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Abstract

Aims Although evidence suggests that cognitive decline and physical frailty in elderly patients with heart failure (HF) are
associated with prognosis, the impact of concurrent physical frailty and cognitive impairment, that is, cognitive frailty, on
prognosis has yet to be fully investigated. The current study sought to investigate the prevalence and prognostic impact of
cognitive frailty in elderly patients with HF.
Methods and results This study is a sub-analysis of FRAGILE-HF, a prospective multicentre observational study involving pa-
tients aged ≥65 years hospitalized for HF. The Fried criteria and Mini-Cog were used to diagnose physical frailty and cognitive
impairment, respectively. The association between cognitive frailty and the combined endpoint of mortality and HF rehospi-
talization within 1 year was then evaluated. Among the 1332 patients identified, 1215 who could be assessed using Mini-Cog
and the Fried criteria were included in this study. Among those included, 279 patients (23.0%) had cognitive frailty. During the
follow-up 1 year after discharge, 398 combined events were observed. Moreover, cognitive frailty was determined to be as-
sociated with a higher incidence of combined events (log-rank: P = 0.0146). This association was retained even after adjusting
for other prognostic factors (hazard ratio: 1.55, 95% confidence interval: 1.13–2.13). Furthermore, a sensitivity analysis using
grip strength, short physical performance battery, and gait speed to determine physical frailty instead of the Fried criteria
showed similar results.
Conclusions This cohort study found that 23% of elderly patients with HF had cognitive frailty, which was associated with a
1.55-fold greater risk for combined events within 1 year compared with patients without cognitive frailty.
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Introduction

Given the increase in lifestyle-related diseases and the ageing
population, the number of patients with heart failure (HF) in
Japan has continued to increase dramatically over the past
few decades and is expected to continue increasing over
the next 20 years.1,2 Despite the significant decrease in the
mortality rate of chronic HF over the past 20 years, rehospi-
talization rates after hospital discharge have not decreased
significantly and remain high at 20–40% per year.3,4 While
several prognostic factors for patients with HF have been
reported to date, most reports come from randomized
controlled trials that exclude elderly patients with HF and fo-
cus specifically on the heart (e.g., cardiac function and cardiac
biomarkers).

The concept of ‘frailty’ has been gaining attention recently
as a characteristic of elderly patients.5,6 Frailty is defined as a
state of increased vulnerability to health problems due to
various functional changes and decreased reserve capacity
associated with ageing.7,8 Several large cohort studies have
reported an association between physical frailty and in-
creased risk for disability, mortality, hospitalization, sarcope-
nia, cachexia, and so forth.9–11 Likewise, cognitive frailty,
which is characterized by the coexistence of cognitive impair-
ment without neurodegenerative diseases and physical
frailty, has been found to be prevalent among elderly patients
with HF.12–14 Reports have shown that HF predisposes pa-
tients to cognitive impairment.15 The coexistence of reduced
cognitive impairment and gait speed, known as ‘motoric
cognitive risk syndrome’, has been reported to be associated
with adverse health outcomes similarly to cognitive
frailty.16,17 Previous studies have suggested that physical
frailty and cognitive impairment were individually associated
with worsening HF. In our previous study (i.e. FRAGILE-HF),
we reported that 56% and 37% of elderly patients with HF
had physical frailty and cognitive impairment, respectively.13

However, predictors of cognitive frailty and its association
with adverse outcomes in elderly patients with HF have yet
to be fully explored. Moreover, although the frailty criteria
developed by Fried et al. have been extensively utilized for
determining physical frailty, many other assessments tools
for physical function have been used in clinical settings.18

Furthermore, it remains unclear whether the aforementioned
tools yield similar results with regard to the definition of
physical frailty.

In this sub-analysis of the FRAGILE-HF trial, we investigated
the prevalence and prognostic impact of cognitive frailty in
elderly patients with HF. Moreover, sensitivity analysis was
conducted using other measurements, namely, the short
physical performance battery (SPPB), grip strength, and gait
speed, as alternatives to the frailty criteria proposed by Fried
et al., the reliability of which has been verified even in indi-
viduals with cognitive impairment.19,20

Methods

Study design and patient population

This study is a sub-analysis of FRAGILE-HF, a prospective mul-
ticentre observational study conducted in 15 hospitals across
Japan. The detailed study design has been published else-
where. Briefly, all consecutive patients aged ≥65 years, first
admitted to hospital for decompensated HF between
September 2016 and March 2018, and were ambulatory at
discharge were eligible for inclusion. The Framingham criteria
were used for the diagnosis of decompensated HF. Exclusion
criteria were (i) previous heart transplantation or left ventric-
ular assist device implantation, (ii) either chronic peritoneal
dialysis or haemodialysis therapy, (iii) acute myocarditis, and
(iv) patients with disability due to cerebrovascular or ortho-
paedic diseases. Patients with missing data on brain natri-
uretic peptide (BNP) or N-terminal-proBNP levels and those
with a BNP level of <100 pg/mL or N-terminal-proBNP level
of <300 pg/mL at admission were also excluded. This study
was conducted in compliance with the Declaration of Helsinki
and the Japanese Ministry of Health, Labor and Welfare’s
Ethical Guidelines for Medical and Health Research Involving
Human Subjects. All participants were notified of their partic-
ipation in this study and informed that they were free to
withdraw from participation at any time. Given the observa-
tional nature of this study without invasive procedures or
interventions, written informed consent was not required
by the national guidelines. The research protocol was
approved by the ethics committee of each participating
hospital. All research information is available in the University
Hospital Information Network Clinical Trials Registry (unique
identifier: UMIN000023929).

Assessment of physical and cognitive functioning

Cognitive frailty assessment—both physical frailty and
cognitive impairment—was performed by trained personnel.
Patients with at least three of the following factors were
considered to have physical frailty: weakness (hand grip),
decreased walking speed, weight loss, fatigue, and decreased
physical activity using the Fried phenotype.5 The question-
naire used to identify and diagnose frailty has been published
in detail previously.

Hand grip strength was measured using a dynamometer.
Briefly, the subjects sat on a bench with their elbow joint
flexed at 90° and performed the test alternately with the
right and left hands. The maximum value of two trials using
both hands was expressed as an absolute value (kg). Patients
with a hand grip strength of <28 and <18 kg for men and
women were considered physically frail, respectively.21 The
SPPB consisted of three components (standing balance,
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normal walking speed, and chair-stand repetition) and was
applied according to established methods. SPPB scores
ranged from 0 to 12, with a score of 0–4 for each component
(0 = worst, 12 = best).22 Patients with less than 9 points were
considered physically frail.21 Gait speed was based on a 4 m
walk, which is one of the evaluation items in the SPPB, and
patients with a gait speed <1 m/s were considered physically
frail. Mini-Cog©, a combination of a three-item recall test
and clock drawing test, was used to assess cognitive function.
The test method was based on the Mini-Cog© website
(https://mini-cog.com) wherein patients were scored based
on a 5-point scale (0 = worst, 5 = best), with scores <3 being
considered abnormal.23 All physical and cognitive assess-
ments were performed at hospital discharge.

Assessment of endpoint

This study prospectively collected and analysed data on the
prognosis of patients within 1 year of discharge up to March
2019. The endpoints of the study were mortality at 1 year
and a combination of mortality and HF readmission within
1 year of discharge. Patients were followed up at an outpa-
tient clinic or another health care facility at least every
3 months. For patients not followed up at the clinic,
prognostic data were obtained via telephone interview by
the facility’s medical records department. Readmission due
to HF was only categorized as such if it satisfied the criteria
for HF readmission described in the American College of Car-
diology/American Heart Association Key Data Elements and
Definitions for Cardiovascular Endpoint Events in Clinical
Trials.24

Statistical analysis

Normally distributed data were expressed as mean and stan-
dard deviation for distribution, whereas non-normally distrib-
uted data were expressed as median and interquartile range.
Categorical data were expressed as numbers and percent-
ages. The cohort was divided into the following four groups:
non-physical frail and non-cognitive impairment group, phys-
ical frail and non-cognitive impairment group, non-physical
frail and cognitive impairment group, or physical frail and
cognitive impairment group. Differences between groups
were compared using one-way analysis of variance (ANOVA)
or the Kruskal–Wallis test and χ2 or Fisher exact test for con-
tinuous and categorical variables, respectively.

Event-free survival curves were generated using the
Kaplan–Meier survival method and compared using log-rank
statistics. Moreover, the following variables were used for
adjustment during multivariable Cox regression: age; gender;
body mass index (BMI); left ventricular ejection fraction; cur-
rent smoking status; history of HF, hypertension, diabetes,

coronary artery disease, chronic obstructive pulmonary dis-
ease, and atrial fibrillation; systolic blood pressure; esti-
mated glomerular filtration rate; haemoglobin; serum
sodium level; serum albumin; log-transformed BNP; prescrip-
tion of angiotensin-converting enzyme inhibitor or angioten-
sin receptor blocker, beta-blocker, and mineralocorticoid
receptor antagonist; and New York Heart Association classifi-
cation III/IV at discharge. These variables were selected
based on their clinical importance as described in previous
studies. To assess whether cognitive frailty, in addition to
known risk factors, affects the composite endpoint and
combine events, we constructed a baseline model that incor-
porated existing risk factors and a model that added the
presence of cognitive frailty to the baseline model. Hazard
ratios were calculated using the non-cognitive frailty group
as reference.

Statistical analyses were performed using STATA version
15.0 (StataCorp, College Station, Texas, USA) and R version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria; ISBN 3-900051-07-0, URL http://www.R-project.org),
with a two-sided P value of <0.05 indicating statistical
significance.

Results

Patients’ characteristics

Among the 1332 patients enrolled in the FRAGILE-HF cohort
study, 1215 (91.2%) were successfully evaluated using both
Mini-Cog and Fried criteria. Table 1 summarizes the patients’
baseline profiles. Among the enrolled patients, 279 (23.0%)
had cognitive frailty. Our results also found that the propor-
tion of cognitive frailty increased with age (Figure 1). The
characteristics of those with and without physical frail and/
or cognitive impairment are detailed in Table 1. There were
significant differences between the four groups in age, male
gender, BMI, diastolic blood pressure, left ventricular ejection
fraction, haemoglobin, albumin levels, BUN, eGFR, and pre-
scription rate of beta-blocker and loop diuretics.

Association between cognitive frailty and
prognosis

Given that 26 patients had no follow-up data, the prognostic
impact of cognitive frailty was analysed in only 1189 patients
(97.8%). During follow-up 1 year after discharge, 398 com-
bined events (33.5%) and HF readmissions, were observed.
The Kaplan–Meier curve for combined events showed that
patients with HF and cognitive frailty had a significantly
higher event rate during the 1 year observation period after
discharge (log-rank test, P = 0.0146) (Figure 2). Unadjusted
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Cox regression analysis showed that cognitive frailty was
significantly associated with higher incidence of combined
events of all-cause mortality and HF rehospitalization [hazard
ratio (HR): 1.49, 95% confidence interval (CI): 1.14–1.95,
P = 0.004] (Table 2). This association was retained in multivar-

iate analysis after adjusting for diverse covariates (HR: 1.55
95% CI: 1.13–2.13, P = 0.007). Furthermore, we performed
Cox regression analysis by excluding non-cardiovascular-re-
lated deaths from all-cause mortality. Accordingly, multivari-
ate Cox regression analysis showed that cognitive frailty was

Figure 1 Prevalence of cognitive frailty by age.

Figure 2 Kaplan–Meier curves for the combined events of all-cause death and heart failure rehospitalization.
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significantly associated with a higher incidence of combined
events of cardiovascular-related deaths and HF rehospitaliza-
tion (HR: 1.89, 95% CI: 1.10–3.26, P = 0.021) (Table S1).

To explore whether the definition of physical frailty
significantly influenced this association, sensitivity analyses
were performed using grip strength, SPPB, and gait speed
to defined physical frailty. The prevalence of cognitive frailty,
defined using grip strength, SPPB, and walking speed, was
25.4%, 28.1%, and 32.5%, respectively. The results of the
adjusted Cox model using grip strength, SPPB, and walking
speed to defined physical frailty showed consistent results
(grip strength, HR: 1.55, 95% CI: 1.06–2.25; SPPB, HR: 1.37,
95% CI: 1.05–1.80; and gait speed, HR: 1.41, 95% CI:
1.04–1.92) (Table 3, 4, and 5).

Discussion

The current study investigated the impact of cognitive frailty
on the composite event of HF rehospitalization and all-cause
death in elderly patients with HF. To our knowledge, this has
been the largest study to investigate the prevalence and
prognostic implications of cognitive frailty in patients with
HF. Notably, our results showed that 23% of elderly HF
patients in Japan had cognitive frailty, which increased with
age. Furthermore, among elderly patients with HF, those with
cognitive frailty had a 1.55-fold increased risk for combined
events within 1 year compared with those without cognitive
frailty.

Previous studies reporting on the prevalence of cognitive
frailty have mainly focused on patients without HF. Indeed,
a cohort study in Singapore that evaluated 5414
community-dwelling older Singaporeans showed a 1.6%
prevalence of cognitive frailty.25 Another cohort study of
542 patients with lifestyle-related diseases showed that 8%
had cognitive frailty, with the prevalence increasing with
age.26 Moreover, a French three-city study that evaluated
more than 6000 community-dwelling older adults found that
7% of the total population were diagnosed as frail using the
Fried criteria and that 22% of the frail population (i.e. 1.5%
of the total cohort) were also complicated with cognitive
impairment assessed using the Mini-Mental State
Examination.27 In contrast, only a few studies have evaluated
the prevalence of cognitive frailty in patients with HF. A
sub-analysis of HF only among patients with coronary artery
disease (n = 66) showed that 15.2% of patients had cognitive
frailty.26 A previous study investigating the impact of concur-
rent grip weakness and cognitive impairment on prognosis
in elderly patients with HF (n = 56) found that 9% of patients
had combined grip weakness and cognitive impairment.28

Regarding the prognostic impact of cognitive frailty, the
results of the aforementioned three-city study in France
showed that cognitive frailty was associated with a 1.9-foldTa
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greater risk for all-cause mortality compared with those
normal cognitive function and no physical frailty. Likewise, a
study on 5113 Chinese older adults (≥60 years old)
demonstrated that cognitive frailty was associated with both
a decline in activities of daily living and all-cause death inde-
pendent of other comorbidities.29 Unfortunately, only a few
studies with very limited number of patients have investi-
gated the prognostic impact of cognitive frailty in patients
with HF.12,26,30 One of the strengths of our study is that we
were able to demonstrate the prevalence and prognostic im-
pact of cognitive frailty in a sufficient number of patients and
events, which allows for a reliable analysis regarding the as-
sociation between cognitive frailty and poor prognosis inde-
pendent of other potential prognostic factors. Moreover, we
demonstrated that the negative prognostic impact of cogni-
tive frailty remained constant regardless of the tool used to
define physical frailty. This additional result supports our con-
clusion that cognitive frailty was strongly associated with
poor prognosis in elderly patients with HF.

Although the mechanism behind this association has yet to
be clearly demonstrated, the decrease in cardiac output may
play an important role therein. Unfortunately, the current
study has not been designed to determine the disease
mechanism. Indeed, decreased cardiac output in patients with
HF has been shown to be a potential cause of not only
sarcopenia31 but also cognitive impairment by directly
decreasing cerebral blood flow. Reports have shown that
during HF, the decrease in blood flow to the hippocampus,
the brain area responsible for memory, was associated with
the severity of cognitive impairment.32 Regarding causality,
only randomized control studies that investigate the prognos-
tic impact of certain interventions that are able to improve
cognitive frailty can determine whether cognitive frailty can
be a therapeutic target.

The current study has several limitations worth noting.
First, although no universally accepted tool has been
available to diagnose cognitive impairment, the current
study used only Mini-Cog© to define cognitive impairment.
Hence, our conclusion may be affected by the diagnostic
tool used. Second, physical assessment is expected to be
biased based on the symptoms of acute cardiac disease,
such as dyspnoea. We attempted to avoid bias as much as
possible by conducting physical assessment at hospital
discharge. Third, this study may have included HF patients
with asymptomatic cerebrovascular disease, which can
directly affect cognitive impairment. Lastly, this study was
conducted in Japan, which has been known to have better
cardiovascular outcomes compared with Western popula-
tions, the results of this study may not be directly applica-
ble to Western countries.

In conclusion, the present study found that 23% of elderly
patients with HF had cognitive frailty, which was associated
with a 1.55-fold increased risk for combine events of HF
rehospitalization and all-cause death within 1 year.Ta
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