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Abstract: Purpose: This investigation aimed to examine the relationship among activities of daily
living (ADL), nutritional status and 90-day hospital readmission in elderly heart failure (HF) patients.
Methods: Participants were selected from 634 HF patients consecutively hospitalized at one institution.
We investigated patient characteristics, ADL (motor and cognitive items of Functional Independence
Measure (FIM)) and nutritional status (Geriatric Nutritional Risk Index (GNRI)). Data were analyzed
using unpaired t-test, χ2 test, Cox proportional hazard model, and Kaplan-Meier method. Results:
The 169 participants that met inclusion criteria were divided into two groups based on hospital
readmission within 90 days of discharge. Body mass index (BMI) (p = 0.03), hemoglobin (p = 0.047),
GNRI (p = 0.02) and motor-FIM (p = 0.007) were significantly different between the readmission
(n = 31) and non-readmission (n = 138) groups. After Cox proportional hazard model analysis,
GNRI (HR: 0.96; p = 0.048) and motor-FIM (HR: 0.97; p = 0.03) scores remained statistically significant.
Participants were then classified into four groups based on a previous study’s cut-off values of
prognosis for GNRI and motor-FIM. Readmission avoidance rate was significantly lower (p = 0.002)
in the group with GNRI <92 and motor FIM <75. Conclusions: This study showed that motor-FIM
and GNRI scores for hospitalized elderly HF patients were predictors of readmission within 90 days
of discharge.
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1. Introduction

The numbers of elderly patients with heart failure (HF) are increasing worldwide [1,2], particularly
in Japan [3]. HF patients have high mortality and readmission rates resulting in dramatic increases
in medical costs [4–6]. Short-term hospital readmission (<90 days) of HF patients is as high as 20
to 30% [7,8] and is driven by a variety of causes such as respiratory disease, orthopedic conditions,
and diabetes [9,10].

Activities of daily living (ADL) define basic motor abilities (self-care, locomotion, excretion
management) and the cognitive ability necessary for people to live [11]. Locomotion causes a high
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load compared to self-care and excretion management and is likely to be a factor causing difficulty in
ADL [12]. In HF patients, ADL and nutritional status are known to be prognostic factors of long-term
mortality and hospital readmission [12–14]. Although HF patients with poor nutritional status have
been shown to have low ADL [15], no studies have examined the relationship between ADL, nutritional
status and short-term hospital readmission rates.

We hypothesized that ADL and nutritional status would be independent predictors of hospital
readmission and that patients with low ADL and nutritional index scores would have higher rates of
90-day hospital readmission compared to patients with high ADL and high nutritional scores.

2. Materials and Methods

2.1. Study Design and Subjects

This was a retrospective study in which the participants were identified from 634 consecutive HF
patients who underwent rehabilitation at one acute-care hospital from May 2012 to November 2016.
As shown in Figure 1, we included patients who were aged ≥65 years old, who could walk prior to
admission, and who were experiencing their first hospitalization for HF. Exclusion criteria included
pacemaker implantation during hospitalization, transfer to other departments, non-hospital discharge,
death during hospitalization, and difficulty in following over the 90-day follow-up period. The Kokura
Rehabilitation College Ethics Committee approved this study (approval no. 29-0302), and informed
consent was obtained from each patient.
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Figure 1. Patient flow.

2.2. Investigation

Patient characteristics and clinical parameters obtained included age, sex, body mass index (BMI),
left ventricular ejection fraction, brain natriuretic peptide, New York Heart Association class, creatinine,
estimated glomerular filtration rate, hemoglobin, albumin, Geriatric Nutritional Risk Index (GNRI)
score, comorbidities, medications, motor Functional Independence Measure (FIM) score, cognitive
FIM score, initiation of walking exercise and length of hospital stay. Patient characteristics and clinical
parameters were evaluated by retrospectively reviewing medical records. We divided the patients into
two groups, the non-readmission group and readmission within 90 days group, on the basis of cut-off

values of the GNRI and motor FIM scores as determined in a previous study [7].
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2.3. Assessment of ADL

We evaluated ADL with the FIM at patient discharge from hospital [16]. The FIM is known to
have high reliability [11] and validity [17], and the FIM score in heart disease is reported to be related
to quality of life (QOL) [18]. The FIM was developed to assess rehabilitative aspects of patients with
disabilities and consists of two domains, motor and cognitive [11]. There are 13 items in the motor
domain (motor FIM): 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 tub
or shower, walking/wheelchair, and stairs. There are 5 items in the cognitive domain (cognitive FIM):
comprehension, expression, social interaction, problem solving, and memory. The FIM is scored over
a range of 1 to 7 for each item: 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. The measurements motor FIM and
cognitive FIM were made by two physical therapists.

2.4. Assessment of Nutritional Status

The GNRI as an index of nutritional status is reported to be particularly useful in the nutritional
assessment of the elderly [19] and is associated with prognosis in heart disease [20]. The baseline
GNRI was calculated from serum albumin and BMI using the following formula [21]: GNRI = 14.89
× serum albumin (g/dL) + 41.7 × present body weight/[height2 (m2) × 22] = 14.89 × serum albumin
(g/dL) + 41.7 × BMI/22. The patients were then divided into two groups, the low GNRI (<92) group
and high GNRI (≥92) group, on basis of a previous study [15,20].

2.5. Assessment of Initiation of Walking Exercise

The patients included in this study followed a rehabilitation program that included the following
exercises: sitting, standing, walking and ADL in accordance with the Japanese guidelines [22]. Initiation
of walking exercise was defined as the day when patients with stable hemodynamics started walking
exercise. Walking exercise was begun with the aid of a physical therapist after the therapist first
confirmed with the patient’s physician that the patient’s hemodynamics were stable and the patient
experienced no symptoms due to mild activity.

2.6. Assessment of Follow-up

Patients enrolled in this study were followed for 90 days after hospital discharge, with the
first follow-up clinic visit scheduled within the first two weeks after discharge. Information on
patient hospital readmission was obtained from the medical records by two physical therapists.
This information included the date of readmission, the number of days from discharge to readmission
and the causes of readmission. All-cause hospitalization within 90 days after discharge excluding
hospitalization for examination was defined as readmission.

2.7. Statistical Analysis

Patient characteristics and clinical parameters are reported as percentages for categorical variables
and mean ± SD for continuous variables. The unpaired t-test and chi-square test were used to compare
patient characteristics and clinical parameters between the two groups. A Cox proportional hazard
model for readmission within 90 days was used to ascertain whether ADL and GNRI scores were
independent predictors of readmission within 90 days (hazard ratio [HR] and 95% confidence interval
[CI]). The participants were classified into four groups according to the cut-off values determined in a
previous study related to HF prognosis: Group 1 = motor FIM ≥75 and GNRI ≥92, Group 2 = motor
FIM <75 and GNRI ≥92, Group 3 = motor FIM ≥75 and GNRI <92, and Group 4 = motor FIM
<75and GNRI <92 [14,23]. Kaplan-Meier curves were constructed, and log rank tests were carried out.
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A p value <0.05 indicated statistical significance. Statistical analyses were performed with IBM SPSS
25.0 J statistical software (IBM SPSS Japan, Inc., Tokyo, Japan).

3. Results

3.1. Patient Flow

Participant flow in the study is shown in Figure 1. Of the 634 consecutive HF patients who
underwent rehabilitation, 358 patients who met the inclusion criteria were included in this study;
however, 188 patients were later excluded because of pacemaker surgery during hospitalization (n = 19),
transfer to other departments (n = 12), non-home discharge (n = 82), death during hospitalization
(n = 21) or difficulty in following up over 90 days (n = 55). Therefore, 169 patients were included in the
analyses and were divided into the hospital readmission group (n = 31) and non-readmission group
(n = 138).

3.2. Patient Characteristics

Table 1 shows a comparison of patient characteristics of the elderly hospitalized HF patients
between the readmission group (n = 31) and the non-readmission group (n = 138). Compared to the
non-readmission group, the readmission group had a significantly lower BMI (p = 0.03), hemoglobin
level (p = 0.047) and GNRI (p = 0.02) and FIM scores (p = 0.007). The initiation of walking exercise was
not significantly different between the two groups.

Table 1. Patients’ characteristics.

Clinical Characteristics Readmission n = 31 Non-Readmission n = 138 F or χ2 Value p Value

Age, years 83.4 ± 5.4 80.7 ± 7.1 1.9 a 0.051
Male Sex, % 58.1 51.4 0.4 0.51
BMI, kg/m2 21.3 ± 3.4 22.7 ± 3.3 0.1 0.03

Clinical parameters
LVEF, % 49.1 ± 14.0 46.1 ± 16.3 2.7 a 0.36

BNP, pg/mL 774.3 ± 428.7 929.6 ± 967.4 5.3 a 0.17
NYHA class I/II, % 0/13/42/45 2/13/45/40 0.9 0.83

Creatinine level, mg/dL 1.8 ± 1.5 1.3 ± 1.2 6.3 a 0.14
eGFR, mL/min/1.73 m2 41.4 ± 22.8 47.8 ± 21.3 0.2 a 0.14
Hemoglobin level, g/dL 10.6 ± 2.6 11.6 ± 2.5 0.0 a 0.047

Albumin level at discharge, g/dL 3.6 ± 0.5 3.7 ± 0.4 0.1 a 0.17
GNRI 94.1 ± 9.7 98.6 ± 9.5 0.0 a 0.02

Comorbidity, %
Hypertension 83.9 87.0 0.2 0.65

Diabetes 25.8 37.7 1.6 0.21
Ischemic heart disease 48.4 44.2 0.2 0.67

Valvular disease 38.7 29.7 1.0 0.33
Atrial fibrillation 30.0 14.6 1.3 0.25

Orthopedic Conditions 29.0 39.1 1.1 0.29
Neurological disease 12.9 23.2 1.6 0.21
Respiratory disease 29.0 21.0 0.9 0.33

Medication
Catecholamine 12.9 10.1 0.2 0.65

Diuretic 93.5 92.8 0.02 0.88
ACEI/ARB 51.6 40.6 1.3 0.26
β-blockers 54.8 55.1 <0.01 0.98

Rehabilitation progress
Motor FIM score at discharge 71.2 ± 10.8 77.1 ± 10.9 0.1 a 0.007

Cognitive FIM score at discharge 31.4 ± 4.8 31.2 ± 5.4 0.7 a 0.87
Initiation of walking exercise, days 6.2 ± 6.3 4.9 ± 4.7 2.2 a 0.20

Length of hospital stay, days 20.1 ± 11.8 17.9 ± 9.0 2.7 a 0.24

Values are presented as mean ± standard deviation or %. a F value. ACEI = angiotensin-converting enzyme inhibitor;
ARB = angiotensin receptor blocker; BMI = body mass index; BNP = brain natriuretic peptide; eGFR = estimated
glomerular filtration rate; FIM = Functional Independence Measure; GNRI = Geriatric Nutritional Risk Index;
LVEF = left ventricular ejection fraction; NYHA = New York Heart Association.
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3.3. Hospital Readmission

The results of the Cox proportional hazard models presented in Table 2 show the associations
between each parameter and hospital readmission within 90 days. In the univariate Cox proportional
hazard model with BMI, hemoglobin, GNRI and motor FIM as covariates, BMI, GNRI and motor FIM
were all independent predictors of hospital readmission. In the multivariate Cox proportional hazard
model with BMI, hemoglobin, GNRI and motor FIM as covariates, GNRI (HR: 0.96; 95% CI: 0.93–0.99)
and motor FIM (HR: 0.97; 95% CI: 0.94–0.99) were the independent predictors of hospital readmission
within 90 day.

Table 2. Univariate analysis and multivariate analysis.

Variables
Univariate Analysis Multivariate Analysis

Cox
Proportional
Hazard Ratio

95% CI p
Value

Cox
Proportional
Hazard Ratio

95% CI p
Value

BMI, kg/m2 0.88 0.79–0.99 0.03
Hemoglobin level, g/dL 0.88 0.78–1.002 0.054

GNRI 0.96 0.92–0.99 0.02 0.96 0.93–0.998 0.048
Motor FIM score at discharge 0.96 0.94–0.99 0.01 0.97 0.94–0.999 0.03

BMI = body mass index; CI = confidence interval; FIM = Functional Independence Measure; GNRI = Geriatric
Nutritional Risk Index.

3.4. Readmission Rates by Motor FIM and GNRI

In the Kaplan-Meier analysis, after dividing patients into the four groups based on cut-off values
determined in previous studies [14,23], group 4 with a motor FIM score <75 points and GNRI <92 points
had significantly lower rates of hospital readmission avoidance (log-rank test, p < 0.002) compared
with the other three groups (Figure 2). In each group, the readmission avoidance rate was 90.6% for
Group 1, 82.6% for Group 2, 75.7% for Group 3, and 58.3% for Group 4.Int. J. Environ. Res. Public Health 2019, 16, x 6 of 10 
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4. Discussion

To our knowledge, this is first study to report an association among differences in motor ADL and
nutritional status and rates of short-term hospital readmission in elderly patients hospitalized for HF.

4.1. Characteristics of Readmission Group of Elderly HF Patients

The rate of hospital readmission within 90 days for the HF patients in this study was 18.3%,
which is slightly less than the 20–30% reported in previous investigations [7,24]. In terms of BNP
and length of hospital stay reported as prognostic factors, [25,26], there was no significant difference
between the two groups. The inclusion criteria of being able to walk and first hospitalization for HF
and the exclusion criterion of non-home discharge might have reduced the number of severe cases and
affected the findings in this study. However, the patients in the readmission group had significantly
lower BMI, hemoglobin level, GNRI and motor FIM compared with those in the non-readmission
group. Hospitalized HF patients with low BMI are reported to have a high rate of readmission within
30 days [27], whereas obese patients with a high BMI have a low rate of readmission [28]. Anemia in
HF patients is another possible predictor of readmission within 90 days [7,24]. In addition, low ADL
and a low GNRI score were reported as features of a readmission group with heart disease [19,23].
Taken together, although the subjects of the present study had a relatively low rate of hospital
readmission, they did show several characteristics related to readmission within 90 days.

4.2. Motor ADL and GNRI as Factors of Hospital Readmission

The use of ADL and nutritional status as predictors of hospital readmission has not been
investigated. The Cox proportional hazard model in the present study identified these factors as
predictors of hospital readmission. Low motor FIM scores (<75 points) at discharge in hospitalized
elderly patients with HF was reported to be a predictor of readmission within 90 days in a previous
study [23]. Also, the motor FIM score at discharge in hospitalized HF patients undergoing rehabilitation
is reported to be 60 to 70 points, and the total FIM score is 90 to 100 points [29,30]. From these reports,
among hospitalized HF patients at discharge, there are many patients whose motor FIM score at
discharge is lower than the readmission cutoff point. Physical function in HF patients may be reduced
after discharge and can result in hospital readmission due to events such as worsening of acute heart
failure, respiratory disease, orthopedic disease and diabetes or falls [31,32]. Thus, hospitalized HF
patients with low ADL may have an increased possibility of hospital readmission due to the increase
in cardiac load required in daily life after discharge.

The GNRI (<92 points) is a known predictor of death and readmission of hospitalized HF
patients [14,20] and of death and complications of hospitalized elderly people [19]. Also, a GNRI score
of less than the median (<107 points) in hospitalized HF patients has been reported as a predictor
of hospital readmission [33]. Further, HF patients with poor nutritional status can experience an
increased cardiac load due to fluid retention [34] and increased risk of infection due to decreased
immune function [35].

4.3. Relation Between ADL, GNRI and the Rate of Readmission

The results of the Kaplan-Meier analysis showed that the group with GNRI <92 and motor FIM
<75 points had the highest risk for hospital readmission. The main finding of this study was that the
patients with low ADL and poor nutritional status had a high rate of readmission. From previous
studies, ADL and nutrition of elderly HF patients are known independent factors of readmission [9,14].
However, the relation between ADL and nutrition has been only partially reported [36], and its causal
relationship is unknown. In contrast, some studies reported that ADL in hospitalized HF patients
with poor nutritional status is reduced, perhaps due to a decrease in muscle mass and function [37,38].
In addition, a relation between poor nutritional status and sarcopenia in heart disease and chronic
disease has been reported [39–41]. Therefore, the relation between low ADL and poor nutritional
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status in hospitalized HF patients may affect their rate of readmission. Previous studies have reported
that early mobilization and outpatient rehabilitation are effective in improving readmission and
mobility [42,43], and continuing nutritional management from admission to after discharge is effective
in improving prognosis [44]. To prevent short-term readmissions, early detection of low ADL and poor
nutritional status in HF patients and mobility and nutrition interventions to improve patient outcomes
are vital.

4.4. Strengths and Limitations of this Investigation

This is the first study, to our knowledge, to show that motor FIM and GNRI were independent
factors predictive of 90-day hospital readmission of elderly patients with HF. Although untested,
improvement of motor FIM and GNRI during hospitalization may reduce the rates of readmission in
these patients.

This is a single-center retrospective study with a relatively small sample size, and ejection fraction
(EF) was not considered by dividing it into three types: HF with reduced EF, HF with mid-range
EF and HF with preserved EF. We did not consider sex and AHA classification or patient use of
sacubitril/valsartan, and ADL and nutrition information were not investigated during the follow-up
period. Further, the number of severe cases may have decreased due to the patient criteria we used.
There were also a significant number of patients (%) who were lost to follow-up, which may have
affected the results. Finally, we did not investigate physical function such as muscle strength, body
composition such as muscle quantity or quality, or the causal relationship between ADL and nutritional
status in these elderly HF patients.

5. Conclusions

The present study found a significant relationship, both independently and in combination,
between motor FIM and GNRI scores and short-term hospital readmission in elderly HF patients. Thus,
it is imperative that clinicians assess and intervene to improve these measures to prevent short-term
hospital readmission in these patients.
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