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Abstract

Aims There is currently no gold standard in evaluating frailty in patients with heart failure (HF), and the prognostic value of
frailty according to the Canadian Study of Health and Aging Clinical Frailty Scale (CFS) on mortality in patients with HF is still
unknown.

Methods and results Among consecutive 596 patients after their discharge from HF in Kokura Memorial Hospital
(Kitakyushu, Japan) during 2015, their frailty at discharge was assessed according to CFS. Patients were classified into three
groups: low (N = 232, 38.9%), intermediate (N = 230, 38.6%), and high (N = 134, 22.5%). The primary endpoint was defined
as 2 year all-cause death. The mean age was 76.6 + 10.1 years, and 55.3% were men in entire cohort. There were significant
differences in age, living environment, and dementia among low, intermediate, and high CFS groups. Left ventricular ejection
fraction (LVEF) and co-morbidities such as severe renal failure and severe anaemia tended to increase with frailty severity, while
body mass index (BMI) and albumin level tended to decrease with frailty severity. Two year cumulative incidences of all-cause
death for the three groups were 12.8%, 25.4%, and 52.7% (P < 0.001), respectively. This significant difference in the risk for
all-cause death among the CFS groups was driven by the risk for cardiac (8.6%, 14.2%, and 31.0%, respectively, P < 0.001)
and non-cardiac death (4.6%, 13.0%, and 31.4%, respectively, P < 0.001). The multivariate analysis showed that high frailty
was independently associated with all-cause death (intermediate CFS group: adjusted hazard ratio, 1.43, 95% confidence inter-
val, 0.86-2.36, P = 0.16; high CFS group: adjusted hazard ratio, 3.90, 95% confidence interval, 2.32—6.55, P < 0.001), and this
result was consistent, irrespective of stratification based on age, sex, BMI, and LVEF without significant interaction.
Conclusions The simple CFS tool was successful in predicting the risk for all-cause death in patients with HF, and frailty
according to CFS was independently associated with all-cause death irrespective of stratification based on age, sex, BMI,
and LVEF without significant interaction. The CFS is a valuable prognostic tool in clinical settings.
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Introduction

Frailty is a geriatric syndrome that is defined as a state of re-
duced physiological reserve against pathological or iatrogenic
stressors due to age-related impairments.1 An ageing popula-
tion leads to an increase in not only heart failure (HF) pa-
tients but also frail patients.>®> While previous large-scale
trials have enabled the development of effective treatments
for HF, especially for reduced ejection fraction, the findings

of these trials were less applicable to frail patients. These
trials tend to exclude frail patients because of their various
co-morbidities, unwillingness to participate, or physicians
discouraging participation.® There are emerging data that
suggest that frailty is an independent prognostic factor for
HF patients, which formed the basis for assessing frailty in
HF patients. Moreover, frailty is an important factor from
the view of quality of life enhancement and appropriate
end-of-life care.
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However, the best assessment instrument for frailty is still
not known.®> While most instruments are time consuming and
require physical measurements,® the Canadian Study of
Health and Aging Clinical Frailty Scale (CFS) is a very simple
frailty assessment tool that is practical in busy clinical
settings.” Although CFS has been shown to correlate with
mortality in patients with cardiovascular disease,®° data on
the association between CFS and HF are limited.*%** We
sought to evaluate the impact of frailty according to the
CFS on 2 year all-cause death after hospitalization for HF in
an all-comer registry from a single centre.

Methods
Study population

Among consecutive 641 patients in an all-comer, single-
centre registry who were hospitalized because of HF at
Kokura Memorial Hospital (Kitakyushu, Japan) during 2015,
45 patients were excluded because of in-hospital death. The
remaining 596 patients were discharged and enrolled in the
present study. Written informed consent of the patients
was waived because the patients were retrospectively en-
rolled. None of the patients refused participation in the study
when contacted for follow-up. This opt-out consent strategy
was in accordance with the guidelines of the Japanese Minis-
try of Health, Labour and Welfare. The institutional review
board of Kokura Memorial Hospital approved the protocol
of this observational study. Moreover, the study was con-
ducted following the Declaration of Helsinki. The objectives
and detailed design are available on the University Hospital
Medical Information Network (UMINO00041519).

Frailty was assessed at discharge by healthcare profes-
sionals in the cardiovascular centre using Canadian Study of
Health and Aging CFS (Supporting Information, Table S1).”*
Patients were divided into three groups according to the
CFS level: low (CFS Levels 1-3), intermediate (CFS Levels
4-6), and high (CFS Levels 7-9).

Clinical outcomes

We obtained follow-up clinical information from medical re-
cords, patients’ referral documents, and telephone interviews
with the patients or their families. The primary outcome
measure was defined as all-cause death at 2 years. We also
assessed cardiac death and non-cardiac death according to
the Academic Research Consortium criteria.’®> We assessed
rehospitalization for HF as a secondary outcome measure.
HF decompensation was diagnosed using the Framingham
criteria.’® All baseline variables and clinical outcomes were
adjudicated by 10 assessors who reviewed the source
documents.

Statistical analysis

Continuous variables were expressed as mean + standard
deviation or as median (inter-quartile ranges) and were
compared using a Kruskal-Wallis test. Categorical variables
were presented as values and percentages and were com-
pared using a Xz test. Kaplan—Meier curves were used to
estimate the cumulative incidence of clinical events, and
the differences of cumulative incidence among CFS groups
were estimated by log-rank test. Cumulative incidence of
cardiac death, non-cardiac death, and HF rehospitalization
were also estimated by Grey’s test, which account for the
competing risk for all-cause death. In comparison of base-
line characteristics, Bonferroni-adjusted P values of 0.0167
were used as the criterion of statistical significance. To test
the predictive ability of the CFS, multivariate Cox propor-
tional hazard models were constructed, which comprised
variables identified from previous studies’®™” as potential
risk factors for all-cause mortality and rehospitalization for
HF. For the post hoc analyses, we dichotomized patients
based on (i) median age of 80 years, (ii) sex, (iii) median
body mass index (BMI) level of 22.5, and (iv) left ventricu-
lar ejection fraction (LVEF) values of 50%, to explore inter-
actions between the presence and absence of these factors
that correlate with frailty and effects of frailty on the risk
of 2 year all-cause death and rehospitalization for HF. LVEF
cut-off point was decided according to the definition of HF
with preserved ejection fraction (HFpEF) in the 2016
European Society of Cardiology guideline.® A two-tailed
P < 0.05 was considered statistically significant for all tests.
All analyses were performed using JMP Version 14.3.0 (SAS
Institute Incorporated, Cary, NC, USA).

Results
Baseline characteristics

The CFS level was low (1-3) in 232 (38.9%) patients,
intermediate*® in 230 (38.6%) patients, and high’™® in
134 (22.5%) patients (Figure 1). None of the patients with
HF were comparable with CFS1. The baseline clinical
characteristics of the CFS groups are summarized in Table 1.
There were significant differences in age, living environ-
ment, and dementia among low, intermediate, and high
CFS groups. Co-morbidities such as severe renal failure,
severe anaemia, and severe tricuspid regurgitation and
LVEF tended to increase with frailty severity, while
BMI and albumin level tended to decrease with frailty
severity. The result of post hoc test regarding the
baseline characteristics was shown Supporting Information,
Table S2.
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Figure 1 Study patient flow. Clinical Frailty Scale (CFS) was derived from Canadian Study of Health and Aging.

641 consecutive patients who hospitalized in Kokura Memorial Hospital
during 2016 year

In-hospital death
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Clinical outcomes

The 2 year follow-up rate for clinical information was 93.5%.
Of the entire cohort, 150 (25.2%) patients suffered from
all-cause death and 211 (35.4%) patients suffered from re-
hospitalization due to HF during the 2 year follow-up period.
Among the low, intermediate, and high CFS groups, the cu-
mulative 2 year incidence of all-cause death (12.8%, 25.4%,
and 52.7%, respectively, P < 0.001) and rehospitalization
for HF (29.6%, 41.2%, and 59.7%, respectively, P < 0.001)
was significantly higher in frailer patients (Figure 2A and 2B).
The significant difference in the risk for all-cause death
among the CFS groups was driven by the risk for cardiac
(8.6%, 14.2%, and 31.0%, respectively, P < 0.001) and
non-cardiac death (4.6%, 13.0%, and 31.4%, respectively,
P < 0.001) (Figure 2C and 2D). When competing risks were
taken into account, group differences in cardiac deaths,
non-cardiac deaths, and HF rehospitalizations were in line
with the main analyses (Supporting Information, Table S3).
Compared with CFS Level 2, the risk for all-cause death was
incrementally higher in patients with CFS Levels 3-9 (Figure
3A and Supporting Information, Table S4). After dividing the
patients into two groups according to the median age of
80 years, the difference in the cumulative incidence of 2 year
mortality per CFS level was slight between younger strata
(<80 years) and older strata (>80 years) (Figure 3B).

In the multivariate analysis, CFS group was independently
associated with the risk for all-cause death [intermediate

CFS group: adjusted hazard ratio (HR), 1.43, 95% confidence
interval (Cl), 0.86-2.36, P = 0.16; high CFS group: adjusted
HR, 3.90, 95% CI, 2.32-6.55, P < 0.001] and rehospitaliza-
tion due to HF (intermediate CFS group: adjusted HR,
1.52, 95% Cl, 1.04-2.44, P = 0.03; high CFS group: HR,
2.44, 95% Cl, 1.60-3.74, P < 0.001; reference: low CFS
group; Table 2).

We stratified the patients into two groups according to the
median age of 80 years, the median BMI of 25.5, the LVEF
values of 50%, and sex. The multivariate analysis showed that
CFS was independently associated with the risk for all-cause
death and HF rehospitalization at 2 years, regardless of strat-
ification based on age, BMI, LVEF, and sex, without significant
interaction (Figure 4). While only the male patients with in-
termediate CFS have the significantly higher risk for
all-cause death than those with low CFS, there was no signif-
icant interaction (interaction P = 0.24).

Discussion
The primary findings of this study are as follows:

i In an all-comer, single-centre HF registry with a mean
age of 76.6 + 10.1 years, 61.1% of the patients were
regarded as frail according to the CFS (high: 22.5% and
intermediate: 38.6%). Frailer patients more often suf-
fered all-cause death, which was driven by risk for both
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Table 1 Baseline characteristics according to the Clinical Frailty Scale groups
Clinical Frailty Scale groups
Overall Low (1-3) Intermediate (4-6) High (7-9) P
(N = 596) N = 232 N = 230 N =134 values
Patient characteristics
Age (years) 76.6 = 10.1 69.5 + 11.6 80.2 £ 9.0 83.4 + 9.1 <0.001

Age >75 years 380 (63.9%) 87 (36.7%) 180 (80.0%) 113 (85.0%) <0.001
Men 329 (55.3%) 161 (67.9%) 103 (45.8%) 65 (48.9%) <0.001
Body mass index 23.0+44 24.1 =41 22.6 +4.7 22.1 = 3. 0.004
Living environment <0.001

Living alone 161 (26.1%) 71 (30.0%) 64 (28.4%) 26 (19.5%)

Living with one or more people 399 (67.1%) 164 (69.2%) 152 (67.6%) 83 (62.4%)

Admission to a nursing facility 5 (5.9%) 2 (0.8%) 9 (4.0%) 24 (18.1%)

Receiving welfare 2 (13.8%) 40 (16.9%) 27 (12.0%) 15 (11.3%) 0.21
Smoking status <0.001

Current smoker 88 (14.8%) 55 (23.2%) 24 (10.7%) 9 (6.8%)

Past smoker 193 (32.4%) 90 (38.0%) 64 (28.4%) 39 (29.3%)
Hypertension 595 (64.7%) 146 (61.6%) 150 (66.8%) 89 (66.9%) 0.44
Diabetes mellitus 192 (32.3%) 88 (37.1%) 56 (24.9%) 48 (36.1%) 0.01
Dyslipidaemia 201 (33.8%) 08 (38.1%) 72 (32.0%) 39 (29.3%) 0.17
Prior myocardial infarction 120 (20.2%) 50 (21.1%) 35 (15.6%) 35 (26.3%) 0.045
Prior stroke 2 (12.1%) 19 (8.0%) 39 (17.3%) 14 (10.5%) 0.008
Prior heart failure 216 (36.4%) 70 (29.5%) 94 (42.2%) 52 (39.1%) 0.01
Prior peripheral artery disease 8 (9.8%) 23 (9.7%) 19 (8.4%) 16 (12.0%) 0.55
Atrial fibrillation 239 (40.2%) 88 (37.1%) 98 (43.6%) 53 (39.9%) 0.37
Prior ventricular tachycardia or fibrillation 29 (4.9%) 13 (5.5%) 10 (4.4%) 6 (4.5%) 0.85
Liver cirrhosis 8 (1.3%) 7 (3.0%) 1 (0.4%) 0 (0%) 0.01
Chronic obstructive pulmonary disease 44 (7.4%) 15 (6.3%) 22 (9.8%) 7 (5.3%) 0.21
Prior malignancy 71 (11.9%) 23 (9.7%) 28 (12.4%) 20 (15.0%) 0.30
Dementia 59 (9.9%) 9 (3.8%) 23 (10.2%) 27 (20.3%) <0.001
Renal failure

eGFR < 30 mL/min/1.73 m? or dialysis 177 (29.6%) 50 (21.1%) 76 (33.8%) 51 (38.4%) <0.001

eGFR 30-59 mL/min/1.73 m? 280 (47.1%) 114 (48.1%) 106 (47.1%) 60 (45.1%) 0.86
Prior open-heart surgery 78 (13.1%) 26 (11.0%) 35 (15.6%) 17 (12.8%) 0.35
Prior revascularization 208 (35.0%) 82 (34.6%) 72 (32.0%) 54 (40.6%) 0.26
Prior coronary artery graft bypass surgery 51 (8.6%) 23 (9.7%) 18 (8.0%) 10 (7.5%) 0.71
Prior percutaneous coronary intervention 179 (30.1%) 72 (30.4%) 62 (27.6%) 45 (33.8%) 0.45
Prior myocardial ablation 40 (6.7%) 20 (8.4%) 14 (6.2%) 6 (4.5%) 0.32
Albumin 3.7 (3.4-4.0) 3.8 (3.5-4.1) 3.7 (3.4-4.0) 3.5(3.2-3.8) <0.001
Anaemia (haemoglobin <11 g/dL) 249 (41.9%) 74 (31.2%) 103 (45.8%) 72 (54.1%) <0.001
Thrombocytopenia (platelet <100 x 10%/L) 52 (8.7%) 19 (8.0%) 20 (8.9%) 13 (9.8%) 0.84
Brain natriuretic peptide 997 = 944 918 = 816 995 = 907 1141 = 1185 0.28
Left ventricular ejection fraction 46.2 =+ 15.1 426 +15.4 48.1 £ 15.3 49.7 = 14.4 <0.001

Left ventricular ejection fraction <35% 143 (26.0%) 77 (34.7%) 43 (21.4%) 23 (18.0%) <0.001
Severe aortic regurgitation 5 (0.8%) 1 (0.4%) 3(1.3%) 1 (0.8%) 0.55
Severe aortic stenosis 35 (5.9%) 10 (4.2%) 17 (7.6%) 8 (6.0%) 0.30
Severe mitral regurgitation 19 (3.2%) 6 (2.5%) 11 (4.9%) 2 (1.5%) 0.16
Severe mitral stenosis 4 (0.7%) 1 (0.4%) (0.4%) 2 (1.5%) 0.48
Severe tricuspid regurgitation 22 (3.7%) 2 (0.8%) 11 (4.9%) 9 (6.8%) 0.003
Medication at discharge
Beta-blocker 448 (75.3%) 192 (81.0%) 163 (72.4%) 93 (69.9%) 0.03
Angiotensin-converting enzyme inhibitor 219 (36.8%) 97 (40.9%) 71 (31.6%) 51 (38.4%) 0.10
Angiotensin Il receptor blocker 209 (35.1%) 80 (33.8%) 82 (36.4%) 47 (35.3%) 0.83
Mineralocorticoid receptor antagonist 298 (50.1%) 127 (53.6%) 108 (48.0%) 63 (47.4%) 0.38

eGFR, estimated glomerular filtration rate.

Continuous variables are given as mean =+ standard deviation or median (inter-quartile range). Categorical variables are given as

number (%).

cardiac and non-cardiac death and rehospitalization due
to HF during the 2 year follow-up period after discharge
from HF.

ii Compared with CFS Level 2, the risk for all-cause death
was incrementally higher in patients with CFS Levels

3-9. After dividing the patients into two groups according
to the median age of 80 years, the difference in the cumu-
lative incidence of 2 year mortality per CFS level was slight
between younger strata (<80 years) and older strata
(>80 years).
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Figure 2 Kaplan—Meier curves for (A) all-cause death, (B) cardiac death, (C) non-cardiac death, and (D) rehospitalization for heart failure according to

the Clinical Frailty Scale (CFS) groups.
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Figure 3 Two year cumulative incidence of all-cause death per Clinical Frailty Scale (CFS) level (A) in entire cohort (B) in younger strata (<80 years) and
older strata (>80 years).
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Table 2 Univariate and multivariable Cox proportional hazard models for all-cause mortality and rehospitalization for heart failure at
2 years

Univariate analysis Multivariate analysis
Hazard ratio Hazard ratio
(95% confidence interval) P values (95% confidence interval) P values

All-cause death

Low CFS group Reference Reference

Intermediate CFS group 2.12 (1.35-3.31) 0.001 1.43 (0.86-2.36) 0.16

High CFS group 5.73 (3.69-8.89) <0.001 3.90 (2.32-6.55) <0.001
Rehospitalization for heart failure

Low CFS group Reference Reference

Intermediate CFS group 1.53 (1.11-2.10) 0.01 1.52 (1.04-2.21) 0.03

High CFS group 2.96 (2.08-4.22) <0.001 2.44 (1.60-3.74) <0.001

CFS, Clinical Frailty Scale.

Adjusted variables were as follows: age; sex; body mass index; left ventricular ejection fraction; current smoking status; a history of heart
failure (whether or not a de novo case), diabetes, and chronic obstructive pulmonary disease; systolic blood pressure; haemoglobin; es-
timated glomerular filtration rate; prescription of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, beta-blocker,
and mineralocorticoid receptor antagonist; and New York Heart Association Class Ill/IV at discharge.

i Clinical Frailty Scale group was independently associated The first demonstration of the association between frailty
with 2 year all-cause death and rehospitalization due to  and HF was conducted by Cacciatore et al. in 2005. Since
HF. then, frailty is an increasingly recognized metric that has

iv. The association between CFS group and 2 year all-cause been reported to be associated with adverse events. These
death and rehospitalization due to HF remained signifi- studies have shown that the association between frailty and
cant even after the stratification based on age, sex, BMI, HF is close and frailty has a greater impact on mortality, dis-
and LVEF in multivariate analysis. ability, and hospitalization especially in patients with HF than

ESC Heart Failure 2021; 8: 1552-1561
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Figure 4 Forest plot for the adjusted hazard ratios (HRs) of (A) 2 year all-cause mortality and (B) 2 year rehospitalization rate for heart failure (HF)
according to the Clinical Frailty Scale groups. BMI, body mass index; Cl, confidence interval; LVEF, left ventricular ejection fraction.
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Low (N =86) [] 22 (26.4%) 1.00 (reference)
B(“/clfgas) Intermediate (N =132) —— 48 (39.0%) 1.88(1.04-3.40)  0.04
High (N =73) P —— 29 (53.2%) 3.05(151-6.14)  0.002
Left ventricular ejection fraction 1 P for interaction=0.83
Low (N =59) ™ 8(14.0%) 1.00 (reference)
L‘:/EVFEZS%’ Intermediate (N = 102) p—i—q 20 (20.0%) 0.99(0.39-2.56)  0.99
High (N =53) D —— 26 (51.1%) 3.78(1.47-968)  0.006
Low (N=173) [ 21 (12.5%) 1.00 (reference)
L‘ﬁ:;’:; Intermediate (V =128) —— 37 (29.7%) 154(0.84-2.84)  0.16
High (N =81) —— 38 (54.1%) 3.58 (1.89-6.78)  <0.001

01

Adjusted hazard ratio
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in those without HF.2%2%722 The prevalence of frailty varies
widely depending on the definition of frailty used and the
study cohorts but is thought to range from 15% to 77%.
Of the many assessment tools for frailty, the CFS requires lit-
tle time to administer and is easy to use in clinical settings be-
cause it does not involve physical measurements, which
makes it particularly suitable for frail patients. A previous
study showed that the CFS had high sensitivity, specificity,
and misclassification out of six assessment instruments for
frailty. Moreover, the study also showed that despite the sub-
jective component of the CFS, the inter-operator agreement
was good.® The assessment of frailty using the CFS is not
the gold standard; nevertheless, it can be considered that
the CFS is sufficiently practical in clinical settings.

The Heart Failure Association of the European Society of
Cardiology recommends the assessment of four domains:
psycho-cognitive, functional, clinical, and social,® while the
CFS includes only cognitive and functional elements in
multiple frailty domains. The previous studies showed that
a greater number of frailty domains are associated with
a worse prognosis.’*?®> The modified frailty index, which is a
multidimensional frailty assessment tool that included four
domains of frailty: physical, mental, nutritional, and socio-
economic, was superior to Fried’s frailty index?® in terms of
the predictive ability of mortality.?” These results indicate
that multidimensional frailty evaluation is valid and required.
However, the relationship between predictive power and the
administration time would be a trade-off. The difference in
administration time between CFS and modified frailty index
would be ~5-10 min. Physicians should select the evaluation
method, which is appropriate for each clinical setting. To ex-
plore the best assessment tool of frailty, which combines sim-
plicity and predictive power, further study is needed.

In our study, we found that frail patients were older and
more likely to have HFpEF and many co-morbidities. The pa-
tients in higher CFS level group were more likely to have suf-
fered 2 year all-cause death and HF rehospitalization, which
indicated that the CFS is effective in predicting the risk for
all-cause death and HF rehospitalization. It is notable that
the difference between younger strata (<80 years) and older
strata (>80 years) in the cumulative incidence of 2 year mor-
tality per CFS level was very slight, while the risk for all-cause
death was incrementally higher in patients with CFS Levels
3-9. This result could be interpreted that frailty is more im-
portant factor than chronological age in prognostic values.
Moreover, the 2 year cumulative incidence of all-cause death
was >50% in patients in high CFS group. The discussion about
treatment policy such as surgery or chemotherapy is needed
according to not only patient’s chronological age but also sys-
temic state including frailty.

The CFS group was independently associated with all-cause
death and HF rehospitalization in the multivariate analysis.
However, because chronological age is a well-known predic-
tor of death in most cardiology studies*® and closely

correlated with frailty, we considered that its impact could
not be ignored even in the multivariable models adjusted
for age. Therefore, we conducted a post hoc analysis by clas-
sifying patients into two age groups using a median age of
80 years. We detected no significant interactions between
age and CFS group regarding risk for death or HF rehospital-
ization. The CFS consistently identified high-risk patients, irre-
spective of the stratification based on age, sex, BMI, and LVEF
in multivariate analysis. The CFS level, irrespective of these
factors, can provide important information about prognoses
of HF patients, which can enhance quality of life and enable
appropriate end-of-life care that involves the patients and
their families. While only the male patients with intermediate
CFS have the significantly higher risk for all-cause death than
those with low CFS, there was no significant interaction
(interaction P = 0.24). This result might be driven by the small
sample size. To clarify the impact of sex on frail patients or
to identify patients who can benefit from rehabilitation,
which prevent the progress of their frailty, further research
is needed.

Limitations

There are several limitations to this study. First, it is uncertain
whether the results are generalizable because we used a
single-centre design. Second, CFS is a semiquantitative scale
of frailty. Although medical professionals have assessed the
CFS, its reproducibility has not been evaluated. Third, we
did not compare the CFS with other frailty assessment tools.

Conclusions

The simple CFS tool was successful in predicting the risk for
all-cause death in patients with HF, and frailty according to
CFS was independently associated with all-cause death irre-
spective of stratification based on age, sex, BMI, and LVEF

without significant interaction. The CFS is a valuable prognos-
tic tool in clinical settings.
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