
C L I N I C A L I N V E S T I G A T I ON S

Mode of death in elderly and super-elderly patients with acute
heart failure: Insights from Japanese heart failure registry

Kensuke Takabayashi MD1 | Shouji Kitaguchi MD1 | Takashi Yamamoto MD1 |

Kotoe Takenaka MD, PhD1 | Hiroyuki Takenaka MD, PhD1 |

Ryoko Fujita MD, PhD1 | Miyuki Okuda MD, PhD2 | Osamu Nakajima MD, PhD3 |

Hitoshi Koito MD, PhD4 | Yuka Terasaki MD5 | Tetsuhisa Kitamura MD, PhD6 |

Ryuji Nohara MD, PhD1

1Department of Cardiology, Hirakata Kohsai

Hospital, Osaka, Japan

2Department of Internal medicine, Osaka

Hospital, Osaka, Japan

3Department of Cardiology, Hirakata City

Hospital, Osaka, Japan

4Department of Cardiology, Otokoyama

Hospital, Kyoto, Japan

5Department of Internal medicine, Arisawa

General Hospital, Osaka, Japan

6Department of Social and Environmental

Medicine, Graduate School of Medicine, Osaka

University, Osaka, Japan

Correspondence

Kensuke Takabayashi MD. Department

of Cardiology, Hirakata Kohsai Hospital,

Osaka, Japan, 1-2-1, Fujisakashigashimachi,

Hirakata-shi, Osaka 573-0153, Japan.

Email: taka410@gmail.com

Funding information

Nakajima Steel Pipe Company Limited, Grant/

Award Number: None; Osaka University

Abstract

Background: In Japan, both the prevalence of the elderly and super-elderly and those

of acute heart failure (AHF) have been increasing rapidly.

Methods: This registry was a prospective multicenter cohort, which enrolled a total

of 1253 patients with AHF. In this study, 1117 patients' follow-up data were avail-

able and were categorized into three groups according to age: <75 years old (non-

elderly), 75–84 years old (elderly), and ≥ 85 years old (super-elderly). The endpoint

was defined as all-cause death and each mode of death after discharge during the

3-years follow-up period.

Results: Based on the Kaplan–Meier analysis, a gradually increased risk of all-cause

death according to age was found. Among the three groups, the proportion of HF

death was of similar trend; however, the proportion of infection death was higher in

elderly and super-elderly patients. After adjusting for potentially confounding effects

using the Cox and Fine–Gray model, the hazard ratio (HR) of all-cause death

increased significantly in elderly and super-elderly patients (HR, 2.60; 95% confi-

dence interval [CI], 1.93–3.54 and HR, 5.04; 95% CI, 3.72–6.92, respectively), when

compared with nonelderly patients. The highest sub-distribution HR in detailed mode

of death was infection death in elderly and super-elderly patients (HR, 4.25; 95% CI,

1.75–10.33 and HR, 10.10; 95% CI, 3.78–27.03, respectively).

Conclusions: In this population, the risk of all-cause death was found to increase in

elderly and super-elderly. Elderly patients and especially super-elderly patients with

AHF were at a higher risk for noncardiovascular death, especially infection death.
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1 | INTRODUCTION

In 2018, life expectancy in Japan was 87.3 and 81.2 years old in

females and males, respectively.1 Japan has the highest proportion of

elderly and super-elderly people in the world. Both the prevalence

of the elderly and super-elderly and those of heart failure (HF) have

been increasing rapidly in most countries worldwide.2,3 Improvements

in the treatment of HF are shown in many guidelines, and patients

with HF have better outcomes.4,5 However, many patients with acute

HF (AHF) were older and had many comorbidities, and previous large

randomized clinical trials had a limitation of a direct adoption for all

patients in real-world settings because of various exclusion criteria.6,7

Therefore, information for detailed prognosis in elderly and super-

elderly patients are limited.

Although well-established medical and support therapies

improved survival discharge and prolonged prognosis in patients with

AHF, morbidity and mortality are still high especially in elderly

patients with AHF.8-10 Some single-center studies showed detailed

mode of death in elderly and super-elderly patients with AHF.11,12

Elderly and super-elderly patients with AHF had the tendency to have

noncardiovascular death and infection death. However, few multicen-

ter prospective studies describing the detailed mode of death during

long-term follow-up period still exist. Further data and understanding

about the detailed mode of death in patients with AHF are necessary.

The Kitakawachi Clinical Background and Outcome of Heart Fail-

ure (KICKOFF) Registry was a prospective, multicenter registry of Jap-

anese patients with AHF.13 A total of 13 hospitals in Osaka, Japan,

participated in the registry. This study aimed to use the database to

evaluate the detailed mode of death in patients with AHF according

to age especially focusing on elderly and super-elderly patients.

2 | METHODS

2.1 | Study design

The AHF patients' data from the KICKOFF Registry, which were regis-

tered between April 2015 and August 2017, were analyzed. A total of

13 hospitals, consisting of one cardiovascular center and 12 small- or

medium-sized hospitals in the north of Kitakawachi (Hirakata City,

Neyagawa City, and Katano City) and Yawata, participated in the reg-

istry.13 The patients were diagnosed with HF based on the Framing-

ham criteria when the presence of at least two of the major criteria, or

one major and two minor criteria, in each hospitalization was identi-

fied.14 This registry has no exclusion criteria. The KICKOFF Registry is

registered with the University Hospital Medical Information Network

Clinical Trials Registry in Japan (UMIN000016850). The registry

design has been described in detail elsewhere.7,13 The study protocol

was in accordance with the ethical guidelines of the 1975 Declaration

of Helsinki and was approved by the ethics committee of the Hirakata

Kohsai Hospital (Osaka, Japan). All participants provided written

informed consent before their enrollment in the study. The study did

not affect any treatment or any other methods of outpatient care.

2.2 | Patient and outcome data definitions

Among the 1253 patients enrolled in this study, 1118 were alive at

discharge, and one patient was excluded because of missed follow-up

data. Finally, 1117 patients were available and categorized into three

groups according to age: <75 years old (nonelderly), 75–84 years old

(elderly), and ≥ 85 years old (super-elderly) with reference to previous

studies.3,11,12 The other definitions of each comorbidity were

described in our previous paper.13

Follow-up data were primarily collected by reviewing hospital

records, and additional follow-up information was obtained via tele-

phone or mail contact with the patients or their relatives collected at

6 months, 1 year, 2 years, and 3 years after discharge. All-cause death

and detailed mode of death during the follow-up period were evalu-

ated as adverse outcome. All-cause death was divided into two

groups: cardiovascular death and noncardiovascular death. Cardiovas-

cular death was defined as death due to HF, sudden death, acute cor-

onary syndrome (ACS), stroke or intracranial hemorrhage, and other

cardiac death causes. HF death was defined as a death that occurred

as a result of worsening or intractable HF. Sudden death was defined

as an unexplained death of a previously stable patient. ACS included

acute myocardial infarction and unstable angina. Noncardiovascular

death was defined as death due to infection, cancer, renal or liver fail-

ure, and other causes. The mode of death in each patient was defined

as the critical condition that initiated the train of events leading

directly to death. Only one underlying mode of death was applied to

each death event. The mode of death was classified as unknown when

the mode of death could not be classified, or the detailed information

of death was lacking.

2.3 | Statistical analysis

The clinical baseline characteristics were compared among the three

groups using Cochran–Armitage tests and Dunnett's tests, for cate-

gorical variables and continuous variables, respectively. Continuous

variables are expressed as a mean ± SD or interquartile range, and cat-

egorical variables are expressed as numbers and percentages. Crude

mode of death rates per 100 person-years with 95% confidence inter-

val (CI) was calculated in each group. The Kaplan–Meier method was

applied to evaluate the cumulative incidences of all-cause death, car-

diovascular death, noncardiovascular death, HF death, and infection

death. The differences were evaluated by conducting a log-rank test

and the Bonferroni method for multiple comparisons.

Moreover, multivariate analysis was conducted using a Cox pro-

portional hazard model to evaluate the association among the three

groups and the incidence of the all-cause death. Hazard ratio

(HR) with 95% CI was also calculated. Potentially confounding effects

were also adjusted in multivariable models that were considered to be

associated with the clinical outcomes, including sex and comorbidities

(yes/no): history of HF, coronary artery disease (CAD), valvular dis-

ease, cardiomyopathy, hypertension, diabetes mellitus, atrial fibrilla-

tion, chronic kidney disease (CKD), and stroke. Furthermore, to
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evaluate the effect of clinical factors, the covariates were selected as

follows: sex, eGFR, BNP and prescriptions at discharge (yes/no):

renin-angiotensin system (RAS) inhibitors, β-blocker, diuretic, mineral-

ocorticoid receptor antagonist (MRA), calcium-channel blocker, oral

inotropic agent, digitalis and oral diabetic agent. Included variables

were assumed to be time independent from the discharge.10,15

Competing risk analysis was conducted to obtain a more insight-

ful interpretation of the impact of the detailed mode of death. First,

two types of death, cardiovascular death and noncardiovascular

death, were treated as competing events. Second, more details of the

four types of death (HF death, cardiovascular death without HF death,

infection death, and noncardiovascular death without infection death)

were also treated as competing events. Confounder-adjusted analysis

was applied using the Fine–Gray model,16 which is a Cox-type regres-

sion analysis for competing risk analysis. Sub-distribution HRs with

95% CI were estimated. Variables adjusted in this model were the

same as those in the Cox proportional hazard model.

All statistical analyses were conducted by JMP version 14 (SAS

Institute, Cary, NC, USA) and EZR on R commander Version 1.41 in

this study.17 p < .05 was considered statistically significant.

3 | RESULTS

Among the 1117 patients, 393 (35.2%), 401 (35.9%), and 323 (28.9%)

were nonelderly, elderly, and super-elderly patients with AHF,

respectively. All follow-up data were available as of August 2020.

The median follow-up period was 1078 days (interquartile range,

430–1160 days).

Table 1 shows the baseline clinical characteristics. Overall, 51.1%

of the patients were males, and the mean age was 77.3 years. The

proportion of males tended to be lower with increasing age groups.

No significant difference was observed in the proportion of previously

diagnosed HF. Super-elderly patients had the lowest proportion of

CAD, cardiomyopathy, and diabetes mellitus. By contrast, super-

elderly patients had the highest proportion of valvular disease, CKD,

and stroke. With increasing age groups, LVEF tended to be higher,

whereas BMI and eGFR tended to be lower.

Figure 1 shows the distribution of the detailed mode of death

according to age. Among the three groups, the proportion of HF death

was of similar trend; however, the proportion of infection death was

higher in elderly and super-elderly patients. Super-elderly patients had

F IGURE 1 The distribution of the detailed mode of death according to age. Among the three groups, the proportion of HF death was of
similar trend; however, the proportion of infection death was higher in elderly and super-elderly patients. Super-elderly patients had the lowest
proportion of cardiovascular death
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F IGURE 2 Kaplan–Meier
curves for all-cause death (A),
cardiovascular death (B),
noncardiovascular death (C),
heart failure death (D) and
infection death (E) during the
3-years follow-up among the
following three groups:
(i) nonelderly, (ii) elderly, and

super-elderly patients with acute
heart failure. In the Kaplan–Meier
analysis, a significantly lower rate
of the all-cause death for
nonelderly than for the other
groups was obtained. As regards
the detailed mode of death,
significantly decreasing rates of
cardiovascular death,
noncardiovascular death, HF
death, and infection death with
decreasing age groups were
obtained

TABLE 3 Association between age and mode of death compared with nonelderly patients during 3-years follow-up

Nonelderly
Elderly Super-elderly

Reference HR (95% CI) p value HR (95% CI) p value

All-cause death 1.00 2.60 (1.93–3.54) <.001 5.04 (3.72–6.92) <.001

Cardiovascular deatha 1.00 2.19 (1.42–3.38) <.001 3.55 (2.24–5.65) <.001

Noncardiovascular deatha 1.00 2.79 (1.72–4.53) <.001 5.34 (3.24–8.80) <.001

HF deathb 1.00 1.83 (0.98–3.41) .059 4.87 (2.49–9.50) <.001

Other cardiovascular death

(without HF deathb)

1.00 2.44 (1.33–4.48) .004 2.26 (1.21–4.20) .010

Infection deathb 1.00 4.25 (1.75–10.33) .001 10.10 (3.78–27.03) <.001

Other noncardiovascular death

(without infection deathb)

1.00 2.08 (1.15–3.77) .016 3.22 (1.83–5.67) <.001

Note: HR of adjusted model was adjusted for sex and co-morbidities (yes/no); history of heart failure, coronary artery disease, valvular disease,

cardiomyopathy, hypertension, diabetes mellitus, atrial fibrillation, chronic kidney disease, and stroke.
aSub-distribution hazard ratio for cardiovascular death and noncardiovascular death was estimated by Fine-Gray model between cardiovascular and

noncardiovascular death.
bSub-distribution hazard ratio for HF death, other cardiovascular death without HF death, infection death and other noncardiovascular death without

infection death was estimated by Fine-Gray model among four groups. HR: hazard ratio, CI: confidence interval, HF heart failure.
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the lowest proportion of cardiovascular death (43% vs. 48% in non-

elderly and 47% in elderly).

Table 2 shows the incidence numbers and rates of the mode of

death in three groups during the follow-up period. A total

of 389 patients (34.8%) had the all-cause death events, and the

highest proportion of the composite endpoint was in super-elderly,

which is 55.4% (179/323). This was followed by 36.7% (147/401) in

elderly and 16.0% (63/393) in nonelderly. The annual incidence rate

of all-cause death was 6.04, 16.09, and 29.58 in nonelderly, elderly,

and super-elderly, respectively. In nonelderly, the annual incidence

rate of cardiovascular death was higher than that of noncardiovascular

death; however, in elderly and super-elderly, the annual incidence rate

of cardiovascular death was lower than that of noncardiovascular

death. In all groups, the highest incidence rate of the detailed mode of

death was HF death.

During the follow-up period, the cumulative event rates of all

patients were compared among the three groups. Using the Kaplan–

Meier method, a significantly lower rate of the all-cause death for

nonelderly than for the other groups was obtained (Figure 2). As

regards the detailed mode of death, significantly decreasing rates of

cardiovascular death, noncardiovascular death, HF death, and infec-

tion death with decreasing age groups were obtained.

In the Cox proportional hazard model (Table 3), the all-cause

death HRs increased significantly in elderly and super-elderly, when

compared with that of nonelderly (adjusted HR, 2.60; 95% CI, 1.93–

3.54, p < .001 and adjusted HR, 5.04; 95% CI, 3.72–6.92, p < .001,

respectively). Using the Fine–Gray model, the sub-distribution HRs of

cardiovascular death and noncardiovascular death also increased sig-

nificantly in elderly and super-elderly patients. Similar tendency was

found in the multivariate model adjusted for the other clinical factors

including prescriptions at discharge (Table S1). The highest sub-

distribution HR in detailed mode of death was infection death in

elderly and super-elderly patients (adjusted sub-distribution HR, 4.25;

95% CI, 1.75–10.33, p = .001 and adjusted sub-distribution HR,

10.10; 95% CI, 3.78–27.03, p < .001, respectively).

4 | DISCUSSION

In this prospective registry of AHF patients in Japan, the elderly and

super-elderly patients had a significantly greater risk of reaching all-

cause death after discharge among AHF patients. Additionally, this

study revealed that noncardiovascular death, especially infection

death, was a more common risk in elderly and super-elderly AHF

patients than cardiovascular death. These differences were indepen-

dently maintained despite adjustments for differences in com-

orbidities and prescriptions. To our knowledge, this is the first

prospective report to examine the association between super-elderly

and prognosis and include information that is helpful for preventative

approaches and management for patients following AHF.

This study found that the risk of all-cause death in AHF patients

with elderly was 2.5-fold higher, and that with super-elderly was more

than fivefold higher than that with nonelderly. Interestingly, a gradual

increased risk was found more in noncardiovascular death than in car-

diovascular death. Moreover, the major noncardiovascular death was

caused by infection death. Especially, the risk of infection death in

AHF patients with super-elderly was tenfold higher than that with

nonelderly. These results were obtained from previous studies.10,11

The NARA-HF study, a single-center retrospective study, reported

that no significant differences were observed in cardiovascular death

between patients aged <75 years and those aged ≥75 years with

AHF, but a risk of noncardiovascular death, mostly caused by infec-

tion, in those aged ≥75 years was significantly higher than in those

aged <75 years.11 This previous study showed that adjusted HR for

noncardiovascular death was 3.25 and that for infection death was

7.09 in patients aged ≥75 years in comparison with those >75 years

old. Our study revealed that the HR for noncardiovascular death was

2.79 and 5.34 in elderly and super-elderly patients with AHF, respec-

tively. Furthermore, the HR for infection death was 4.25 and 10.1 in

elderly and super-elderly patients with AHF, respectively. The risk for

infection death in super-elderly was 2.3-fold higher than that in

elderly patients. These findings suggest that patients with AHF should

have managements to prevent infections, to improve the outcomes

after discharge. In this study population, 73.0% (N = 54/73) of the

infection death was caused by pneumonia. A previous study showed

that influenza vaccination was associated with lower all-cause death

even after the adjustment for the propensity score matching in

patients with HF.18 Another large nationwide cohort study in Den-

mark showed that influenza vaccination was associated with a

reduced risk of all-cause and cardiovascular deaths in patients with

HF; moreover, frequent vaccination and vaccination earlier in the year

were associated with reduced risk of death compared with intermit-

tent and late vaccination.19 Prior vaccination against pneumococcus is

obviously associated with improved survival and decreased chance of

respiratory failure in elderly people.20 Furthermore, both influenza

and pneumococcus vaccination together demonstrated added bene-

fits in elderly patients.21 In 2020, COVID-19 pandemic has occurred,

and elderly, HF, and cardiovascular disease were the severe risk fac-

tors of mortality.22 Unfortunately, this registry has no detailed data on

pneumonia; however, elderly and super-elderly patients with HF

should take some vaccinations by winter season.

In our study population, 35.9% and 28.9% belonged to the elderly

and super-elderly patients with AHF, respectively. A recent prospec-

tive study in Spain conducted a similar study that evaluated an associ-

ation between 1-year clinical outcomes and super-elderly patients

with AHF.12 They showed that 1-year all-cause death rates in non-

elderly, elderly, and super-elderly groups were 14.0%, 24.4%, and

42.3%, respectively, and 1-year HF death rates in nonelderly, elderly,

and super-elderly patients with AHF were 5.1%, 11.8%, and 19.6%,

respectively. In Western countries, an annual death rate in hospital-

ized patients with AHF reached approximately 20%.23,24 Major HF

cohort studies in Japan reported approximately 7%–20% annual mor-

tality in patients with HF.10,25,26 This study showed that 1-year all-

cause death rates in nonelderly, elderly, and super-elderly groups

were 6.4%, 16.1%, and 29.6%, respectively, and 1-year HF death rates

in nonelderly, elderly, and super-elderly patients with AHF were 1.4%,
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3.4%, and 6.9%, respectively. This study included a higher proportion

of elderly and super-elderly patients than previous Japanese cohort

studies. Although there were several differences in medical systems,

management, and characteristics between Japan and Western coun-

tries, Japanese patients with AHF might have the potential to better

prognosis than those in Western countries. However, mortality in

Japanese patients with AHF was still high, one-third of the super-

elderly patients died in 1 year, which reinforces the importance of

advance care planning (ACP) and palliative care in patients with

HF. Although tools for ACP and palliative care management are more

pervasive in Western countries than in Japan, some Japanese tools

for ACP and palliative care management recently exist.27,28

The Spanish cohort also showed that adjusted HRs of HF death

was 2.02 in elderly patients and 3.32 in super-elderly patients, com-

pared with those of <65-year-old patients.12 The HR of HF death in

our study was similar to their results (adjusted HR: 2.19 and 3.55

in elderly and super-elderly, respectively). HF death rate in patients

with AHF was also still high in elderly and super-elderly patients. Sev-

eral studies showed that the positive effects of physical rehabilitation

in patients with chronic HF were confirmed.29,30 A nurse-led, multi-

disciplinary home-based intervention after discharge of AHF contrib-

uted to the decreasing risk of mortality.31 Malnutrition was a high risk

of mortality in patients with HF,32 and nutrition therapy is also impor-

tant to prevent adverse outcomes in patients with HF. Several tools

should be applied more to elderly and super-elderly patients with

AHF according to each individual condition.

This registry has several limitations. First, this study was a post-

hoc analysis using a prospective cohort study with inherent associated

limitations. Second, detailed data of post-discharge therapy and inter-

vention, such as the implementation of cardiac rehabilitation, nutrition

scores, and home-based care, were limited. In patients with HF, car-

diac rehabilitation, including nutrition counseling and nursing care,

involves the heart team staff and is one of the most important treat-

ments to improve outcomes in patients with AHF. Third, this registry

enrolled consecutive patients with HF in each hospital, but few

patients might be able to give or get informed consent. However, this

cohort study could be achieved to collect the targeted number of

patients before the targeted period. Finally, the mode of death was

difficult to classify on some patients, especially in elderly and super-

elderly patients, even if complete information was obtained. Although

there were several limitations, we believe that the results are useful,

and the information are helpful in the clinical practice in elderly and

super-elderly patients with HF.

5 | CONCLUSION

In this population, the risk of all-cause death was found to have a

gradually increase in elderly and super-elderly patients, when com-

pared with nonelderly patients. Elderly patients, especially super-

elderly patients, with AHF were at a higher risk for noncardiovascular

death, especially infection death. They should be managed to prevent

not only following cardiovascular events but also infections using

medical resources and their supporters.

ACKNOWLEDGMENTS

We sincerely appreciate the help of all the institutions participating in

the registry and the clinical research coordinators (Takemoto N,

Haratani K, Sakata T, Kiguchi A, Matsushita M). We also thank our col-

leagues from Osaka University Center of Medical Data Science and

Advanced Clinical Epidemiology Investigator's Research Project for

their providing insight and expertise for our research.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

DATA AVAILABILITY STATEMENT

The deidentified participant data will be shared on a request basis.

Please directly contact the corresponding author to request data shar-

ing. The data contained the baseline data follow-up data of patients

and the study protocol in Japanese. The data is available immediately.

ORCID

Kensuke Takabayashi https://orcid.org/0000-0002-5805-9879

REFERENCES

1. Cabinet Office Government of Japan. The international trend of

aging. https://www8.cao.go.jp/kourei/whitepaper/w-2020/zenbun/

pdf/1s1s_01.pdf.

2. Hunt SA, Abraham WT, Chin MH, et al. 2009 focused update incorpo-

rated into the ACC/AHA 2005 guidelines for the diagnosis and Man-

agement of Heart Failure in adults a report of the American College

of Cardiology Foundation/American Heart Association task force on

practice guidelines developed in collaboration with the International

Society for Heart and Lung Transplantation. J Am Coll Cardiol. 2009;

53:e1-e90.

3. Mizuno M, Kajimoto K, Sato N, et al. Clinical profile, management,

and mortality in very-elderly patients hospitalized with acute

decompensated heart failure: an analysis from the ATTEND registry.

Eur J Intern Med. 2016;27:80-85.

4. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC guidelines for the

diagnosis and treatment of acute and chronic heart failure: the task

force for the diagnosis and treatment of acute and chronic heart fail-

ure of the European Society of Cardiology (ESC)developed with the

special contribution of the heart failure association (HFA) of the ESC.

Eur Heart J. 2016;37:2129-2200.

5. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline for

the management of heart failure: a report of the American College of

Cardiology Foundation/American Heart Association task force on

practice guidelines. J Am Coll Cardiol. 2013;62:e147-e239.

6. Lazzarini V, Mentz RJ, Fiuzat M, Metra M, O'Connor CM. Heart fail-

ure in elderly patients: distinctive features and unresolved issues. Eur

J Heart Fail. 2013;15:717-723.

7. Takabayashi K, Kitaguchi S, Iwatsu K, et al. A decline in activities of

daily living due to acute heart failure is an independent risk factor

of hospitalization for heart failure and mortality. J Cardiol. 2019;73:

522-529.

8. Tromp J, Shen L, Jhund PS, et al. Age-related characteristics and out-

comes of patients with heart failure with preserved ejection fraction.

J Am Coll Cardiol. 2019;74:601-612.

9. Dokainish H, Teo K, Zhu J, et al. Global mortality variations in patients

with heart failure: results from the international congestive heart fail-

ure (INTER-CHF) prospective cohort study. Lancet Glob Health. 2017;

5:e665-e672.

10. Ushigome R, Sakata Y, Nochioka K, et al. Temporal trends in clinical

characteristics, management and prognosis of patients with

TAKABAYASHI ET AL. 855

https://orcid.org/0000-0002-5805-9879
https://orcid.org/0000-0002-5805-9879
https://www8.cao.go.jp/kourei/whitepaper/w-2020/zenbun/pdf/1s1s_01.pdf
https://www8.cao.go.jp/kourei/whitepaper/w-2020/zenbun/pdf/1s1s_01.pdf


symptomatic heart failure in Japan–report from the CHART studies.

Circ J. 2015;79:2396-2407.

11. Ueda T, Kawakami R, Horii M, et al. Noncardiovascular death, espe-

cially infection, is a significant cause of death in elderly patients with

acutely decompensated heart failure. J Card Fail. 2014;20:174-180.

12. Lorenzo M, de la Espriella R, Miñana G, et al. Clinical profile and

1-year clinical outcomes of super elderly patients admitted with acute

heart failure. Eur J Intern Med. 2020;81:78-82.

13. Takabayashi K, Ikuta A, Okazaki Y, et al. Clinical characteristics and

social frailty of super-elderly patients with heart failure- the

Kitakawachi clinical background and outcome of heart failure registry.

Circ J. 2016;81:69-76.

14. Ho KK, Pinsky JL, Kannel WB, Levy D. The epidemiology of heart fail-

ure: the Framingham study. J Am Coll Cardiol. 1993;22:6a-13a.

15. Hamaguchi S, Kinugawa S, Tsuchihashi-Makaya M, et al. Characteris-

tics, management, and outcomes for patients during hospitalization

due to worsening heart failure-a report from the Japanese cardiac

registry of heart failure in cardiology (JCARE-CARD). J Cardiol. 2013;

62:95-101.

16. Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival

data in the presence of competing risks. Circulation. 2016;133:

601-609.

17. Kanda Y. Investigation of the freely available easy-to-use software

'EZR' for medical statistics. Bone Marrow Transplant. 2013;48:

452-458.

18. Vardeny O, Claggett B, Udell JA, et al. Influenza vaccination in

patients with chronic heart failure: the PARADIGM-HF trial. JACC

Heart Fail. 2016;4:152-158.

19. Modin D, Jorgensen ME, Gislason G, et al. Influenza Vaccine in Heart

Failure. Circulation. 2019;139:575-586.

20. Fisman DN, Abrutyn E, Spaude KA, Kim A, Kirchner C, Daley J. Prior

pneumococcal vaccination is associated with reduced death, compli-

cations, and length of stay among hospitalized adults with

community-acquired pneumonia. Clin Infect Dis. 2006;42:1093-1101.

21. Nichol KL. The additive benefits of influenza and pneumococcal vac-

cinations during influenza seasons among elderly persons with

chronic lung disease. Vaccine. 1999;17(Suppl 1):S91-S93.

22. Alvarez-Garcia J, Lee S, Gupta A, et al. Prognostic impact of prior

heart failure in patients hospitalized with COVID-19. J Am Coll Car-

diol. 2020;76:2334-2348.

23. Tavazzi L, Senni M, Metra M, et al. Multicenter prospective observa-

tional study on acute and chronic heart failure: one-year follow-up

results of IN-HF (Italian network on heart failure) outcome registry.

Circ Heart Fail. 2013;6:473-481.

24. Maggioni AP, Dahlström U, Filippatos G, et al. EURObservational

research Programme: regional differences and 1-year follow-up

results of the heart failure pilot survey (ESC-HF pilot). Eur J Heart Fail.

2013;15:808-817.

25. Kajimoto K, Sato N, Sakata Y, Takano T. Relationship between sys-

tolic blood pressure and preserved or reduced ejection fraction at

admission in patients hospitalized for acute heart failure syndromes.

Int J Cardiol. 2013;168:4790-4795.

26. Kaneko H, Suzuki S, Yajima J, et al. Clinical characteristics and long-

term clinical outcomes of Japanese heart failure patients with pre-

served versus reduced left ventricular ejection fraction: a prospective

cohort of Shinken database 2004-2011. J Cardiol. 2013;62:102-109.

27. Takada Y, Hamatani Y, Kawano Y, et al. Development and validation

of support tools for advance care planning in patients with chronic

heart failure. Int J Palliat Nurs. 2019;25:494-502.

28. Hamatani Y, Takada Y, Miyamoto Y, et al. Development and practical

test of quality indicators for palliative Care in Patients with Chronic

Heart Failure. Circ J. 2020;84:584-591.

29. Davidson PM, Cockburn J, Newton PJ, et al. Can a heart failure-

specific cardiac rehabilitation program decrease hospitalizations and

improve outcomes in high-risk patients? Eur J Cardiovasc Prev Rehabil.

2010;17:393-402.

30. Flynn KE, Piña IL, Whellan DJ, et al. Effects of exercise training on

health status in patients with chronic heart failure: HF-ACTION ran-

domized controlled trial. Jama. 2009;301:1451-1459.

31. Stewart S, Wiley JF, Ball J, et al. Impact of nurse-led, multidisciplinary

home-based intervention on event-free survival across the Spectrum

of chronic heart disease: composite analysis of health outcomes in

1226 patients from 3 randomized trials. Circulation. 2016;133:1867-

1877.

32. Bonilla-Palomas JL, G�amez-L�opez AL, Anguita-S�anchez MP, et al.

Impact of malnutrition on long-term mortality in hospitalized patients

with heart failure. Rev Esp Cardiol. 2011;64:752-758.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Takabayashi K, Kitaguchi S,

Yamamoto T, et al. Mode of death in elderly and super-elderly

patients with acute heart failure: Insights from Japanese heart

failure registry. Clin Cardiol. 2021;44(6):848–856. https://doi.

org/10.1002/clc.23619

856 TAKABAYASHI ET AL.

https://doi.org/10.1002/clc.23619
https://doi.org/10.1002/clc.23619

	Mode of death in elderly and super-elderly patients with acute heart failure: Insights from Japanese heart failure registry
	1  INTRODUCTION
	2  METHODS
	2.1  Study design
	2.2  Patient and outcome data definitions
	2.3  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


