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Highlights

We determined predictors of ADL at discharge in elderly patients with HFpEF.

The cut-off value of LTCI for ADL at discharge was support level 2.

The cut-off value of walking exercise start day for ADL at discharge was 4.5 days

after admission.

Motor- and cognitive-FIM cut-off values for ADL at discharge were 34.5 and 28.5

points.

LTCI level, walking exercise start day and motor-/cognitive-FIM at admission may

predict ADL at discharge in HFpEF patients.



ABSTRACT

Aims: The purpose of this study was to clarify the predictive factors of activities of daily
living (ADL) at discharge in elderly patients with heart failure with preserved ejection
fraction (HFpEF).

Methods: Participants were selected from among 598 consecutive hospitalized HF patients
based on certain criteria. We investigated patient characteristics, and ADL with the motor and
cognitive items of the Functional Independence Measure (FIM). We analyzed the data with
the unpaired t-test, Mann-Whitney U test, % test, logistic regression analysis, and receiver
operating characteristic (ROC) curves.

Results: We included 154 patients for further analyses who were divided into the low ADL
group (n=75) and high ADL group (n=79). There were significant differences between the
two groups in age, long-term care insurance (LTCI) level, New York Heart Association class,
creatinine level, albumin level, B-blocker, sitting, standing and walking exercise start days,
length of hospital stay, and motor- and cognitive-FIM scores at admission and discharge
(p<0.05). The cut-off values of the ROC curves predicting ADL at discharge were LTCL:
support level 2 (area under the curve [AUC]: 0.672, p <0.001, sensitivity: 0.573, false-
positive rate: 0.278); walking exercise start day: 4.5 days (AUC: 0.694, p <0.001, sensitivity:
0.609, false-positive rate: 0.299); motor FIM score: 34.5 points (AUC: 0.710, p <0.001,

sensitivity: 0.633, false-positive rate: 0.280); and cognitive FIM score: 28.5 points (AUC:



0.806, p <0.001, sensitivity: 0.759, false-positive rate: 0.227).

Conclusion: This study revealed several predictors of ADL at discharge and their associated

cut-off values in elderly patients with HFpEF.

Keywords: activities of daily living; elderly; heart failure with preserved ejection fraction;

hospitalized; walking exercise start day; long-term care insurance

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ADL, activities of daily
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Introduction

The number of patients worldwide with heart failure (HF) is increasing due to aging, and
the associated increase in medical expenses has become a social problem.! There are two
major categories of HF: HF with preserved ejection fraction (HFpEF) and HF with reduced
ejection fraction (HFrEF). The number of HFpEF patients,” which has been increasing in
recent years, is equivalent to that of HFrEF patients, and mortality and readmission rates are
almost the same.>* Also, characteristics of patients with HFpEF and HFrEF hospitalized for
acute decompensated HF include a high prevalence of frail patients and those with cognitive
impairment.’ In patients with HFpEF, the proportion of elderly women and the incidences of
hypertension, atrial fibrillation, diabetes, kidney disease, obesity, and other conditions are
high.**7 However, there are few reports on the pathophysiology and treatment of HFpEF
compared to HFrEF. In addition, effective treatments that improve the prognosis of HFpEF
patients have not been elucidated, and the clinical guidelines for HFpEF patients recommend
active diagnosis and management of comorbidities.®? Therefore, there is a need for evidence
of treatment and prognosis associated with HFpEF.

Activities of daily living (ADL) for both HFrEF and HFpEF patients is a useful index
related to mortality and readmission rates.!” Also, ADL is related to walking ability, cognitive
function, and living environment, and treatment strategies can be devised based on its

analysis.!! In particular, improvement of ADL at discharge by rehabilitation begun at



admission is important because ADL at discharge is associated with readmission.'*!? In
addition, improvements in safety and activity status have been reported in patients with
HFrEF who exercise during hospitalization and after discharge. It is thus becoming clear that
ADL-related factors and efficacy of interventions in HFrEF patients are important.'*
However, very few studies have investigated predictors of ADL at discharge in hospitalized
HFpEF patients. By assessing predictors of ADL at discharge, evidence of effective
intervention during the hospitalization of patients with HFpEF patients may be found.

We hypothesized that among hospitalized elderly patients with HFpEF, those with low
ADL would have more comorbidities than those with high ADL, and this factor would affect
ADL at discharge. Thus, the purpose of this study was to investigate predictors of ADL at
discharge in elderly patients with HFpEF based on indicators assessed at admission and early

after admission.

Methods
Study design and subjects

In this retrospective cohort study, we searched the data on 598 consecutive patients with
HF who underwent rehabilitation at one acute-care hospital from May 2012 to July 2016. We
included patients over the age of 65 who were able to walk at home before admission and had

an ejection fraction (EF) of 50% or more and excluded patients who underwent pacemaker



implantation, transfer to other departments and who died during hospitalization. The
Fukuokawajiro Rehabilitation College Ethics Committee approved this study (approval no.
FW-20-03), and informed consent was obtained from each patient.
Measurement

The following patient characteristics and clinical parameters were measured at admission:
age, sex, body mass index (BMI), long-term care insurance (LTCI) level, EF, brain natriuretic
peptide (BNP), New York Heart Association (NYHA) class, creatinine, estimated glomerular
filtration rate (¢GFR), hemoglobin, albumin, Geriatric Nutritional Risk Index (GNRI) score,
comorbidities, medications, motor Functional Independence Measure (FIM) score and
cognitive FIM score. The start days of sitting, standing and walking exercise were determined
several days after admission. Motor and cognitive FIM scores and length of hospital stay
were assessed at discharge. Characteristics and clinical parameters of the patients were
evaluated by retrospectively reviewing their medical records. We divided the patients into
two groups, the low ADL group (motor FIM < 75 points) and high ADL group (motor FIM >
75 points) at discharge, on the basis of cut-off values of motor FIM scores determined in a
previous study.'?
HF and HFpEF

The diagnosis of HF was made by a cardiologist based on the Framingham critreria

(symptoms related to decreased cardiac output, increased pulmonary wedge pressure and



congestion).!> Next, based on the guidelines, the patients were classified into three categories
"reduced EF (<40%)", "midrange EF (41% to 49%)" and "preserved EF (250%)" according
to the echocardiographic EF obtained at admission. HFpEF patients were defined as those
with "preserved EF".!?
ADL

ADL was assessed by FIM at patient admission and discharge. The FIM, which is
composed of two domains, motor and cognitive, was developed to evaluate aspects of
rehabilitation in patients with disabilities.!®!” The 13 items of the motor domain (motor-FIM)
comprise eating, grooming, bathing, dressing upper body, dressing lower body, toileting,
bladder and bowel management, transfer to bed, chair, or wheelchair, transfer to toilet,
transfer to shower or tub, walking/wheelchair, and stairs. The 5 items of the cognitive domain
(cognitive-FIM) comprise comprehension, expression, social interaction, problem solving
and memory. Each item can be scored from 1 to 7 points as follows: 1 point for total
assistance, 2 points for maximal assistance, 3 points for moderate assistance, 4 points for
minimal contact assistance, 5 points for supervision, 6 points for modified independence and
7 points for complete independence. Motor FIM scores range from 13 to 91 points, and
cognitive FIM scores range from 5 to 35 points. FIM score measurements were performed by

two physiotherapists.



Sitting, standing and walking exercise start day

Hospitalized HF patients perform exercises such as sitting, standing, walking and ADL
according to Japanese guidelines.'® The day after admission that each patient began sitting,
standing and walking exercise was determined. Each exercise was guided by a physical
therapist or nurse after confirming with the patient’s physician that the patient had no
symptoms that would prevent mild activity. If the patient could walk, we added exercises to
improve the patient’s endurance and muscular strength necessary for home life.
Statistical analysis

Patient characteristics and clinical parameters are reported as percentages for categorical
variables and mean + standard deviation (SD) for continuous variables. The unpaired t-test
for normally distributed continuous variables, the Mann-Whitney U test for continuous
variables not normally distributed and the chi-square test for categorical variables were used
to compare patient characteristics and clinical parameters between the two groups. A logistic
regression analysis was used to ascertain whether variables with significant differences
between the two groups were independent predictors of motor ADL at discharge. In this
analysis, independent predictors were first extracted by univariate analysis, and then
multivariate analysis was performed using these predictors as covariates (odds ratio [OR] and
95% confidence interval [CI]). Receiver operating characteristic (ROC) curves were used for

the predictors obtained from multivariate analysis, and the area under the curve (AUC) was
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calculated to determine the cutoff value of motor ADL and other parameters at discharge. For
AUC values, <0.9 indicates high accuracy, 0.7-0.9 indicates moderate accuracy, and <0.7
indicates low accuracy.!® A p-value of <0.05 was considered to indicate statistical
significance. Statistical analyses were performed with IBM SPSS 25.0 J statistical software

(IBM SPSS Japan, Inc., Tokyo, Japan).

Results
Patient flow

Participant flow in the study is shown in Figure 1. Of the 598 consecutive HF patients who
underwent rehabilitation, 186 patients who met the inclusion criteria of 65 years old or older, walking at
home before admission and EF of 50% or more were included in this study. However, 32 patients were
later excluded because of pacemaker implantation surgery during hospitalization (n=21), transfer to other
departments (n=9) and death during hospitalization (n=2). Therefore, 154 patients were included in
further analyses (Table 1), and these patients were divided into the low ADL group (n=75)
and high ADL group (n=79).
Patient characteristics

The differences in clinical characteristics of the elderly hospitalized patients with HFpEF
in the low ADL group and high ADL group can be compared in Table 2. Compared to the

high ADL group, the low ADL group was significantly older and had a higher LTCI level,
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higher NYHA class, higher creatinine level, lower serum albumin levels, lower B-blocker use

rate, longer number of days to the initiation of sitting, standing and walking exercise, longer

length of hospital stay and lower motor FIM and cognitive FIM scores at admission and at

discharge (p<0.05).

Predictors of ADL at discharge

The results of the logistic regression analysis are shown in Table 3. In the univariate

logistic regression analysis with age, LTCI level, NYHA class, creatinine level, serum

albumin levels, B-blocker, sitting, standing and walking exercise start day and motor FIM

score and cognitive FIM score at admission as covariates, all of these variables were

independent predictors of ADL at discharge with the exception of creatinine level and sitting

exercise start day (p<0.05). After univariate analysis identified these significant independent

predictors, multivariate logistic regression analysis showed the following covariates to be

independent predictors of ADL at discharge: age (OR: 0.86; 95% CI: 0.80-0.92), LTCI level

(OR: 0.63; 95% CI: 0.40-0.98), walking exercise start day (OR: 0.83; 95% CI: 0.70-0.99),

motor FIM score at admission (OR: 1.04; 95% CI: 1.00-1.08) and cognitive FIM score at

admission (OR: 1.10; 95% CI: 1.03-1.19).

Cut-off values of the factors for predicting ADL at discharge

The cut-off values of the four indicators determined from the ROC curve that predict

ADL at discharge were as follows. LTCI was support level 2 (AUC: 0.672, p <0.001,
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sensitivity: 0.573, false-positive rate: 0.278), walking exercise start day was 4.5 days (AUC:
0.694, p <0.001, sensitivity: 0.609, false-positive rate: 0.299) (Figure 2), motor FIM score
was 34.5 points (AUC: 0.710, p <0.001, sensitivity: 0.633, false-positive rate: 0.280) and
cognitive FIM score was 28.5 points (AUC: 0.806, p <0.001, sensitivity: 0.759, false-positive

rate: 0.227) (Figure 3).

Discussion

To our knowledge, this is the first study to show the relationship between discharge ADL
and data at admission in hospitalized elderly patients with HFpEF. After adjusting for
confounding factors, age, LTCI level, walking exercise start day and motor-FIM and
cognitive-FIM scores at admission were the independent predictors of ADL at discharge.
Characteristics of elderly HFpEF patients with low ADL

The average age of all subjects in the present study was 80 years or older, the proportion
of women was high, the rate of hypertension was about 90%, that of atrial fibrillation was
about 50%, the average value of eGFR was 42.2 mL/min/1.73 m?, indicating low renal
function, and the hospital stay was 18 days, which are all similar findings to those of previous
studies.?*?!

The characteristics of HFpEF patients with low ADL at discharge are older age, higher

NYHA class, higher LTCI level, higher creatinine level, lower albumin level, lower -
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blockade use rate, longer number of days to initiation of sitting, standing and walking
exercise, longer length of hospital stay and lower motor FIM score and lower cognitive FIM
score at admission and discharge. Elderly women with low activity have a high risk of
developing HFpEF and a high NYHA class.?>** HFpEF patients have higher creatinine levels
with age,** and HFpEF patients with low nutrition have low ADL at discharge.? In a previous
study of elderly HF patients with a high rate of HFpEF, compared to the high activity group,
the low activity group was older and had a higher rate of dementia, lower rate of B blocker
usage, poorer motor function,?®2? longer time to standing and walking exercise start, longer
length of hospital stay and higher LTCI level. Patient characteristics of HFpEF patients with
low ADL may be partially similar to those of community-dwelling elderly women and elderly
HF patients with low activity reported in previous studies.?%?
Predictors and cutoff values for ADL at discharge

The age of HFpEF patients was a predictor of ADL at discharge. The prognosis of HF
patients deteriorates with aging and is known to be associated with ADL.?63° Age was a

F,212* and its effect on ADL is considered

relevant prognostic factor in patients with HFpE
common.
There are few previous studies on the association between pre-hospital LTCI levels and

ADL at discharge and readmission in HF patients.?**!¥2 A previous study of community-

dwelling elderly people reported that those with motor-FIM scores of 78 or higher had LTCI
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support levels of 1-2, and those with a score less than 78 had care levels of 1-2.%* In the
present study, patients were classified into two groups according to motor-FIM scores at
discharge of >75 points and < 75 points.'® The cut-off value of LTCI support level 2 obtained
in this study may serve as a predictor of discharge ADL in patients with HFpEF. However, the
AUC value indicates low accuracy, and thus, this cutoff value should be treated with some
care.'” Further studies are needed to determine the impact of the LTCI level, such as that on
pre-hospital activity, on predicting ADL at discharge.

In regard to the cutoff value of 4.5 days as the start day of the walking exercise, the 4th
day as the start day of walking exercise in HF patient has been reported as the cutoff value for
gait independence at discharge.?® It has been reported that the cross-sectional area of muscle
was reduced by about 10% over the 5 days immediately after admission.** Early mobilization
such as an early start of walking exercise may be important to prevent physical and cognitive
deconditioning of HFpEF patients.*> However, the reported AUC for early mobilization was
of low accuracy.'” The cognitive-FIM score was also a predictor in the present study, and
previous studies have shown that cognitive function, even when mild, can affect ADL and
walking at discharge.*®3” In the present study, it was possible that the accuracy of the walking
exercise start day was low due to the high proportion of patients with mild cognitive function.

Motor-FIM and cognitive-FIM scores at admission were predictors of motor-FIM score at

discharge, and the AUC value of each was of moderate accuracy.!” FIM on admission for
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patients who underwent rehabilitation is known to predict FIM at discharge and outcome.*®*

It may be generally expected that motor-ADL at discharge can be predicted to some extent by
motor-ADL at admission. However, it has been shown that cognitive function of elderly
dialysis patients at admission affects the achievement of rehabilitation goals,** and a lower
cognitive-FIM score at admission affects the motor-FIM score at discharge.*! In patients with
HFpEF, cognitive-ADL at admission may affect motor-ADL at discharge, similar to elderly
patients with chronic disease. The average value for motor-FIM score at the time of
admission in patients at risk of readmission was reported to be 33—40 points, and that for
cognitive-FIM was 25-27 points.**** Low-difficulty ADL movements such as eating,
grooming and bladder and bowel management are reported to be not independent in patients
with a motor-FIM score of 30 to 39 points, and these low scores are associated with cognitive
decline and old age.*** The cut-off value obtained for the cognitive-FIM score in the present
study is similar to the value for the patient population at risk of readmission and low ADL,
and it may be important in understanding the risk of reduced ADL at discharge in patients
with HFpEF.
Strengths

This is the first study to determine predictors of ADL at discharge and their associated
cutoff values in patients with HFpEF. Age, LTCI level, day of walking exercise start and

motor- and cognitive-FIM scores at admission influence ADL at discharge in patients with
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HFpEF. These results indicate that interventions to shorten the number of days to the

initiation of walking exercise and improve motor and cognitive ADL at admission, and

maintaining or improving the LTCI level before admission are the most important factors for

improving ADL at discharge in patients with HFpEF.

Limitations

As limitations of this study, it was a single-center study with a small sample size. Also,

we were not able to investigate physical or cognitive function, FIM gain and factors such as

readmission and death in the study patients. Further, as no comparison was made with

patients with HFrEF in this study, the findings are limited only to the characteristics of

HFpEF patients.

Conclusions

This study found age, LTCI level, day of walking exercise start and motor-FIM and

cognitive-FIM scores at admission to be predictors of ADL at discharge in patients with

HFpEF and determined the cutoff values for these predictors.
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Table 1 Characteristics of the patients with HFpEF

All HFpEF patients n=154

Age, years 83.4+5.9
Sex, male, % 40.2
BMI, kg/m? 22.2+4.4
LTCI level, none/supportl,2/carel,2,3; % 42/20/24/11/3/0

Clinical parameters

NYHA class VI/III/IV, % 1/14/49/36
EF, % 61.5£7.6
BNP, pg/mL 642.3+463.7
Creatinine level, mg/dL 1.6£1.4
Hemoglobin level, g/dL 10.7£2.5
eGFR, mL/min/1.73 m? 42 44222
Albumin level at discharge, g/dL 3.6+0.4
GNRI 95.6+11.4

Comorbidity, %

Hypertension 88.2
Diabetes 33.7
Ischemic heart disease 453
Atrial fibrillation 479
Orthopedic disease 38.4
Neurological disease 254
Respiratory disease 20.8

Medications, %

Catecholamine 10.4
Diuretic 92.8
ACEI/ARB 42.2
B-blockers 47.8

28



Rehabilitation progress

Sitting exercise start, day 2.6+4.4
Standing exercise start, day 3.843.9
Walking exercise start, day 5.9+5.1
Length of hospital stay, days 18.2+9.2
Motor-FIM score at admission, points 34.9+14.6
Motor-FIM score at discharge, points 69.9£10.0
Cognitive-FIM score at admission, points 26.8+7.0
Cognitive-FIM score at discharge, points 30.2+4.8

Values are presented as mean + standard deviation or %.

ACE]I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI,

body mass index; BNP, brain natriuretic peptide; EF, ejection fraction, eGFR, estimated

glomerular filtration rate; FIM, Functional Independence Measure; GNRI, Geriatric

Nutritional Risk Index; HFpEF, heart failure with preserved ejection fraction; LTCI, long-

term care insurance; NYHA, New York Heart Association.
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Table 2 Characteristics of patients with HFpEF and low vs. high ADL

Low ADLn=75  HighADLn=79 ¢,%% orZvalue p value

Age, years 85.9+5.4 80.8+6.3 5.4% <0.001
Sex, male, % 38.7 41.8 0.15 0.69
BMI, kg/m? 21.7£5.2 22.6+3.7 12.2% 0.22
LTCI level, none/supportl,2/carel,2,3; % 42/20/24/11/3/0 72/18/8/1/0/1 21.4 <0.001

Clinical parameters at admission

NYHA class VII/III/IV, % 1/5/48/45 1/11/51/38 11.2 0.01
EF, % 49.1£14.0 46.1+£16.3 0.8° 0.41
BNP, pg/mL 619.6+494.8 665.0+432.6 0.4 0.23
Creatinine level, mg/dL 1.7£1.5 1.5€1.3 2.17 0.04
Hemoglobin level, g/dL 10.4+2.4 11.04£2.5 1.6* 0.11
eGFR, mL/min/1.73 m? 39.0£21.5 45.9+£23.0 1.9% 0.06
Albumin level, g/dL 3.5+0.4 3.7+0.4 2.3% 0.02
GNRI 94.6+11.1 96.5+11.8 1.0* 0.30

Comorbidity, %

Hypertension 85.3 91.1 1.26 0.26
Diabetes 32.0 354 0.20 0.65
Ischemic heart disease 38.7 51.9 2.7 0.10
Atrial fibrillation 44.0 51.9 1.0 0.33
Orthopedic disease 41.3 35.4 0.6 0.45
Neurological disease 26.7 24.1 0.1 0.71
Respiratory disease 20.0 21.5 0.1 0.82

Medications, %

Catecholamine 9.3 11.4 0.1 0.68
Diuretic 90.7 94.9 0.3 0.30
ACEI/ARB 42.7 41.8 0.1 0.91
B-blockers 38.7 57.0 0.1 0.02
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Rehabilitation progress

Sitting exercise start, day 3.1£3.3
Standing exercise start, day 4.6+4.7
Walking exercise start, day 7.6+6.2
Length of hospital stay, days 20.1£11.8
Motor FIM score at admission, points 28.8+£12.0
Motor FIM score at discharge, points 57.0£16.1
Cognitive FIM score at admission, 23.4+6.9
Cognitive FIM score at discharge, points 26.7+£6.7

2.1+£2.8

3.0£3.1

4.2+4.0

17.9+£9.0

40.9+17.3

82.8+3.9

30.3£7.0

33.6£2.8

2.97

4.1%
2.4
4.5
10.7°
7.57

7.5¢

0.004

0.008

<0.001

0.013

<0.001

<0.001

<0.001

<0.001

Values are presented as mean + standard deviation or %.

ACE]I, angiotensin-converting enzyme inhibitor; ADL, activities of daily living; ARB, angiotensin receptor

blocker; BMI, body mass index; BNP, brain natriuretic peptide; EF, ejection fraction, eGFR, estimated

glomerular filtration rate; FIM, Functional Independence Measure; GNRI, Geriatric Nutritional Risk Index;

HFpEF, heart failure with preserved ejection fraction; LTCI, long-term care insurance; NYHA, New York

Heart Association.

31



Table 3 Univariate and multivariate analysis for ADL at discharge

Univariate analysis

Multivariate analysis

OR 95% CI p Value OR 95% CI p Value
Age 0.86 0.80-0.92 <0.001 0.83 0.75-0.92 <0.001
LTCI level 0.49 0.34-0.70 <0.001 0.63 0.40-0.98 0.044
NYHA 0.48 0.30-0.78 0.003 1.00 0.45-2.23 0.993
Creatinine level 0.87 0.69-1.10 0.241
Albumin level 2.56 1.12-5.85 0.026 2.14 0.70-6.60 0.184
B-blocker 2.10 1.10-4.00 0.024 1.29 0.51-3.29 0.588
Sitting exercise start 0.89 0.79-1.01 0.067
Standing exercise start 0.89 0.81-0.98 0.020 1.13 0.94-1.37 0.190
Walking exercise start 0.87 0.80-0.94 0.001 0.83 0.70-0.99 0.045
Motor-FIM score at admission 1.06 1.03-1.08 <0.001 1.04 1.00-1.08 0.045
Cognitive-FIM score at admission 1.16 1.10-1.23 <0.001 1.10 1.03-1.19 0.008

CI, confidence interval; FIM, Functional Independence Measure; LTCI, long-term care insurance; NYHA, New York Heart Association; OR, odds ratio.
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Figure Legends

Consecutive patients with HFpEF who underwent rehabilitation at one acute-
care hospital from January 2012 to May 2016 (N=598)

Inclusion criteria:

» Age 265 years

« Patients who could walk at home before admission
» Ejection fraction = 50%

A 4

Patients with HFpEF after inclusion criteria (N = 186)

Exclusion criteria:

« Pacemaker operation during hospitalization (N = 21)
—>| « Transfer to other department (N = 9)

» Died during hospitalization (N = 2)

\ 4

Patients with HFpEF after exclusion criteria (N = 154)

Fig. 1. Patient flow. HFpEF, heart failure with preserved ejection fraction.
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Fig. 2. Cut-off value of LTCL levels and walking exercise start day.

AUC, area under the curve; LTCI, long-term care insurance; ROC, receiver operating characteristic.
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Fig. 3. Cut-off value of motor- and cognitive-FIM points.

AUC, area under the curve; FIM, Functional Independence Measure; ROC, receiver operating characteristic.
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