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CLINICAL STUDY

Living Alone and Gender Differences in Rehospitalization for Heart
Failure After Discharge Among Acute Heart Failure Patients

Kensuke Takabayashi,1 MD, Shouji Kitaguchi,1 MD, Kotaro Iwatsu,2 BSc, Tsutomu Ikeda,2 BSc,

Ryoko Fujita,1 MD, Miyuki Okuda,1 MD, Osamu Nakajima,3 MD, Hitoshi Koito,4 MD,

Yuka Terasaki,5 MD, Tetsuhisa Kitamura,6 MD and Ryuji Nohara,1 MD

Summary
Home treatment for heart failure (HF) is one of the most important problems in patients after discharge as

a secondary preventive measure for rehospitalization for HF. However, there are no detailed studies on gender

differences in sociopsychological factors such as living alone for HF rehospitalization among patients with acute

HF (AHF).

This prospective multicenter cohort study enrolled patients with AHF between April 2015 and August

2017. Patients of each gender with first AHF were divided into those living alone and those not living alone.

The primary endpoint was defined as rehospitalization for HF after discharge. Cox proportional hazard analysis

was performed to determine the association between living alone and the endpoint.

Overall, 581 patients were included in this study during the 3-year follow-up. The proportion of rehospi-

talization for HF was significantly higher in patients living alone than in those not living alone among male pa-

tients. However, female patients showed no difference in endpoints between the two groups. The difference was

independently maintained even after adjusting for differences in social backgrounds in male patients (adjusted

hazard ratio (HR) 2.02; 95% confidence interval (CI), 1.07-3.70). In female patients, the HR for rehospitaliza-

tion for HF showed no difference between the two groups (adjusted HR, 0.99; 95% CI, 0.56-1.69).

In this study population, male patients living alone after first AHF discharge had a higher risk of rehospi-

talization for HF than those not living alone, but these differences were not observed in female patients.

(Int Heart J 2020; 61: 1245-1252)
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I
n 2018, Japan had the highest proportion of elderly

people in the world.1,2) Home treatment for heart fail-

ure (HF) is one of the most important problems in

elderly patients after discharge as a secondary preventive

measure for rehospitalization for HF.3) However, the im-

pact of sociopsychological factors on rehospitalization for

HF or mortality after discharge in patients with acute HF

(AHF) has not been well investigated. Several studies

have investigated the role of sociopsychological factors

and outcomes in cardiovascular diseases. Living alone was

reported to be an independent predictor of mortality in pa-

tients with HF,4) and unmarried patients with HF were

found to have significantly higher 30-day readmission and

1-year mortality rates than married patients.5) Contrarily, a

Japanese study demonstrated that, during 1-year follow-

up, living alone was not an independent predictor of read-

mission in patients with chronic congestive HF.6) The HF-

ACTION study showed that having a partner was not in-

dependent predictors of long-term clinical outcomes in pa-

tients with chronic HF.7) Some studies have mentioned

that living alone was associated with a higher risk of car-

diovascular events after discharge among patients with

acute myocardial infarction (AMI) during the long-term

follow-up in Japan and Western countries.8,9) In several

parts of the world, family members undertake the majority

of tasks of caring for elderly people in the community.10,11)

It has also been reported that significant differences in re-

sponsibility for household tasks between genders in the

traditional Japanese household exist.10) Despite the in-

crease in the number of elderly people living alone in Ja-

pan with the rapid aging of society, no prospective studies

have explained the relationship between living alone and

the long-term prognosis of patients with AHF in Japan.

Therefore, this study was conducted to determine whether
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Figure　1.　The study flow diagram. We enrolled 1253 patients with acute heart failure, of which 671 were 

excluded; finally, among the 582 patients who were discharged to their home, 581 had available follow-up 

data. We had 69 male patients living alone, 255 male patients not living alone, 55 female patients living 

alone, and 202 patients not living alone. 

living alone could be an independent prognostic risk fac-

tor for long-term outcomes and gender differences in the

risk for the endpoints in patients with first AHF.

Methods

We analyzed the data of patients with AHF from the

Kitakawachi Clinical Background and Outcome of Heart

Failure (KICKOFF) Registry, a prospective, multicenter,

community-based cohort of Japanese patients with acute

HF,12,13) which registered patients hospitalized from April

2015 to August 2017. Overall, 13 hospitals, which con-

sisted of 1 cardiovascular center and 12 small- or

medium-sized hospitals, and were located north of Kitak-

awachi, at the eastern end of Osaka Prefecture, and

Yawata, at the southern end of Kyoto Prefecture, partici-

pated in the Registry. During the study period, the north-

ern parts of Kitakawachi and Yawata had a total popula-

tion of 798,000 and were typical satellite communities in

Japan. Patients were diagnosed with HF based on the

Framingham criteria, i.e., the presence of at least two of

the major criteria or one major and two minor criteria.14)

There were no exclusion criteria. The detailed study de-

sign of the KICKOFF Registry is presented in the UMIN

Clinical Trials Registry (UMIN000016850). The clinical

data of all patients were uploaded to the Electronic Data

Capture system and automatically checked for missing or

contradictory entries and values not in the normal range

by the physicians in charge at each institution. The gen-

eral office of the Registry checked all the collected data

after registration. Data obtained from medical record re-

views and interviews with patients or other family mem-

bers were collected.

Overall, 1253 patients with AHF were enrolled in

this Registry. In the present study, among the 1118 pa-

tients who were discharged, 347 were excluded because

they had been hospitalized for HF before the registration

and because patients with first HF hospitalization might

not have less chance to prepare their sufficient living envi-

ronment, for example, family support or social services,

until discharge than those with previous HF hospitaliza-

tion, and 59 were excluded because they lacked detailed

information of hospitalization for HF. Of the remaining

712 patients, 130 who were hospitalized or institutional-

ized were excluded. Finally, among the 582 patients who

were discharged to their home, 581 had available follow-

up data (Figure 1). Based on the living status at discharge,

patients were divided into two groups: patients who lived

with their family or others (not living alone) and those

who did not live with their family or others (living alone).
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Definitions of comorbidities have been described in our

previous report.12) The primary dietary manager was de-

fined as the person who most frequently provided the pa-

tient with his/her meals, which can be the patient’s own or

others. The primary drug therapy manager was defined as

the person who most frequently managed the patient’s

drug therapy on a daily basis, which can be the patient’s

own or others. In this study, we defined the eligibility of

long-term care insurance (LTCI) as patients who had

LTCI certification, including both all support level and all

care level, at discharge.

Follow-up data of outcomes were obtained at 6 and

12 months after discharge of AHF and annually thereafter

for 3 years. Follow-up data were prospectively collected

primarily by a review of hospital records, and additional

follow-up information was obtained via telephone or mail

contact with the patients or their relatives.

The primary outcome of this study was rehospitaliza-

tion for HF during the follow-up period. Other clinical

outcomes were defined as all-cause mortality and a com-

posite endpoint consisting of rehospitalization for HF and

all-cause mortality.15)

The investigation conforms with the principles out-

lined in the Declaration of Helsinki and was approved by

the ethics committee of the Hirakata Kohsai Hospital

(Osaka, Japan). Informed consent was obtained from all

patients for their enrollment in the Registry. To preserve

patient confidentiality, direct patient identifiers were not

registered. The study did not alter any treatment specified

in the protocol or any other method of outpatient care.

In this study population, the baseline clinical charac-

teristics were compared between patients with first AHF

living alone at their home and those not living alone ac-

cording to gender. We also divided the study population

into subgroups of elderly (aged �65 years) and noneld-

erly (aged < 65 years) patients according to previous stud-

ies.8,16) Continuous variables are expressed as mean ± stan-

dard deviation or as median with 25%-75% quartile and

were compared using Student’s t-test. Categorical vari-

ables are expressed as numbers and percentages and were

compared using a chi-squared test. The Kaplan-Meier

method was used to evaluate the cumulative incidences of

hospitalization for HF, all-cause mortality, and the com-

posite endpoint. The estimated differences were compared

by a log-rank test. In addition, multivariable analysis, us-

ing a Cox proportional hazard model, was performed to

evaluate the association between living alone and the inci-

dence of outcomes. The timing of each event from dis-

charge was identified. If there were no events in each pa-

tient in the 3 years of follow-up as of March 2019, cen-

soring was conducted. Hazard ratios (HRs) and their 95%

confidence interval (CI) were also calculated. To evaluate

the effects of living alone, two multivariable models con-

sidered to be associated with the clinical outcomes were

adjusted as follows: model 1 was adjusted for age (/10

years for all patients) and comorbidities (yes or no), such

as history of coronary artery disease, hypertension, diabe-

tes mellitus, dyslipidemia, atrial fibrillation, chronic kid-

ney disease, and stroke, and model 2 was adjusted for age

(/10 years for all patients) and lifestyle factors (yes or no),

such as current smoker, daily drinking, primary dietary

manager (own), primary drug therapy manager (own), and

eligibility of LTCI. Based on previous studies, those fac-

tors were included in the multivariable models.4-6,16) All

statistical analyses were performed using JMP version 14

(SAS Institute, Cary, NC, USA). All tests were two-tailed,

and P values of < 0.05 were considered as statistically

significant.

Results

The baseline clinical characteristics of patients living

alone and those not living alone according to gender are

shown in Table I. In terms of male gender (n = 342), no

significant difference was observed in mean age or the

proportion of comorbidities between the groups. Regard-

ing females (n = 257), patients living alone were older in

age and appeared to have less incidence of coronary ar-

tery disease, diabetes mellitus, dyslipidemia, or stroke

than those not living alone. In both gender groups, the

proportions of primary dietary managers of patients them-

selves and eligibility of LTCI were significantly higher in

patients living alone than in those not living alone.

As of March 2019, the cumulative event rates were

comparable between patients living alone and those not

living alone. Among all patients, 149 (25.7%) were hospi-

talized for HF again, and there was no significant differ-

ence between the proportion of rehospitalization for HF in

patients living alone and those not living alone (31.5%

versus 24.1%, P = 0.100). The results of the Kaplan-

Meier analysis showed that the incidence of rehospitaliza-

tion for HF was significantly higher in male patients liv-

ing alone than in those not living alone, but there were no

significant differences in the rates of other endpoints, all-

cause mortality, or the composite endpoint between the

groups (Figure 2). Among female patients, there were no

significant differences in the rate of each event. Regarding

elderly patients, no significant differences were also noted

in the incidence of each event among elderly female pa-

tients; however, there was a significantly higher incidence

of rehospitalization for HF in patients living alone than in

those not living alone among elderly male patients (Figure

3). In the nonelderly patients, no significant differences

were observed in the endpoints.

In the Cox proportional hazard model (Table II), no

significant difference was found in female patients in each

model; however, in all the male patients, those living

alone had a higher risk of rehospitalization for HF in each

model (adjusted HR, 1.75; 95% CI, 1.01-2.95, P = 0.036

in model 1; adjusted HR, 2.02; 95% CI, 1.07-3.70, P =

0.032 in model 2). In elderly male patients, the HR of re-

hospitalization for HF also appeared to increase in each

model (adjusted HR, 1.72; 95% CI, 0.93-3.05, P = 0.085;

adjusted HR, 2.00; 95% CI, 0.99-3.87, P = 0.053 in

model 2).

Discussion

This community-based prospective Registry study of

patients with AHF in Japan demonstrated that male pa-

tients living alone had a significantly higher risk of rehos-

pitalization for HF after discharge of first AHF than those
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Table　I.　Baseline Clinical Backgrounds

Male Female

Living alone Not living alone Living alone Not living alone

n 69 255 P value 55 202 P value

Age (years) 71.9 ± 12.4 72.3 ± 11.2 0.792 80.8 ± 10.0 77.2 ± 12.1 0.041

 ≥ 65 years 49 (71.0%) 198 (77.6%) 0.259 52 (94.5%) 177 (87.6%) 0.117

BMI (kg/m2) 22.5 ± 3.9 22.4 ± 3.3 0.931 21.2 ± 3.8 22.3 ± 4.6 0.115

Comorbidities

History of coronary artery disease 20 (29.0%)  85 (33.3%) 0.491 7 (12.7%)  49 (24.3%) 0.054

Hypertension 45 (65.2%) 184 (72.2%) 0.267 35 (63.6%) 143 (70.8%) 0.313

Diabetes mellitus 27 (39.1%)  88 (34.5%) 0.479 11 (20.0%)  67 (33.2%) 0.052

Dyslipidemia 31 (44.9%)  97 (38.0%) 0.302 16 (29.1%)  88 (43.6%) 0.049

Atrial fibrillation 25 (36.2%)  86 (33.7%) 0.698 24 (43.6%)  79 (39.1%) 0.545

Chronic kidney disease 34 (49.3%) 115 (45.1%) 0.537 25 (45.5%)  81 (40.1%) 0.476

History of stroke  7 (10.1%) 22 (8.6%) 0.699 2 (3.6%)  21 (10.4%) 0.088

BNP (pg/dL) 184.2 

[77.4-319.0]

159.5 

[68.4-377.1]

0.882 285.4 

[82.7-535.3]

186.4

 [88.8-458.2]

0.621

LVEF (%) 49.0 ± 16.9 50.7 ± 16.7 0.456 58.8 ± 14.3 55.6 ± 16.9 0.206

LVEF < 50% 33 (50.0%) 140 (56.2%) 0.367 39 (76.5%) 129 (65.2%) 0.116

Current smoker 23 (33.3%)  61 (23.9%) 0.121 4 (7.3%) 12 (5.9%) 0.722

Daily drinking 25 (36.2%)  77 (30.2%) 0.343 2 (3.6%) 12 (5.9%) 0.485

Main dietary manager (own) 38 (55.1%)  32 (12.6%)  < 0.001 44 (80.0%) 116 (57.4%) 0.002

Main drug therapy manager (own) 64 (92.8%) 222 (87.1%) 0.171 47 (85.5%) 159 (78.7%) 0.253

Family support 24 (34.8%) N/A 35 (63.6%) N/A

Long-term care insurance 15 (21.7%)  31 (12.2%) 0.053 27 (49.1%)  69 (34.2%) 0.045

Categorical data are presented as number (%). Continuous variables are expressed as mean ± standard deviation or as median 

[25%‒75% quartile]. BMI indicates body mass index; BNP, brain natriuretic peptide; LVEF, left ventricle ejection fraction; and N/A, 

not applicable.

not living alone, but there was no significant difference

among the female patients. Importantly, these differences

were independently maintained even after adjusting for

differences in comorbidities or social backgrounds. This

study discloses the association between living alone and

long-term outcomes in patients with AHF and added im-

portant information to the secondary prevention approach

after AHF in Japan.

We observed that living alone was significantly asso-

ciated with a higher risk of rehospitalization for HF fol-

lowing 3 years after discharge for AHF. Previous studies

have reported that patients with HF living without a part-

ner or those who were unmarried were at an increased

risk for readmission at 90 days.17) For the short-term out-

come, the factor of marital status had a positive cumula-

tive effect on the risk for readmission,18) but the HF-

ACTION study, which enrolled patients with chronic HF

between 2003 and 2007 in the Western country, retrospec-

tively showed that having a partner was not independent

predictors of long-term clinical outcomes.7) The patients in

our study were older than those in the HF-ACTION study,

and we focused on the association between outcomes and

living alone, not partner status. Partner status was not

same situation for living alone. The significances of social

status or situation might differ based on culture, countries,

and over time. During a long-term follow-up in Japan8)

and Western countries, 9) other studies have demonstrated

that living alone was significantly associated with adverse

events following discharge in patients with AMI. These

results are consistent with those of our study regarding the

long-term outcome in patients with AHF. As a predictor

of readmission in elderly patients with HF, social network,

which was defined using a four-item questionnaire that in-

cludes living alone, was reported in Spain.19) Patients not

living alone provided a higher social network, and a

higher social network was associated with a lower risk for

readmission. Hence, focusing on sociopsychological com-

ponents as an important factor for the secondary preven-

tion of cardiovascular diseases is important.

In the present study, the higher rate of rehospitaliza-

tion for HF after discharge in patients with first AHF who

lived alone was observed only among male patients,

whereas such a finding was not observed among female

patients. Consistently, a previous study reported that, espe-

cially for the male gender and not the female gender, after

adjusting for other risk factors, AMI survivors living alone

had a significantly higher risk than those not living

alone. 8) In the present study, male patients living alone

had limited primary dietary management themselves than

female patients (55.1% in males and 80.0% in females

living alone). Studies have shown that poor nutritional

status and lack of sodium control were associated with an

increased risk of adverse events among patients with

HF.20,21) In addition, people living alone had poor dietary

quality and patterns.22,23) Female patients might manage

well themselves after discharge for HF because they

would be aware of the fact that one of the most important

treatments was the control of daily diet during their ad-

missions. We also observed that male patients living alone

had less other family support or eligibility for LTCI than

female patients (34.8% in males and 63.6% in females or

21.7% in males and 49.1% in females, respectively). Fam-

ily and social supports are effective factors in the manage-

ment for preventing readmission for HF. Countries
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Figure　2.　Kaplan-Meier curves for rehospitalization for HF, all-cause mortality, and the composite endpoint during the 

follow-up period between patients living alone and those not living alone among all patients. The rate of rehospitalization 

for heart failure was significantly higher in male patients living alone than in those not living alone (A), but there was no 

significant difference in the rate of other outcomes, all-cause mortality (C), or the composite endpoint (E) between the 

groups. In female patients, no significant difference was noted in the rate of each event (B, D, and B). 

throughout the world are facing the challenge of an aging

population that will require care.24) In these countries, in-

cluding Japan, family members undertake the majority of

caring tasks for elderly people in the community.25) In Ja-

pan, the LTCI system helps people who require long-term

care as a result of old age-induced illness, enabling them

to lead more independent lives and relieve the burden of

family care.10) However, we could not find the effect of

the just eligible of LTCI on the prevention of outcomes

among patients with living alone because of our small

samples. We would try to reveal the association between

the LTCI and prognosis in a further study. Our results

suggested that female patients could have more opportuni-

ties to manage their daily living with some support from

other younger family members or social support than male

patients. Considering our study findings, we can recom-

mend that patients with AHF use more family support or

those services after discharge. In addition, social isolation

tends to be associated with higher risk behaviors such as

smoking and alcohol abuse.26) In our study, although no

significant differences in the proportion of current smok-

ers and daily drinking history between patients living

alone and those not living alone were found, the propor-

tion of these risk behaviors was higher in males than in

females. A cardiac rehabilitation program after discharge

has potential to induce a better lifestyle and outcomes
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Figure　3.　Kaplan-Meier curves for rehospitalization for heart failure, all-cause mortality, and the composite endpoint 

during the follow-up period between patients living alone and those not living alone among elderly patients. Regarding 

elderly patients, no significant difference was also noted in the rate of each event in elderly female patients (B, D, and F); 

however, significantly higher rates of rehospitalization for heart failure were recorded in patients living alone than in 

those not living alone among elderly male patients (A).  

among patients living alone. Unfortunately, we did not

have data on the implementation of cardiac rehabilitation

program during hospital stay and after discharge; however,

it had been clear that the cardiac rehabilitation program in

the acute phase of hospital stay and for outpatients with

AHF to continue the program were effective on not only

physical capacity but also quality of life or changing their

lifestyle because of a comprehensive medical care.27) Sev-

eral factors were associated with readmission in patients

with AHF; however, noting that not living alone independ-

ently resulted in better outcomes after adjustments for

comorbidities or social backgrounds, especially in male

patients, is important.

We could not obtain the differences in all-cause death

and the composite endpoint between living alone and not

living alone. Most of the patients in this study were old,

and they were older than those reported in previous Japa-

nese registries.28,29) Elderly patients with HF are more

often exposed to the effects of various comorbidities and

other risks inherent with aging. HF does not always im-

mediately lead to death. HF repeats exacerbations and re-

missions.30) In this study, the proportion of cardiac death

was 36.8% and those of noncardiac death, excluding can-

cer death, was 39.1%. All-cause death might be caused

from many comorbidities or other diseases, especially in

elderly patients, regardless of the living situation or sup-

port of others. No differences in the composite endpoint

between living alone and not living alone might be af-
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Table　II.　Adjusted Hazard Ratios of Living Alone for Each Event during Follow-Up Period

Male Female

Model 1 Model 2 Model 1 Model 2

Event 

(n) 

HRs 

(95% CI) 

P 

value

HRs 

(95% CI) 

P 

value

Event 

(n) 

HRs 

(95% CI) 

P 

value

HRs 

(95% CI) 

P 

value

Rehospitalization for HF

All 20 1.75

(1.01-2.95) 

0.036 2.02

(1.07-3.70) 

0.032 19 0.91

(0.52-1.53) 

0.737 0.99

(0.56-1.69) 

0.977

 ≥ 65 years 16 1.72

(0.93-3.05) 

0.085 2.00

(0.99-3.87) 

0.053 19 1.09

(0.62-1.84) 

0.760 1.18

(0.67-1.99) 

0.551

 < 65 years 4 2.79

(0.64-12.2) 

0.165 2.04

(0.45-7.71) 

0.332 0 Unconverged Unconverged

All-cause death

All 8 0.98

(0.41-2.07) 

0.982 1.19

(0.47-2.69) 

0.703 13 1.35

(0.65-2.68) 

0.405 1.54

(0.74-3.04) 

0.238

 ≥ 65 years 8 1.18

(0.50-2.51) 

0.675 1.51

(0.58-3.55) 

0.379 13 1.73

(0.84-3.42) 

0.135 1.78

(0.87-3.46) 

0.109

 < 65 years 0 Unconverged Unconverged 0 Unconverged Unconverged

Composite endpoint

All 22 1.37

(0.82-2.20) 

0.223 1.63

(0.92-2.79) 

0.094 24 0.94

(0.57-1.51) 

0.807 1.02

(0.61-1.64) 

0.952

 ≥ 65 years 18 1.34

(0.76-2.25) 

0.305 1.70

(0.91-3.07) 

0.095 24 1.18

(0.71-1.89) 

0.515 1.24

(0.75-2.00) 

0.379

 < 65 years 4 1.58

(0.41-5.29) 

0.481 1.56

(0.38-5.19) 

0.505 0 Unconverged Unconverged

Event number was described in living alone patients. HRs of model 1 was adjusted for age (10-year strata for all patients) and comorbidities (yes/

no; coronary artery disease, hypertension, dyslipidemia, diabetes mellitus, atrial fibrillation, chronic kidney disease, stroke). HRs of model 2 was 

adjusted for age (10-year strata for all patients) and lifestyle factors (yes/no; current smoking, daily drinking, main dietary manager (own), main 

drug therapy manager (own), and eligibility of long-term care insurance). The composite endpoint included all-cause mortality and rehospitaliza-

tion for HF. HF indicates heart failure; HRs, hazard ratios; and CI, confidence interval.

fected strongly from all-cause death event.

This Registry study has several limitations. First,

there were no data on the changes in living arrangements

after discharge during the follow-up period. Second, the

diagnosis of AHF was defined by physicians using the

Framingham criteria, which could consequently lead to

possible selection or referral bias. Third, patients who had

a history of HF before admission were excluded; however,

we believed that patients with AHF with first admission

had been more affected on living arrangement or support

systems than those with readmission. Fourth, no event of

all-cause death in male patients aged < 65 years and in fe-

male patients aged < 65 years was recorded in this study.

We could not determine the presence of an association

with outcome in those subgroups. Therefore, we anticipate

that future studies would reveal the association to assess

more clearly the association of outcomes with living

alone, especially in patients aged < 65 years.

In conclusion, this study that was conducted in Japan

demonstrated that male patients living alone after dis-

charge for AHF had a higher risk of rehospitalization for

HF than those not living alone, but these differences were

not observed in female patients. Focusing on the living

style of the patient as an important factor for the secon-

dary prevention of rehospitalization for HF and consider-

ing using family or social support, especially in male pa-

tients with first HF, are important.
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