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Introduction
The number of patients with heart failure increases year by 

year with the aging of the population [1], and the frequency of 
physical therapy for maintaining daily activities (ADL) from the 
acute stage is increasing. It is known that the prevalence of heart 
failure increases with age [2]. In Japan, a super-aging society, there 
is an urgent need to prepare for a “heart failure pandemic” in which 
heart failure patients are increasing. In addition, heart failure 
patients have a very poor prognosis, with 3-year survival rates of 
15-24% for chronic heart failure [3] and 5-13% mortality in 30 
days for acute heart failure [4-6]. Heart failure has traditionally 
been thought to be mainly in patients with reduced Left Ventricular 
Ejection Fraction (LVEF). However, in recent years, it has become 
clear that heart failure patients with LVEF account for about 30-
50% [7], and heart failure with reduced ejection fraction (HFrEF) 
at JCS 2017 / JHFS 2017. Heart failure with preserved Ejection  

 
Fraction (HFpEF) was defined [8]. HFpEF is characterized by a 
higher proportion of elderly, female, atrial fibrillation, and chronic 
obstructive pulmonary disease than HFrEF [9]. Furthermore, in 
daily life, patients suffering from heart failure are said to suffer from 
exercise intolerance and thus have a reduced quality of life [10]. 
There are many previous studies suggesting various characteristics 
of each of HFpEF and HFrEF. However, HFpEF has not established 
treatment guidelines like HFrEF. HFrEF is caused by lesions of 
myocardial injury, whereas HFpEF is caused by lesions of vascular 
endothelial injury caused by increased inflammation and oxidative 
stress such as obesity, hypertension, diabetes mellitus, and atrial 
fibrillation [11].

Furthermore, in Japanese society with declining birthrate and 
aging, an increase in HFpEF patients is predicted even in heart 
failure. Therefore, it is necessary to distinguish between HFpEF and 
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HFrEF, although they are classified as the same heart failure. Patients 
with acute heart failure need to regain mobility by early ambulation 
under risk management. Walking ability is a fundamental 
movement in everyday life. Also, in clinical practice, self-care 
independence is often a condition of discharge from home as Needs 
of a family. Walking independence is an indispensable condition for 
independence of self-care. Physical therapy for patients with heart 
failure in acute care hospitals aims to maintain ADL function before 
admission. Therefore, the biggest issue is how to prevent the disuse 
syndrome associated with hospitalization. In addition, shortening 
the number of hospital stays is indispensable because the Japanese 
government’s medical cost optimization policy aims to shorten the 
number of hospital stays. Therefore, elucidating the risk factors for 
decreased walking ability will lead to efficient exercise therapy and 
support for early discharge from the time of admission, which will 
help shorten the length of hospital stay. There have been reports of 
factors related to ADL in elderly patients with heart failure who do 
not distinguish between HFpEF and HFrEF, such as skeletal muscle 
weakness and dementia [12,13]. However, no previous studies 
have identified risk factors for functional decline in HFpEF patients 
alone. In addition, the number of late-stage elderly HFpEF patients 
is expected to continue to increase. Therefore, it is considered that 
the examination of factors related to the decrease in walking ability 
from the time of admission to the time of discharge from HFpEF 
patients is extremely clinically significant. Therefore, the purpose 
of this study was to investigate the risk factors of decreased walking 
ability from the time of admission to the time of discharge from 
elderly patients with late-stage acute HFpEF who maintained their 
walking ability before admission.

Materials and Methods
Research Design and Participants

This has been a retrospective cohort study. We have used data 
on patients admitted to a secondary emergency care hospital with 
500 beds. Subjects included patients who were admitted to our 
hospital from February 2016 to March 2019 and whose physician 
was diagnosed with “heart failure”. The following patients were 
excluded: (Patients under 75 years old, died patients, patients 
with BI gait less than 10 points before hospitalization, patients 
with difficult evaluation.) One hospitalization was defined as one 
patient. Participants in this study were at least 75 years of age at 
admission and had a pre-hospital Barthel Index mobility score of at 
least 10 and a LVEF of at least 50% among patients diagnosed with 
heart failure who were prescribed physical therapy Patients. This 
study has been reviewed by our ethics committee. (Clinical study 
number: 2019-902) In addition, the study was disclosed in paper 
and electronic form, allowing individual patients to withdraw 
consent to use the data at any time.

Data Collection

We have extracted the following information from the electronic 
medical record information. (Age, Gender, Estimated glomerular 
filtration rate (eGFR), hemoglobin (Hb), brain natriuretic peptide 
(BNP), Stroke volume (SV), LVEF, E / E ‘, NYHA (New York Heart 
Association: NYHA) severity classification at admission, period 
from admission to start of physical therapy, hospitalization Days 
and physical therapy period). We have calculated the eGFR value 
using the age at admission and the creatinine level at admission, 
using the formula of Matsuo, et al. [14]. We have extracted the 
pre-hospital ADL (BI) from electronic medical record information 
or interviewed patients and their families. In addition, we have 
performed the following physical therapy assessments: Grip 
strength for muscle strength assessment, The Standing Test for 
Imbalance and Disequilibrium [15] (SIDE) for balance assessment, 
Mini Nutritional Assessment-Short Form (MNA-SF) [16] for 
nutritional status, Clinical Frailty Scale(CFS) [17] for the amount 
of activity before hospitalization and dementia were evaluated 
by Mini-Cog. 18) Mini-Cog is an assessment of dementia [18] that 
has the same validity as MMSE [19]. SIDE for balance evaluation 
is a balance evaluation [15] that has a strong correlation with the 
Berg Balance Scale (BBS) [20]. We have evaluated physical therapy 
assessment within 3 days from the start of physical therapy. In 
addition, six physical therapists evaluated physical therapy.

Statistical Analysis

We have used IBM SPSS ver.21 (IBM Japan, Ltd.) for statistical 
analysis. First, we have defined the group that decreased from the 
time of admission to the time of discharge in the BI movement 
items as the “walking function reduced group”, and the others as 
the “walking function maintenance group”. In these two groups, 
we have performed a Mann-Whitney U test and an X² test for the 
following items (Age, Gender, BMI, Hb, eGFR, BNP, SV, EF, E / E ‘, 
Days to start therapy, hospital stay, Duration of physical therapy, 
Dementia, CFS, SIDE, grip strength, NYHA).Next, in order to clarify 
the risk factors for decreased walking ability from the time of 
admission to the time of discharge from the hospital, we performed 
a univariate analysis of the “gait function reduction group ‘’ and 
“gait function maintenance group ‘’ as dependent variables and a 
comparison between the two groups. Multiple logistic regression 
analysis was performed using the variable increase method based 
on the likelihood ratio, using the items with significant differences 
(P <0.05) and the adjustment factors as independent factors. We 
have adjusted for age, Gender, and BMI. We have examined odds 
ratios and 95% confidence intervals, and the fit of the regression 
analysis was determined by the Hosmer and Lemeshow test. In 
addition, we have considered the problem of multicollinearity when 
performing logistic regression analysis. The statistical significance 
level was 5%. (P <0.05)
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Results
Participants Characteristics

We have identified 115 patients who were 75 years old or older 
at the time of admission, had a Barthel Index (BI) score of 10 or 
more before hospitalization, and had an LVEF of 50% or more. The 
median age in this study was 85 (82-90) years, with 61 women 
(53%). BMI19.5 (in kg / m (2)) (17,5-22.8), eGFR 38.9 mL / min 

(26.9-55.0), Hb10.8 g / dl (9.25-12.3), BNP488. 6 pg / mL (262.7-
826.7), NYHA, StageⅡ27 (23%): StageⅢ: 39 (34%), StageⅣ: 49 
(43%), SV60.8 (42.5-77.5) mL, LVEF65. 2% (57.8-71.1), E / E’18.1 
(13.5-22.7), MNA-SF 9 points (8-11.5), SIDE2a (1-2b), grip strength 
11.6 kg (9.3-16.8), CFS 4 points (3- 5), the number of people with 
dementia (%) 43 (37%), the period from hospitalization to the start 
of physical therapy 3 days (1-5), physical therapy period 12 (8-20) 
days, hospital stay 18 (13-24.3) days (Table 1).

Table 1: Participant characteristics and comparison between the two groups.

Basic items Total (n=115) Walking function 
maintenance group (n=68)

Walking function decline 
group (n=47) p

Median (range) Median (range) Median (range)

Age 85(82-90) 84(81-88) 88(84-91) p=0.005*

Female (%) 61(53%) 32(47%) 29(62%) p=0.12

BMI (kg/m2) 19.517,5-22.8) 20.6(17.5-22.9) 19.3(17.7-22.2) p=0.503

eGFR (mL/min) 38.9(26.9-55.0) 39.0(26.8-52.0) 36.2(27.7-56.6) p=0.916

Hb(g/dl) 10.8(9.25-12.3) 10.8(9.2-12.6) 10.7(9.3-11.5) p=0.341

BNP (pg/mL) 488.6(262.7-826.7) 481.9(252.7-855.6) 509.3(296.6-672.2) p=0.73

NYHA（Ⅱ：Ⅲ：Ⅳ）(%) 27(23%):39(34%):49(43%) 11(16%):24(35%):33(49%) 16(34%):15(32%):16(34%) p=0.032*

SV (ml) 60.8(42.5-77.5) 61.2(44.8-77.5) 56.8(40.3-77.4) p=0.56

LVEF (%) 65.2(57.8-71.1) 65.0(58.4-70.4) 65.2(57.2-72.9) p=0.774

E/E’ 18.1(13.5-22.7) 17.4(14.1-21.3) 18.1(12.8-22.7) p=0.774

MNA-SF (score) 9(8-11.5) 10(8-12) 9(7-11) p=0.166

SIDE (score) 2a(1-2b) 2a(2a-3) 2a(0-2a) p=0.0002*

Hand Grips (kg) 11.6(9.3-16.8) 13.1(10.5-18.0) 10(6.5-13.0) p=0.005*

CFS(score) 4(3-5) 3(2.5-5) 5(3-5) p=0.002*

Dementia (%) 43(37%) 17(25%) 26(55%) p=0.001*

Period from hospitalization to start of 
physical therapy (Days) 3(1-5) 3(1-7) 3(1-5) p=0.543

Physical therapy period (Days) 12(8-20) 11(7.8-17) 14(10-21) p=0.02*

Length of stay in hospital (Days) 18(13-24.3) 17(12.5-23) 20(14-26.8) p=0.206

Comparison of two Heart Failure Groups

As a result of comparison between the two groups of elderly 
HFpEF patients, significant differences were found in age, CFS, 
dementia, Hand grips, SIDE, duration of physical therapy, and 
NYHA. On the other hand, there were no significant differences in 
gender, BMI, period from hospitalization to physical therapy, MNA-
SF, eGFR, length of stay, SV, EF, E / E ‘, and BNP. 

Multiple Logistic Regression Analysis

Multiple logistic regression analysis has extracted SIDE and 
NYHA in late elderly HFpEF patients related to walking ability. The 
OR of SIDE has been 0.373 (95% CI, 0.205-0.678, p = 0.001), and the 
OR of NYHA was 0.335 (95% CI, 0.151-0.742, p = 0.007) (Table 2).
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Table 2: Results of multiple logistic regression analysis.

Examination related 
items

Partial regression 
coefficient p Odds

95% confidence interval

Lower limit Upper limit

SIDE -0.987 0.001 0.373 0.205 0.678

NYHA -1.094 0.007 0.335 0.151 0.742

constant 8.406 0.002 4475.036

Note: Adjustment factor: Age, Gender, BMI

Discussion
In this study, we have performed a comparison between the 

groups with maintenance of walking ability and those with reduced 
gait function to examine risk factors for decreased mobility in 
elderly patients with HFpEF in the acute phase. The results have 
shown significant differences in Age, CFS, Dementia, Grip strength, 
SIDE, Duration of physical therapy, and NYHA. On the other hand, 
there were no significant differences in Gender, BMI, Period from 
hospitalization to physical therapy, MNA-SF, eGFR, length of stay, SV, 
EF, E / E ‘, and BNP. First, we have considered the items for which 
a significant difference was found between the two groups. Age is 
defined as sarcopenia, as aging itself causes muscle weakness and 
muscle weakness, which causes a decrease in walking ability. The 
cause of sarcopenia is not only aging but also a decrease in physical 
activity [21]. This time, the subjects were the elderly people aged 
75 years or older. The median of each control group was very old, 
84 (81-88) years in the maintenance group and 88 (84-91) years in 
the decline group. Previous studies reported that 38% of patients 
aged 80-84 and 50% of patients aged 85-89 reported that ADL was 
reduced by hospitalization [22]. 

Unlike orthopedic and central nervous system diseases, 
patients with acute internal illness do not have local weakness 
or paralysis. Especially in the case of the late- elderly, the reserve 
function of physical function is low, and the whole-body function 
is apt to decline due to the bed resting to reduce the cardiac load. 
In addition, the age group in this study is higher. and older than the 
age group in previous studies [23]. Compared to HFrEF, HFpEF is 
said to be characterized by a higher proportion of elderly, female, 
atrial fibrillation and chronic obstructive pulmonary disease[9]. In 
this study, HFpEF, and in the case of previous studies, both HFpEF 
and HFrEF were considered, so it is considered that this study 
became older. In addition, in this study, it is assumed that there 
is a difference in the age group from the previous study because 
the indoor movement was supposed and the study was conducted 
using the BI mobility items. Dementia has been reported to affect 
functional independence in patients with heart failure [24]. In 
addition, previous studies have pointed out the possibility of 
independent walking when dementia is suspected but not severe 
[25]. In this study, Mini-Cog was used to determine the presence 

or absence of dementia, but not the severity. However, patients 
who did not receive the instruction were regarded as severe cases 
and used as exclusion criteria. We have targeted patients who 
could be evaluated even with dementia. Patients with dementia 
can understand simple instructions, but difficult to understand 
detailed instructions, and it is highly likely that treatment cannot be 
performed efficiently. It seems that physical therapy was not able to 
be carried out efficiently, and the opportunity to improve function 
was lost, and it was impossible to recover.

CFS shows the amount of physical activity before hospitalization 
in this study. Frailty is defined as a condition in which vulnerability 
to health disorders increases due to various functional changes and 
a decrease in reserve capacity with aging [26]. It is said to cause a 
decrease in muscle strength, a decrease in maximal oxygen uptake, 
and the like [27]. Fraily has a profound effect on the prognosis 
and readmission of heart failure [28]. In this study, the state of 
the patient two weeks before hospitalization was examined from 
medical records. In the present study, the median of the maintenance 
group with CFS was 3 points of “habitual walking”, and the median 
of the decline group was 5 points of “slow movement and need for 
advanced IADL support”. Was. Pre-hospital ADL has been reported 
to decrease in patients with poor ADL prognosis. In this study, it 
was considered that high physical activity before hospitalization 
affected ADL at discharge even if the HFpEF patients were classified 
as late-stage elderly patients with heart failure.

Hand Grips is an index of overall muscle strength and is said 
to correlate with lower limb strength related to walking ability 
[29]. In patients with heart disease, the higher the lower limb 
muscle strength, the lower the incidence of events such as acute 
exacerbations [30]. In the acute phase of HFpEF patients, skeletal 
muscle dysfunction is said to occur with the occurrence of a resting 
bed period to reduce cardiac load [8]. There are many reports of 
the relationship between walking speed and walking efficiency. 
Furthermore, walking speed has been a factor in ADL independence 
in elderly patients with heart failure [31]. In elderly HFpEF patients, 
it is considered that muscle weakness was caused such that it 
became difficult to walk about 45 m during the resting bed due to 
low physical function reserve. It was suggested that HFpEF patients 
who maintained their general muscle strength at admission could 
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maintain their gait function. There were no significant differences in 
the echocardiographic SV or E / E ‘. Previous studies have reported 
that SV and E / E ‘have no correlation with ADL [31]. In this study, 
although it was a walking item of BI unlike previous research, it was 
a study focusing on walking ability, which is the basic movement 
of ADL, so it seems that the same result as the previous research 
was shown. We have examined the possibility of walking a short 
distance of 45 m in this study. Therefore, we believe that the results 
of this study show that the 45-m walking ability of late-stage elderly 
HFpEF patients is more related to factors such as balance ability 
and muscle strength than to the factors of whole-body durability.

Next, we have considered the results of logistic regression 
analysis. NYHA is a severity classification based on subjective 
symptoms of physical activity ability in daily life [32]. NYHA has 
been reported as an independent factor in the outcome of patients 
with HFpEF [33]. Patients with HFpEF have difficulties in prolonged 
bedtime and appropriate physical exercise physiotherapy due 
to strong subjective symptoms, and elderly patients with HFpEF 
have poor walking ability due to poor physical function reserve. 
It is considered that it was extracted as a factor. SIDE is a balance 
evaluation of the static balance and shows a strong correlation with 
BBS [13]. The balance function affects walking ability. When the 
balance ability decreases, the walking opportunity decreases, and 
the walking ability decreases. A decrease in walking ability leads 
to a spiral of a vicious cycle that causes muscle weakness, etc., and 
further reduces balance ability. Therefore, it is considered that it 
was extracted as a decrease factor of walking ability. This study has 
the following limitations. In this study, we found that ADL before 
admission was difficult to evaluate directly because of retrospective 
extraction. And the number of participants was small. Furthermore, 
it was a study of a single facility, and there was a possibility of 
locality bias.

Conclusion
The purpose of this study was to examine the risk factors of 

decreased walking ability from the time of admission to the time 
of discharge from late elderly HFpEF patients admitted to an 
acute care hospital where walking ability was maintained before 
admission. The results showed significant differences in age, 
presence or absence of dementia, CFS, NYHA, duration of physical 
therapy, SIDE, and grip strength. We extracted two factors from the 
multiple logistic regression analysis: SIDE for balance assessment 
and NYHA for severity based on subjective symptoms. It is suggested 
that it may be necessary to consider a walking ability improvement 
program that considers subjective symptoms and balance ability 
when intervening in elderly HFpEF patients. In the future, it will 
be necessary to reconsider by adding the number of subjects and 
conducting multi-institutional joint research.
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