc.ef
Dobutamine, n (%) 28 (20.9) 34 (18.5) 58 (14.5) 66 (15.8) 0.29
Nitroglycerine, n (%) 43 (32.1) 46 (25.0) 90 (22.5) 105 (25.1) 0.18
hANP, n (%) 15(11.2) 13 (7.1) 40 (10.0) 22 (5.3) 0.036 cf
B-blocker, n (%) 108 (80.6) 160 (87.0) 304 (76.0) 296 (70.8)  <0.001 c,d,e
ACEi/ARB, n (%) 105 (78.3) 135 (73.4) 287 (71.8) 277 (66.3) 0.035 c
MRA, n (%) 61 (45.5) 95 (51.6) 166 (41.5) 179 (42.8) 0.13
Loop diuretic, n (%) 86 (64.2) 121 (65.8) 297 (74.3) 344 (82.3) <0.001 b,cde,f
Tolvaptan, n (%) 20 (14.9) 34 (18.5) 79 (19.8) 114 (27.3)  0.0041 cef
Pimobendan, n (%) 0(0.0) 0(0.0) 8(2.0) 10 (2.4) 0.062
Digitalis, n (%) 1(0.7) 2(1.1) 92.3) 8(1.9) 0.60
Laboratory data
Hb, g/dL 12.8+2.6 12.2+2.3 11.4+2.0 11.0+1.8 <0.001  b,c,de
Alb, g/dL. 3.3+0.5 3.3x0.5 3.1+0.6 3.0+0.5 <0.001 b,c,de
T-bil, mg/dL 0.71+0.49 0.80+0.89 0.67+0.41 0.61+0.40 0.003 e
BUN, mg/dL 22.5+12.7 23.1+12.5 27.6+18.6 29.0+18.3  <0.001 b,c,de
Cre, mg/dL 1.4+1.5 1.3+1.1 1.3+1.0 1.6+8.0 0.83
BNP, pg/mL (median, IQR) 197.8 267.1 285.5 307.2 0.22
(79.4-534.4) (152.2-609.7) (152.7-587.0) (172.1-525.1)
Echocardiographic data
LVDd, mm 56.0£9.1 52.749.1 49.9+8.8 46.1+8.0 <0.001 ab,cde,f
LVDs, mm 44.6£11.5 40.8+11.2 36.8+10.2 33.0+9.0 <0.001 ab,cde,f
LVEF, % 41.1£13.3 43.4+13.8 48.0£13.4 49.7£129  <0.001 b,c,de
LAD, mm 43.8+7.7 44.2+8.8 44.9+20.0 42.7+7.5 0.17
Ele’ 15.3+6.9 17.5+9.2 17.0+8.0 17.7+7.6 0.025 c
Clinical Frailty Scale at discharge <0.001 b,c,def
1-3,n (%) 108 (80.6) 141 (76.6) 196 (49.0) 100 (23.9)
4,n (%) 8(6.0) 17 (9.2) 77 (19.3) 79 (18.9)
5,n (%) 9(6.7) 13 (7.1) 52 (13.0) 101 (24.2)
6,n (%) 2 (1.5) 2(1.1) 23 (5.8) 45 (10.8)
7-9, n (%) 7(5.2) 11 (6.0) 52 (13.0) 93 (22.2)

Meanzstandard deviation for continuous variables; frequency count n (%) for categorical variables.

ACEi: angiotensin-converting enzyme inhibitor, Alb: albumin, ARB: angiotensin II receptor blocker, BMI: body mass index, BNP: brain na-
triuretic peptide, BUN: blood urea nitrogen, Cre: ceatinine, hANP: human atrial natriuretic peptide, Hb: hemoglobin, IABP: intra-aortic bal-
loon pumping, LAD: left atrial dimension, LVDd: left ventricular end-diastolic diameter, LVDs: left ventricular end-systolic diameter, LVEF:
left ventricular ejection fraction, MRA: mineralocorticoid receptor antagonist, NIPPV: non-invasive positive pressure ventilation, NYHA:

New York Heart Association, T-bil: total bilirubin

* Significant difference (p<0.05) between a: <65 and 66-75 years, b: <65 and 76-85 years, c: <65 and >85 years, d: 66-75 and 76-85 years, e:

66-75 and >85 years, f: 76-85 and >85 years
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Figure 2. Results of a Kaplan-Meier analysis for (a) all-cause death, (b) cardiovascular death, (c)
non-cardiovascular death, and (d) heart failure re-hospitalization among patients aged <65 years old,
66-75 years old, 76-85 years old, and >85 years. *p<0.05. HF: heart failure, NS: not significant
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Figure 3. A comparison of cause of death among the age categories. COPD: chronic obstructive

pulmonary disease, CV: cardiovascular

Predictive factors for all-cause death

A Cox proportional-hazard regression analysis identified
the predictors of all-cause death in each age category (Ta-
ble 2). Since an interaction between age and several factors
was found in all patients, we investigated these factors sepa-
rately for each age group.

In the <65 years old group, the presence of AF was a no-
table predictor among patients with HF (HR: 23.3, 95% CI:
2.36-231.1, p=0.007). Creatinine was an independent predic-

tor in the 3 youngest groups: <65 years old (HR: 1.57, 95%
CI: 1.10-2.25, p=0.013), 66-75 years old (HR: 1.22, 95%
CIL: 1.01-1.47, p=0.044), and 76-85 years old (HR: 1.17,
95% CI: 1.06-1.29, p=0.002). CFS was an independent pre-
dictive factor in the three oldest groups: 66-75 years old
(HR: 1.72, 95% CI: 1.24-2.40, p=0.001), 76-85 years old
(HR: 1.30, 95% CI: 1.12-1.51, p<0.001), and >85 years old
(HR: 1.33, 95% CI: 1.16-1.52, p<0.001). In the >85 years
old group, low-grade albuminemia was also an independent
predictor of all-cause death (HR: 0.49, 95% CI: 0.31-0.78, p
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Figure 4. A comparison of cause of CV death among the age categories. CV: cardiovascular

=0.003). Men were associated with all-cause death in the
76-85 (HR: 2.15, 95% CI: 1.35-3.44, p=0.001) and >85
(HR: 1.61, 95% CI: 1.10-2.35, p=0.014) years old groups.
The BMI was an independent predictive factor in the 66-75
(HR: 0.86, 95% CI: 0.76-0.98, p=0.025) and >85 (HR: 0.94,
95% CI: 0.88-0.99, p=0.026) years old age groups. No sig-
nificant difference was found in the univariate analysis in
the etiology (ischemic cardiomyopathy or not).

We performed similar analyses among 3 groups (<65
years old, 66-85 years old, and >85 years) for sensitivity;
the independent predictive factors were not markedly differ-
ent from those identified in the four main groups. In addi-
tion, the results of the univariate and multivariate analyses
were similar even when 80% of the patients were randomly
selected. Therefore, the robustness of our data has been
proven.

Discussion

We presented the age distribution of hospitalized patients
with HF, their prognosis, and the difference in predictors of
all-cause death according to the age category using the
KUNIUMI Registry acute cohort. The main findings were as
follows: 1) the incidence of all-cause death increased with
advancing age, and the proportion of CV death decreased,
whereas the proportion of pneumonia and other infections
increased with increasing age; 2) in addition to well-known
predictors, such as chronic kidney disease and anemia, in
the <65 years old group, the presence of AF was a notable
predictive factor of all-cause death, whereas CFS and hy-
poalbuminemia were stronger predictors of all-cause death
in the aging population.

In Japan, some acute HF cohorts have revealed that in-
hospital mortality decreased over time, whereas the I-year
mortality after re-hospitalization remained unchanged, ac-
counting for approximately 20% of deaths (4). Our registry
revealed similar mortality rates to a previous HF registry.

However, as we excluded in-hospital deaths (166 patients),
the l-year mortality rate of our registry may have been
higher than that of previous registries (4). In addition, as
previously reported, older patients showed worse mortality
rates than younger patients hospitalized for acute HF (20) in
our registry. This trend was observed for CV deaths, non-
CV deaths, and all-cause deaths, possibly indicating that the
1-year mortality will increase in the future as the population
ages. Therefore, identifying prognostic factors and the cause
of death is important, especially in elderly patients with HF
compared with younger patients with HF.

AF is the most common arrhythmia and often coexists
with HF. Previous studies have revealed that AF is associ-
ated with a poor prognosis in high-risk patients with HF,
such as elderly patients and those with a reduced estimated
glomerular filtration rate, increased B-type natriuretic pep-
tide levels, and low left ventricular ejection fraction (21).
The incidence of AF in our study was higher than that in
previous studies, occurring in more than 50% of patients
>65 years old. Remarkably, only in young patients (<65
years) was AF an independent predictive factor. The inci-
dence of AF is strongly influenced by aging; however, it can
be both a mediator and a surrogate of HF severity, espe-
cially in younger patients. Recently, the CASTLE-AF trial
revealed that catheter ablation for AF in patients with HF
was associated with a significantly lower rate of composite
endpoint of all-cause death and worsening HF than medical
therapy (22). A subgroup analysis showed that the benefit of
catheter ablation was greater in the younger group (<65
years old) than in the older group (>65 years old). Given the
present findings, a positive consideration of catheter ablation
may improve the prognosis of younger patients with HF and
AF.

The incidence of diabetes mellitus in patients <65 years
old was higher in our registry than in that of the United
States (44.0% vs. 38.1%, respectively) (23). This is probably
because East Asian patients, even non-obese and younger
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Table 2. Predictive Factors of the All-cause Death in Each Age Category.

Univariate analysis Multivariate analysis

HR [95% CI] p value HR [95% CI] p value
265 years
Male 0.84 [0.31-2.30] 0.73 0.73 [0.22-8.92] 0.73
BMI 0.91 [0.83-1.01] 0.08 1.00 [0.84-1.18] 0.97
HT 0.63 [0.27-1.49] 0.29 0.28 [0.03-2.37] 0.24
DM 1.20 [0.51-2.82] 0.68 1.06 [0.18-6.19] 0.95
AF 478 [1.92-11.9] <0.001 23.3[2.36-231.1]  0.007
ACEi/ARB 0.54 [0.22-1.31] 0.17 0.99 [0.17-5.84] 0.99
B-blocker 0.61 [0.22-1.66] 0.33 0.07 [0.01-0.82] 0.034
Diuretic 1.84 [0.67-5.03] 0.23 8.03 [0.35-184.0] 0.19
Hb 0.91 [0.77-1.08] 0.28 0.59 [0.35-1.01] 0.056
Alb 0.86 [0.34-2.16] 0.74 2.26 [0.35-14.6] 0.39
T-bil 1.08 [0.43-2.70] 0.87 3.21[0.40-25.5] 0.27
Cre 1.09 [0.98-1.22] 0.10 1.57 [1.10-2.25] 0.013
EF 1.01 [0.98-1.05] 0.41 0.94 [0.86-1.02] 0.12
ICM 1.28 [0.50-3.30] 0.61 3.93[0.59-26.2] 0.16
CFS 1.30 [0.96-1.76] 0.11 0.81 [0.40-1.62] 0.55
66-75 years
Male 1.24 [0.69-2.23] 0.47 2.34[0.76-7.20] 0.14
BMI 0.90 [0.83-0.97] 0.006 0.86 [0.76-0.98] 0.025
HT 0.98 [0.55-1.73] 0.94 0.52[0.21-1.27] 0.15
DM 1.37 [0.79-2.39] 0.26 1.22[0.48-3.12] 0.68
AF 0.99 [0.57-1.72] 0.96 1.25[0.54-2.91] 0.61
ACEi/ARB 1.21 [0.62-2.36] 0.58 1.44 [0.49-4.24] 0.50
B-blocker 0.53 [0.26-1.09] 0.083 0.40[0.11-1.51] 0.18
Diuretic 1.02 [0.58-1.80] 0.95 1.12[0.45-2.79] 0.80
Hb 0.82[0.72-0.93] 0.002 0.94 [0.81-1.09] 0.39
Alb 0.90 [0.49-1.64] 0.73 1.03 [0.78-1.36] 0.85
T-bil 0.96 [0.73-1.40] 0.96 1.69 [0.61-4.70] 0.32
Cre 1.15[1.04-1.28] 0.008 1.22[1.01-1.47] 0.044
EF 1.01 [0.99-1.03] 0.55 0.99 [0.96-1.02] 0.59
ICM 1.22 [0.70-2.11] 0.49 1.30[0.54-3.16] 0.56
CFS 1.36 [1.32-1.64] 0.001 1.72 [1.24-2.40] 0.001
76-85 years
Male 1.38 [1.01-1.88] 0.044 2.15[1.35-3.44] 0.001
BMI 0.95[0.91-1.00] 0.039 0.95[0.89-1.01] 0.10
HT 1.02 [0.75-1.40] 0.88 0.96 [0.61-1.51] 0.86
DM 0.93 [0.68-1.26] 0.63 0.85[0.52-1.38] 0.51
AF 0.99 [0.73-1.33] 0.93 1.03 [0.65-1.63] 0.91
ACEi/ARB 0.75 [0.54-1.05] 0.096 0.77 [0.48-1.22] 0.26
B-blocker 1.01 [0.71-1.44] 0.94 1.00 [0.62-1.61] 0.99
Diuretic 0.89 [0.63-1.24] 0.49 0.86 [0.55-1.42] 0.61
Hb 0.78 [0.72-0.85]  <0.001  0.77 [0.67-0.88]  <0.001
Alb 0.48 [0.36-0.66] <0.001  0.90 [0.60-1.37] 0.90
T-bil 0.87 [0.55-1.38] 0.56 1.54[0.97-2.44] 0.069
Cre 1.20[1.12-1.28]  <0.001 1.17 [1.06-1.29] 0.002
EF 1.00 [0.99-1.02] 0.46 1.00 [0.98-1.01] 0.72
ICM 0.96 [0.69-1.33] 0.81 0.84 [0.50-1.42] 0.52
CFS 1.31[1.19-1.44]  <0.001 1.30[1.12-1.51]  <0.001
>85 years
Male 1.49 [1.13-1.96] 0.005 1.61 [1.10-2.35] 0.014
BMI 0.93 [0.89-0.97] 0.001 0.94 [0.88-0.99] 0.026
HT 0.93 [0.69-1.25] 0.63 1.23[0.82-1.84] 0.32
DM 0.79 [0.53-1.17] 0.23 1.00 [0.58-1.71] 0.99
AF 1.04 [0.79-1.38] 0.77 0.87 [0.58-1.29] 0.48
ACEi/ARB 0.72 [0.54-0.96] 0.024 0.54 [0.37-0.80] 0.002
B-blocker 1.07 [0.79-1.46] 0.65 1.13 [0.73-1.75] 0.57
Diuretic 1.19 [0.83-1.72] 0.34 1.39[0.84-2.30] 0.19
Hb 0.89 [0.82-0.96] 0.003 0.94 [0.84-1.05] 0.29
Alb 0.39[0.28-0.54] <0.001  0.49[0.31-0.78] 0.003
T-bil 0.97 [0.60-1.55] 0.89 1.12[0.70-1.81] 0.63
Cre 1.01 [1.00-1.02] 0.019 1.01 [1.00-1.02] 0.13
EF 1.00 [0.98-1.01] 0.37 1.01 [0.99-1.02] 0.39
ICM 1.08 [0.78-1.50] 0.64 1.15[0.73-1.83] 0.54
CFS 1.35[1.23-1.48] <0.001 1.33[1.16-1.52]  <0.001

Data given as mean for continuous variables, or %.

ACEIi/ARB: angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker, AF: atrial fi-
brillation, Alb: albumin, -blocker: beta-blocker, BMI: body mass index, CI: confidence interval,
CFS: Clinical Frailty Scale, Cre: creatinine, DM: diabetes mellitus, EF: ejection fraction, Hb: hemo-
globin, HR: hazard’s ratio, HT: hypertension, ICM: ischemic cardiomyopathy, T-bil: total bilirubin
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patients, are generally prone to developing type 2 diabetes
mellitus due to B cell dysfunction (24). Since diabetes melli-
tus is a well-established risk factor of stroke, especially
ischemic stroke (25), catheter ablation in younger patients
should be positively considered, and compliance with anti-
coagulant agents should be improved. The percentage of an-
ticoagulant prescriptions in our registry was lower than that
in a previous report (26), and the percentage of DOAC
among anticoagulants was also lower. Since the bleeding
risk was greater than the embolization risk due to the older
age of the patients or their extremely poor general condition,
anticoagulants prescriptions were avoided. Furthermore, in
our study, 14.0% of the patients who were prescribed
DOACs were given less than the recommended dosage. A
similar tendency was noted in a previous study (26). We
should be careful not to underdose DOACS in patients, as an
adequate dose can contribute to a reduction in embolic
events and mortality.

Frailty is a state of increased vulnerability to genetic, bio-
logical, physical, psychological, social, and environmental
stressors due to age-related impairments (27, 28). Previous
studies have demonstrated that frailty is common in patients
with HF and is associated with mortality (29, 30). The CFS
is a semi-quantitative tool for evaluating patients’ frailty and
has been widely used because of its simplicity and useful-
ness (31). Our study demonstrated that the CFS is an inde-
pendent prognostic factor for HF in elderly patients. There
are complex mechanisms underlying the association between
HF and frailty; for example, a low cardiac output leads to
tissue hypoxia and cell apoptosis, which activate inflamma-
tory cytokines, increase oxidative stress, and are related to
mitochondrial dysfunction (32). Neurohumoral factors, such
as the renin-angiotensin-aldosterone system, are also be-
lieved to activate the inflammatory state. These phenomena
lead to increased muscle catabolism, which results in sarco-
penia or physical frailty. Physically frail patients with HF
had significantly lower cardiac outputs and higher heart
rates than non-frail patients, and their HF was often difficult
to control (33). Thus, physical frailty and HF complexly in-
teract in what is referred to as the “frailty cycle” (34). In-
deed, our study showed a higher BUN/Cr ratio in elderly
patients than in younger patients, which may reflect hyper-
catabolism in elderly patients. Undoubtedly, the management
of frailty is essential for elderly patients with HF. As recent
research has shown that appropriate rehabilitation implemen-
tation can prevent a decline in activities of daily living in
elderly patients with HF (35), early and active rehabilitation
may help prevent physical frailty, which is a risk factor for
poor outcomes in elderly patients with HF.

Malnutrition as well as a low BMI are associated with an
increased risk of mortality in patients with HF (36). As BMI
values are much lower in the general Japanese population
than in the Western population (37), nutritional management
is also important in elderly patients with HF, especially in
Japan. Indeed, our study revealed that low-grade albumine-
mia was a predictive factor for a poor prognosis in elderly

patients with HF. In the absence of renal dysfunction
(chronic kidney disease grade >3b), protein-focused nutri-
tional management is necessary to compensate for the in-
creased protein metabolism (38, 39). A recent report re-
vealed that the assessment of dietary intake tailored to the
patient’s nutritional status improves the mortality risk in eld-
erly patients with HF (40); therefore, careful management of
the dietary intake is necessary for elderly patients with HF
in daily practice.

Akita et al. reported that an underdose of guideline-based
medication therapy, including renin-angiotensin system in-
hibitors and [B-blockers, was seen in elderly patients with
acute HF in their West Tokyo Heart Failure cohort. How-
ever, although guideline-based medication therapy at dis-
charge was associated with a reduction in HF readmission or
in the composite endpoint of cardiac death and HF readmis-
sion in the younger group, this association was not observed
in the elderly group (41). This is because the prognosis of
elderly patients with HF is associated with not only conven-
tional medical therapy but also multifaceted factors, such as
frailty and malnutrition. In fact, Rich et al. reported that a
multidisciplinary intervention, such as comprehensive educa-
tion of the patient and family, the assessment of energy in-
take, social-service consultation, and intensive follow-up,
can reduce the risk of readmission among elderly patients
with congestive HF (42). Our study revealed that a high
CFS score and low-grade albuminemia were predictive fac-
tors for a poor prognosis in elderly patients with HF (>85
years old group). Furthermore, our registry indicated that the
rate of non-CV deaths was likely to increase as the popula-
tion ages. Regarding non-CV deaths, deaths from infections,
such as pneumonia, are particularly increasing. Therefore,
elderly patients with HF may require comprehensive multi-
disciplinary interventions, including vaccination against in-
fection (43, 44) and prevention of frailty and malnutrition,
using social and environmental approaches, such as the use
of nursing-care services or family support.

Several limitations associated with the present study war-
rant mention. First, since this is a retrospective observational
registry, unmeasured or unknown factors may have influ-
enced the outcomes. Second, the number of deaths differed
among the age groups, with the number in the <65 years old
group being particularly small. Therefore, the width of the
95% CI in the multivariate analysis (Table 2) was extremely
large in the <65 years old group. This is a statistical limita-
tion; however, we would still like to present the result as a
reference value. Third, although the CFS is a relatively ob-
jective assessment tool for frailty, some bias might have oc-
curred, as scoring was performed using a retrospective medi-
cal record review. Fourth, as shown above, we only evalu-
ated physical frailty. Mental and social frailty are essential
for determining the risk and prognosis of patients with HFE.
Further considerations, such as of housing conditions, are
needed. Furthermore, because of the observational design of
this study, we were unable to prove a cause-and-effect rela-
tionship. Therefore, whether or not comprehensive multidis-
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ciplinary interventions, including prevention of frailty and
malnutrition, can improve the prognosis of elderly patients
with HF remains unclear. Further research is warranted to
establish evidence supporting comprehensive multidiscipli-
nary interventions for elderly patients with HF in Japan.

Conclusion

In addition to well-known risk factors, including chronic

kidney disease and anemia, AF was a notable predictor of
HF in young patients, and frailty and low-grade albumine-
mia were essential predictive factors of HF in elderly pa-
tients. As the number of elderly patients with HF increases
in the future, comprehensive multidisciplinary treatment will
be necessary.

The authors state that they have no Conflict of Interest (COI).
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