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FRAGILE- HF Registry Subanalysis
Kentaro Jujo, MD, PhD; Nobuyuki Kagiyama , MD, PhD; Kazuya Saito, PT, MSc; Kentaro Kamiya , PT, PhD; 
Hiroshi Saito , PT, MSc; Yuki Ogasahara, RN; Emi Maekawa, MD, PhD; Masaaki Konishi, MD, PhD;  
Takeshi Kitai, MD, PhD; Kentaro Iwata, PT, MSc; Hiroshi Wada, MD, PhD; Takatoshi Kasai, MD, PhD;  
Hirofumi Nagamatsu, MD; Tetsuya Ozawa, PT, MSc; Katsuya Izawa, PT; Shuhei Yamamoto , PT, PhD;  
Naoki Aizawa, MD; Ryusuke Yonezawa, PT, PhD; Kazuhiro Oka, PT MSc; Hyuma Makizako , PT, PhD;  
Shin- ichi Momomura, MD; Yuya Matsue , MD, PhD

BACKGROUND: Frailty is conceptualized as an accumulation of deficits in multiple areas and is strongly associated with the 
prognosis of heart failure (HF). However, the social domain of frailty is less well investigated. We prospectively evaluated the 
clinical characteristics and prognostic impact of social frailty (SF) in elderly patients with HF.

METHODS AND RESULTS: FRAGILE- HF (prevalence and prognostic value of physical and social frailty in geriatric patients hospi-
talized for heart failure) is a multicenter, prospective cohort study focusing on patients hospitalized for HF and aged ≥65 years. 
We defined SF by Makizako’s 5 items, which have been validated as associated with future disability. The primary end point 
was a composite of all- cause death and rehospitalization because of HF. The impact of SF on all- cause mortality alone was 
also evaluated. Among 1240 enrolled patients, 825 (66.5%) had SF. During the 1- year observation period after discharge, the 
rates of the combined end point and all- cause mortality were significantly higher in patients with SF than in those without SF 
(Log- rank test: both P < 0.05). SF remained as significantly associated with both the combined end point (hazard ratio, 1.30; 
95% CI, 1.02– 1.66; P = 0.038) and all- cause mortality (hazard ratio, 1.53; 95% CI, 1.01– 2.30; P = 0.044), even after adjusting 
for key clinical risk factors. Furthermore, SF showed significant incremental prognostic value over known risk factors for both 
the combined end point (net- reclassification improvement: 0.189, 95% CI, 0.063– 0.316, P = 0.003) and all- cause mortality 
(net- reclassification improvement: 0.234, 95% CI, 0.073– 0.395, P = 0.004).

CONCLUSIONS: Among hospitalized geriatric patients with HF, two thirds have SF. Evaluating SF provides additive prognostic 
information in elderly patients with HF.

REGISTRATION: URL: https://upload.umin.ac.jp/. Unique identifier: UMIN000023929.
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Frailty is an important clinical syndrome that be-
comes more common with age. Frailty is rec-
ognized as a biological status associated with 

multiple declines in physiologic reserves and in-
creased vulnerability to stressors, resulting in an 

increased risk of adverse clinical outcomes, includ-
ing disability, hospitalization, and death.1– 4 Frailty is 
of particular relevance in heart failure (HF), because 
frailty and HF share aging as a predisposing factor, 
and, simultaneously, both conditions are strongly 
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associated with systemic multisystem dysfunction. 
Furthermore, numerous studies have demonstrated 
the prognostic impact of frailty in patients with HF.5,6 
Although frailty is conceptualized as an accumula-
tion of deficits in multiple areas,7 the social domain 
of frailty is one of the least investigated domains.8,9 
As social activity frequently requires the integration 
of physical and mental capacities, social frailty (SF) 
possibly develops at a relatively early stage in the 
progressive trajectory of frailty. Indeed, 1 observa-
tional study, comprising community- dwelling older 
people, showed that SF leads to future declines in 
physical and cognitive function.10 Nonetheless, most 
studies on frailty in patients with HF have not focused 
on SF; consequently, the data on SF are limited. We 
recently reported that the number of expressed frailty 
domains (including SF) was associated with the prog-
nosis in elderly patients with HF. However, the clinical 
characteristics of those with SF and the prognostic 
implications of SF in elderly patients with HF have not 
been well described. Moreover, it remains unclear 
whether SF provides additive prognostic impact to 
pre- existing prognostic factors of HF. Therefore, we 
sought to detail the prevalence, clinical characteris-
tics, and prognostic implication of SF in elderly hos-
pitalized patients with HF.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Patient Population
We performed a post hoc analysis of the FRAGILE- HF 
(prevalence and prognostic value of physical and so-
cial frailty in geriatric patients hospitalized for heart fail-
ure) cohort study, which comprised 1332 hospitalized 
patients with decompensation of HF who were aged 
≥65 years and could ambulate at discharge. The study 
design and main results have been published else-
where.11 Briefly, the main objective of the FRAGILE- HF 
study was to evaluate the prevalence and prognostic 
impact of multifrailty domains in elderly patients with 
HF who require hospitalization. Exclusion criteria were 
as follows: previous heart transplantation or treatment 
with a left ventricular assist device; on either chronic 
peritoneal dialysis or hemodialysis; and acute myo-
carditis. Patients with missing brain natriuretic peptide 
(BNP) or N- terminal proBNP data, and patients with 
a BNP level <100 pg/mL or N- terminal proBNP level 
<300  pg/mL at admission were also excluded, be-
cause the admitting diagnosis could be inappropriate. 
We enrolled patients with reduced or preserved ejec-
tion fraction. Fifteen hospitals in Japan registered pa-
tients from September 2016 to March 2018.

All participants were notified regarding their par-
ticipation in the study, and it was explained that they 
were free to opt out of participation at any time of the 
study period. The study was conducted in compliance 
with the Declaration of Helsinki and Japanese Ethical 
Guidelines for Medical and Health Research involving 
Human Subjects. Since this was an observational study 
without invasive procedures or interventions, written 
informed consent was not required under the Ethical 
Guidelines for Medical and Health Research Involving 
Human Subjects, issued by the Japanese Ministry of 
Health, Labor, and Welfare. The study protocol was ap-
proved by the ethics committee of each participating 
hospital. Study information, including the objectives, 
inclusion and exclusion criteria, primary outcome, and 
names of the participating hospitals, were published 
in the publicly available University hospital Medical 
Information Network (UMIN- CTR, unique identifier: 
UMIN000023929) before the first patient was enrolled.

Evaluation and Definition of SF
Social frailty was evaluated before discharge using 
5 questions that were proposed by Makizako et al,12 
as shown in Table S1. The following responses were 
considered positive for SF: (1) going out less frequently 
compared with last year; (2) not visiting friends; (3) not 
talking with someone every day; (4) not feeling help-
ful toward friends or family; and (5) living alone. This 
questionnaire was originally derived from community- 
dwelling older adults (≥65 years old), and SF defined 
by this questionnaire has been shown to be associated 
with future disability.12 We divided the study population 

CLINICAL PERSPECTIVE

What Is New?
• Social frailty is prevalent among patients hos-

pitalized for heart failure and aged ≥65  years 
(66.5%).

• Information on social frailty yielded incremental 
prognostic values to known risk factors.

What Are the Clinical Implications?
• Our study results suggest a prognostic role of 

social frailty in patients with heart failure and 
support the feasibility of the evaluation of social 
frailty in elderly patients with heart failure using 
this simple instrument in daily clinical practice.
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into 2 groups: those with 2 or more positive criteria re-
sponses comprised the SF group, and those with none 
or 1 criterion response comprised the Non- SF group, in 
accordance with the study by Makizako et al.12

Outcomes
Data regarding the prognosis of registered patients 
within 1  year after discharge were prospectively col-
lected up to March 2019. The predefined primary clini-
cal outcome was a composite of death from any cause 
and rehospitalization because of HF, and the second-
ary outcome was all- cause mortality alone. We de-
fined readmission events as HF readmission only if the 
criteria for HF readmission described in the American 
College of Cardiology/American Heart Association 
Key Data Elements and Definitions for Cardiovascular 
Endpoint Events in Clinical Trials were fulfilled.13 After 
discharge, patients were followed up in outpatient clin-
ics at least every 3 months, as well as according to 
their medical needs. For those without follow- up in 
clinics, prognostic data were obtained by telephone 
interviews with those in charge of the patient’s medical 
records at other medical facilities, or with the family.

Statistical Analysis
Data are expressed as the mean and standard de-
viation for normally distributed variables, and as the 
median with interquartile range for non- normally dis-
tributed data. Categorical data are expressed as 
numbers and percentages. Non- normally distributed 
variables were transformed into the logarithmic scale 
for further analyses. Group differences were evaluated 
using the Student t test or Mann– Whitney U test for 
continuous variables and the χ2 or Fisher exact test for 
categorical variables, as appropriate.

Event- free survival curves were constructed using 
the Kaplan– Meier survival method and were compared 
with log- rank statistics. For the outcome of the com-
bined event of death from any cause and HF readmis-
sion, we selected the variables of age; sex; left ventricular 
ejection fraction; current smoking status; history of HF, 
hypertension, diabetes mellitus, coronary artery dis-
ease, chronic obstructive pulmonary disease, and atrial 
fibrillation; systolic blood pressure; estimated glomer-
ular filtration rate; hemoglobin; serum sodium level; 
serum albumin; log- transformed BNP; prescriptions of 
angiotensin- converting enzyme inhibitor or angiotensin 
receptor blocker, beta blocker, and mineralocorticoid 
receptor antagonist; and New York Heart Association 
classification III/IV at discharge as pre- existing prognos-
tic factors for adjustment in a multivariable model. We 
selected these variables according to their clinical im-
portance and based on previous studies.

Regarding all- cause mortality as the secondary end 
point, the Meta- analysis Global Group in Chronic Heart 

Failure risk score was calculated for each patient as pre-
viously described.14 The discrimination and calibration 
of this risk score have been well validated in Japanese 
patients with HF.15,16 Given that adding the BNP level at 
discharge has been shown to be associated with dis-
crimination improvement, with adequate calibration,15 
we used the Meta- analysis Global Group in Chronic 
Heart Failure risk score and (log- transformed) BNP 
as adjustment variables in a multivariable prognostic 
model for the outcome of all- cause mortality.

To evaluate whether information on SF provides 
incremental prognostic value over that for known risk 
factors, we constructed 2 models: a baseline model 
incorporating pre- existing risk factors, and a model in-
corporating the variables of the baseline model plus the 
presence/absence of SF. For the outcome of combined 
end point, the baseline model was constructed using all 
variables used for adjustment in the abovementioned 
multivariable model. For the end point of all- cause 
mortality, the baseline model was built using the Meta- 
analysis Global Group in Chronic Heart Failure score 
and log- transformed BNP. For each outcome, we com-
pared the area under the curve between the 2 mod-
els and calculated the continuous net- reclassification 
improvement achieved by adding SF information to 
the baseline model.17 A 2- tailed P value <0.05 was 
considered statistically significant. Statistical analyses 
were performed using R version 3.1.2 (R Foundation 
for Statistical Computing, Vienna, Austria; ISBN 
3- 900051- 07- 0, URL: http://www.R- proje ct.org).

RESULTS
Prevalence of SF and Patient 
Characteristics
Among 1332 patients enrolled in the FRAGILE- HF cohort 
study, 1240 patients (93.1%) successfully answered all of 
Makizako’s questions and were analyzed. The number 
of patients who provided positive answers to each ques-
tion and the distribution of positive responses are shown 
in Table S1 and Table S2, respectively. Table 1 shows the 
patients’ baseline profiles. Among the enrolled patients, 825 
(66.5%) had SF. Patients with SF were significantly older, 
more likely to be living alone, and had a higher prevalence of 
New York Heart Association classification III/IV, higher heart 
rate, lower hemoglobin, lower albumin, and poorer renal 
function at discharge than those without SF. However, the 
body mass index and BNP level at discharge were compa-
rable between the groups. Prescriptions of HF drugs also 
did not significantly differ between the groups.

Association Between SF and Prognosis
Because we could not obtain follow- up data for 28 pa-
tients (2.3%), 1212 patients were analyzed for the impact 

http://www.R-project.org
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of SF on the prognosis. Kaplan– Meier curves for the 
composite of death from any cause and HF readmis-
sion showed a significantly higher rate in the SF group 

than in the Non- SF group during the 1- year observation 
period after discharge (Log- rank test, P < 0.001) (Figure, 
left panel). Likewise, all- cause mortality was significantly 
higher in the SF group than in the Non- SF group dur-
ing the 1- year observation period (P  =  0.013) (Figure, 
right panel). Univariate Cox regression hazard modeling 
showed a significantly higher hazard ratio (HR) for the 
composite of death from any cause and HF readmission 
in the SF group than in the Non- SF group (HR, 1.46; 95% 
CI, 1.17– 1.82, P < 0.001) (Table 2). This finding persisted 
even after adjusting for diverse covariates on multivariable 
analysis (HR, 1.30; 95% CI, 1.02– 1.66, P = 0.038). In terms 
of all- cause mortality, the univariate analysis showed a 
significantly higher HR in the SF group than in the Non- SF 
group (HR, 1.61; 95% CI, 1.10– 2.34, P = 0.014) (Table 2). 
This finding persisted after the adjustment for the Meta- 
analysis Global Group in Chronic Heart Failure risk score 
and log- transformed BNP on multivariable analysis (HR, 
1.53; 95% CI, 1.01– 2.30, P = 0.044).

When information on SF was added to the baseline 
risk model (including known risk factors) for the com-
bined end point, the area under the curve was numeri-
cally, but not significantly, increased from 0.727 (95% CI, 
0.695– 0.759) to 0.733 (95% CI, 0.696– 0.762) (P = 0.544). 
However, a statistically significant incremental prognostic 
value of SF was shown in terms of the net- reclassification 
improvement (0.189 [95% CI, 0.063– 0.316], P = 0.003) 
(Table 3). Regarding all- cause mortality, SF was associ-
ated with an increase in the area under the curve from 
0.721(95% CI, 0.675– 0.767) to 0.733 (95% CI, 0.670– 
0.766) (P = 0.598), and SF showed significant incremen-
tal prognostic value (net- reclassification improvement: 
0.234, 95% CI, 0.073– 0.395, P = 0.004).

DISCUSSION
In the present study, we investigated the relationships 
between SF and the prognosis after discharge in elderly 
patients with HF. We found that approximately two thirds 
of patients with HF aged ≥65 years had SF as assessed 
by 5 simple questions. Those with SF were older and 
more symptomatic at baseline, and had a poorer prog-
nosis than those without SF. Furthermore, the results 
demonstrated that information regarding the presence 
of SF possesses an additive prognostic value over that of 
pre- existing factors. Given its prevalence and prognostic 
value, a routine evaluation of SF should be implemented 
in daily clinical practice.

Impact of Social Issues on Clinical 
Outcomes
Several previous studies focused on the preva-
lence and prognostic impact of a weak social net-
work in patients with HF; however, the results were 
not consistent.18– 20 One study evaluated SF in 371 

Table 1. Baseline Patient Profiles

Variables

Non- SF 
Group SF Group

P ValueN = 415 N = 825

Age, y 79 [73– 85] 82 [76- 87] <0.001

Male sex, % 235 (56.6) 478 (57.9) 0.704

Living status

Living with someone 378 (91.1) 561 (68.0) <0.001

Living alone 30 (7.2) 231 (28.0)

Living in nursing home 7 (1.7) 33 (4.0)

NYHA Class III/IV, % 37 (8.9) 135 (16.4) <0.001

BMI 21.5 ± 3.6 21.3 ± 3.9 0.495

Systolic blood 
pressure, mm Hg

114 ± 16 114 ± 17 0.996

Diastolic blood 
pressure, mm Hg

62 ± 10 62 ± 11 0.556

Heart rate, bpm 70 ± 14 72 ± 14 0.03

LVEF, % 46 ± 17 46 ± 17 0.504

History of heart failure, %

None 209 (50.5) 350 (42.4) 0.025

Less than 18 mo 61 (14.7) 134 (16.2)

More than 18 mo 144 (34.8) 341 (41.3)

Comorbidities, %

Atrial fibrillation 187 (45.1) 363 (44.0) 0.769

Coronary artery 
disease

143 (34.5) 297 (36.0) 0.636

COPD 50 (12.0) 83 (10.1) 0.332

Diabetes mellitus 143 (34.5) 295 (35.8) 0.697

Hypertension 294 (70.8) 584 (70.8) >0.99

Prescription of medications, %

ACE- I/ARB 282 (68.0) 554 (67.2) 0.826

Beta blocker 318 (76.6) 592 (71.8) 0.078

MRA 36 (8.7) 69 (8.4) 0.938

Laboratory data at discharge

Hemoglobin, g/dL 12.2 ± 2.0 11.7 ± 2.0 <0.001

Hematocrit, % 37.2 ± 5.9 35.9 ± 5.8 <0.001

Albumin, g/dL 3.5 ± 0.5 3.4 ± 0.5 <0.001

Creatinine, mg/dL 1.3 ± 0.8 1.4 ± 0.8 0.019

eGFR, mL/min per 
1.73m2

56.5 ± 22.3 51.3 ± 21.5 <0.001

BUN, mg/dL 24 [19- 34] 27 [20- 38] 0.003

Sodium, mEq/L 139 ± 4 139 ± 4 0.060

BNP, pg/mL 251 [129- 469] 282 
[139- 499]

0.268

ACE- I indicates angiotensin converting enzyme inhibitor; ARB, angiotensin 
II receptor blocker; BMI, body mass index; BNP, B- type natriuretic peptide; 
bpm, beats per minute; BUN, blood urea nitrogen; COPD, chronic obstructive 
pulmonary disease; eGFR, estimated glomerular filtration rate; LVEF, left 
ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; 
NYHA, New York Heart Association; and SF, social frailty.
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patients with HF using a 4- item questionnaire and 
did not find an association between SF and mortal-
ity after discharge within a short follow- up period of 
6 months.19 Potential reasons for the nonobservation 
of an association include the relatively small sample 
size and short- term follow- up. Indeed, we followed 
up for 1 year after discharge, with a good follow- up 
rate, and found consistent associations between 
SF and a poor prognosis, in terms of both the com-
bined event and all- cause mortality, independent of 
other known risk factors. The differences between 
patients with and without SF began to be evident at 
2 months after discharge for the combined end point 
and at 6 months after discharge for all- cause mor-
tality. As the impact of social and environmental is-
sues on clinical outcomes may become apparent at 
a later timepoint, a longer observation period may be 
needed to determine whether SF affects the clinical 
outcomes in the targeted population.

Another study investigated the prevalence and prog-
nostic impact of social isolation in 1681 patients with 
HF identified by International Classification of Diseases, 
Ninth Revision codes.21 Eligible patients were asked to 
respond to a 4- item survey. Among enrolled patients 
who answered all questions, ≈25% were classified as 
socially isolated, and social isolation was associated 
with a higher risk of an emergency department visit, HF 
hospitalization, and death. Although these results are 
consistent with our findings in terms of a high vulnera-
bility in those with social issues, the prevalence of social 
isolation seems to be significantly lower than that for SF 

in the present study. This may, of course, be attributable 
to differences in the questionnaires used. However, it 
could also be that those with social isolation are less 
likely to voluntarily respond to an invitation to partici-
pate in the first place, and consequently the prevalence 
of social isolation may have been underestimated in 
the previous study. SF is not a well- explored concept; 
therefore, in order to better understand SF, a broad and 
systematic evaluation of existing insights is needed.22 
From this perspective, 1 of the strengths of our study 
is that most of the patients in the entire cohort (93.1%) 
completed the evaluations of SF.

Regarding the assessment of SF, we used a 
questionnaire that has already been verified to 
be associated with the risk of future disability in 
community- dwelling elderly adults without disabil-
ity.12 In the present study, we demonstrated that SF 
as evaluated by Makizako’s 5 items was significantly 
associated with both all- cause mortality and a com-
posite of death from any cause and hospitalization 
because of HF in a prospective cohort study. This 
finding expands our understanding regarding the 
prevalence and prognostic role of SF in patients with 
HF and supports the feasibility of the evaluation of SF 
in elderly patients with HF using this simple instru-
ment in daily clinical practice.

SF Interventions
As a future perspective, it should be noted that SF is 
an intervenable parameter. Indeed, 1 previous ran-
domized study showed that a group- based social 

Figure. Kaplan– Meier curves for the composite end point (left panel) and all- cause mortality (right panel)
Kaplan– Meier curves for the composite end point (left panel) and all- cause mortality (right panel) are shown for patients with SF (blue 
line) and those without SF (red line). SF indicates social frailty.
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support program could enhance social connections.23 
Facilitations provided during the index hospitalization 
for the transition from the hospital to the home, as 
seamless support, and the subsequent intentional es-
tablishment of social connections between discharged 
patients and their community, might be effective in de-
creasing mortality and preventing rehospitalization be-
cause of HF. More specifically, information technology, 
such as communication via smart- phone applications, 
video calling, and social networking services, etc., 
may be promising intervention options. Additionally, a 
previous randomized clinical trial showed that a multi-
component exercise program, comprising a combined 
program of endurance, strength, coordination, balance, 
and flexibility exercises, improved not only physical per-
formance, but also cognitive, emotional, and social 
networking parameters.24 This might imply that frailty 
domains, including SF, do not occur in isolation and 
further prospective trials directly examining the efficacy 
of interventions on SF are warranted. Moreover, a previ-
ous study showed that those with SF but not physical 
frailty are potentially at greater risk of developing physi-
cal frailty in the near future.25 Hence, screening for SF is 
important, because it potentially can identify frail older 
adults who are not captured otherwise. However, this 
hypothesis should be tested in future studies.

Study Limitations
The present study has several limitations that should 
be acknowledged. First, this was an observational 
study with a fairly large number of patients, but with 
a limited follow- up period. Second, SF could be as-
sociated with different cultures or residential countries. 
However, previous studies have shown that ethnicity 
may play a limited role in frailty pathways,26 because 
frailty has been associated with adverse outcomes, ir-
respective of race or poverty status.27 Moreover, in 1 
meta- analysis evaluating the clinical impact of social 
isolation in patients with HF, including Japanese pa-
tients, the association between clinical outcomes and 
social isolation was shown, irrespective of race or eth-
nicity.28 Nevertheless, the findings of our current study 
need to be validated in patients with HF who have 
different cultural backgrounds. Third, some (but not 
many) patients were excluded because of missing data 
on SF, which is potentially associated with a selection 
bias. Moreover, we also excluded those who could not 
ambulate by study inclusion criteria; thus, our study re-
sults may not be applicable to such populations.

CONCLUSIONS
SF is prevalent among elderly patients with HF and 
is also significantly associated with death from any 
cause and hospitalization because of HF. Evaluating Ta
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and identifying those with SF provides additive prog-
nostic information over that of pre- existing risk factors. 
Future studies are warranted to determine whether SF 
interventions can impact other frailty domains and the 
prognosis of this high- risk population.
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Table S1. Makizako’s 5 questions used to assess social frailty and the number of patients (%) who 

provided positive answers. 

 

Questions  
Number of patients giving 

positive answer (%) 

Going out less frequently compared with last year (yes) 809 (65.2) 

Sometimes visiting friends (no) 829 (66.9) 

Talking with someone every day (no) 243 (19.6) 

Feeling helpful toward friends or family (no) 811 (65.4) 

Living alone (yes) 313 (25.2) 

 

  



Table S2. Distribution of the number of positive answers given to Makizako’s 5 questions. 

 

Score* Number of patients (%) 

0 119 (9.6) 

1 296 (23.9) 

2 378 (30.5) 

3 270 (21.8) 

4 124 (10.0) 

5 53 (4.2) 

* The number of positive answers given. Patients who responded positively to 2 or more questions were defined 

as having social frailty. 


