
Vol.:(0123456789)1 3

Heart and Vessels (2020) 35:531–536 
https://doi.org/10.1007/s00380-019-01517-8

ORIGINAL ARTICLE

Predictive impact of early mobilization on rehospitalization for elderly 
Japanese heart failure patients

Yuji Kono1,2 · Hideo Izawa3  · Yoichiro Aoyagi2 · Ayako Ishikawa1 · Tsubasa Sugiura1 · Etsuko Mori1 · 
Ryuzo Yanohara1 · Tomoya Ishiguro3 · Ryo Yamada3 · Satoshi Okumura3 · Wakaya Fujiwara3 · Mutsuharu Hayashi3 · 
Eiichi Saitoh2

Received: 2 July 2019 / Accepted: 20 September 2019 / Published online: 26 September 2019 
© Springer Japan KK, part of Springer Nature 2019

Abstract
The aim of this study was to determine whether early mobilization was associated with rehospitalization among elderly 
heart failure patients. We measured the time from admission to mobilization and other clinical characteristics for 190 heart 
failure patients (mean age, 80.7 years). The primary outcome was heart failure rehospitalization. Kaplan–Meier survival 
curves were plotted and the hazard ratios for rehospitalization were determined using Cox proportional hazards regression 
models. During a median follow-up period of 750 days, 58 patients underwent rehospitalization. The time from admis-
sion to mobilization was significantly longer for these patients than for those who were not rehospitalized. Univariate and 
multivariate Cox proportional hazards analyses showed that the time from admission to mobilization was an independent 
predictor of rehospitalization, and receiver-operating characteristic analysis determined an optimal cutoff value of 3 days 
for differentiating the patients more likely to experience a subsequent cardiac event (sensitivity, 76%; specificity, 69%; area 
under the curve, 0.667). Kaplan–Meier survival curve analysis showed a significantly lower event rate in the ≤ 3-day group 
(p = 0.001, log-rank test). In conclusion, the time from admission to mobilization may be one of the strongest predictors 
of rehospitalization in elderly heart failure patients. Early mobilization within 3 days may be an initial target for the acute 
phase treatment of heart failure.
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Introduction

Despite a dramatic reduction in heart failure mortality rate 
over the last 20 years, rehospitalization due to deteriorating 
heart failure remains common in Japan, as well as worldwide 
[1, 2]. During the last 10 years, there has been a dramatic 
increase in heart failure among elderly patients in Japan, 
and it is expected that this will continue to increase over the 
next decade [2].

Early mobilization is a major component of acute phase 
rehabilitation and reported to be closely associated with bet-
ter outcomes [3–5]. This was demonstrated by a randomized 
trial of patients on mechanical ventilation due to acute ill-
ness; those with early mobilization had higher rates of dis-
charge home, fewer days in the intensive care unit, and fewer 
hospital-acquired comorbidities, such as ventilator-associ-
ated pneumonia and intensive care unit delirium [3]. A small 
randomized trial in patients with acute stroke showed better 
physical functional status among those mobilized 24–48 h 
after hospitalization [4]. In addition, a report based on a 
large-scale clinical registry found an association between 
early rehabilitation and the clinical outcome in heart failure 
patients [5]. Early ambulation within 2 days of hospitaliza-
tion was associated with shorter hospital lengths of stay and 
fewer readmissions within 30 days of discharge.

Elderly patients in Japan often have multiple comorbidi-
ties and are physically frail. This contributes to longer hos-
pital stays and lower rates of discharge back to the home 

 * Hideo Izawa 
 izawa@fujita-hu.ac.jp

1 Department of Rehabilitation, Fujita Health University 
Bantane Hospital, Nagoya, Japan

2 Department of Rehabilitation Medicine I, School 
of Medicine, Fujita Health University, Toyoake, Japan

3 Department of Cardiology, Fujita Health University Bantane 
Hospital, 3-6-10, Otobashi, Nakagawa-ku, Nagoya, Japan

http://orcid.org/0000-0003-2136-2855
http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-019-01517-8&domain=pdf


532 Heart and Vessels (2020) 35:531–536

1 3

[6]. However, little is known about the clinical impact of 
early mobilization on long-term clinical outcomes in elderly 
Japanese heart failure patients. We hypothesized that early 
mobilization would be associated with a lower rate of rehos-
pitalization in elderly heart failure patients and that later 
mobilization may be a predictor of rehospitalization, in 
addition to other clinical parameters. Therefore, the aims 
of the present study were: (1) to investigate the relationship 
between early mobilization and long-term cardiac events in 
elderly Japanese heart failure patients and (2) to clarify the 
optimal cutoff time period for early mobilization associated 
with reduced rehospitalization.

Subjects and methods

Study population

From July 2014 to April 2018, we enrolled consecutive 
patients with heart failure who were admitted because of 
worsening heart failure to Fujita Health University Bantane 
Hospital, a general hospital in Nagoya City, Japan. Patients 
were excluded if they were less than 65 years of age, could 
not walk 10 m independently, had acute coronary syndrome, 
had severe dementia, had a history of psychiatric disorders, 
or if they did not wish to participate. The Research Ethics 
Committee of Fujita Health University approved the study 
(Approval No: 15-259), and all the subjects provided written 
informed consent.

Study design and protocol

This was a single-center registry, prospective, observational, 
predictive study. A baseline examination was conducted 
during the patients’ hospitalization. We measured physical 
function parameters at discharge and collected laboratory 
measurements from medical records.

Primary events and clinical characteristics

The primary outcomes were rehospitalization because of a 
deterioration of heart failure. A well-trained cardiologist at 
Fujita Health University determined the primary outcomes. 
Each patient was evaluated using all inpatient and outpatient 
medical record, which were generated during from discharge 
until November 30, 2018.

The subjects’ clinical characteristics were collected from 
a review of medical records, recording age, sex, body mass 
index, the etiology of heart failure, and medications. The time 
from admission to mobilization was evaluated as an assess-
ment of early mobilization. Mobilization day was defined as 
the day when patients started walking with stable hemody-
namics. The potential prognostic variables collected from 

the results of the blood investigations included N-terminal 
pro B-type natriuretic peptide (NT-proBNP), serum albumin, 
serum sodium, and the estimated glomerular filtration rate 
(eGFR) [7]. In addition, the left ventricular ejection fraction 
(LVEF) and the transmitral to mitral annular early diastolic 
velocity ratio (E/Ea) were obtained from echocardiography 
findings.

Handgrip strength was measured using a Jamar dynamom-
eter. The subject sat with the wrist in a neutral position with 
the elbow flexed to 90° [8]. Grip strength was measured three 
times for each hand, and the highest value was used in the 
analysis. The preparation and procedure for the 6-min walking 
distance test were performed in accordance with the guidelines 
of the American Thoracic Society [9]. In this test, the subject 
was asked to walk as far as possible in 6 min (using any walk-
ing aid, such as a cane or walker, the subject normally used 
for daily walking). Walking speed was evaluated by the 10-m 
usual walk test, in which the subject was asked to walk at their 
usual pace for 14 m, of which the middle 10 m was timed. 
The test was completed twice, and the faster speed was used 
in the analysis.

Statistical analysis

Continuous variables are presented as the mean ± standard 
deviation and categorical data as percentages. The subjects 
were divided into two groups according to whether they expe-
rienced the primary outcome (rehospitalization) during fol-
low-up. The baseline characteristics were compared between 
the rehospitalization and non-rehospitalization groups using 
unpaired t tests and the Mann–Whitney U test for continu-
ous variables and the Chi-square test or Fisher’s exact test for 
categorical variables. Univariate and multivariate Cox regres-
sion analyses were used to evaluate predictive capability. The 
Cox regression analysis involved three predictive models based 
on preexisting potential prognostic and confounding factors: 
Model 1 used log NT-proBNP as an adjusting variable; Model 
2 included eGFR as well as log NT-proBNP; and Model 3 
included log NT-proBNP, eGFR, variables with a p value of 
less than 0.1 at univariate analysis. Receiver-operating char-
acteristic (ROC) curves were constructed, and the area under 
the curve was analyzed to select a cutoff value for predicting 
rehospitalization. The difference in survival between the two 
groups was assessed by the Kaplan–Meier method and com-
pared using the log-rank test. The statistical analyses were per-
formed with SPSS 24.0 software (SPSS Japan, Tokyo, Japan), 
and a p value of less than 0.05 was considered statistically 
significant.
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Results

Patient characteristics and primary outcome events

A total of 190 patients (mean age, 80.7 ± 8.5 years; 111 
women) were enrolled and successfully followed up. The 
mean LVEF was 53.9%, and 51 subjects (26.8%) had 
LVEF < 40%. According to electrocardiogram, chest X-ray, 

chest computed tomography, and echocardiography find-
ing, no patients had severe respiratory disease or severe 
pulmonary hypertension. During the follow-up period 
(median, 750  days), 58 primary outcome events were 
observed. Table 1 shows a comparison of clinical charac-
teristics between the rehospitalization group (n = 58) and 
the non-rehospitalization group (n = 132). There were no 
significant differences in medications and follow-up period 
between the groups.

Table 1  Demographic and 
clinical characteristics of the 
rehospitalization and non-
rehospitalization groups

Data are presented as mean (standard deviation)
BMI body mass index, SBP systolic blood pressure, MMSE mini-mental state examination, GNRI geriatric 
nutritional risk index, CKD chronic kidney disease, ACEi angiotensin-converting enzyme inhibitor, ARB 
angiotensin II type I receptor blocker, eGFR estimated glomerular filtration rate, NT-proBNP N-terminal 
pro B-type natriuretic peptide, LVEF left ventricular ejection fraction

Total
(N = 190)

Rehospitalization
(n = 58)

Non-rehospitalization
(n = 132)

p

Age 80.7 (8.5) 79.8 (8.3) 81.2 (8.6) 0.298
Gender (M/F) 79/111 17/41 62/70 0.095
BMI (kg/m2) 20.9 (3.4) 20.1 (3.1) 21.3 (3.5)  < 0.001
SBP at admission (mmHg) 140 (30.5) 134 (32.3) 142 (29.4) 0.262
Admission to mobilization days 4.2 (2.8) 5.1 (3.5) 3.9 (2.4) 0.006
 MMSE 24.5 (4.9) 23.9 (5.4) 24.6 (4.7) 0.429
 GNRI 92.8 (11.9) 89.1 (10.2) 93.5 (11.2) 0.010

Cause of heart failure (%) 0.353
 Ischemic cardiomyopathy 28.4 36.2 25.0
 Dilated cardiomyopathy 30.0 29.3 30.3
 Hypertensive cardiomyopathy 16.3 12.0 18.2
 Arrythmia 16.3 13.7 17.4
 Others 9.0 8.8 9.1

Comorbidities (%)
 Hypertension 52.1 49.3 55.3 0.175
 Diabetes 37.8 31.1 38.6 0.695
 CKD 59.4 62.0 58.3 0.437
 Stroke 14.2 16.8 16.6 0.363

Pharmacotherapy (%)
 ACEi/ARB 50.5 46.5 52.2 0.443
 β-blocker 80.0 81.0 79.1 0.331
 Diuretics 82.6 89.6 79.5 0.386
 Statin 25.7 32.7 22.7 0.303
 Oral diabetic agent 17.8 22.4 15.9 0.513

Serum hemoglobin (g/dl) 11.7 (2.1) 11.2 (1.8) 11.9 (2.1) 0.023
Serum albumin (g/dl) 3.5 (0.5) 3.4 (0.5) 3.6 (0.5) 0.071
Serum Sodium (mEq/l) 139 (4.4) 139 (4.5) 139 (4.5) 0.996
eGFR 45.3 (19.4) 41.4 (20.7) 47.1 (18.6) 0.065
NT-proBNP (pg/ml) 6965 (8021) 9820 (9018) 5711 (7228) 0.001
LVEF (%) 53.9 (18.2) 49.4 (20.7) 55.6 (16.4) 0.030
Grip (kg) 19.2 (7.4) 18.1 (6.1) 19.7 (7.9) 0.116
6-min walking distance (m) 272 (121) 265 (113) 276 (125) 0.563
Walking speed (m/s) 0.85 (0.32) 0.87 (0.31) 0.85 (0.33) 0.476
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Univariate and multivariate analyses

Table 2 shows the results of the Cox regression analysis for 
rehospitalization. This showed the time from admission to 
mobilization to be an independent predictor of rehospitali-
zation in our cohort, even after adjusting for the prognostic 
models.

ROC and survival analyses

ROC curve analysis with the primary outcome event as 
the outcome identified a value of 3 days as the optimal 
cutoff level predictive of rehospitalization cardiac events. 
Using this cutoff gave a sensitivity of 76.2% and a speci-
ficity of 69.2%; the area under the curve was 0.667 (95% 
CI 0.577–0.743, p = 0.001) (Fig. 1). The cutoff was used 
to divide the subjects into two groups, and Kaplan–Meier 

survival curves for these groups were compared with the 
log-rank test; this showed a significantly lower event rate 
in the ≤ 3-day group compared with the ≥ 4-day group 
(p = 0.001) (Fig. 2). The positive and negative predictive 
values of cardiac events for mobilization more than 4 days 
were 43.7% and 82.9%, respectively.

Discussion

The main finding of this study was that, for elderly patients 
with heart failure who were hospitalized because of deterio-
ration in their condition, the time from admission to mobi-
lization was a significant predictive parameter of future 
cardiac events. The analysis showed that 3 days was the 
optimal cutoff value, and the subjects who were mobilized 

Table 2  Univariate 
and multivariate cox 
regression hazard models 
for rehospitalization, with 
admission to mobilization time 
as the independent factor

Adjusted models: Model 1, included log (NT-proBNP); Model 2, Model 1 + eGFR; Model 3, Model 
2 + potential confounding factor (gender, LVEF, GNRI, serum hemoglobin)
HR hazard ratio, NT-proBNP N-terminal pro B-type natriuretic peptide, eGFR estimated glomerular filtra-
tion rate

B SE Wald P HR 95% CI

Lower Upper

Univariable 0.087 0.039 5.01 0.025 1.091 1.011 1.177
Multivariable
Model 1 0.084 0.039 4.585 0.032 1.088 1.007 1.175
Model 2 0.080 0.039 4.183 0.041 1.084 1.003 1.170
Model 3 0.083 0.040 4.355 0.037 1.086 1.005 1.174

Fig. 1  Receiver-operating characteristic (ROC) analysis of the time 
from admission to mobilization (in days) as a predictor of cardiac 
events during the follow-up period. The optimal cutoff value for 
distinguishing subjects who would experience a later cardiac event 
was 3 days. This cutoff gave a sensitivity of 76.2% and a specificity 
of 62.1%; the area under the curve was 0.667 (95% CI 0.577–0.743, 
p < 0.001)

Fig. 2  Kaplan–Meier survival curves for the period (in days) to a car-
diac event. The subjects were divided into two groups according to 
whether the time between admission and mobilization was ≤ 3  days 
(blue curve) or ≥ 4 days (green curve). There was a significantly lower 
incidence of cardiac events in the group with earlier mobilization (log 
rank = 11.442, p = 0.001)
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within 3 days of admission were significantly less likely to 
be rehospitalized. To the best of our knowledge, this was the 
first study to demonstrate a relationship between early mobi-
lization and long-term cardiac events in elderly patients with 
heart failure and to establish a cutoff value for distinguishing 
those at greater risk.

Although an association between early mobilization 
and 30-day readmission has previously been reported [5], 
the association with long-term outcomes has not been 
addressed. The results of the present study showed that the 
early mobilization of patients after admission to hospital 
had a predictive impact on rehospitalization during a follow-
up period lasting a median of 750 days, after adjusting for 
several prognostic and confounding factors, including heart 
failure severity and physical function. A possible explana-
tion for this finding may be that early mobilization reduced 
the risk of iatrogenic sarcopenia, a major hospital-acquired 
comorbidity caused by excessive bed rest in an acute phase 
clinical setting. Previous studies of Japanese heart disease 
patients have shown a close association between rehospitali-
zation and physical function, as measured by 6-min walking 
distance [10], gait speed [10, 11], grip strength [12], and 
functional capacity [13]. Elderly heart failure patients are 
more likely to experience sarcopenia, not only due to physi-
cal inactivity, but also because of their heart failure disease 
status [14]. Previous studies have reported that early mobili-
zation had favorable effects on physical function at discharge 
[3–5]. However, in the present study, there was no differ-
ence in physical function between the rehospitalization and 
non-rehospitalization groups. A previous study of patients 
with heart failure reported that the prevention of functional 
decline during hospitalization was a positive prognostic fac-
tor [15]. Thus, the prevention of functional decline may be 
a factor related to our finding that early mobilization was 
associated with the reduced likelihood of long-term rehos-
pitalization in elderly heart failure patients.

In the present study, the time from admission to mobi-
lization was significantly longer for the rehospitalization 
group than for the non-rehospitalization group. The opti-
mal cutoff value for differentiating between the rehospitali-
zation and non-rehospitalization groups was 3 days, and 
the area under the curve was 0.667, indicating moderate 
ability to distinguish between the groups [16]. Further-
more, a Kaplan–Meier analysis showed a lower incidence 
of cardiac events for the subjects with early mobilization 
within 3 days of admission than for those with mobiliza-
tion in 4 or more days. A previous multi-center observa-
tional study reported that elderly patients who developed 
sarcopenia spent an average of 5.1 days in bed compared 
with 3.2 days for those without sarcopenia at discharge 
[6]. A cutoff of 3 days could play an important role in pre-
venting iatrogenic sarcopenia-related functional decline. 
Indeed, mobilization in 4 or more days had an 82% 

negative predictive value in the present study, suggesting 
that mobilization within 3 days from admission could be 
used to stratify patients at low risk of rehospitalization. 
Mobilization within 3 days and that this might be an ini-
tial target for the early mobilization for elderly patients 
with heart failure to improve the quality of acute phase 
heart failure treatment, similar to the door-to-balloon time 
within 90 min for coronary interventions [17].

Previous reports have identified several prognostic 
parameters of heart failure. Some clinical markers, such 
as blood laboratory test and cardiac function test results 
[7], have provided a basis for cardiac risk stratification; 
however, these tend to be complex to obtain and costly. In 
contrast, the time from admission to mobilization is easily 
evaluated and is easy to understand even for staff that are 
not medical specialists. Therefore, it could play an impor-
tant role in disease management programs after discharge 
and could be used to stratify heart failure patients at high 
risk for rehospitalization.

This study had some potential limitations. First, it was 
based on a single-center registry of patients with heart 
failure and the results may not necessarily be generalized 
to groups with dissimilar demographic characteristics. 
Second, our patients had lower ACEi/ARB prescription 
about 50%. Previous large-scale registry reported that 
patients with older age and HFpEF were less likely to 
receive ACEi/ARB therapy [18, 19]. These were the rea-
son why our patients had lower prescription of ACEi/ARB. 
However, rehospitalization rate in this study was almost 
the same rate as previous findings [19], and there was no 
difference between two groups in terms pharmacotherapy. 
Accordingly, lower ACEi/ARB prescription rate did not 
influence our results. Finally, this was designed as a pre-
dictive research, so the level of evidence was lower than 
that provided by a propensity-score matching analysis or 
a randomized controlled trial. Thus, we could not deter-
mine the effectiveness of early mobilization within 3 days 
on rehospitalization. However, there are ethical issues to 
performing a randomized controlled trial in an acute phase 
clinical setting, and the results of the present study pro-
vided novel information that early mobilization could be 
a key component of acute phase treatment.

In conclusion, our results showed that the time from 
admission to mobilization might be one of the potential 
predictors for rehospitalization in elderly heart failure 
patients. Early mobilization within 3 days from admis-
sion might be an initial target for acute phase heart failure 
management.
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