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Background: Frailty increases the adverse outcomes of clinical heart failure; however, the relationship between
frailty and stage-B heart failure (SBHF) remains unknown. We aimed to explore the epidemiology and predictive

Methods: A prospective cohort of SBHF inpatients aged 65 years or older who were hospitalized between
September 2018 and February 2019 and were followed up for 6 months were included. SBHF was defined as
systolic abnormality, structural abnormality (left ventricular enlargement, left ventricular hypertrophy, wall motion
abnormalities, valvular heart disease), or prior myocardial infarction. Frailty was assessed by the Fried frailty
phenotype. Multivariable Cox proportional hazards regression was used to explore the independent risk and

Results: Data of 443 participants (age: 76.1 + 6.79 years, LVEF: 62.8 + 4.92%, men: 225 [50.8%], frailty: 109 [24.6%])
were analyzed. During the 6-month follow-up, 83 (18.7%) older SBHF inpatients experienced all-cause mortality or
readmission, and 29 (6.5%) of them developed clinical HF. Frail individuals had a 1.78-fold (95%Cl: 1.02-3.10, P =
0.041) higher risk of 6-month mortality or readmission and a 2.83-fold (95%Cl 1.24-6.47, P =0.014) higher risk of
developing clinical HF, independent of age, sex, left ventricular ejection fraction, and N-terminal pro-B-type

Conclusions: Frailty is common in older SBHF inpatients and should be considered to help identify individuals with
an increased risk of mortality or readmission, and developing clinical HF.

Keywords: Frailty, Stage B heart failure, All-cause mortality or readmission, Clinical HF

Background

Heart failure (HF) is a highly prevalent, progressive con-
dition and associated with substantial morbidity and
mortality. It is an important cause of hospitalization in
older adults [1]. Among people > 65 years presenting to
primary care facilities with breathlessness on exertion,
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one in six have unrecognized HF [2]. The prognosis of
HF is poor and health care costs are high [1]. Frailty is
also highly prevalent in older adults and is associated
with a high risk of falling, disability, hospitalization, and
mortality [3]. Frailty is a biological syndrome of de-
creased reserve and resistance to stressors, with the fea-
tures of weakness, decreased endurance, and slowed
performance [4, 5].

Frailty is of particularly concern for patients with HF.
HF put the repeatedly exposes geriatric patients to stress
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and vulnerability, and the prevalence of frailty is higher
in these patients than in the general older adults, which
may be associated with depression, disability, and cogni-
tive impairment [6-8]. According to the process of HF
development [9], HF is divided into four stages of A
(preHF), B (preclinical HF), C (clinical HF), and D (re-
fractory HF). Onset of HF may be delayed or prevented
by interventions aimed at treating asymptomatic left
ventricular dysfunction [10]. Previous studies have fo-
cused on frailty and stage C or D HF, but no previous
study has explored frailty and stage-B HF (SBHF), which
is a clinically reversible stage.

If frailty can also predict poor outcomes, including all-
cause mortality or readmission and the onset of clinical
HF in older SBHF inpatients, then interventions target-
ing frailty will provide a new way to improve outcomes
in SBHF inpatients. Therefore, we explored the prognos-
tic value of frailty in older SBHF inpatients using the cri-
teria of the Fried frailty phenotype.

Methods

Study design

We conducted a prospective study with the cohort de-
rived from our previous study on frailty among older
adults [11]. We explored the characteristics and prog-
nostic value (mortality or readmission, and clinical HF)
of frailty in older SBHF inpatients.

Participants

Our previous study on frailty included a geriatric cohort
and we surveyed 1000 geriatric patients hospitalized on
admission from 10 wards covering the medical and
surgical departments of a tertiary referral hospital in
Beijing, China, during the period of September 2018 to
February 2019 [11]. The inclusion criteria were as fol-
lows: hospitalized patients aged 65years or more, the
provision of written informed consent, and the ability to
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cooperate with the assessment required. Among them,
557 patients were not included in our present cohort be-
cause they either did not meet the criteria of SBHF or
lacked echocardiographic data. Finally, 443 consecutive,
eligible participants were included in this study (Fig. 1).

All participants’ demographic data, SBHF data, dia-
stolic abnormality data, and other characteristics were
collected. Participants underwent assessments related to
frailty, emotional state, physical function, and cognition
immediately after recruitment.

Peking University Clinical Research Institute super-
vised the study, and the Research Electronic Data
Capture (REDCap) [12] was used to manage the ac-
quired data. We collected information through specific
investigators, who have been trained in administering
our questionnaires.

Defining SBHF

SBHF refers to patients with structural heart disease that
is strongly associated with the development of HF, but
without HF signs or symptoms, which includes systolic
abnormality, structural abnormality (left ventricular en-
largement, left ventricular hypertrophy, wall motion ab-
normalities, valvular heart disease), and prior myocardial
infarction, according to the 2013 ACC/AHA Guidelines
for the Evaluation and Management of Chronic HF in
the Adult [9], Moreover, we furtherly analyzed the
prevalence of diastolic abnormality among the partici-
pants. The above echocardiographic data were defined
by the criteria of the Atherosclerosis Risk in Communi-
ties (ARIC) study, which defined 95% percentile limits
derived from a healthy subgroup aged 67-91 years
(Table 1).

Frailty assessment
Frailty was evaluated according to the Fried frailty
phenotype, defined in the Cardiovascular Health Study

1000 inpatients 265 years old from previous geriatric cohort about frailty

79 did not have the echocardiographic data

478 did not met the criteria of stage B heart failure

\ 4

443 inpatients with stage B heart failure included

Fig. 1 Flow chart of the stage B heart failure cohort
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Table 1 The ARIC criteria for wall motion abnormalities, valvular heart disease, LV enlargement, LV hypertrophy, systolic abnormality

and diastolic abnormality

Men

Women

Wall motion abnormalities
Valvular heart disease

LV enlargement LVEDV/BSA > 60.2 mL/m?
LV hypertrophy
LVEF < 59%

LAV/BSA > 34.2 ml/m?

Systolic abnormality

Diastolic abnormality

septal e’ <4.3 cm/s; septal E/e' > 14.8

LV mass/height > 45 g/m?’

Hypokinesis, akinesis, or dyskinesis of two or more contiguous segments of the LV

Moderate or greater stenosis or regurgitation in the aortic or mitral valve

LVEDV/BSA > 51.9 mL/m?
LV mass/height > 415 g/m?’
LVEF < 574%

LAV/BSA > 324 ml/m?
septal €' <4.1 cm/s; septal E/e’' > 174

Abbreviations: ARIC the Atherosclerosis Risk in Communities, LV Left ventricular, LVEDV Left ventricular end-diastolic volume, BSA Body surface area, LVEF Left

ventricular ejection fraction, LAV Left atrial volume

according to Fried and colleagues [5]. Five criteria were
considered: unintentional weight loss, sense of low en-
ergy or exhaustion, muscle weakness, slowed gait, and
low physical activity (see Additional file 1). A score of 3
or more was considered to indicate frailty.

Other assessments

Emotional state was evaluated by the means of the 5-
item version of the Geriatric Depression Scale (GDS-5)
[13] and anxiety scale was assessed based on the Hos-
pital Anxiety and Depression Scale (HADS-A) [14]. Both
of these are validated and extensively used self-reported
questionnaires designed for use in the outpatient setting.
A GDS-5 score > 2 was considered depression. A HADS-
A score > 8 was considered to indicate anxiety.

Activities of daily living were evaluated by the means
of the Barthel Index [15], with lower scores indicating
increased disability. The maximum score was 100, and
the index was used to predict subjects’ dependency
needs. A score of <60 was considered to indicate mod-
erate or severe disability.

Cognition was evaluated by using the Mini Mental State
Examination (MMSE) [16]. It is effective for screening for
cognitive impairment in older individuals. A score < 24
was considered to indicate cognitive impairment.

Endpoints

The primary endpoint was 6-month all-cause mortality
or hospital readmission. The secondary endpoint was
the occurrence of clinical HF. The endpoints were veri-
fied by telephone at 6 months after enrollment.

Statistical analysis

Shapiro—Wilk tests and quantile-quantile plots were
used to investigate the normality of data distribution of
continuous variables. Frequency distribution, mean +
standard deviation, and median (interquartile range:
25th to 75th percentiles) were used for descriptive ana-
lysis of baseline characteristics. The y* test, t-test, and

Mann—Whitney U test were utilized to compare the
baseline variables by groups (non-frail vs. frail).

Univariate and multivariate logistic regression models
were implemented to determine independent risk factors
of frailty. All covariates with a P value < 0.05 in univari-
able analysis entered into the multivariable model. The
Box-Tidwell test was used to prove the linearity be-
tween logitP and continuous independent variables. Tol-
erance and the variance inflation factor were used to
establish that multi—collinearity was not present. Logistic
regression analysis results were expressed by odds ratios
(ORs) and 95% confidence intervals (95%Cls).

Kaplan—Meier analysis (log-rank test) and multivariate
Cox proportional hazards regression (adjusted by age, de-
fined as a categorical variable with a cut off of 80 years; sex;
N-terminal pro-B-type natriuretic peptide [NT-pro BNP]
level and left ventricular ejection fraction [LVEF]) was uti-
lized to explore the association between frailty and study
endpoints in all participants. Similar analyses were per-
formed for the five frailty components about mortality or
readmission. The adjusted confounders were selected
according to the univariate Cox proportional hazards re-
gression (demographics, characteristics diagnosed as SBHF,
diastolic abnormality, LVEF, NT-pro BNP, hypertension,
blood pressure controlled, persistent atrial fibrillation/flut-
ter, diabetes mellitus, > 5 medications, beta-blockers, renin-
angiotensin system inhibitor, GDS-5 > 2, HADS =8, Barthel
index < 60, and MMSE < 24, confounders with P < 0.1 were
selected) and clinical relevance. The results of Cox propor-
tional hazards regression models were expressed by hazard
ratios (HRs) and 95%Cls.

SPSS software version 25 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. All statistical tests
were two-tailed and a p-value <0.05 was considered to
be statistically significant.

Results

Baseline characteristics and risk factors of frailty

The demographic and clinical characteristics of the
patients categorized as frail and non-frail are shown in
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Table 2. Frail SBHF inpatients were older, had more co-
morbidities, a higher level of NT-pro BNP, lower BMI,
and lower LVEF. They also had worse blood pressure
control and a larger proportion of diastolic abnormal-
ities, polypharmacy, depression, disability, a higher num-
ber of falls in the previous year, cognitive impairment
and a smaller proportion exercised >5 times per week or
could walk 100 m without help. Importantly, the preva-
lence of every component of frailty was extremely higher
among the frail participants.

Polypharmacy (ORs 2.24, 95%ClIs 1.21-4.15, P =
0.010), disability (ORs 4.88, 95%ClIs 1.05-22.63, P =
0.043) and cognitive impairment (ORs 4.14, 95%CIs
2.09-8.22, P = 0.035) were independently associated with
frailty in SBHF as shown in more detail in the additional
file (see Additional file 2).

Mortality or readmission

During the 6-month follow-up, 26 (23.9%) in the frail
group and 57 (17.1%) in the non-frail group experienced
all-cause mortality or readmission. The mean survival
time without mortality or readmission was 168 + 6.8 days
in the frail and 185+ 2.9 days in the non-frail subjects
(Fig. 2a: Log-rank x* =4.15, P = 0.042). Frail individuals
had a 1.78-times higher risk of mortality or readmission
than non-frail individuals, independent of age, sex, NT-
pro BNP level and LVEF (Fig. 3a: 95%ClIs 1.02-3.10, P =
0.041). Among five frailty components, unintentional
weight loss remained associated with a higher adjusted
risk of 6-month mortality or readmission (Fig. 4).

Clinical HF

During the 6-month follow-up, 15 (13.8%) participants
in the frail group and 14 (4.2%) in the non-frail group
developed clinical HF. The mean time for clinical HF de-
velopment was 183 + 5.6 days in the frail and 201 + 1.8
days in the non-frail subjects (Fig. 2b: Log-rank x° =
13.61, P <0.001). Frail individuals had a 2.83-times
higher risk of developing clinical HF, independent of
age, sex, NT-pro BNP level and LVEF (Fig. 3b: 95%Cls
1.24-6.47, P = 0.014).

Discussion

This study explored the prognostic value of frailty, de-
fined by the Fried frailty phenotype, in older SBHF inpa-
tients. We found that frailty could independently predict
the 6-month all-cause mortality or readmission and the
development clinical HF in older inpatients.

Frailty was common among inpatients with SBHF -
our study found that the prevalence of frailty diagnosed
by the Fried phenotype was 24.6% in older SBHF inpa-
tients, which was higher than that in people without HF
(3%, aged 65—70years) [17], and lower than that in clin-
ical HF patients (32-76%) [6, 18]. A lower physical
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activity score, more comorbidities, and other factors in
SBHF compared with healthy individuals [19] may ac-
count for the increased prevalence of frailty in older
SBHF inpatients. Individuals with SBHF have fewer HF-
related multisystem complications (systemic inflamma-
tion, comorbidity burden, older age, sarcopenic obesity,
metabolic impairment, hemodynamic abnormalities,
translocation of gut microbiome, etc.), and this along
with other related factors [17] may account for the de-
creased prevalence of frailty in older SBHF inpatients.

Our study demonstrated that frail older SBHF inpa-
tients were more likely to be older, had more comorbidi-
ties, lower LVEF, polypharmacy, depression, disability,
and cognitive impairment. Among those, polypharmacy,
disability, and cognitive impairment were independently
associated with frailty. To a certain degree, our results
matched the findings of previous studies in clinical HF
patients, which also indicated an association between
these factors and the development of frailty [5, 20-23].
The key mechanism underlying this association in clin-
ical HF patients was related to worsening of the de-
creased reserve and resistance to stressors due to the
inflammatory and metabolic disturbances caused by
these factors [17]; this may also explain the similar
phenomenon found in older SBHF inpatients. These fac-
tors should be screened to help identify older SBHF in-
patients with a high risk of developing frailty.

We found that frailty could independently predict the
6-month all-cause mortality or hospital readmission in
older SBHF inpatients, and this was unaffected by age,
sex, NT-pro BNP level and LVEF. This finding was in
agreement with the higher risk of readmission and mor-
tality among frail patients with clinical HF [6, 24]. The
prognostic value of frailty has been shown in patients
with HF, and assessing frailty may help to identify pa-
tients with clinical HF who are at a higher risk of disabil-
ity and adverse clinical outcomes at each stage of the
disease [17].

We also explored the prevalence and predictive value
of each frailty component in SBHF inpatients. Uninten-
tional weight loss was the only component that pre-
dicted mortality or readmission which was different
compared to the low physical activity component in clin-
ical HF [6]. Previous studies have recognized the import-
ance of unintentional weight loss in predicting poor
outcomes [25]. Malignancy, cardiovascular disease,
gastrointestinal disease, endocrinopathies, infectious dis-
ease, and psychiatric disease were the common causes of
unintentional weight loss [25, 26]. All of the above
mentioned causes may be related to higher mortality or
readmission in SBHF inpatients. Furthermore, uninten-
tional weight loss in older adults was connected to the
physiology of aging and chronic medical conditions and
also due to part decreases in lean muscle mass and
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Table 2 Demographic and clinical characteristics of all participants
Overall Non-frail Frail P values
n =443 n =334 (75.4%) n =109 (24.6%)
Demographics
Age, years 761 +6.79 751 +6.62 79.1+6.39 <0.001
Man 225 (50.8) 165 (49.4) 60 (55.0) 0.306
Medical insurance 372 (84) 277 (82.9) 95 (87.2) 0.297
Manual workers 156 (30.5) 120 (36.1) 36 (33.0) 0.555
Living with spouse 313 (70.7) 243 (72.8) 70 (62.4) 0.089
Education, years 108 £4.56 109 +4.50 105+4.72 0406
Current smoking 41 (9.3) 29 (8.7) 12 (11.0) 0.701
Current drinking 104 (23.5) 86 (27.5) 18 (16.5) 0137
BMI, kg/m2 251348 254+330 24.1+383 0.001
Characteristics diagnosed as SBHF
Myocardial infarction 62 (14.0) 47 (14.1) 15 (13.8) 0.935
Systolic abnormality 47 (10.8) 32 (9.7) 15 (13.9) 0.226
Structural abnormality 422 (97.0) 318(97.2) 104 (96.3) 0.229
Diastolic abnormality 193 (43.6) 136 (40.7) 57 (52.3) 0.034
LVEF, % 62.8 +£4.92 63.1£4.75 62+533 0.046
Preserved LVEF, >50% 425 (97.3) 321 (97.6) 104 (96.3) 0483
NT-pro BNP, pg/ml 166 [834, 416] 150 [77.7, 344] 322 [123, 655] <0.001
Other Characteristics
Hypertension 361 (81.5) 271 (81.1) 90 (82.6) 0.738
Blood pressure < 140/90 mmHg 178 (49.3) 141 (52.0) 37 (41.1) 0.047
Persistent atrial fibrillation/flutter 30 (41.7) 19 (42.2) 11 (40.7) 0.550
Diabetes mellitus 136 (30.7) 102 (30.5) 34 (31.2) 0.898
25 medications 220 (49.7) 152 (45.5) 68 (62.4) 0.002
Number of comorbidities 322+ 146 3.13+145 348+148 0.032
Beta-blockers 174 (434) 129 (42.3) 45 (46.9) 0479
RASI 139 (347) 110 (36.1) 29 (30.2) 0326
Fried frailty components
Unintentional weight loss 50 (11.3) 17 (5.1) 33 (30.3) < 0.001
Low physical activity 112 (25.3) 42 (126) 70 (64.2) <0.001
Physical exhaustion 218 (49.2) 125 (37.4) 93 (85.3) <0.001
Muscle weakness 157 (35.7) 68 (20.5) 89 (82.4) <0.001
Slow gait 207 (52.7) 128 (41.8) 79 (90.8) <0.001
Emotion
GDS-522 51 (11.5) 29 (87) 22 (20.2) 0.001
HADS 28 19 (4.3) 1133 8(73) 0.070
Physical Function
Barthel index < 60 21 (4.7) 9(27) 12(11) <0.001
Exercise 25 per week 331 (74.7) 292 (87.4) 39 (35.8) <0.001
Walk 100 m without help 361 (81.5) 306 (91.6) 55 (50.5) <0.001
Fall in the past year 101 (22.8) 65 (19.5) 36 (33.0) 0.003
Cognition, MMSE < 24 71 (16.0) 35 (10.5) 36 (33.0) <0.001

Notes: Values are showed as mean + standard deviation or n (%). Data was analyzed through t test for normally distributed continuous data and y° test

for categorical data

Abbreviations: BMI Body mass index, LVEF Left ventricular eject fraction, NT-pro BNP N-terminal pro-B-type natriuretic peptide, RASI Renin-angiotensin
system inhibitor, GDS-5 Five-item version of the Geriatric Depression Scale, HADS-A Anxiety scale from Hospital Anxiety and Depression Scale, MMSE

Mini Mental State Examination



Zheng et al. BMC Geriatrics (2021) 21:125

Page 6 of 9

A

6-month Mortality or Readmission

1004 —— Non-frail

— Frail
904

704 Log-rank P =0.0417

Survival without death
or readmission (%)

0 50 100 150 200
) Follow-up days
Number at risk
Non-frail 334 317 302 282 277
Frail 109 96 91 84 83

6-month Clinical Heart Failure

1004

o
o
1

Survival without
(-
<

clinical heart failure (%

704 Log-rank P <0.001

0 50 100 150 200
X Follow-up days

Number at risk

Non-frail 334 326 325 221 320

Frail 109 100 98 95 94

Fig. 2 Kaplan-Meier survival curves by frailty in geriatric stage B heart failure inpatients. Frailty was defined by Fried frailty phenotype. Event rates
of 6-month mortality or readmission (a) and 6-month clinical heart failure development (b) were analyzed by log-rank test
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Fig. 3 Multivariable Cox proportional hazard models of frailty, adjusted by age, sex, NT-pro BNP level, and LVEF. Frailty was defined by Fried frailty
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P
6-month Death or Readmission
Adjusted HR [95%CI] P value
Slow gait —_—f— 1.06 [0.57, 2.09] 0.785
Muscle weakness L 1.09 [0.57, 2.09] 0.785
Physical exhaustion —p— 1.08 [0.60, 1.93] 0.802
Low physical activity —— 1.03 [0.49, 2.18] 0.930
Unintentional weight loss 2.23 [1.08, 4.58] 0.030
0 1 2 3 4 5
Fig. 4 Multivariable Cox proportional hazard models of five frailty components, adjusted by age, sex, NT-pro BNP level, and LVEF. Frailty was
defined by Fried frailty phenotype, and event was defined as 6-month mortality or readmission. HR, Hazard ratio; Cl, confidence interval

increases in total body fat. In addition to this, sarcopenia
was also prevalent. Sarcopenia is one of the important
mechanisms of frailty [17]. Additionally, unintentional
weight loss has no predictive value in clinical HF and
this is probably due to inaccuracies resulting from its
measurement, since edema and the use of diuretics
directly influence body weight and are common in
clinical HF.

Cardiac cachexia (the cachexia complicating HF) is
often associated with anorexia, inflammation, and insulin
resistance and is caused by a pathological shift in the
balance between anabolism and catabolism and de-
scribes a state of unintentional weight loss that cannot
be reversed by changes in nutritional intake alone [27].
Skeletal muscle is the most important functional tissue
lost in the context of cachexia owing to catabolism and
adipose tissue loss. In addition to sarcopenia, exercise
capacity also decreased [28]. Cardiac cachexia, sarcope-
nia and unintentional weight loss are closely associated
with frailty and worsen the outcomes of HF. Further-
more, the levels of serum adiponectin were significantly
higher in patients with HF and cachexia, suggesting that
adiponectin may play a critical role in cardiac remodel-
ing in the presence of cachexia [29]. In particular, cach-
exia is also a risk factor for cardiovascular disease
development. A potential therapeutic strategy in overlap-
ping conditions of frailty, sarcopenia and cachexia in-
cluded improving appetite, providing additional calories,
and exercise training aimed at improving exercise cap-
acity [28]. The treatment of cachexia may be a potential
way to improve frailty in HF patients.

Although only 6.5% of older SBHF inpatients devel-
oped clinical HF during the follow-up period, we found
that frailty could predict clinical HF independently,
which may be due to the following reasons. Firstly, pre-
clinical diastolic dysfunction predicts a markedly higher
risk of progression to HF and death, and its prevalence
increases with age, hypertension, atrial fibrillation/flutter,
coronary artery disease, history of myocardial infarction,

diabetes, and systolic dysfunction [30]. Secondly, exer-
cise is very helpful from a symptomatic perspective, but
frail individuals have a lower functional capacity. They
more commonly have disabilities, experience falls, exer-
cise <5 times per week, and are unable to walk 100 m
without help.

Interestingly, the older SBHF inpatients in our study
mainly had preserved LVEF and presented with struc-
tural and diastolic abnormalities, rather than systolic ab-
normalities. Since the evidence for interventions in
patients with preserved ejection fraction is lacking and
inconclusive, our results may suggest that better blood
pressure control, exercise, and interventions targeting
frailty may improve outcomes or reduce the risk of de-
veloping clinical HF in older SBHF inpatients. Neverthe-
less, it is difficult to achieve blood pressure control in
these individuals, and this had been achieved in only half
of our older SBHF inpatients with hypertension. Frailty
is to a certain is a reversible condition. Interventions for
hypertension, atrial fibrillation/flutter, cardiac rehabilita-
tion, physical training, decreased polypharmacy (particu-
larly involving unnecessary medication), and patient
education might delay the progress of HF, or even re-
duce mortality [30].

There were several limitations to our study. First, our
subjects were from a single tertiary hospital and none of
the subjects had reduced LVEF, which might affect the
generalizability of our results. Second, a gold standard
measurement for frailty is lacking in China. Third, dia-
betes was associated with the outcome and the use of
SGLT-2 was of great value. However, none of our partic-
ipants were using SGLT-2, as SGLT-2 was not covered
by medical insurance when we recruited the participants.
Fourth, our follow-up period was not long enough and
the rate of clinical HF development was low. Multicenter
studies with a larger sample size, more information
about cardiovascular risk factors, a longer follow-up
period, and more meaningful and functional outcomes,
like all cause death, all cause readmission, HF
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hospitalization, HF death, medical cost, institutionalization,
prospective falls, prospective activity of daily living decline,
and home time, are warranted in the future.

Conclusions

Frailty is common among older SBHF inpatients. It can
also predict the 6-month mortality or hospital readmis-
sion, and the development of clinical HF. Frailty status
should be evaluated in older SBHF inpatients to help
identify individuals with an increased risk of mortality or
readmission, and developing clinical HF and interven-
tions targeting frailty should be applied to help improve
outcomes.
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