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Abstract

Introduction

Background: This study investigated the clinical factors related to
hospital-acquired disability (HAD) among 70 patients (median age,
78 years; interquartile range (IQR), 78 - 83) who were hospitalized
for heart failure (HF) at Ayase Heart Hospital between December
2019 and October 2020.

Japan is the first to become a super-aging country, with the
highest aging rate worldwide at 28.7% as of September 15,
2020 [1]. The number of older patients with heart failure (HF)
is significantly increasing [2], with approximately 1.3 million
HF patients expected by 2030 [3].
HF is associated with not only cardiac dysfunction, but
also reduced physical function and quality of life (QOL) [4].
Moreover, decreased physical function is a risk factor for mortality and re-hospitalization among older HF patients [5, 6].
Hospital-acquired disability (HAD) refers to either a new
or worsened in-hospital functional decline and develops in approximately 30-60% of older patients [7, 8]. HAD is associated with clinical outcomes, including the in-hospital functional
trajectory, in the older population [8-10]. However, few studies
have investigated the determinants of HAD among older HF
patients.
HAD requires reconsideration of rehabilitation or healthcare services, and a higher medical expenditure to prevent
functional decline. There is little evidence whether a standard
acute cardiac rehabilitation phase improves HAD among older
HF patients. Hence, this study investigated the prevalence and
clinical characteristics of HAD among older HF patients.

Methods: HAD was defined as a ≥ 5-point decrease in Barthel Index
(BI) scores from admission to discharge. Twenty-nine HF patients
(41%) developed HAD after admission.
Results: Compared to the non-HAD group, the HAD group had higher Kihon Checklist scores (14 points (IQR, 11 - 17) vs. 9 points (IQR,
6 - 13); P < 0.01) and prevalence of multi-faceted frailty (90% vs.
29%; P < 0.01), a longer urinary-catheter-placement period (3 days
(IQR, 1 - 5] vs. 1 day (IQR, 0 - 2), P < 0.05), less daily number of
steps (457 steps (IQR, 301 - 997) vs. 1,692 steps (IQR, 1,227 - 2,418);
P < 0.01), and moderate-intensity physical activity time (0 min (IQR,
0 - 2] vs. 1 min (IQR, 0 - 3); P < 0.05).
Conclusion: In conclusion, lower physical function and general
physical activity and longer urinary-catheter-placement are associated with HAD.
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Materials and Methods
Subjects
Details on the acute-phase index and clinical outcomes of 70
patients aged ≥ 65 years out of 129 patients hospitalized for
acute HF in Ayase Heart Hospital between December 2019 and
October 2020 were collected. The inclusion criteria, adopted
from existing guidelines, were as follows: symptoms/signs
of congestion, and left ventricular ejection fraction (LVEF) ≤
40% or brain natriuretic peptide (BNP) level ≥ 80 pg/mL [4,
11].
HAD was defined as a ≥ 5-point decrease on the Barthel
index (BI) score from admission to the day before discharge
[9, 10]. Among the 70 patients, 29 (female, 48%; median age,
81 (interquartile range (IQR), 78 - 86) years) and 41 (female,
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Figure 1. Flow chart with inclusion and exclusion criteria. HAD: hospital-acquired disability.

36%; median age, 78 (IQR, 72 - 83) years) patients were classified into HAD and non-HAD groups, respectively, 19 were
not prescribed acute-phase rehabilitation because of unstable
hemodynamics, 10 were dependent on activities of daily living
(ADLs) (BI scores before hospital admission < 70 points), and
30 did not agree to participate and were excluded (Fig. 1).
Ethical issues
All relevant information, including the purpose and methodology of the experiment, was explained beforehand to the study
participants. All procedures were conducted in compliance
with the Declaration of Helsinki. This study was approved by
the Ayase Heart Hospital Ethics Review Committee.
Data collection and measurements
We assessed the clinical characteristics of the patients, including age, sex, body mass index (BMI), cohabitation status,
long-term care, etiology of HF, New York Heart Association
functional class, chronic comorbidities, Charlson Comorbidity
Index, and history of HF-related hospitalization.
HF affects a wide range of patients, from those with normal LVEF (typically ≥ 50%; HF with preserved EF) to those
with reduced LVEF (typically < 40%; HF with reduced EF).
LVEFs within 40-49% represent a “gray area”, which we now
294

define as HF with a mid-range LVEF [12].
Biochemical markers on admission, including the BNP
level, hemoglobin, estimated glomerular filtration rate, C-reactive protein concentration, and sodium level, as well as data
on inotrope use, mechanical circulatory support, progression
of cardiac rehabilitation (time to initiation, walking exercise,
and rehabilitation time), urinary-catheter-placement period, intravenous fluid therapy period, medication at discharge (betablocker, mineralocorticoid receptor antagonist, angiotensinconverting enzyme inhibitor, angiotensin II receptor blocker,
and calcium-channel blocker), length of hospital stay, and
return-to-home rate were collected.
HAD
The HAD was assessed using the BI, which is a simple and
independent index for scoring the physical ability of patients
with chronic diseases. The BI items can be categorized into
those related to self-care (feeding, grooming, bathing, dressing, bowel and bladder care, and toilet use) and mobility (ambulation, transfers, and stair climbing). Each item was scored,
with a total score of 100 points. A full BI score is not given
for an activity if the patient needs any help and/or supervision
[13]. Before hospitalization, ADL independence is defined as
a ≥ 70 BI score [14]. The BI has more information about ADLs
and is sensitive even to small changes in functional capacity
[15]. It has also been demonstrated high inter-rater and test-
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retest reliability, and high correlations [16].
Recently, the BI among older HF patients is used for prognosis prediction and rehabilitation of acute-phase diseases [17,
18]; thus, we decided to use the BI for the older HF patients.
The BI scores were obtained by physiotherapists and nurses, who asked the subjects and their families about the BI items
in the 2 weeks before admission, when the symptoms of HF
had been stable. The BI scores at the time of discharge were
also determined. The HAD was defined by a decrease in at
least 5-point on the BI at the day before discharge.
Kihon checklist (KCL)
The KCL investigated physical function before admission using 25 yes-or-no questions related to living, mental, and physical functions. The KCL consists of seven categories aimed at
assessing instrumental and social ADL, physical and cognitive
function, nutritional status and oral function, and depressive
mood. Higher scores indicated more functional problems [19].
The KCL is a comprehensive evaluation method that focuses
on the social, psychological, physical aspects of frailty, making it an effective screening tool. Scores ≥ 8 points indicated
multi-faceted frailty [20].
Short physical performance battery (SPPB)

went two trials, and the better value was used for analysis [23].
Cognitive function
Cognitive function was evaluated using the mini-mental state
examination (MMSE). The English-version MMSE is the most
widely used dementia screening test [24].
In this study, the Japanese version was used. Faithful translation and cultural adaptation to the English version of MMSE
was ensured, with confirmed validity and reproducibility. The
MMSE was scored on a 30-point scale and comprises 11 items:
time orientation, location orientation, immediate and delayed
playback of three words, calculation, article designation, sentence repetition, three-step oral instruction, writing instruction,
writing, and graphic copying [25].
Physical activity (PA)
The median number of steps and moderate-intensity PA time
(≥ 3 metabolic equivalents; METs/min) were measured daily at
the hospital from initial ambulation to discharge. The PA meter was measured using a waist-mounted triaxial accelerometer
(Mediwalk; TERUMO, Tokyo, Japan). A single investigator
instructed the patients in using the accelerometer and ensured
that it was working properly and correctly positioned at the patient’s waist pocket in front of the right hip. The patients were
instructed to wear the monitor for ≥ 8 h daily. The median number of steps walked and maximum value of moderate-intensity
PA time during the in-patient days was calculated and used in
the analyses. Once patients were able to walk independently,
they were free to choose their level of daily activity.

The SPPB is used for evaluating lower extremity function,
and consists of balance, gait, and stand-up tests. Each test
is scored from 0 to 4 points, for a total score within 0 - 12
points. To assess balance, the participants attempted to hold
the side-by-side, semi-tandem, and full-tandem positions for
10 seconds each, and were scored as follows: 1, unable to
hold a semi-tandem stand; 2, held a semi-tandem stand but
not a full-tandem stand for more than 2 seconds; 3, held the
full-tandem stand for 3 - 9 s; and 4, held the full-tandem stand
for 10 s. To assess gait, a usual-paced, 4-m walk was timed
from the standing position, and the walking time was scored
as follows: 1, ≥ 8.70 s (≤ 0.46 m/s); 2, 6.21 to < 8.70 s (0.46
to < 0.64 m/s); 3, 4.82 to < 6.20 s (0.65 to < 0.83 m/s); and 4,
< 4.82 s (≥ 0.84 m/s). To assess stand-up performance, participants were asked to fold their arms across their chest and
stand up once from a chair and stand up and sit down for five
times as quickly as possible if successful. The participants’
total time was scored as follows: 1, 60 s or incomplete; 2, >
16.7 s; 3, 13.70 - 16.69 s; and 4, ≤ 11.19 s [21]. SPPB total
scores < 10 indicate physical frailty and are associated with
all-cause mortality [22].

Acute-phase cardiac hospital rehabilitation was performed according to the guidelines for acute and chronic HF [4]. The criteria for starting rehabilitation during hospitalization were as
follows: absence of moderate or severe pulmonary congestion
and overt low-output syndrome, and stable respiratory and circulatory dynamics on bed rest. The rehabilitation program progressed step-by-step with a multi-disciplinary team with reference to the cardiovascular disease rehabilitation guidelines,
including work with a physiotherapist, stretching of eight large
joints, resistance training centered on the lower limbs, and a
bicycle ergometer for aerobic exercises [11].

Handgrip strength

Statistical analysis

The size of the dynamometer handle was turning the knob to
adjust the grip width so that the second joint of the pointing finger makes a right angle. The patients were ask to stand upright,
arm down naturally, clasp the grip with full force, and prevent
the grip strength meter and upper limbs from touching the body
side, and avoid swinging the grip parameter. Each limbs under-

The non-parametric data were expressed as medians with IQRs
and compared using the Mann-Whitney U test. Categorical variables were expressed as numbers with percentages and compared using Chi-square test. A two-sided P-value of < 0.05 was
considered statistically significant. All statistical analyses were
performed with EZR. EZR is a modified version of R designed

Acute-phase cardiac hospital rehabilitation
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Table 1. Patient Clinical Characteristics
All (n = 70)

HAD (n = 29)

Non-HAD (n = 41)

P value

Age, years

78 (74 - 83)

81 (78 - 86)

78 (72 - 83)

0.034

Sex, female, n (%)

29 (41)

14 (48)

15 (37)

0.416

BMI,

kg/m2

22 (20, 25)

21 (19, 25)

24 (20, 26)

0.110

Living alone, n (%)

24 (34)

8 (28)

16 (39)

0.506

Requiring care, n (%)

14 (41)

9 (31)

5 (12)

0.101

   Ischemic heart disease, n (%)

19 (27)

8 (28)

11 (27)

0.999

   Hypertensive heart disease, n (%)

25 (36)

9 (31)

16 (39)

0.664

   Valvular heart disease, n (%)

26 (37)

12 (41)

14 (34)

0.714

   NYHA class III/IV, n (%)

26 (37)/44 (63)

8 (28)/21 (72)

18 (44)/23 (56)

0.254

   Hypertension, n (%)

68 (97)

28 (97)

40 (98)

0.999

   Dyslipidemia, n (%)

28 (40)

14 (48)

14 (34)

0.347

   Diabetes mellitus, n (%)

20 (29)

6 (21)

14 (34)

0.338

   Atrial fibrillation, n (%)

26 (37)

11 (38)

15 (37)

0.999

   Myocardial infarction, n (%)

8 (11)

4 (14)

4 (10)

0.887

   Charlson Comorbidity Index

4 (3 - 5)

4 (3 - 5)

4 (3 - 5)

0.950

   History of HF, n (%)

37 (53)

18 (62)

19 (48)

0.340

  LVEF, %

43 (32 - 56)

43 (36 - 58)

42 (31 - 54)

0.349

   HFrEF, n (%)

29 (41)

10 (35)

19 (46)

0.456

   HFmEF, n (%)

15 (21)

6 (21)

9 (22)

0.999

   HFpEF, n (%)

26 (37)

13 (45)

13 (33)

0.429

   BNP, pg/dL

535 (344 - 927)

538 (393 - 1267)

527 (265 - 749)

0.285

Etiology, n (%)

   Hb, g/dL

11.8 (10.2- 14.1)

11.5 (10.3- 12.7)

11.9 (9.7 - 14.4)

0.807

   eGFR, mL/min/1.73 m2

33.8 (25.4 - 45.9)

32.4 (22.9 - 45.2)

34.5 (25.9 - 50)

0.788

   CRP, mg/dL

0.6 (0.1 - 2.9)

0.8 (0.2 - 2.9)

0.5 (0.1 - 2.9)

0.725

   Na, mEq/L

140 (136 - 141)

138 (138 - 141)

140 (138 - 141)

0.107

Data are presented as the median (interquartile range). HAD: hospital-acquired disability; BMI: body mass index; NYHA: New York Heart Association
Functional Classification; LVEF: left ventricular ejection fraction; HFrEF: HF with reduced ejection fraction; HFmrEF: HF with midrange ejection fraction; HFpEF: HF with preserved ejection fraction; BNP: brain natriuretic peptide; Hb: hemoglobin; eGFR: estimated glomerular filtration rate; CRP:
C-reactive protein; Na: serum sodium.

to add frequently used statistical functions in biostatistics [26].

time were related to HAD.

Results

HAD and clinical outcome

Baseline characteristics

Comparison of the baseline characteristics showed that only
age (HAD, 81 (78 - 86) years vs. non-HAD, 78 (IQR, 72 83) years; P < 0.05) was associated with HAD among older
HF patients (Table 1). In addition, patients with HAD had significantly longer urinary-catheter-placement periods (3 days
(IQR, 1 - 5] vs. 1 days (IQR, 0 - 2); P < 0.05) and delayed
initiation of walking exercise (3 days (IQR, 2 - 4] vs. 2 days
(IQR, 1 - 4); P < 0.05) (Table 2).
Comparing physical and cognitive activity, patients with
HAD had higher KCL scores (14 points (IQR, 11 - 17) vs. 9
points (IQR, 6 - 13); P < 0.01) and prevalence of multi-faceted
frailty (90% vs. 29%; P < 0.01), lower SPPB scores (6 points

Baseline demographics and characteristics are shown in Table
1. Among 70 patients, 29 (41%) developed HAD. Compared
to patients without HAD, those with HAD were significantly
older (age ≥ 80 years); had higher KCL scores and prevalence of multi-faceted frailty, had longer walking exercise and
urinary-catheter-placement period; and had lower handgrip
strength, SPPB scores, prevalence of physical frailty at discharge, MMSE scores, and return-to-home rates. In addition,
the median daily number of steps and moderate-intensity PA
296
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Table 2. Progress of Acute Treatment
All (n = 70)

HAD (n = 29)

Non-HAD (n = 41)

P value

Inotropes use, n (%)

2 (4)

2 (7)

1 (2)

0.758

IABP, n (%)

1 (1)

0 (0)

1 (2)

0.999

Ventilator, n (%)

1 (1)

1 (3)

0 (0)

0.999

NPPV, n (%)

15 (21)

8 (28)

7 (17)

0.861

CRRT, n (%)

3 (4)

2 (7)

1 (2)

0.447

Patients admitted to the ICU, n (%)

9 (13)

6 (21)

3 (7)

0.199

ICU length of stay, days

0 (0 - 0)

0 (0 - 0)

0 (0 - 0)

0.124

Physical therapy start date

2 (1 - 3)

2 (1 - 3)

1 (1 - 3)

0.389

Rehabilitation time, min

180 (100 - 240)

200 (80 - 260)

160 (100 - 220)

0.693

Walking exercise, days

2 (1 - 4)

3 (2 - 4)

2 (1 - 4)

0.015

Urinary-catheter-placement period, days

2 (0 - 4)

3 (1 - 5)

1 (0 - 2)

0.019

Intravenous therapy started, days

4 (2 - 6)

4 (3 - 6)

3 (1 - 6)

0.244

52 (74)

22 (76)

30 (73)

0.999

Medication at discharge
   Beta-blocker, n (%)
   MRA, n (%)

36 (37)

18 (62)

18 (44)

0.209

   ACEI/ARB, n (%)

22 (31)

9 (31)

13 (32)

0.999

   CCB, n (%)

19 (27)

7 (24)

12 (29)

0.839

Length of stay, days

11 (7 - 14)

12 (7 - 15)

10 (7 - 14)

0.470

Return to home rate, n (%)

61 (87)

20 (67)

41 (100)

< 0.01

Data are presented as the median (interquartile range). HAD: hospital-acquired disability; IABP: intra-aortic balloon pumping; NPPV: non-invasive
positive pressure ventilation; CRRT: continuous renal replacement therapy; ICU: intensive care unit; MRA: mineralocorticoid receptor antagonist;
ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CCB: calcium channel blocker.

(IQR, 4 - 10) vs. 10 points (IQR, 8 - 12); P < 0.01), prevalence
of physical frailty (76% vs. 42%; P < 0.01), grip strength (18
kg (IQR, 15 - 30) vs. 22 kg (IQR, 18 - 30); P < 0.01), MMSE

scores (21 points (IQR, 17 - 24) vs. 24 points (IQR, 22 - 27);
P < 0.05) (Table 3), number of steps per day (457 steps (IQR,
301 - 997) vs. 1,692 steps (IQR, 1,227 - 2,418); P < 0.01),

Table 3. Physical Function and Cognitive Function, Physical Activity
All (n=70)

HAD (n=29)

Non-HAD (n=41)

P value

Before admission
   BI, score

100 (90 - 100)

95 (90 - 100)

100 (90 - 100)

0.050

  KCL, score

12 (7 - 15)

14 (11 - 17)

9 (6 - 13)

< 0.01

   Multi-faceted frailty, n (%)

62 (89)

26 (90)

36 (29)

< 0.01

9 (6 - 11)

6 (4 - 10)

10 (8 - 12)

< 0.01

At discharge
   SPPB, score
   Physical frailty, n (%)

39 (58)

22 (76)

17 (42)

< 0.01

   Handgrip strength, kg

19 (16 - 26)

18 (14 - 19)

22 (18 - 30)

< 0.01

  MMSE, score

26 (21 - 26)

21 (17 - 24)

24 (22 - 27)

0.022

   BI, score

95 (85 - 100)

85 (70 - 90)

100 (100 - 100)

< 0.01

   Steps per day, step

1,239 (452 - 1,878)

457 (301 - 997)

1,692 (1,227 - 2,418)

< 0.01

   Moderate-intensity PA time, min

0 (0 - 1)

0 (0 - 1)

1 (0 - 3)

0.021

PA during hospitalization

Data are presented as the median (interquartile range). HAD: hospital-acquired disability; BI: Barthel Index; KCL: Kihon checklist; Multi-faceted frailty:
KCL scores ≥ 8; SPPB: Short physical performance battery; Physical frailty: SPPB scores < 10; MMSE: mini-mental state examination; PA: physical
activity.
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Figure 2. Comparisons of PA between the HAD and non-HAD groups. Steps per day (a). Moderate-intensity physical activity time
(b). *P < 0.05, **P < 0.01. PA: physical activity; HAD: hospital-acquired disability.

and moderate-intensity PA time during hospitalization (0 min
(IQR, 0 - 2) vs. 1 min (IQR, 0 - 3); P < 0.05) than patients
without HAD (Fig. 2). No other significant differences were
observed. Investigation of sub-items among participants with
lower BI scores showed that patients with HAD showed a reduction of 55.2%, 37.9%, 27.6%, 13.8%, 10.4%, and 6.9% in
stair-climbing, ambulation, bathing, hygiene-related activities,
bowel control, and feeding, respectively (Fig. 3). HAD caused
decreased self-care movements and reduced mobility.

Discussion
This study had several strengths. To the best of our knowledge,

this is the first to report that HAD among older HF patients was
associated with longer urinary-catheter-placement period, and
lower physical and cognitive function. Moreover, HAD was associated with lower amounts of PA during hospitalization.
These findings suggest that assessment of functional status and PA during hospitalization is important for risk stratification in older HF patients.
In this study, the incidence of HAD among older HF patients was 41%, and the reduction in daily activities was particularly high. In the recent years, active engagement in rehabilitation from the early stages of hospitalization has been
strongly suggested to prevent deconditioning in HF patients
[4]. However, HAD is common among older patients. Palleschi
et al [9] reported an incidence of HAD of 18-45% among older

Figure 3. Percent-reductions in BI items among patients with HAD. BI: Barthel Index; HAD: hospital-acquired disability.
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patients. A recently reported meta-analysis of HAD reported
a prevalence of HAD of 30% [27]. In addition to age, disease
severity, physical and cognitive decline before hospitalization,
and the environment of medical care during hospitalization are
important risk factors for HAD [7-9]. HAD is an important
issue associated with all-cause mortality and increased risk of
readmission among older HF patients [18].
Early active rehabilitation was performed in this study
according to the guidelines. The association of the duration
of urinary-catheter-placement and the amount of PA with the
occurrence of HAD in HF patients suggests that the hospital
environment is related to HAD. Therefore, longer catheter retention periods may be associated with low mobility.
The main purpose of urinary-catheter-placement is strict
fluid management during acute medical care [28]. In their
investigation of HAD-related factors in older patients with
severe acute illness, Zisberg et al [29] reported that excretory function during hospitalization was associated with the
incidence of HAD. In HF patients, prolonged urinary-catheter-placement may indicate acute treatment or poor excretion
control. Our results suggested that while the use of a urinarycatheter-placement enabled proper fluid management, it also
reduced opportunities for PA and movement associated with
toilet movement. Therefore, a decrease in ADL was observed
in BI items related to decreased PA and ability to move. In
addition, the median number of steps per day and moderate-intensity PA time during hospitalization were lower in the HAD
group than those in the non-HAD group.
Compared to the non-HAD group, there were no significant
differences in the rehabilitation start date and rehabilitation implementation time in the HAD group, suggesting that the amount of
PA during the period other than rehabilitation was the main factor.
The results of this study similar to several prior studies reported that ≥ 50% of hospitalized among older patients do not
walk outside their room except during rehabilitation or medical examinations [30, 31]. Goto et al [32] reported that HAD
occurred in several diseases associated with cognitive impairment, frailty, and low physical function. A previous study reported that improvement in ADL is not possible among older
patients with frailty, even if early rehabilitation is performed
during hospitalization, due to their living environment before
hospitalization [33]. Thus, comprehensive frailty evaluation
from the early stage of hospitalization is important for understanding the risk of developing HAD.
This study had several limitations. First, the survey period
was short, and the number of cases was small; therefore, a detailed examination of the deduction and subordinate items was
not possible. Second, the ADLs at discharge were determined
based on BI calculated by physiotherapists and nurses, whereas
the ADL before admission was based on interviews with the
subjects and their families. Therefore, in severe HF patients,
it was possible that the evaluation of ADL due to mixed signs
of HF led to the results of this study. Additionally, mobility
exercises were only physiotherapeutic interventions. It is still
unclear whether the results will differ upon addition of other
rehabilitation therapies. Further research is needed to determine
whether this will help older patients with severe HF to return to
baseline ADL levels. It seems optimal exercise progression PA
management may be also required to prevent the HAD particu-

larly among older HF patients prolonged hospitalization. This
study showed that older and frail HF patients take time to return
to baseline physical functions. Thus, HAD cases are needed to
return the ADL levels of before admission early through continued rehabilitation after discharge. Finally, we hope that future
studies would have a larger sample size and allow more robust
analyses of the comorbidities, clinical characteristics, and incidence of HAD among older HF patients.
Conclusions
HAD occurred in 41% of older HF patients. In addition, less
PA and a longer urinary-catheter-placement time were associated with HAD.
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