
Full Title 

Non 圃cardiovascular death ， especi a11y infection ， is a significant cause of death in elderly patients 

with acutely decompensated heart failure 

Short title 

Non-cardiovascular death in elderly ADHF 

Authors 

Tomoya Ueda l， MD，悶kaKawakami ，恥ru1*，Manabu Horii ， MDl ， Yu Sugawara ， MDl ， Takaki 

Matsumoto ， MDl ， Sadanori Okada ， MD1 ， Taku Nishida ， MD1 ， Tsunenari Soed a.， MDl ， Satoshi 

Okayama ， MDl， Satoshi Somekawa ， MDl ，2， Yu同iTakeda ，恥IDl ，Makoto Watanabe ， MDl ， 

Hiroyuki Kawata ， MDl ， Shiro Uemura ，恥IDl ，Yoshihiko Saito ，恥ru1，2

lFirst Dep 紅白lent ofIntem a1 Medicine ， Nara Medical University 

2Dep 佐伯lent ofRegulatory Medicine for Blood Pressure ， Nara Medic a1 University 

1，2840 Shijo-cho ， Kashihar a.， Nar a.， 634 同8522 Japan 

Grant 

1 



none 

* Address for correspondence 

Rika Kawakami ， MD 

First Department ofIntemal Medicine ， Nara Medical University ， 

840 Shijo 四cho ，Kashihara ， Nara ， 634 ・8522 Japan ， 

Phone +81 聞744-22-3051 Ex.3411; Fax +81-744 幽22-9726;

E-mai1: rkawa@naramed-u.ac .jp 

2 



Abstract 

Background 

Despite marked improvements in treatment strategies for heart failure (HF) ， the mortality rate of 

elderly patients with HF is still high. Detailed causes of death have not been fully understood. 

Methods and Results 

We studied 459 consecutive patients with acute decompensated HF (ADHF) emergently 

admitted to our hospital from 2007 to 201 1. Patients were divided into 2 groups: <75 years 

(younger group ， n=225) and 三75 years (elderly group ， n=234). All 四cause death ， cardiovascular 

death ， nor トcardiovascular death were assessed as adverse outcomes. 

Compared with the younger group ， the elderly group was characterized by a higher incidence of 

women and hypertensive patie 回sand higher le武ventricular 司ection fraction. During a mean 

follow-up of 20.7 months ， a total of 174 patient deaths (37.9%) occurred. All-cause death was 

significantly higher in the elderly group than in the younger group (46.6% vs 28.9%; P<0.0001) ， 

and this difference was caused by an increase in non-cardiovascular deaths (20.9% vs 9.3%; 

P<0.001) ， in particular ， deaths due to infection (10.7% vs 4.0%; P<0.01). Ca:t世 ovascular deaths 

did  not differ between the 2 groups. 
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Conclusions 

Non-cardiovascular deaths ， most of which were caused by infection ， were frequent among 

elderly patients with ADHF. 
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Introduction 

Despite significant progress in tre a:加 ent strategies for hea:rt failure (HF) ， mort a1i守 and

morbidity remain high. 1，2 As the population ages in Japan and other industri a1ized countries ，性le

prev a1ence of HF is increasing and its prognosis is worsening. 3，4 HF is currently one of the 

leading causes of death and hospitalization in especi a11y elderly patients. 5 

During last 2 decades ， many clinic a1 trials investigating how to treat patients with HF with a 

reduced 吋ection 企action (EF) have shown that renin-angiotensin-system blockers ， s-blockers ， 

and miner a1ocorticoid receptor antagonists reduce the number of cardiovascular events. However ， 

most clinic a1 trials have enrolled patients with a mean age between 60 and 65 years whose le抗

ventricul 紅 EF (L四 F) was less than 40% and renal function was not severely impaired. In the 

real world ， however ， the m司ority of patients admi 仕edfor acutely decompensated HF (ADHF) are 

75 years or older. Approximately ha1fhave an EF higher than 50% and approximately two-thirds 

have stage 3-5 chronic kidney disease. Elde r1y ADHF patients have a higher 戸evalence of 

hypertension and ischemic hea:rt disease and a lower prevalence of dilated cardiomyopathy 

compared with younger patients ，出 well as more co・morbidities.6•9

Thus ， it is likely that treatment s回tegies found to effective by recent c1inic a1 tri a1s of 町

patients with reduced EF are less applicable to elde r1y HF patients. In order to improve prognosis 

and to ide 此i命 optimal 廿ea:加 ent strategies for HF in elderly patie 凶s，it is necess 釘Yto 
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understand the c1inical characteristics and causes of death in elderly HF patients. Although earlier 

observational studies of elderly patients with HF have described their baseline char 郁 teristics ，the 

causes of death in elde r1y patients with HF have not been fully appreciated. 3，8，10 

In也 iscontext ， the aim of the present study is to determine the long-term prognosis and causes 

of death in patients older than 75 years of age using a medium-sized retrospective cohort ， the 

Nara regis 句Tand ana 防ses for heart failure (the NARA 園田s印刷.

Methods 

Patient Selection 

The NARA-HF study recruited patients emergen t1y admitted to our hospital (internal 

medicine/cardiology wards or CCU) with verification of ADHF (acute new-onset and acute 

on chronic HF) between January 2007 and March 201 1. Diagnosis of HF was based on 

Framingham criteria for HF. ll Patients with acute myocardial infarction ， acute myocarditis ， 

acute HF with acute pulmonary embrysm were excluded. Patients were divided into 2 groups: 

く75 years (younger group ， n=225) and と75 years (elderly group ， n=234). For each patient ， 

baseline date inc1uded: age ， sex ， body mass index (B恥 11) ，causes of HF， medical history ， vital 

signs ， laboratory data ， echocardiographic data ， and medication use on admission and at discharge. 
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Outcomes 

All-cause death ， cardiovascular death ， and non-cardiovascular death were assessed as adverse 

outcomes. Cardiovascular death w田 defined as death due to HF， myocardial infarction ， sudden 

death ， or vasc u1ar diseases such as aortic dissection. All other causes of death were c1assified as 

non-cardiovascular death. Rehospitalization due to unexpected worsening of HF， noルfat a1 acute 

myocardial infarction ， and stroke were a1so ana1yzed as cardiovascular outcomes. 

Classification of Death 

The cause of death was ascertained 企om hospit a1 records ， death certificates ， by contacting 也e

patients' physicians. When  an underlying cause of death could not be identified because of 

insufficient information ， we contacted with the patient's fam i1y on telephone ifpossible. 

The underlying cause of death is defined as the critical condition that initiated the train of events 

leading directly to death. Even in the complex cases with multiple comorbidities relating to death ， 

only one unde r1ying cause of death 出signed to each deceden t.羽弓 len the cause of death could not 

be determined in spite of  an intensive investigation ， the cause of death was c1assified as 

unknO Wll. 

Statistical Analysis 

7 



Continuous variables were expressed as means 土 standard deviation ， and comparisons between 

groups were performed using Student's t-tes t. Categorical variables were summarized as 

frequencies and analyzed using the chi-square tes t. Cumulative event-free rates during follow-up 

were derived using the Kaplan- 恥1eier method. Univariate and multivariate analyses of mortality 

were performed using Cox proportional hazards models. Covariates considered to have potential 

prognostic impact (sex ， BMI ， hemoglobin concentration ， estimated glomerular filtration rate 

(eGFR) ， brain natriuretic peptide (BNP) ， LVEF ， and sodium level) were included in multivariable 

models. eGFR was calculated using the Japanese equations that take into account age ， sex ， and 

serum creatinine. 12 Results were reported as hazard ratios (HR) ， 95% confidence intervals (CI) ， 

and P values. The HR for outcomes in the elderly group was compared with those in the younger 

group. Only variables with P value <0.05 remained in the mode l. All statistical analysis were 

performed using J恥1p 10 (SAS Institute ラCary ，NC， USA). 

Results 

Baseline characteristics 

All 459 consecutive patients were included in the analyses. The mean age was 72.4土 12.1 years. 

Forty 同one percent of the patients were women. Table 1 compares the baseline clinical 

characteristics ofthe elderly patien お(三 75 years old ， n=234) ， and younger patients (<75 years old ， 
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n=225). The elderly group had a significantly lower BMI and a higher percentage of women. 

Compared with 出eyounger group ， the  elderly group had more HF at仕ibutable to an ischemic or 

valvular etiology and less to dilated cardiomyopathy. Patients in the elderly group was also more 

likely to have a history of hypertension and a previous myocardial infarction ， whereas patients in 

the younger group were more likely to have diabetes mellitus. The diastolic blood pressure and 

heart r蹴 onadmission were significantly lower in由eelderly group ， but systolic blood pressure 

and the NYHA functional class were simil 訂 inthe 2 groups. Hemoglobin ， HbAlc ，廿iglycerides ，

total cholesterol ， and low 圃density lipoprotein cholesterol were significantly lower in the elderly 

group. In con:甘出 t，eGFR was similar between the 2 groups. There were no significant differences 

in the serum sodium concentration ， plasma BNP level ， and serum C-reactive protein level 

between the 2 groups. Lef 王v印刷cular end-diastolic and end-systolic diameters were sig 凶ficantly

smaller and L VEF was significantly higher in the elderly group. Moreover ， the r胸 ofLVEF と

50% was significantly higher in the  elderly group. As to medical 仕ea加lent during hospital ， the 

incidence of mechanical ventilation ， including intubation and non-invasive positive pressure 

ventilation ， percutaneous coronary intervention was similar in both groups. The patients in 

both  groups were equally treated with catecholamine ， vasodilator ， ca中eritide ，as necessary. 

However the incidence of dialysis and coronary artery bypass graft was higher in the 

younger group than in the elderly group. 
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Treatment on admission and at discharge 

Table 2 shows the medications at discharge. The use of angiotensin-converting enzyme (ACE) 

inhibitors ， angiotensin receptor blockers (ARBs) ， miner a1ocorticoid receptor ant 昭onists ，and 

loop diuretics were sim i1ar  in the 2 groups at discharge ， but s圃blockers were significantly less 

frequently used in the elde r1y group. The medications on admission were sim i1ar in the 2 groups. 

Prognosis and Outcome 

During a follow-up duration of20.7 months ， there were 109 (46.6%) deaths in the elde r1y group ， 

ofwhich 47 (20.1 %) were cardiovascular deaths and 49 (20.9%) were non-cardiovasc u1ar deaths. 

In the younger group ， 65 (28.9%) patients died: 37 (16 .4%) from cardiovascular causes ， and 21 

(9.3%) from non-cardiovascular causes (Table 3). The mort a1ity rate w邸 significantly higher in 

the elderly group than the younger group (P<0.0001). Although the incidence of cardiovasc u1ar 

death was sim i1ar， the incidence of non 田cardiovascular death in the elderly group was 

significantly higher (P=0.0005) (Table 3). Within non 圃cardiovascular death ， the incidence and the 

proportion of infection-related death were significantly higher in the elde r1y group (P=0.0053) 

(Table 3 and Figure 1). Even after adjustment for covariates in multivariable Cox proportion a1 

hazard models ， age 三75 ye紅 swas an independent predictor for non-cardiovascular death and 
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infection 幽related death ， as shown in Table 4. The rehospitalization rate and the incidence of 

non- fatal acute myocardial infarction and stroke were similar in both groups. 

As shown in the Kaplan-Meier survival curves ， the elde r1y group had a much higher rate of 

all 同cause death (1og刊 nkP<O.OOOl) and non-cardiovascular death (log-rank P=O.OOOl) ， b国 there

was no significant difference in the r蹴 ofcardiovascular death (log-rank P=0.0967) (Figure 2). 

Discussion 

The present study is a retrospective cohort study involving 459 patients with ADHF ， of whom 

58.6% were male. The mean age w出 72.4years. Patients in this study were slightly older than in 

recent large Japanese and European prospective cohort studies ， namely JCARE 司CRAD (mean 

age ， 71.0 years)3 and the Euro Heart Failure Survey II (mean age ， 69.9 years )1， respectively. 

Other baseline patient characteristics were similar. The mortality rate in person 聞years in the 

present study was worse than in JCARE-CRAD ， but similar to the Euro Heart Failure Survey II. 

To compare clinical characteristics and outcomes in elderly versus younger patients ， we divided 

all patients into 2 groups according to age ，三75years and <75 years ， because 75 years of age was 

near the median value in the present study and because individuals と75 years are usually called 

old-old people or late-stage elde r1y in Japan. The differences in baseline clinical characteristics 

between the elderly and young groups were consistent with those in previous studies. 6-8，13-15 
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Elde r1y patients were more frequently women ， and had lower BMI and higher LVEF. They were 

more likely to have HF of ischemic or valvular etiology. In con 仕ast ，younger patients were more 

likely to have d副il加a幻te吋dca紅rd必ioαmy 戸opa幻thy and diabetes mellitus a出sp戸re肝v札初10U旧1悶s s副t仇印u吋diおes. 3，7，1凶6 

The present study demonstrates a higher mortality rate in elde r1y HF patients compared to 

younge 町rHF pa幻tien 凶ts during a long-term ti白ullow- 圃.叩 pe釘凶riod up t加020.7 mon凶1託ths (伊P<O.β0001). The 

incidence of non-cardiovascular death was significantly higher in the elde r1y group ， although the 

incidence of cardiovascular death was similar in both groups. The proportion of 

nOl トcardiovascular and infection-related death among all deaths reached approximately 45% and 

23% ， respectively. Thus ， a higher rate of non. 司cardiovascular death ， especially infection 同related

death ， probably contributed to the higher mortality rate in the elderly group. Although ear1ier 

studies reported a high incidence of non 聞cardiovascular death in elderly patients with HF， such 

studies did not focus on infectiony ，18 To our knowledge ， the present study ， for the first time ， 

examined the details by telephone and careful medical record review on an individual level ， 

which made it possible to figure out the cause of death in these ADHF patients. These findings 

suggest that careful care should be paid to prevent non-cardiovascular events and infection in 

addition to the treatment of HF itself in elderly HF patients. Recently ， there is accumulating 

evidence that non-cardiovascular death is significant in HF patients with preserved EF. Given 

that elderly ADHF patients are more likely to have preserved EF than younger ones ， it is likely 
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that elderly ADHF patients mostly die due to non 圃cardiovascular causes. 

The rate of infection-related death increases with age even in the general population. To better 

understand the relationship between infection 四related death and age in patients with ADHF ， we 

compared it with that in Japanese gener a1 population ， using the database 企om the Japanese 

Minis 町 of Hea1th， Labour and Welfare 13. The proportion of infection-related death is 

approximately 15% 組 d6% in the Japanese gener a1 population older than 75 ye訂s，and those 

aged 75 years or younger ， respectively.13 In the present s旬dy，25  of 109 a11-cause deaths (about 

23%) were died 企ominfection in the elde r1y group and 9 of65 all-cause death (about 14%) were 

died in the younger group. Thus the infection-related death in patients with ADHF is apparently 

higher than in the general pop u1ation in any ages. In other words ， ADHF may be a risk factor for 

infection-related death. Therefore ， physicians should pay an attention to prevent infection in 

ADHF patients with any ages ， especi a11y in older patients because the absolute number of 

infection-related death was significantly larger. 

As shown in the Kaplan-Meier c町ve of infection-related death in elderly ADHF patients ， 

difference in surviv a1 rate is becoming obvious a:ft er about 800 days later. However ， the 

Kaplan 園Meier curve of non-cardiovascular death is spreading gradually 企omthe beginning. We 

cannot explain c1early for the difference. One possible explanation is higher incidence of cancer 

related death in the elderly group than the younger group within 800 days after the recruitmen t. 
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Besides ， given that older patients would be more likely rehospitalized by non 圃HF causes ， such 

as cancers or infection a白erdischarge ， they would more easily die of infection. Therefore we 

also examined the Kaplan 幽Meier survival curves of patients except subsequent hospitalization 

for all diseases other than HF. The rate of infection 凶related death remained higher in the elderly 

group than in younger group (log-rank P=O.0332 ， data not shown). 

At discharge ， prescription rates for ACE inhibitors ， ARBs ， mineralocorticoid receptor blockers ， 

and diuretics in both groups  of patients were similar; s-blockers were less used in the elderly 

group. One possible examination is higher prevalence of HF with preserved EF in the elderly 

patients. Medications had a similar effect on the prevention of cardiovascular death and 

HF同related rehospitalization in elderly patients ， suggesting that these regimens could work 

effectively in both young and elderly patients with ADHF. Previous studies reported that 

cardiovascular events were more common in the elderly group than in the younger group.3 ，8 The 

reason for the discrepancy is not clear at present ， but the relatively high usage of ACE inhibitors ， 

ARBs ， or both ， in the elderly group in this study might be related to the betler cardiovascular 

outcomes observed. Another possible explanation is that in these studies ， they compared clinical 

outcomes in octogenarians with those in younger patients. 

Study Limitations 
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There are several limitations to this study. The major limitation is that it was middle 聞sized ，

retrospective in design ， and based at a single center. Thus ， the evidence level is not high ， but 

details on the cause of death could be obtained from more than 95% of patients. Although we 

compared outcomes between elderly and younger patients ， we did not collect data on variables 

that probably influence prognosis iri the elde r1y， such as exercise tolerance and activities of daily 

living. Respiratory function and the incidence of chronic obstructive lung disease were not 

examined. As far as we know ， a wide QRS wave influences adverse outcomes in ADHF ， but we 

did  not measure QRS wave width on admission. We used only the Framingham Criteria for the 

diagnosis of ADHF in order to  inc1ude ‘real world' HF patients. Many patients had both cardiac 

and renal failure. There were some patients in whom it was difficult to determine whether 

pulmonary edema was cardiac or renal in nature. 

Conclusion 

The present study demonstrates that adverse outcomes including alトcause death and 

non-cardiovascular death in elde r1y patients were significantly poorer than in younger patients. 

Although there was no difference in the incidence of cardiovascular death between the 2 groups ， 

nor トcardiovascular death ラmostly caused by infection ， was more frequent among elderly patients 

with ADHF. These findings indicate the need to prevent infections for betier prognosis. Moreover ， 
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we need more information on elderly patients with HF in order to design preventive and 

therapeutic strategies specifically directed towards them. 

Disclosure 

None 

Acknowledgements 

We thank Yoko Wada for her support with data collection and data entry. 

16 



References 

1) Latini R， Masson S， Anand 1， Salio M， Hester A， Judd D， et al. Val ・HeFT Investigators.The 

comparative prognostic value of plasma neurohormones at baseline in patients with heart failure 

emolled in Val-HeFT. Eur Heart J. 2004; 25:292θ. 

2) Vergaro G， Emdin M， Iervasi A， Zyw L， Gabutti A， Poletti R， et al. Prognostic value ofplasma 

renin activity in heart failure. Am J Cardio l. 2011; 108:246 圃51.

3) Hamaguchi S， Kinugawa S， Goto D， Tsuchihashi 聞Makaya M， Y okota T， Yamada S， et al. 

Predictors of long 嗣term adverse outcomes in elderly patients over 80 years hospitalized with heart 

failure. -A report from the Japanese Cardiac Registry ofHeart Failure in Cardiology 

(JCARE 回CARD) 同. Circ J. 2011; 75:2403-10. 

4) Kitzman DW， Gardin JM， Gottdiener JS， Arnold A， Boineau R， Aurigemma G， et al. 

Importance of heart failure with preserved systolic function in patients > or = 65 years of age. 

CHS Research Group. Cardiovascular Health Study. Am J Cardio l. 2001; 87:413-9. 

5) Redfield MM. Heart failure--an epidemic ofuncertain proportions. N Engl J Med. 2002; 

347:1442 司4.

6) Komajda M， Hanon 0， Hochadel M， Follath F， Swedberg K， Gitt A， et al. 

Management of octogenarians hospitalized for heart failure in Euro Heart Failure Survey 1. Eur 

He訂tJ. 2007; 28:1310 ・8.

17 



7) Komajda M， Hanon 0， Hochadel M， Lopez 同Sendon JL， Follath F， Ponikowski P， et 

al. Contemporary management of octogenarians hospitalized for heart failure in Europe: Euro 

Heart Failure Survey 11. Eur Heart J. 2009; 30:478-86. 

8) Mahjoub H， Rusinaru D， Souli らreV， Durier C， Peltier M， Tribouilloy C. Long-term 

survival in patients older than 80 years hospitalised for heart failure. A 5-ye 訂 prospective study. 

Eur J Heart Fai l. 2008; 10:78 必4.

9) Senni M， Tribou i1l oy CM， Rodeheffer RJ， Jacobsen SJ， Evans 品1，Bailey KR， et al. 

Congestive heart failure in the community: a study of all incident c部 esin 01msted County ， 

Minnesot a， in 199 1. Circulation. 1998; 98:2282θ. 

10) Martinez.Selles M， Garcia Robles JA， Prieto L， Dominguez Munoa M， Frades E. 

Heart failure in the elde r1y: age-related differences in clinical pro fi1 e and mortality. Int J Cardio 1. 

2005; 102:55-60. 

11) Ho KK， Pinsky JL， Kannel WB， Levy D. The epidemiology of he訂tfailure: 白e

Framingham S加dy. J Am Coll Cardio l. 1993; 22:6A ・13A.

12) Matsuo S， Imai E， Horio M， Yasuda Y， Tomita K， Nitta K， et al. Revised equations for 

estimated GFR from Serum Creatinine in JAPAN. Am J Kidney Dis. 2009; 53:982-99. 

13) Minis 町 ofHealth ，Labour and Welfare in JAPAN (h句:llwww.mhlw.go 担1)

14) Martinez 固Selles M， Garcia  Robles JA， Prieto L， Dominguez Munoa M， Frades E. 

18 



He訂tfai1ure in the elderly: age-related differences in clinical profile and mortality. Int J Cardio l. 

2005; 102:55 ・60.

15) Pulignano G， Del Sindaco D， Tavazzi L， Lucci D， Gorini M， Leggio F， et al. Clinical 

features and outcomes of elderly outpatients with heart fai1ure followed up in hospital cardiology 

units: data from a 1釘ge nationwide cardiology datab 制(悶ー CHF Regis 仕y). Am Heart J. 2002; 

143:45 圃55.

16) Brunner-La Rocca HP， Buser PT， Schindler R， Bernheim A， Rickenbacher P， Pfisterer M， 

et al. Management of elderly patients with congestive he町tfailure--design of the Trial of 

Intensified versus standard Medical therapy in Elderly patients with Congestive Heart 

Failure (TIl_¥.ffi聞 CHF). Am Heart J. 2006; 151:949-55. 

17) Lee DS， Gona P， Albano 1， Larson MG， Be吋amin EJ， Levy D， et al. A systematic 田 sessment

of causes of death after heart failure onset in the community: Impact of age at dea 也，time period ， 

組 dleft v印刷cular systolic dys 白nction. Circ Heart Fai l. 2011; 4:36-43. 

18) Henkel DM， Redfield l¥品孔 Weston SA， Gerber Y， Roger VL. Death in heart fai1ure: a 

community perspective. Circ Heart Fai l. 2008; 1 :91-7. 

19 



Table 1. Baseline Characteristics of HF Patients According to Age 

Total Age <75years Age ~75years 
Characteristic Pvalue 

(n=459) (n=225) (n=234) 

Demographic 

Age ， years 72.4土 12.1 62.8 土9.92 81.6土4.68 <0.0001 

Ma1e， % 58.6 64.9 52.6 0.0074 

BMI ， kglm 2 23.1土 4.11 24.21 土4.47 22.09 土3.41 く0.0001

Causes ofHF ，ち色

Ischemic 40.3 33.3 47.0 0.0028 

Va1vular 18.3 14.2 22.2 0.0267 

Dilated cardiomyopa 出y 12.6 20.0 5.6 く0.0001

Hypertensive 6.1 6.7 5.6 0.6190 

Medical history ， % 

Hypertension 80.6 76.9 84.2 0.0375 

Diabetes me1li tus 47.1 52.9 41.5 0.0141 

Dyslipidemia 36.6 39.6 33.8 0.2087 

CKD stage 4 or 5 38.6 40.4 36.8 0.4165 

Smoking 18.3 24.9 12.0 0.0004 

Old myocardial infarction 26.1 17.8 34.2 く0.0001

Dialysis 7.8 11.1 4.7 0.0107 

Procedures ，今b

PCI 22.0 17.3 26.5 0.0167 

CABG 6.5 6.7 6.4 0.9115 

CRTorICD 2.2 2.2 2.1 0.9500 

NYHA class on admission ， % 0.7444 

II 10.2 10.7 9.8 

III 39.2 40.4 38.0 

IV 50.5 48.9 52.1 

Vital signs on admission 

Heart rate ， beats/min 92.9 士25.6 95.5 士26.4 90.4土 24.6 0.0316 

SBP ，mmHg 142.8 土35.7 144.7 土37.5 140.9 土33.8 0.2538 

DBP ，mmH g 80.1 士22.9 82.6 士25.1 77.7 土20.3 0.0218 

h佃 P，mmHg 100.6 土25.8 103 .1土 27.5 98.34土23.9 0.0503 

Echocardiographic parameters 

LVEF ，% 48.16 士15.95 46.32士16.52 50.01 士15.17 0.0187 
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LVEF 三50% ，% 47.6 42.0 53.2% 0.0234 

LVEDD ，mm 53.95 士9.97 55.57 土10.49 52.32 土9.16 0.0012 

LVESD ，mm 40.42土11.6 42.28 土12.29 38.53 土10.59 0.0015 

LAD ，mm 44.45::1: 8.38 44.26 士8.50 44.64 土8.28 0.6845 

Laboratory data on admission 

B山，mg/dl* 27.0 (19.0 ・60.7) 28.0 (18.5-46.0) 26.0 (19.0 田44.5) 0.5319 

eGFR ， ml/minl1. 73m 2* 39.5 (16.3 ・60.7) 38.9 (12.9 回63.6) 39.6 (19.4・ 59.0) 0.6284 

CRP ， mg/dl* 0.70 (0.20 聞2.50) 0.60 (0.20 ・2.25) 0.85 (0.20 同2.93) 0.1446 

Hemoglobin ， g/dl 11.2土2.5 11.68土2.71 10.7 土2.10 <0.0001 

HbAlc ， % 5.85 土1. 00 5.99 土1.1 2 5.71 士0.85 0.0058 

Triglyceride ， mg/dl 88.5 土39.3 96.6 士42.8 80.7 土33.8 <0.0001 

Total cholesterol ， mg/dl 168 .3土 42.8 172.7 土46.8 164.0 士38.2 0.0328 

HDL cholesterol ， mg/dl 49.8 土20.4 49.9 土22.5 49.7 土18.1 0.9216 

LDL cholesterol ， mg/dl 100.9 土38.1 104.5 士41.6 97.2 土33.8 0.0454 

Na， mEq/l 138.9 土4.68 138.8 士4.23 139.1 土5.08 0.2108 

K， mEq/l 4.26 士0.85 4.29 士0.79 4.25 土0.91 0.4513 

Plasma BNP ， pg/ml * 798 (398-1540) 800 (367-1418) 781 (401-1692) 0.5353 

Data are shown as percentages ， means 士 standard deviation or medians (25th and 75th 

percentile )* 

HF， heart failure; BMI ， body mass index; CKD ， chronic kidney disease; PCI ， percutaneous 

coronary intervention; CABG ， coronary artery bypass grafting; CRT ， cardiac resynchronization 

therapy; ICD ， implantable cardioverter defibrillator; NYHA ， New York Heart Association; SBP ， 

systolic blood pressure; DBP ， diastolic blood pressure; MBP ， Mean blood pressure; LY， left 

ventricular; 町中ction fraction; EDD ， end-diastolic diameter; ESD ， end-systolic diameter; LAD ， 

left atrial diameter; BUN ， blood urea nitrogen; eGFR ， estimated glomerular filtration rate; CRP ， 

C-reactive protein; HDL ， high 同density lipoprotein; LDL ， low-density lipoprotein; BNP ， B-type 

natriuretic peptide. 
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Table 2. Medications at Discharge ofHF Patients According to Age 

Total Age<75years Age:::75years 
Pvalue 

(n=459) (n=225) (n=234) 

s-blockers ， % 42.8 48.4 37.3 0.0163 

ACE inhibitors ， % 55.9 53.8 57.9 0.3698 

ARBs ，% 38.7 41.3 36.1 0.2458 

ACE inhibitors or ARBs ， % 82.3 83.6 81.1  0.4939 

Diuretics ， % 75.8 73.8 77.7 0.3296 

Loop diuretics ， % 73.4 72.0 74.7 0.5169 

おI[R blockers ， % 26.4 24.4 28.3 0.3462 

Ca channel blockers ， % 31.7 32.4 30.9 0.7226 

Statin ， % 24.9 30.2 19.7 0.0095 

Aspirin ， % 43.7 39.1 48.0 0.0533 

Digitalis ， % 12.5 14.7 10.3 0.1570 

Warfarin ， % 27.5 29.8 25.3 0.2857 

ACE ， angiotensin-converting e回 ;yme; ARB ， angiotensin receptor blocker; MR， 

mineralocorticoid receptor. 
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Table 3. Causes ofDeath According to Age 

Total Age <75years Age ど75years
Pvalue 

(n=459) (n=225) (n=234) 

All-cause death ， n (%) 174(37.9) 65(28.9) 109(46.6) く0.0001

Cardiovascular death ， n (ち令) 84(18 .3) 37(16 .4) 47(20 .1) 0.3126 

Acute myocardi a1 infarction ， n (%) 8(1.7) 4(1.8) 4(1.7) 0.9554 

Congestive heart fail 田e，n (%) 48(10.5) 19(8 .4) 29(12.4) 0.1653 

Sudden death ， n (%) 21(4.6) 11(4.9) 10(4.3) 0.7524 

Stioke ， n (%) 6(1.3) 3(1.3) 3(1.3) 0.9614 

Vasc u1ar death ， n (%) 1(0.2) 0(0) 1(0 .4) 0.2454 

Nor トcardiovascular death ， n (%) 70(15 .3) 21(9.3) 49(20.9) 0.0005 

Infection ， n (%) 34(7 .4) 9(4.0) 25(10.7) 0.0053 

Cancer ， n (%) 14(3.1) 4(1.8) 10(4 .3) 0.1138 

Gastrointestin a1 b1eeding ， n (%) 7(1.5) 3(1.3) 4(1.7) 0.7419 

Ki出ley dysfunction ， n (%) 6(1 .3) 2(0.9) 4(1.7) 0.6850 

Trauma ， n (%) 3(0.7) 2(0.9) 1(0 .4) 0.5362 

Mu1tip1e organ failure ， n (%) 4(0.9) 1(0 .4) 3(1.3) 0.3228 

Respiratory dysfunction ， n (%) 1(0.2) 0(0) 1(0 .4) 0.2454 

Lung bleeding ， n (%) 1(0.2) 0(0) 1(0 .4) 0.2454 

Unknown ， n (%) 20(4 .4) 7(3.1) 13(5.6) 0.1960 

Rehospit a1ization with HF， n (%) 123(26.8) 63(28.0) 60(25.6) 0.6663 

Acute myocardi a1 infarction ， n (%) 8(1.7) 4(1.8) 4(1.7) 0.9554 

Cerebral infarction ， n (%) 25(5 .4) 15(6.7) 10(4 .3) 0.2727 
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Table 4. Unadjusted andAdjusted HRs for Adverse Outcomes 

Age <75years Age ;:::75years 
Pvalue 

(u=225) (n=234) 

All 圃cause death 

Unadjusted HR (95%CI) 1.903 (1. 403-2.601) <0.0001 

Adjusted HR (95%CI) 2.026 (1. 383 ・3.006) 0.0003 

Cardiovascular death 

Unadjusted HR (95%CI) 1.439 (0.936 同2.227) 0.0971 

Adjusted HR (95%CI) 1.340 (0.794-2 .284) 0.2733 

Non-cardiovascular death 

Unadjusted HR (95%CI) 2.652 (1. 612 ・4.519) く0.0001

Adjusted HR (95%C I) 3.253 (1. 726 四6.461) 0.0002 

Infection-related death 

Unadjusted 皿 (95%CI) 3.224 (1. 557-7 .317) 0.0013 

Adjusted HR (95%CI) 7.093 (2.533 圃24.072) く0.0001

A Cox regression model was used ， and was adjusted for the following covariates: sex ， BMI ， Hb， 

eGFR ， BNP ， Na， and LVE F. Patients < 75 years old were the reference group. 

HR， hazard ratio; CI， confidence interva l. All other abbreviations 紅e田 per Table 1. 
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