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Abstract
Background: Elderly patients have impaired physical func-
tion, which is further reduced by the incidence of hospital-
ization for heart failure. In these patients, nutritional status 
also deteriorates during hospitalization, which may cause 
impairment in their physical function. In this study, we re-
peatedly measured physical function using gait speed (GS) 
during hospitalization, and evaluated the factors including 
nutritional status that are associated with GS at discharge 
in elderly patients with acute heart failure who underwent 
exercise training.

Methods: From January to December 2015, we enrolled 93 
consecutive patients over 80 years of age who were admit-
ted to our hospital with acute heart failure. A 10 m walking 
test to measure GS was performed at the beginning of train-
ing (first time point) and at discharge (second time point). 
Nutritional status was assessed using the controlling nutri-
tional status (CONUT) score. 

Results: At the first time point, five out of 93 patients (5%) 
had a GS of ³0.8 m/s, whereas 24 patients (26%) achieved 
this speed at the second time point. Univariate logistic re-
gression analysis revealed that age, sex, body weight, ADL 
before admission, handgrip strength, GS at the first time 
point, and improvement in CONUT score were associated 
with a GS of ³0.8 m/s at the second time point. In the multi-
variate analysis, improvement in the CONUT score was as-
sociated with a GS of ³0.8 m/s at discharge after adjustment 
for confounding factors.

Conclusion: Change in nutritional status during hospital-
ization is associated with GS at discharge in elderly patients 
hospitalized with acute heart failure.
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Introduction
Elderly patients have impaired activities of daily liv-

ing (ADL), and the incidence of hospitalization for acute 
heart failure further reduces their level of physical 
function, leading to the development of frailty [1-3]. In 
patients hospitalized with acute heart failure, physical 
function at discharge predicts mortality [4], suggesting 
that improving physical function to an adequate level 
during hospitalization is needed to reduce mortality in 
these patients. Exercise training is helpful to improve 
physical function [5], but, unfortunately, not every pa-
tient can achieve a high enough level of physical func-
tion despite the exercise training. Thus, identification 
of the factors involved in the improvement of physical 
function is required.

In patients with heart failure, nutritional status 
deteriorates during hospitalization because of disease 
progression and insufficient intake, which may cause 
further impairment of ADL [6,7]. Malnutrition is 
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using the distance in meters and time in seconds. The 
maximum handgrip strength of the dominant hand was 
measured in kilograms using a handheld dynamometer. 
The best result of three attempts was recorded. A blood 
test was also performed at both time points to evaluate 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
and nutritional status. NT-proBNP levels were mea-
sured using the commercially available Elecsys proBNP 
sandwich immunoassay using an Elecsys 2010 (Roche 
Diagnostics, Mannheim, Germany). Nutritional status 
was assessed using the controlling nutritional status 
score (CONUT) score [10] at both time points. The CO-
NUT score was calculated using the serum albumin level 
(g/dL), total cholesterol level (mg/dL), and lymphocyte 
count (count/mL). Echocardiography was performed in 
the left lateral decubitus position using a commercially 
available system during hospitalization. Left ventricular 
(LV) mass index and LV ejection fraction was calculated 
in accordance with the recommendations of the Ameri-
can Society of Echocardiography [11].

Statistical methods
Continuous variables were expressed as the mean ± 

standard deviation (SD) or the median with the inter-
quartile range. Dichotomous variables were expressed 
as the number and percentage. Patients were divided 
into two groups based on their GS at the second time 
point, with a cut-off value of 0.8 m/s: [12] high GS group 
(n = 24) and low GS group (n = 69). Differences in the 
continuous variables between the two groups were an-
alyzed using the Student’s t-test, the Mann-Whitney 
U-test and Wilcoxon Signed-rank test, as appropriate. 
Categorical data were compared using the χ2 analysis 
and Fisher’s exact test as appropriate. In a subsequent 
analysis, the NT-proBNP and C-reactive protein (CRP) 
data was log-transformed because they did not exhibit 
a normal distribution. Univariate and multivariate logis-
tic regression analyses were performed to evaluate the 
predictors of a GS of ≥ 0.8 m/s at the second time point. 
The multivariate logistic regression included the vari-
ables that were associated with a GS of ≥ 0.8 m/s at the 
second time point. Statistical analyses were performed 
using SPSS V.24 statistical software (IBM, Armonk, NY). 

Results 
Mean GS increased from 0.50 m/s to 0.63 m/s 

between the two time points (p < 0.001). The mean 
interval between the two time points was 13 days. At 
the first time point, five out of 93 patients (5%) had a 
gait speed of ³0.8 m/sec, whereas 24 patients (26%) had 
a gait speed of ≥ 0.8 m/s at second time point (Figure 1).

The patients’ characteristics at baseline are shown 
in Table 1. There were differences noted between the 
groups as follows: The low GS group was older and had a 
higher proportion of women; and the low GS group also 
had a higher prevalence of patients with poor ADL and 
had a lower body weight and handgrip strength. There 

associated with low physical function at discharge 
in patients with heart failure [8]. In this study, we 
repeatedly measured physical function using gait speed 
(GS) during hospitalization, and evaluated the factors 
including nutritional status that are associated with GS 
at discharge in elderly patients with acute heart failure 
who underwent exercise training. We hypothesized that 
nutritional status during hospitalization is associated 
with GS at discharge.

Methods

Study population
From January 2015 to December 2015, we enrolled 

93 consecutive patients over 80 years of age who 
were admitted to our hospital with acute heart failure. 
Patients who could not walk by themselves were 
excluded. Heart failure was defined based on the 
modified Framingham criteria, as follows: Satisfaction 
of two major criteria (paroxysmal nocturnal dyspnea, 
orthopnea, rales, jugular venous distension, third heart 
sound, and radiological signs of pulmonary congestion 
and/or cardiomegaly) or one major criterion together 
with two minor criteria (effort dyspnea, peripheral 
edema, hepatomegaly, and pleural effusion). A 
diagnosis of heart failure was made by a cardiologist or 
an internist. Poor ADL was defined as persons who are 
unable to go out by themselves before admission. 

All patients underwent simple exercise training con-
sisting of walking training and functional strength train-
ing of the lower extremities which was supervised by 
a physical therapist. Patients started training once they 
were able to walk without symptoms such as dyspnea. 
Blood pressure, pulse rate, and oxyopia saturation were 
measured before and after training. We performed 
these training in accordance with the standard cardi-
ac rehabilitation program in patients with heart failure 
published by Japanese Circulation Society in 2014 [9]. In 
this program, it is described that all patients with acute 
heart failure may participate in cardiac rehabilitation 
programs when the patients’ condition are stabilized. 
Also, patients are recommended to begin exercise train-
ing with bending exercise of limbs, low-intensity resis-
tance training on the bed, and standing position prac-
tice and tiptoeing on the bedside floor. After the safety 
is confirmed, exercise training is advanced to walking, 
cycle ergometer, light aerobics, low-intensity resistance 
training. The study protocol was approved by the appro-
priate institutional review board of the hospital and all 
of the participants provided written informed consent.

Study measurement 
Physical ability was assessed using a 10 m walking 

test to measure GS at the beginning of training (first 
time point) and at discharge (second time point). In the 
10 m walking test, participants were asked to walk along 
a corridor at a comfortable speed. GS was calculated 
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Figure 1: Comparison of gait speed between 1st and 2nd time point in all patients.

Table 1: Patients characteristics at baseline.

Low GS group High GS group p value
n 69 24

Male gender (%) 23 (33) 15 (63) 0.012

Age (years) 87.3 ± 4.8 84.8 ± 3.5 0.024

poor ADL before admission 30 (43) 3 (13) 0.006

Hypertension (%) 38 (55) 10 (42) 0.44

Diabetes mellitus (%) 14 (20) 3 (13) 0.514

Dyslipidemia (%) 19 (28) 4 (17) 0.402

Atrial fibrillation (%) 27 (39) 10 (42) 0.49

History of heart failure (%) 20 (29) 8 (33) 0.436

History of myocardial infarction (%) 8 (12) 1 (4) 0.352

NYHA functional class III or IV (%) 51 (74) 16 (67) 0.500

Body height (cm) 148 ± 11 154 ± 8 0.052

Body weight (kg) 47 ± 9 54 ± 15 0.042

Systolic BP (mmHg) 139 ± 30 132 ± 23 0.404

Diastolic BP (mmHg) 73 ± 17 73 ± 16 0.913

Heart rate (bpm) 83 ± 19 78 ± 12 0.383

Lymphocyte count (/mm3) 1397 ± 543 1270 ± 682 0.373

Hemoglobin (g/dl) 10.7 ± 1.7 11.3 ± 1.9 0.16

Creatinine (mg/dl) 1.24 ± 0.60 1.19 ± 0.43 0.683

eGFR (ml/min/1.73 m2) 43.5 ± 21.2 47.0 ± 17.1 0.477

Total protein (g/dl) 6.4 ± 0.6 6.3 ± 0.5 0.635

Serum albumin (g/dl) 3.21 ± 0.49 3.23 ± 0.38 0.863

Total cholesterol (mg/dl) 155 ± 30 155 ± 30 0.953

Triglyceride (mg/dl) 91 ± 36 83 ± 34 0.376

CRP (mg/dl) 0.65 (0.15, 2.42) 0.74 (0.22, 2.12) 0.948

HbA1c (%) 5.79 ± 0.53 5.72 ± 0.49 0.606

NT-proBNP (pg/ml) 2511 (1347, 4176) 1224 (635, 6193) 0.247

CONUT score 4.48 ± 2.39 4.96 ± 1.88 0.393
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body weight, ADL before admission, handgrip strength, 
GS at baseline, and improvement in CONUT score were 
associated with a GS speed of ≥ 0.8 m/s at the second 
time point. In the multivariate analysis, improvement in 
the CONUT score was associated with a GS speed of ≥ 
0.8 m/s at the second time point after adjustment for 
confounding factors (Table 4). During hospitalization, 
one patient in the low GS group died. The mean length 
of hospitalization was significantly longer in the low GS 
compared with the high GS group: 29 vs. 20 days (p = 
0.008). All patients in the high GS group were discharged 
and returned home, whereas 13% of patients in the low 
GS group were transferred to a skilled nursing home (p 
= 0.081) (Figure 2).

Discussions
In this study, we repeatedly evaluated physical 

function using GS during hospitalization in elderly 
patients who were admitted with heart failure and 
who underwent exercise training. Although only 5% 

was no statistical difference in CONUT scores, cardiac 
parameters, such as NT-proBNP and LVEF, at baseline 
between the two groups. 

The changes in variables between the two time 
points are shown in Table 2. Hand grip strength was 
higher in high GS group than that in low GS group at 
both time points.GS increased, and NT-proBNP and CRP 
levels decreased in both groups. CONUT scores signifi-
cantly improved in the high GS group, but not in the low 
GS group. Among the factors that contribute to the CO-
NUT score, total lymphocyte count, serum albumin, and 
total cholesterol improved in the high GS group, where-
as only albumin improved in the low GS group. The del-
ta changes in clinical parameters between the two time 
points are shown in Table 3. The high GS group showed 
greater changes in both GS and CONUT scores. The per-
centage of patients with improved CONUT scores was 
higher in the high GS compared with the low GS group 
(79% vs. 52%, p = 0.020).

In the univariate logistic regression analysis, age, sex, 

LVEF (%) 55 ± 18 53 ± 19 0.689

LVMI (g/m2) 152 ± 47 157 ± 43 0.703

Handgrip strength (kg) 13.8 ± 5.7 18.2 ± 7.1 0.004

gate speed (m/sec) 0.46 ± 0.19 0.60 ± 0.12 < 0.001

All data are presented as mean ± standard deviation (SD) or median with inter quartile range (IQR) or as number (percentage) for 
dichotomous variables. 
AD: Activity of Daily Living; BP: Blood Pressure; NYHA: New York Heart Association; eGFR: estimated Glomerular Filtration Rate; 
NT-proBNP: N-terminal Pro-brain Natriuretic Peptide Hormone; CONUT: Controlling Nutritional Status; LVEF: Left Ventricular 
Ejection Fraction; LVMI: Left Ventricular Mass Index.

Table 2: Changes in clinical parameters between the two time point.

Low GS group High GS group
1st time point 2nd time point 1st time point 2nd time point

Body weight (kg) 47 ± 10 46 ± 9* 53 ± 12¶ 51 ± 10*¶

Gait speed (m/sec) 0.46 ± 0.19 0.53 ± 0.16* 0.60 ± 0.12¶ 0.93 ± 0.10*¶

Hand grip strength (kg) 13.8 ± 5.7 14.4 ± 5.6* 18.2 ± 7.1¶ 18.8 ± 6.7¶

NT-proBNP (pg/ml) 2511 (1347, 4176) 1687 (820, 3845)* 1224 (635, 6193) 1085 (507, 2241)*

CRP (mg/dl) 0.65 (0.15, 2.42) 0.29 (0.07, 0.75)* 0.74 (0.22, 2.12) 0.28 (0.05, 0.80)*

CONUT score 4.48 ± 2.39 4.06 ± 2.24 4.96 ± 1.88 3.61 ± 2.16*

Lymphocyte count 1397 ± 543 1348 ± 478 1270 ± 682 1393 ± 618*

Serum albumin (g/dl) 3.2 ± 0.5 3.35 ± 0.49* 3.2 ± 0.4 3.49 ± 0.53*

Total cholesterol (mg/dl) 155 ± 30 156 ± 30 155 ± 30 166 ± 43*

*p < 0.05 vs. pre, ¶p < 0.05 vs. Low GS group.

Table 3: Delta changes in clinical parameters between the two time points.

Low GS group High GS group p value
Body weight (kg) -1.7 ± 1.9 -2.0 ± 2.3 0.581

Gait speed (m/sec) 0.07 ± 0.15 0.33 ± 0.16 < 0.001

Hand grip strength (kg) 0.6 ± 2.1 0.6 ± 2.0 0.981

NT-proBNP (pg/ml) -492 (-1819, -19) -414 (-1463, 88) 0.620

CRP (mg/dl) -0.21 (-1.66, 0.07) -0.21 (-1.79, 0.003) 0.755

CONUT score -0.5 ± 2.2 -1.6 ± 1.9 0.030

Improvement of CONUT score, n (%) 36 (52) 19 (79) 0.020
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are several potential explanations for this association. In 
patients with heart failure, malnutrition is common and 
is associated with greater mortality [6]. Malnutrition 
causes a loss of skeletal muscle mass and strength, both 
of which are characteristics of sarcopenia [16] which 
becomes highly prevalent in old age, and contributes 
to a greater risk of physical disability [17]. Higher 
circulating levels of amino acids, as well as exercise, 
stimulate muscle protein synthesis [18], which may 
improve muscle strength and prevent the development 
of sarcopenia. We have found that hand grip strength 
remains relatively high in patients with high GS, in 
whom the CONUT score improved. Maintenance of 
skeletal muscle strength using a combined nutritional 
and exercise strategy may explain the sufficient GS 
achieved at discharge.

In contrast, nutritional status did not improve in the 
low GS group, which may have been responsible for 
the inadequate improvement in GS in these patients. 
Although the precise reason for the difference in the 

of patients had a GS of ≥ 0.8 m/s at the beginning of 
training, the percentage increased to 26% at discharge. 
Patients who had a GS of ≥ 0.8 m/s at discharge showed 
improvements in their nutritional status, as assessed 
using the CONUT score. Conversely, there was no 
change in nutritional status in patients with a GS of < 
0.8 m/s at discharge. Improvement in the CONUT score 
was associated with a GS of ≥ 0.8 m/s at discharge in 
these patients. 

GS, which is a simple and useful assessment of 
physical function, is a predictor of cardiovascular events 
in the general elderly population [13] and in elderly 
patients with heart failure [14]. A few previous studies 
have demonstrated a relationship between nutritional 
status and physical function, [8,15] but none have 
evaluated the influence of changes in nutritional status 
on physical function at discharge.

In the present study, we have shown a significant 
association between the improvement in nutritional 
status during hospitalization and GS at discharge. There 

Table 4: Clinical factors associated with a gait speed of ≥ 0.8 m/sec at the 2nd time point.

Univariable Multivariable
Odds ratio 95%CI P Odds ratio 95%CI P

Age 0.879 0.783, 0.986 0.028 0.925 0.808, 1.057 0.252

Male gender 3.333 1.268, 8.760 0.0150 1.479 0.229, 9.559 0.681

Body weight 1.050 1.004, 1.097 0.031 1.029 0.955, 1.108 0.453

Poor ADL before admission 0.186 0.051, 0.682 0.011 0.444 0.075, 2.625 0.371

Handgrip strength 1.107 1.027, 1.192 0.008 1.034 0.915, 1.168 0.593

LVEF 0.994 0.963, 1.025 0.684

Ln NT-proBNP 0.853 0.601, 1.211 0.374

Gait speed 100.8 5.37, 1890.6 0.002 30.477 0.833, 1115.1 0.063

CONUT score 1.096 0.890, 1.351 0.389

Improvement of CONUT score 3.286 1.102, 9.804 0.033 3.902 1.034, 14.725 0.045

 

Figure 2: Comparison of gait speed between 1st and 2nd time point. 
a) Low gait speed group; b) High gait speed group.
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nutritional supplementation in combination with 
exercise training, and accompanied by monitoring of 
nutritional status using the CONUT score, are needed to 
validate our results.
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