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Abstract

Background In patients with heart failure (HF), physical frailty should be assessed to enable risk stratification. No con-
ventional frailty criteria have so far been developed considering HF-specific outcomes. This study aimed to propose a
frailty-based prognostic score using a nationwide cohort study of Japanese patients with HF.

Methods We analysed 2721 patients hospitalized for HF and capable of walking at discharge (median age: 76 years
[interquartile range 67-83], men: 60.5%). Physical frailty was evaluated at discharge using four quantitative measures:
usual walking speed, grip strength, Performance Measure for Activities of Daily Living-8 (PMADL-8), and Self-Efficacy
for Walking-7 (SEW-7). The primary outcome was a composite of HF rehospitalization and all-cause mortality within
2 years. A cut-off point was identified for each measure using receiver operating characteristic analysis in a derivation
cohort (n = 1778). Cox proportional hazards model was used to assign a score to each frailty domain according to the
correlation with the endpoint. Patients were divided into four categories according to the sum score, and survival was
compared by analysing the Kaplan—-Meier curve and Cox proportional hazards model. Cumulative incidences of the
events according to frailty categories were compared between the derivation cohort and a validation cohort (n = 943).
Results The cut-off value and assigned score of each indicator was determined as follows: usual walking
speed < 0.98 m/s = 4 points; grip strength < 30.0 kg (men) or 17.5 kg (women) = 5 points; PMADL-8 > 21 points = 2
points; SEW-7 < 20 points = 3 points. We stratified patients into four categories according to the sum score: Category I,
<3 points; Categories II, 4-8 points; Category III, 9-13 points; and Category IV, 14 points. The prevalence and cumu-
lative incidence of the composite outcome for Categories I to IV in the derivation cohort were 27.4%, 25.2%, 26.4%,
and 21.0%, and 9.5, 16.3, 26.3, and 36.8/100 person-years, respectively. Similar results were confirmed in the valida-
tion cohort. In Cox proportional hazards model, frailty categories were associated with the composite outcome inde-
pendent of potential confounders (hazard ratio [95% confidence interval] in reference to Category I: Categories II,
1.51 [0.84-2.72], P = 0.169; Category III, 2.37 [1.32-4.23], P = 0.004; Category IV, 2.66 [1.45-4.89], P = 0.002).
Conclusions The frailty-based prognostic score proposed in this study was well associated with prognosis and will
serve for risk stratification in patients with HF.
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Introduction

Long-term management of heart failure (HF) is among the
major global issues in healthcare due to a rapidly aging soci-
ety. Frailty, characterized by reduced functional reserve and
impaired adaptive capacity, has been considered a key medi-
cal syndrome for risk stratification in patients with wasting
disease.! Several observational studies have documented
the high prevalence of physical frailty and its prognostic ef-
fect in patients with HF.>® Accordingly, the best clinical prac-
tice for long-term HF management should include assessing
physical frailty specific to HF. However, currently available as-
sessment tools for assessing physical frailty were not initially
developed based on HF-specific outcomes.

Another requirement for frailty assessment in patients
with HF is objectivity to monitor patients’ clinical conditions
over time and evaluate the effects of medical interventions.
To date, the phenotype model by Fried et al.* and the clinical
frailty scale by Rockwood et al.> have been widely used to as-
sess frailty clinically in patients with HF.2 These conventional
frailty criteria include subjective or qualitative measures and
provide insufficient quantitative information. The modified
Fried’s criteria used in Asia,® for example, also assess two do-
mains of exhaustion and physical inactivity by subjective eval-
uation of ‘yes’ or ‘no’ answers, although both domains may
become indicators of common symptoms of patients with
HF. The Short Physical Performance Battery is another mea-
sure for frailty assessment used to examine patients with
HE.”® However, a ceiling effect has been often observed for
this test.® A high proportion of subjects tend to score 11 or
12 points on Short Physical Performance Battery, suggesting
that this tool probably has limitations in monitoring changes
in frailty among patients with relatively preserved physical
function.

Despite the growing evidence on frailty among patients
with HF, currently available frailty assessment methods
have the aforementioned limitations to be applied in the
long-term management of HF. Therefore, we launched a
multicentre prospective cohort study to develop frailty-based
prognostic criteria for heart failure patients (FLAGSHIP).2° This
report documents the primary analysis of the FLAGSHIP study
to propose frailty-based prognostic scores using quantitative
and straightforward measures associated with HF-specific
outcomes.

Methods
Study design and subjects
This was a multicentre prospective cohort study. The objec-

tives of the FLAGSHIP cohort study and design have been
described elsewhere.*

The patients included in the FLAGSHIP cohort were as
follows: (i) patients hospitalized due to acute HF or worsening
chronic HF, capable of walking 20 m at the time of discharge,
and (ii) patients aged > 70 years and hospitalized for acute
myocardial infarction (AMI) not complicated by HF, and
capable of walking 20 m at the time of discharge. The latter
population (older AMI patients not complicated by HF) was
registered for another substudy to explore the risk factors
of HF onset in elderly patients with AMI and not included in
the present analysis. In addition, non-ambulatory patients
were not included in our cohort because of an international
consensus that frailty is not a disability and that
those who are frail and pre-disabled should be targeted
for intervention.! Our cohort also includes patients
aged < 65 years because even younger patients with HF
can be physically feeble due to the reduced cardiac function,
chronic inflammatory state, and/or subsequent cachectic
state. This decision is supported by the frailty cycle proposed
by Fried et al., in which the influence of disease is positioned
as a causal factor of sarcopenia, a core component of physical
frailty.

The exclusion criteria included the presence of one or
more of the following: (i) severe cognitive impairment
defined by a score of <17 points on the Mini-Mental State
Examination,*! (ii) severe mental disorder, (iii) difficulty in
answering questionnaires, and (iv) an assumed impending
mortality. All registered patients were followed up for 2 years
after discharge.

In this study, we analysed patients from the FLAGSHIP co-
hort hospitalized due to HF and enrolled between September
2015 and December 2018. Older patients with AMI not
complicated by HF were not included in this analysis as
mentioned above. The protocol of the FLAGSHIP cohort study
was developed by following the Guidelines for Epidemiologi-
cal Research proposed by the Japanese Ministry of Health,
Labour, and Welfare. Additionally, the study complied with
the principles of the Declaration of Helsinki, and the study
protocol was approved by the local ethics committee (ap-
proval no. 2014-0421). Ethical approval was also obtained
from the committees of each participating hospital, and each
patient provided written informed consent before being
registered in this study.

Measurements of physical frailty

We analysed the metrics of frailty collected just before
discharge. Considering the pathophysiology of HF, physical
frailty assessment included five domains: slowness, weak-
ness, exhaustion, low physical activity, and weight loss. The
required equipment and tools were a 10 m walkway, a stop-
watch to assess slowness, a dynamometer to assess weak-
ness, and questionnaires for exhaustion and low physical
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activity. The required time for the frailty assessment used in
this study is similar to that of the conventional methods.

Slowness and weakness were assessed by the 10 m usual
walking speed and grip strength, respectively. The measure-
ments were completed within 10 min, and the task did not
require professional skills. The 10 m walkway was used in
the FLAGSHIP study as it has been a common setting for walk-
ing speed measurement in the field of rehabilitation. All grip
strength measurements were performed using the Jamar dy-
namometer (Digital Hand Dynamometer, DHD-1, SAEHAN
Corporation) set at the second handle position. The partici-
pants sat with their wrist in a neutral position and elbow
flexed at 90°. Before commencing patient enrolment, mea-
surement reliabilities for walking speed and grip strength
were confirmed at each hospital. Each collaborating hospital
provided good reliability of interclass and intraclass correla-
tion coefficients of >0.9 of testers for both walking speed
and grip strength measurements.*°

Exhaustion was assessed using the Performance Measure
for Activity of Daily Living-8 (PMADL-8) (Supporting Informa-
tion, Table S1).** The PMADL-8 is a standardized question-
naire that uses a four-category response scale and comprises
a list of eight items that potentially require daily physical
activity. It was developed to assess functional limitations in
patients with chronic HF. The questionnaire for assessing
exhaustion in Fried’s criteria® was validated based on the as-
sociation with stage of exercise reached in graded exercise
testing, as an indicator of oxygen consumption.*® Declined
peak oxygen consumption has also been positioned as a phe-
notype of fragile older adults.* From these reasons, objective
assessment of exhaustion should be based on oxygen con-
sumption. The PMADL-8 is a valid measure of exhaustion
based on the high correlation between the PMADL-8 score
and peak VO, (r = —0.743) in HF patients.** The PMADL-8 is
essentially a measure of functional limitations as well as a
New York Heart Association Functional Classification.®

Low physical activity was assessed using a standardized
questionnaire named Self-Efficacy for Walking-7 (SEW-7),*®
composed of seven items with a 5-point Likert scale (Table
S2). Walking is a popular, familiar, convenient, and free form
of exercise that can be incorporated into everyday life more
than any other type of exercise.'” Self-efficacy means the be-
lief in one’s capabilities to organize and execute the courses
of action required to achieve given targets and is regarded as
a more important predictor of behaviour than ability.® The
total score (7-35 points) of the SEW-7 reportedly has a
favourable correlation with step counts (r = 0.596), physical
activity-related energy expenditure (r = 0.615), and moder-
ate to vigorous physical activity (r = 0.581).'® From the
above, the SEW-7 having the favourable correlation with
daily physical activity is valid to be used to assess physical
activity.

Weight loss assessed by unintentional weight loss during
the past 6 months was considered one of the five domains

of the frailty phenotype in the general elderly population.*
However, due to the lack of habitual body weight measure-
ment in elderly individuals, the objective data of weight loss
from the past 6 months at the time of discharge could not
be obtained for most patients with HF, especially in the case
of first HF onset. Therefore, body mass index (BMI) at dis-
charge was considered an alternative indicator of uninten-
tional weight loss in the FLAGSHIP cohort. Although body
weight at discharge is affected by body fluid management
medications, patients diagnosed with weight loss based on
a low BMI have a high probability of muscle wasting or ca-
chectic condition.

Outcomes

The primary outcome was the composite endpoint of HF re-
hospitalization and all-cause death within 2 years after dis-
charge; the secondary outcomes were HF rehospitalization
and all-cause mortality alone. A follow-up survey for each pa-
tient was performed using the medical records of hospitals
that took care of the patient, and HF rehospitalization was
determined by cardiologists at each site. In patients who
were not followed up by enrolling hospitals, prognostic data
were obtained using a mail survey sent directly to the pa-
tients every 4 months. Each patient was followed up contin-
uously after HF rehospitalization until mortality or until the
patient or their family refused to respond. The follow-up pe-
riod was defined as the time from discharge until either of
the two outcomes occurred.

Statistical analysis

Patients with missing data on physical frailty assessment were
excluded from the analysis. Two-thirds of the patients were
randomly assigned to a derivation cohort to develop physical
frailty criteria using computer-generated random numbers,
and the other third was reserved as a validation cohort. Con-
tinuous variables, with or without normal distribution, were
described as either mean + standard deviation or median
[interquartile range]. Categorical variables were expressed
as numbers and percentages. Patient characteristics were
compared between the two cohorts using the Student’s t-test,
Mann-Whitney’s U-test, or ;(2 test, as appropriate.

A cut-off value for each physical frailty domain was deter-
mined using receiver operating characteristic (ROC) curve
analysis to predict the primary endpoint in a derivation cohort.
The ROC curve was constructed by plotting sensitivity against
1-specificity. The area under the curve (AUC) was calculated,
and the cut-off value was identified based on Youden’s index.
In general, the severity of frailty was categorized based on the
number of frailty domains that the patient had. However,
there is a possibility that the predictive effects on prognosis
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are different in the various domains. To assess the weightage
of each domain, we used a Cox proportional hazards model
that included four frailty domains. According to the adjusted
coefficients (f) of the Cox proportional hazards model, a score
was assigned to each domain, and the sum of the scores was
used as the frailty-based prognostic score.

The severity of physical frailty was categorized into four
grades: Category |, Category Il, Category lll, and Category IV,
based on the distribution of the score and the weight of each
domain. The cumulative incidence rate of outcomes was
calculated according to the frailty categories using the
Kaplan—-Meier’s method, followed by the log-rank test. A
Cox proportional hazards model was then used to examine
the association between frailty categories and the study out-
comes after adjusting for the potential confounding factors in
the derivation cohort. The analysis was adjusted for potential
confounders reported by previous studies, > including age,
sex, BMI, left ventricular ejection fraction, history of HF, co-
morbidities, biochemical data, medications, cognitive func-
tion, and depression. Cognitive function was assessed using
the Mini-Mental State Examination,** and depression was de-
fined on a Five-item Geriatric Depression Scale score of >2
points.?? Because few hospitals used NT-proBNP instead of
BNP in their clinical practice, we created a categorical vari-
able, with BNP > 200 pg/mL or NT-proBNP > 900 pg/mL de-
fined as high BNP according to the Japanese Heart Failure
Society statement.?® In the multivariate analysis, missing
values were imputed using multiple imputation by chained
equations.?* Parameter estimates and confidence intervals
were obtained by combining 20 imputed data sets, as de-
scribed by Barnard and Rubin,?” to account for possible errors
in the missing value analysis.

Patients registered in the FLAGSHIP study
(N=3272)

The validity of the frailty category developed in the deriva-
tion cohort was examined in the validation cohort. We
reproduced the cumulative incidence of the study outcomes
according to the severity of frailty and confirmed whether
similar results were obtained from the derivation and the val-
idation cohorts.

Subgroup analysis was performed based on left ventricular
ejection fraction measured by echocardiography around dis-
charge: HF with reduced ejection fraction (HFrEF, <40%),
HF with mid-range ejection fraction (40-49%), and HF with
preserved ejection fraction (> 50%). Due to the limited event
rate of all-cause mortality, the composite outcome and HF re-
hospitalization were compared between the four frailty cate-
gories using Kaplan—Meier survival curve according to each
HF subgroup.

All statistical analyses were performed with Stata SE 15
(Stata Corporation). A P value of <0.05 was considered statis-
tically significant.

Results

Of the 3272 patients registered in the FLAGSHIP study, we fi-
nally analysed 2721 patients hospitalized due to HF after ex-
cluding those with missing data on the most variables (n = 8)
or at least one frailty domain (n = 155) (Figure 1). Table 1
shows the characteristics of the study participants. Overall,
the median age was 76 years, and 60.5% were men. The prev-
alence of HFrEF (<40%) and preserved ejection fraction
(>50%) were 38.0% and 44.4%, respectively. There were no
statistically significant differences among all the variables be-
tween the derivation and validation cohorts. The two cohorts

Patients aged = 70 y hospitalized for mild
myocardial infarction

Hospitalized for heart failure
(n=2884)

not complicated by heart failure
(n=388)

Missing data for the most variables

(n=8)

Missing data for frailty assessment

Patients included in the analysis
(n=2721)

l l

Derivation cohort Validation cohort
(n=1778) (n=943)

(n=155)

Figure 1 Flowchart of patient selection.
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Table 1 Participant characteristics in the derivation cohort and validation cohort

Overall Derivation cohort Validation cohort
(n = 2721) (n =1778) (n = 943)
Missing Missing Missing P
Age (years) 0 76 [67-83] 0 76 [67-83] 0 76 [68-83] 0.870
Men (%) 0 60.5 0 60.6 0 60.4 0.948
Past HF hospitalization 0 29.7 0 29.7 0 29.6 0.952
SBP at discharge 6 112 [100-125] 4 111 [100-124] 2 113 [100-127] 0.086
DBP at discharge 6 64 [55-72] 4 63 [55-72] 2 64 [56-73] 0.672
HR at discharge 8 73 [64-82] 5 73 [64-83] 3 73 [64-82] 0.879
Main aetiology 0 0 0
Ischemic (%) 26.9 26.4 27.7 0.825
Arrhythmic (%) 17.5 17.6 17.3
Valvular (%) 171 17.4 16.3
Cardiomyopathy (%) 14.0 13.9 14.1
Hypertensive (%) 10.4 10.8 9.7
Others (%) 14.1 13.9 14.9
Af at hospitalization (%) 0 35.2 0 36.1 0 33.5 0.186
Comorbidities
Diabetes (%) 0 34.9 0 35.9 0 33.1 0.240
Cardiac surgery (%) 0 12.2 0 12.3 0 11.9 0.738
Cancer (%) 0 7.2 0 7.1 0 7.5 0.912
COPD (%) 0 5.7 0 5.6 0 6.0 0.300
Orthopaedic disease (%) 0 4.7 0 4.7 0 4.7 0.899
Stroke (%) 0 1.3 0 1.3 0 1.3 0.756
Biochemical data at discharge
High BNP level (%) 44 61.6 26 61.5 18 61.9 0.811
Creatinine (mg/dL) 1 1.08 [0.84-1.42] 1 1.07 [0.84-1.40] 0 1.09 [0.85-1.46] 0.342
eGFR (mL/min/1.73 m?) 1 47 [34-61] 1 47 [34-62] 0 47 [34-61] 0.414
Sodium (mEq/L) 0 139 [137-141] 0 139 [137-141] 0 140 [138-141] 0.221
Albumin (g/dL) 34 3.6 [3.3-3.9] 23 3.6 [3.3-3.9] 11 3.6 [3.3-3.9] 0.291
Anaemia (%) 6 57.7 4 57.0 2 59.0
hs-CRP (mg/dL) 74 0.28 [0.10-0.80] 51 0.29 [0.10-0.80] 23 0.26 [0.10-0.80]  0.702
LVEF at discharge (%) 58 39 19
<40% 38.0 38.4 37.4 0.822
40-50% 17.6 17.3 18.2
>50% 44.4 44.3 44.4
Prescription at discharge
Beta blocker (%) 0 74.6 0 74.2 0 75.3 0.549
HFrEF (<40%) 88.7 88.1 89.9 0.371
HFpEF (>50%) 62.5 62.5 62.4 0.979
ACEi/ARB (%) 0 63.0 0 62.4 0 64.3 0.331
HFrEF (<40%) 71.1 70.8 71.7 0.762
HFpEF (>50%) 56.7 55.3 59.5 0.160
MRA (%) 0 421 0 42.7 0 40.9 0.377
HFrEF (<40%) 52.6 52.5 52.9 0.900
HFpEF (>50%) 32.9 33.7 31.5 0.432
>1 of ACEi, ARB, or MRA (%) 0 76.8 0 76.6 0 77.2 0.725
HFrEF (<40%) 85.3 84.9 86.1 0.588
HFpEF (>50%) 69.3 69.0 69.8 0.789
Diuretic (%) 0 81.3 0 81.5 0 80.9 0.710
Oral inotropic agent (%) 0 11.2 0 1.1 0 11.2 0.934
Statin (%) 0 37.4 0 36.2 0 39.6 0.087
Anticoagulant (%) 0 47.8 0 48.0 0 47.3 0.715
MMSE (points) 51 27 [25-30] 29 27 [25-29] 22 27 [25-30] 0.594
Depression (%) 8 411 4 40.6 4 41.9 0.542
BMI (kg/m?) 0 21.9[19.6-24.6] 0 21.9[19.6-24.7] 0 21.9[19.7-24.5] 0.966
Walking speed (m/s) 0 0.97 [0.78-1.15] 0 0.97 [0.78-1.15] 0 0.97 [0.78-1.15] 0.721
Grip strength
Men (kg) 0 29.6 [23.9-35.9] 0 29.7 [23.8-36.3] 0 29.3[24.1-35.3]  0.555
Women (kg) 0 17 [14.2-20.2] 0 16.8 [14.1-19.9] 0 17.2[14.2-20.6] 0.100
PMADL-8 (points) 0 20 [15-24] 0 20 [15-24] 0 20 [15-24] 0.999
SEW-7 (points) 0 18 [13-24] 0 18 [13-24] 0 19 [13-24] 0.831
Length of stay (days) 0 16 [12-24] 0 16 [12-24] 0 16 [12-26] 0.163

ACEi, angiotensin-converting enzyme; Af, atrial fibrillation; ARB, angiotensin Il receptor blocker; BMI, body mass index; BNP, brain natri-
uretic peptide; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HF, heart failure; HR, heart rate; eGFR, esti-
mated glomerular filtration rate; hs-CRP, high-sensitive C-reactive protein; SBP, systolic blood pressure; LVEF, left ventricular ejection
fraction; MMSE, Mini-Mental State Examination; MRA, mineral corticoid antagonist; PMADL-8, Performance Measure for Activities of Daily
Living-8; SEW-7, Self-Efficacy for Walking-7.

High BNP level was defined as BNP > 200 pg/mL or N-terminal pro BNP > 900 pg/mL. Anaemia is defined as haemoglobin <13 g/dL for men
and <12 g/dL for women. Depression is defined as 5-item Geriatric Depression Scale > 2 points
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showed similar cumulative incidence rates in the study
outcomes (log-rank test: composite outcome, P = 0.850; HF
rehospitalization, P = 0.558; all-cause mortality, P = 0.560)
(Figure S1).

Results of the ROC curve analysis conducted in the
derivation cohort are summarized in Table 2. The AUCs for
predicting the primary endpoint by frailty items were
0.60-0.63 except BMI. The cut-off point for each physical
frailty domain was as follows: usual walking speed,
<0.98 m/s; grip strength, <30.0 kg (men) or 17.5 kg (women);
PMADL-8, >21 points; SEW-7, <20 points; and BMI, <20.8 kg/
m?. Because of the the low predictive accuracy of BMI for the
prognosis (AUC: 0.54), we excluded BMI from subsequent
analyses for proposing a frailty-based prognostic score. Re-
sults of the Cox proportional hazards model, including these
four items, are shown in Table 2. The score corresponding to
the adjusted coefficient for each domain was assigned as
follows: slowness, 4 points; weakness, 5 points; exhaustion,
2 points; and low physical activity, 3 points. As a result, the to-
tal frailty score summing up four items ranged from 0 to 14
points. The distribution of the score is shown in Table S3.

Based on the distribution of the score and each domain’s
weight, frailty was classified into four categories as follows:

Category |, <3 points; Category Il, 4-8; Category lll, 9-12;
and Category IV, 14. The score of 13 points did not exist in cal-
culation. The patients with <3 points met only 0—1 domain ex-
cept for two strong domains, and the patients with 4—-8 points
met either of the two strong domains, or two of three domains
except for weakness. Thus, we classified patients with <3
points into Category |, and those with 4-8 points into Category
Ill, which correlated to a state in which an HF-specific symp-
tom or activity domain coexisted with a strength domain of ei-
ther slowness or weakness. We defined the patients with >9
points as Category lll because they met either of the two
strength domains, that is, slowness plus weakness, or three
of the four domains, that is, slowness plus two other symptom
and activity domains. Additionally, to grade further severity,
patients who met all four domains (14 points) were defined
as category IV. Based on the aforementioned definition, the
prevalence of categories | to IV in the derivation cohort was
27.4%, 25.2%, 26.4%, and 21.0%, respectively. The agewise
prevalence of each category is presented in Figure 2. Patient
characteristics according to frailty status are shown in Table 3.

Figure 3 shows the survival analysis in the derivation
cohort. Event-free rates continuously decreased according
to the severity of frailty in all study outcomes. Results of

Table 2 Development of frailty score based on the ROC curve analysis and the Cox proportional hazards model

ROC curve analysis

Cox proportional hazards model

Domain Indicator AUC (95% Cl) Cut-off Coefficient (95% Cl) P Score

Weakness Grip strength Men: 0.61 (0.58-0.65) Men: <30.0 kg 0.53 (0.34-0.72) <0.001 5
Women: 0.62 (0.57-0.66) Women: <17.5 kg

Slowness Walking speed 0.63 (0.60-0.65) <0.98 m/s 0.39 (0.18-0.59) <0.001 4

Physical inactivity =~ SEW-7 0.62 (0.59-0.64) <20 points 0.27 (0.05-0.48) 0.004 3

Exhaustion PMADL-8 0.60 (0.58-0.63) >21 pomts 0.17 (-0.02-0.36) 0.081 2

Weight loss BMI 0.54 (0.52-0.57) <20.8 kg/m — — —

AUC, area under the curve; BMI, body mass index; Cl confidence interval; ROC, receiver operating characteristic; PMADL-8, Performance
Measure for Activities of Daily Living-8; SEW-7, Self-Efficacy for Walking-7.
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Figure 2 Prevalence of each frailty category according to age.
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subgroup analysis based on HF type are presented in Figure
S2. Physical frailty was significantly associated with increased
risk of the composite outcome among all subgroups. The Cox
proportional hazards model was used in the derivation cohort
to assess the independent relationship between physical
frailty and study outcomes (Table 4). Even after adjusting
for potential confounders, frailty Category Il and Category
IV were statistically significantly associated with the compos-
ite outcome (hazard ratio [95% confidence interval] in refer-
ence to Category I: Category Il, 1.51 [0.84-2.72], P = 0.169;
Category lll, 2.37 [1.32-4.23], P = 0.004; and Category 1V,
2.66 [1.45-4.89], P = 0.002).

The prevalence of Categories | to IV in a validation cohort
were 29.5%, 23.2%, 25.8%, and 21.5%, respectively. The vali-
dation of our frailty category is summarized in Figure 4, which
shows the cumulative incidence rates of the study outcomes
according to each cohort. The cumulative incidence in each
frailty category was equivalent between the two cohorts, re-
gardless of the type of outcome.

0.049

0.174

0.470
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Category IV
(n =374)
15.0
31.8
49.7
26 [24-28]
62.2
20.9 [18.5-23.5]
0.69 [0.54-0.82]
22.0 [18.2-25.3]
14.0 [11.3-15.7]
25 [23-28]
11 [8-15]

18 [13-28]

Category llI
(n = 469)
11.1
36.0
471
26 [24-29]
45.4
21.48746
0.84 [0.71-0.94]
24.9 [20.3-29.1]
16.7 [14.1-18.9]
21 [18-24]
16 [13-21]
17 [12-25]

Discussion

We developed and validated a prognostic score based on
physical frailty among Japanese patients with HF using data
recorded in a multicentre prospective cohort study. To
the best of our knowledge, this is the first large-scale
study to demonstrate the cut-off points for frailty domains
according to the outcome-based analysis specific to HF. The
frailty-based prognostic score derived from quantitative mea-
sures will contribute to the standardization of frailty assess-
ment, the assessment of appropriate clinical intervention,
and improved quality of long-term management for HF.

Physical frailty is estimated to be a comorbidity in 40%
(95% confidence interval 31-48%) of patients with HF,? lead-
ing to poor prognosis.® Because the conventional frailty as-
sessment methods were not developed based on clinical
outcomes of HF, we aimed to propose prognostic score using
frailty domains in patients hospitalized for HF based on statis-
tical estimation. As a result, when patients were categorized
into four groups based on the frailty score, severe frailty cat-
egories presented a worse prognosis, suggesting the clinical
usefulness of our frailty score for risk stratification.

A notable finding of this study was the differences in the
predictive effects of frailty domains on prognosis. Conven-
tional frailty assessments determine the severity of frailty
using the number of frailty domains. However, there is
enough room to discuss the appropriateness of the counting
domain method because the weight of each domain has not
been examined. Therefore, we used the multivariate Cox pro-
portional hazards model to estimate the relative predictive
effect of each domain. We found a different weightage for
each domain when predicting prognosis after discharge, and

Category I
(n = 448)
10.0
38.4
50.7
28 [25-30]
32.4
21.9[19.8-24.7]
1.05[0.93-1.16]
28.4 [25.1-33.2]
18.7 [16.8-21.1]
17 [14-20]
21 [16-25]
16 [12-26]
ACEi, angiotensin-converting enzyme; Af, atrial fibrillation; ARB, angiotensin Il receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; COPD, chronic obstructive pulmo-

Category |
(n = 487)
29 [27-30]
27.0
23.1 [20.7-26.0]
1.21[1.11-1.32]
37.2 [33.5-41.8]
22.0 [19.5-25.5]
15[11-18]
25 [22-29]
16 [11-22]

)

Oral inotropic agent (%)

Statin (%)

Anticoagulant (%)
MMSE (points)

Women (kg)
PMADL-8 (points)
SEW-7 (points)

Men (kg)
nary disease; DBP, diastolic blood pressure; HF, heart failure; HR, heart rate; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitive C-reactive protein; SBP, systolic blood pres-

sure; LVEF, left ventricular ejection fraction; MMSE, Mini-Mental State Examination; MRA, mineral corticoid antagonist; PMADL-8, Performance Measure for Activities of Daily Living-8;

SEW-7, Self-Efficacy for Walking-7.
Anaemia is defined as haemoglobin < 13 g/dL for men and <12 g/dL for women. High BNP level was defined as BNP > 200 pg/mL or N-terminal pro BNP > 900 pg/mL. Depression is

defined as 5-item Geriatric Depression Scale > 2 points.

Length of stay (days)

Depression (%)
Grip strength

BMI (kg/m?
Walking speed (m/s)

Table 3 (continued)
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A. Frailty and incidence of composite outcome

B. Frailty and incidence of HF rehospitalization

C. Frailty and incidence of all-cause mortality

1.00 = 1.00 1.00 4
0.80 0.80 0.80
2 2 2
2 - 4 2
H 0.60 - 2 0.60 H 0.60
0 Logrank test : p<0.001 7= .- 2 Log rank test : p <0.001 Q Log rank test : p <0.001
s s s
g 0.40 - HR (95% Cl) g 0.40 HR (95% Cl) g 0.40 HR (95% Cl)
o Category | 1 (reference) o Category | 1 (reference) o Category | 1 (reference)
0204 ————- Category Il 1.68 (1.26-2.23) 0204 ————- Category Il 1.64 (1.21-2.23) 0204 ————- Category Il 2.21 (1.15-3.91)
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0.00 ategory 3.58 (2.74-4.66) 0.00 ategory 3.23 (2.42-4.31) 0.004 -ategory 6.05 (3.61-10.12)
T T T T = T T T T T T T T T T
0 05 1 1.5 2 0 0.5 1 15 2 0 05 1 1.5 2
Observational period (year) Observational period (year) Observational period (year)
Number at risk Number at risk Number at risk
Category | 487 450 431 404 344 Category | 487 450 431 404 344 Category | 487 482 481 457 392
Category Il 448 391 359 320 257 Category Il 448 391 359 320 257 Category Il 448 437 421 388 324
Category Il 469 366 325 275 220 Category Ill - 469 366 325 275 220 Category Il 469 436 408 367 305
Category IV 374 264 224 194 148 Category IV 374 264 224 194 148 Category IV 374 339 316 285 224

Figure 3 Kaplan—Meier curves for the composite outcome, HF rehospitalization, and all-cause mortality according to frailty status. HF, heart failure;

HR, hazard ratio.

Table 4 Results of multivariate Cox proportional hazards model in the
derivation cohort

95%
Hazard Confidence

Variables ratio interval P

Frailty category | 1 (reference) — —

Frailty category Il 1.51 [0.84-2.72] 0.169
Frailty category llI 2.37 [1.32-4.23] 0.004
Frailty category IV 2.66 [1.45-4.89] 0.002
Age, per 1 SD 1.04 [0.83-1.31] 0.730
Women 0.84 [0.61-1.14] 0.266
Past HF hospitalization 2.51 [1.83-3.43] <0.001
SBP at discharge, per 1 SD 1.08 [0.91-1.27] 0.376
HR at discharge, per 1 SD 1.08 [0.94-1.25] 0.282
Diabetes 1.24 [0.91-1.68] 0.167
Past cardiac surgery 0.97 [0.66-1.43] 0.896
Cancer 1.21 [0.76-1.91] 0.419
COPD 1.17 [0.68-2.00] 0.567
Orthopaedic disease 0.84 [0.45-1.57] 0.585
Stroke 0.44 [0.13-1.42] 0.171
High BNP level 1.74 [1.19-2.54] 0.004
eGFR, per 1 SD 0.80 [0.67-0.95] 0.013
Sodium, per 1 SD 0.91 [0.79-1.04] 0.186
Anaemia 1.19 [0.84-1.68] 0.334
Albumin, per 1 SD 0.89 [0.77-1.04] 0.140
LVEF < 40% 1.05 [0.75-1.48] 0.775
Beta blocker 0.98 [0.70-1.37] 0.907
ACEi/ARB 0.82 [0.60-1.10] 0.181
MRA 1.15 [0.85-1.57] 0.367
Diuretic 1.42 [0.89-2.26] 0.138
Oral inotropic agent 1.50 [1.03-2.19] 0.036
MMSE, per 1 SD 0.91 [0.84-0.99] 0.049
Depression 1.30 [0.97-1.76] 0.081
BMI, per 1 SD 0.85 [0.70-1.13] 0.096

ACEi, angiotensin-converting enzyme; ARB, angiotensin Il receptor
blocker; BMI, body mass index; BNP, brain natriuretic peptide;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glo-
merular filtration rate; HF, heart failure; HR, heart rate; LVEF, left
ventricular ejection fraction;, MMSE, Mini-Mental State Examina-
tion; MRA, mineral corticoid antagonist; SBP, systolic blood
pressure.

Anaemia is defined as haemoglobin < 13 g/dL for men and <12 ¢/
dL for women. High BNP level was defined as BNP > 200 pg/mL or
N-terminal pro BNP > 900 pg/mL. Depression is defined as 5-item
Geriatric Depression Scale > 2 points.

this suggests that the appropriate score should be assigned to
each domain for risk stratification. Out of the four domains,
weakness and slowness were identified as the two strong fac-
tors with 5 and 4 points, respectively. The two-fold
higher weight of the objective items compared with the
guestionnaire-measured items indicates the importance of
an objective frailty assessment for precise risk stratification.
However, exhaustion and low physical activity measured
using questionnaires can be used to further categorize phys-
ical frailty. Indeed, patients categorized into the severe frailty
group who met all the four domains showed worse prognosis
than those with a lower grade of frailty. The prognostic capa-
bility of the PMADL-8 in patients with HF was demonstrated
in our previous study.?® Additionally, daily physical activity,
assessed using the SEW-7 in this study, has been reported
to be associated with HF prognosis.?’ Therefore, frailty as-
sessment in this study consisted of a comprehensive set of in-
dicators suitable for patients with HF, resulting in the good
prognostic relevance.

Responsiveness of our frailty score for intervention and its
impact on the prognosis of HF is a topic for future studies. In
this cohort study, we used validated questionnaires to evalu-
ate exhaustion and physical inactivity that was assessed using
subjective questionnaires of ‘yes’ or ‘no’ answers in previous
studies. Accordingly, all the frailty domains were evaluated
using objective measures, and each cut-off point was identi-
fied by the outcome-based analysis specific to HF. Therefore,
the frailty score may be modified by clinical intervention, and
the decreasing score could be associated with improved
prognosis, although this cannot be addressed in the present
study. If this hypothesis is clarified, the frailty score in this
study may serve as an assessment method to plan clinical in-
terventions when managing HF as well as physical frailty.

Regarding clinical application, although frailty is an inde-
pendent predictor of worse prognosis, frailty should be
assessed along with other known prognostic indicators for
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A. Composite outcome
40 WM Derivation

B. HF rehospitalization

30
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Event rate (cases/100 peason-years)
Event rate (cases/100 peason-years)

Category | Category Il Category Ill Category IV

I Validation 40 WM Derivation

Category | Category Il Category Ill Category IV

C. All-cause mortality
I Validation 40 WM Derivation

I Validation

30

20+

Event rate (cases/100 peason-years)

Category | Category Il Category Ill Category IV

Figure 4 Cumulative incidence of the study outcomes according to frailty status in the deviation cohort and the validation cohort. HF, heart failure.

appropriate risk stratification. As shown in Figure 2, even pa-
tients assigned to the non-frailty group experienced the com-
posite outcome with a cumulative incidence of 10/100
person-years, indicating the limited predictive capability of
frailty alone. The results of the Cox proportional hazards
model showed that several factors were associated with the
composite outcome independent of physical frailty, such as
history of prior hospitalization due to HF, high level of brain
natriuretic peptide, and the use of an inotropic agent. More-
over, a decline in renal function and low cognitive function
was associated with the increased outcome. These results in-
dicate that in clinical practice, frailty must be assessed along
with HF status and comorbidities associated with the poor
prognosis.

Guideline-directed medical therapy may be another key
factor for frailty management of HFrEF. In this study, the pre-
scription rates of standard medications were lower in severely
frail patients with HFrEF (Table 3). The lower prescription in
severely frail patients may be caused by orthostatic hypoten-
sion, a major geriatric syndrome closely associated with
frailty.?® Renal dysfunction is another condition that often
presents as comorbidity among frail patients and can prevent
clinicians from prescribing standard medications before dis-
charge. Therefore, as the guidelines have recommended,? a
multidisciplinary care plan needs to function for up-titration
and monitoring of pharmacological therapy for HFrEF after
discharge. The relationship between the dosages of standard
medications for HFrEF and the change of frailty state will be
a topic for future studies.

Low event rates in our population should also be discussed
here. The cumulative rate for the composite events during
the 2 year observation period was 31.0%, which is less than
previous reports.>® The low event rate may be partly due to
the inclusion or exclusion criteria. We included patients
capable of walking at discharge according to a state of the
less functional reserve but not a state of disability." Addition-
ally, our cohort included patients aged < 65 years and
excluded patients with assumed short-term prognosis or
severe cognitive decline. Another possible explanation is

the favourable prognosis of patients with HF in Japan.
Registry data in Japan have demonstrated that the prognosis
of chronic HF has significantly improved since 2000, showing
that the 3 year mortality of patients enrolled after 2006 was
15% (5%/year),®* which seemed much better than that docu-
mented in the Western countries.>? Further, the increase of
the prescription rate of standard medications may have
contributed to the event rate in this study. For example,
in patients with HFrEF, approximately 90% were prescribed
beta-blockers, and 85% were prescribed angiotensin-
converting-enzyme inhibitors, angiotensin receptor blockers,
or mineralocorticoid receptor antagonists at the time of
discharge. Due to the reasons presented above, generaliza-
tion of the findings of this study in Japanese ambulatory
patients with HF is acceptable.

Several limitations of this study need to be discussed when
interpreting our findings. First, because our frailty category
was validated in only the randomly sampled subgroup of the
FLAGSHIP cohort, external validity may have to be confirmed.
Second, although we adjusted for several confounding factors,
the possibility of residual and unmeasured confounding fac-
tors could not be completely ruled out because of the nature
of the cohort study. Third, the generalizability of the frailty
category may be limited to the Asian population of patients
because of racial and cultural differences and variations in
the prognosis of HF. Furthermore, when applying our defini-
tion to other regions with different cultures, the PMADL-8
may need to be modified to fit their culture-oriented lifestyle.
Functional limitation items used in the HeartQOL question-
naire authorized by the European Society of Cardiology>3
may be a suitable alternative that could be used to replace
the PMADL-8. Finally, although our frailty category is based
on a longitudinal analysis, causal relationships between phys-
ical frailty and prognosis have yet to be elucidated. Neverthe-
less, this large-scale multicentre prospective cohort with few
missing data has good qualities for developing HF-specific
frailty category. The causal relationship between physical
frailty and prognosis in patients with HF will need to be
addressed in future studies.
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Conclusions

The findings of this study demonstrated that slowness and
weakness were particularly strong factors and that stratifica-
tion with the two factors and exhaustion and physical inactiv-
ity was associated with the prognosis in patients with HF.
Thus, the prognostic score proposed in this study will serve
as a tool for risk stratification or planning of therapeutic strat-
egies in patients with HF.
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