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ABSTRACT
Nonaka Y, Fujii R, Tanaka S, Tabira K. Effect of 
cognitive impairment at admission on activities of 
daily living at discharge in older patients with heart 
failure. Jpn J Compr Rehabil Sci 2023; 14: 78‒83.
Objective: Hasegawa’s Dementia Scale-Revised 
(HDS-R) is widely used as a screening test for 
cognitive function in older adults. In this study, we 
examined the effect of cognitive impairment (CI) at 
admission on activities of daily living (ADL) at 
discharge in older patients with heart failure (HF).
Methods: This retrospective observational study 
included 394 patients hospitalized for acute 
decompensated HF between April 2016 and December 
2022. Data on age, sex, body mass index, length of 
hospital stay, initiation of rehabilitation, New York 
Heart Association (NYHA) class, Charlson 
Comorbidity Index, medication, brain natriuretic 
peptide levels, left ventricular ejection fraction, renal 
function, hemoglobin level, serum albumin level, 
Geriatric Nutritional Risk Index (GNRI), Barthel 
Index (BI), and HDS-R score were analyzed using the 
χ2 test, unpaired t test, Mann―Whitney U test, and 
multiple linear regression.
Results: Among 394 patients, 102 who met the final 
inclusion criteria were included in the study. Based on 
previous studies, patients were divided into a high BI 
group (N = 44) and a low BI group (N = 58). Multiple 
linear regression analysis showed that CI at admission 
independently affected BI at discharge even after 
adjusting for confounding effects of age, NYHA class, 

GNRI, and BI at admission.
Conclusions: Our study showed that the presence or 
absence of CI may influence ADL improvement in 
rehabilitation interventions aimed at improving ADL 
in older patients with HF.
Key words: heart failure, older adults, activities of 
daily living, cognitive impairment

Introduction

 Japan has the highest life expectancy in the world 
and a low birth rate, resulting in an aging population. 
Thus, the number of patients with heart failure (HF) 
and dementia is increasing and has become a public 
health concern. HF is a leading cause of hospitalization 
and death among older adults worldwide, and the 
number of patients with HF in Japan is expected to 
reach 1.28 million by 2025 [1, 2]. Patients with HF in 
Japan are characterized by advanced age, dementia, 
multiple comorbidities, impaired physical function 
and activities of daily living (ADL), and repeated 
hospitalizations and discharges within a short period 
of time [3, 4].
 As of 2013, the prevalence of dementia in the 
Japanese population was between 2.9 and 12.5% and 
is expected to increase in the future; however, data on 
the exact prevalence in recent years are not available 
[5]. Over the next 25 years, the prevalence of dementia 
among Japanese seniors aged 65 years and older is 
expected to exceed 25% [6]. Recent advances in the 
treatment of HF have resulted in an aging population 
of patients with HF, and cognitive impairment (CI) in 
these patients is a growing concern. Patients with HF 
are considered to be more likely to have CI [1, 7‒10]. 
However, the incidence of cognitive dysfunction in 
patients with HF has been reported to be 25‒80%, 
indicating there is no consensus [10‒15]. Several 
reasons may account for this, including the methods 
used to assess cognitive function, the state of HF at the 
time of measurement (e.g., history and severity of 
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illness), and the effect of comorbidities. However, 
having CI may lead to a lack of self-care and inadequate 
self-management, such as medication administration 
and salt restriction, which may result in early 
readmission after discharge from hospital. Therefore, 
assessing cognitive function in patients with HF is 
important, and providing appropriate support based on 
cognitive function after it has been assessed during 
hospitalization is desirable.
 One of the goals of cardiac rehabilitation (CR) is to 
improve ADL because ADL independently affects the 
risk of readmission in older patients with HF [3]. 
Therefore, maintaining and improving ADL during 
hospitalization by performing CR during hospitalization 
is extremely important. A previous study reported that a 
low Short Physical Performance Battery (SPPB) score 
is strongly associated with lower ADL in the future 
[16]. In contrast, CI is a risk factor for ADL decline in 
older adults [17]; however, the relationship between CI 
and ADL in older patients with HF is unclear. 
Furthermore, it is unclear to what extent the presence or 
absence of CI affects ADL improvement during 
hospitalization in patients with HF, although it has been 
reported that patients with HF had more CI than healthy 
individuals even after adjusting for age, sex, 
comorbidities, and other factors [18]. A previous report 
showed an association between the 6-minute walk 
distance and cognitive function in patients with HF 
[19]. Furthermore, cognitive function in patients with 
HF is associated with adverse outcomes such as hospital 
readmission and death [20], and cognitive decline may 
also affect ADL improvement.
 This study investigated the effect of CI at admission 
on ADL at discharge in hospitalized older patients 
with HF. We hypothesized that the presence or absence 
of CI at admission influences whether older patients 
with HF are independent in ADL at discharge.

Methods

1. Study design and participants
 This retrospective study included 394 HF patients 
with acute decompensated HF (ADHF) admitted to a 
community-based hospital in Kumamoto, Japan, 
between April 2016 and December 2022. ADHF was 
diagnosed by an experienced physician based on the 
Framingham criteria and Japanese guidelines [21]. 
The criteria for inclusion in the study were (1) age 65 
years or older and (2) ability to walk independently or 
with assistance. Exclusion criteria were (1) missing 
data, (2) death during hospitalization, and (3) not 
requiring rehabilitation during hospitalization.
 Rehabilitation was started when the patient’s 
general condition was stabilized by HF treatment and 
the rehabilitation order was issued by the attending 
physician and was performed by physiotherapists and 
occupational therapists, focusing on resistance 
training, aerobic exercise, and ADL training. Exercise 

intensity and stopping criteria were determined by the 
attending physicians and cardiologists according to 
the Japanese guidelines for CR [22].

2. Ethics approval
 In accordance with the Declaration of Helsinki, this 
study was conducted with approval by the Ethics 
Committee of Medical Corporation Tanakakai 
Musashigaoka Hospital (approval number: 2022-6).

3. Variables
 Age, sex, body mass index, length of hospital stay, 
initiation of rehabilitation, New York Heart Association 
(NYHA) class, Charlson Comorbidity Index, 
medication, brain natriuretic peptide (BNP), left 
ventricular ejection fraction (LVEF), creatinine, 
hemoglobin, serum albumin, and blood urea nitrogen 
levels, estimated glomerular filtration rate, Geriatric 
Nutritional Risk Index (GNRI), Barthel Index (BI), 
and Hasegawa’s dementia Scale-Revised (HDS-R) 
score were collected from medical records. The NYHA 
class was determined by an experienced cardiologist 
and certified physiotherapist Registered Instructor of 
Cardiac Rehabilitation. Admission and discharge data 
were used to determine the BI, and other variables 
were obtained from the admission data. Assessment of 
cognitive function was measured at the time of 
initiation of rehabilitation after treatment for ADHF.

4. Statistical analysis
 Patient characteristics and clinical parameters are 
presented as mean ± standard deviation or median 
[interquartile range] according to the Shapiro―Wilk 
test results. Medications are expressed as numbers 
(percentages), and sex, NYHA class, and CI are 
expressed as numbers. Patients were divided into two 
groups based on the BI score cutoff used in previous 
studies [24], and patient characteristics and clinical 
parameters were compared between the two groups 
using the χ2 test, unpaired t test, and Mann―Whitney 
U test. Multiple linear regression analysis was then 
performed to determine whether CI at admission was 
independently associated with the BI score at 
discharge. Covariates selected to adjust for bias were 
age, sex, GNRI, NYHA class, and admission BI score.
 All statistical analyses were performed with R-2.8.1. 
For all analyses, p values < 0.05 indicated a statistically 
significant difference.

Results

1. Baseline characteristics
 Among 394 patients admitted with ADHF during 
the study period, 228 met the inclusion criteria. Based 
on exclusion criteria, 126 patients were excluded 
because of failure to consent to the study (N = 1), 
transfer to another hospital or death during 
hospitalization (N = 44), missing data (N = 75), and no 

CW6_AY321D02-E.indd   79 2023/12/26   11:13:47



Nonaka Y et al.: Effect of CI on ADL in HF

Jpn J Compr Rehabil Sci Vol 14, 2023

80

prescribed rehabilitation during hospitalization (N = 
6). Data of 102 patients were finally included in the 
analysis (Figure 1).
 The median age of all participants was 87.0 [82‒87] 
years, and 52.0% were female. Based on the findings 
of previous studies [24], participants were divided into 
two groups: those who were independent in ADL at 
discharge (independent group [BI ≥ 85]: N = 44) and 
those who were not independent in ADL at discharge 
(non-independent group [BI < 85]: N = 58). Discharge 
criteria were determined by the treating physician, 
who judged that the patient’s general condition had 
stabilized after HF treatment and that the patient could 
be discharged. The baseline characteristics of the 
independent and non-independent groups are shown in 
Table 1. At discharge, 43.1% of all patients were 
independent in ADL (male: 18, female: 26).
 The non-independent group was older than the 
independent group (p < 0.001), had higher NYHA 
class severity (p < 0.001), worse nutritional status on 
admission (albumin: p < 0.001, GNRI: p = 0.003), 
lower HDS-R score on admission, and lower BI scores 
on admission and discharge (all p < 0.001). In addition, 
CI based on HDS-R cutoffs was significantly more 
frequent in the non-independent group (p < 0.001). 
There were no significant differences in BNP level or 
LVEF between the two groups (BNP: p = 0.084, 
LVEF: p = 0.598).

2. Relationship between CI and ADL
 The results of the multiple linear regression analysis 
are shown in Table 2. Multiple linear regression 
analysis was performed to determine whether CI at 
admission was independently associated with BI score 
at discharge. Covariates selected to adjust for bias 
were age, sex, GNRI, NYHA class, and BI score at 

admission. The analysis showed that CI at admission 
was independently associated with BI score at 
discharge, even after accounting for the effects of age, 
NYHA class, nutrition, and ADL at admission (B = 
‒6.949; 95% confidence interval, ‒12.962 to ‒0.936; β 
= ‒0.158, p = 0.023).

Discussion

 To the best of our knowledge, this is the first study 
to report that the presence or absence of CI at admission 
affects ADL independence at discharge in older 
patients with HF. The main study finding was that the 
presence or absence of CI at admission was 
independently associated with ADL independence at 
discharge in hospitalized older patients with HF even 
after adjusting for multiple factors such as age, sex, 
NYHA class, GNRI, and BI score at admission. The 
study results highlight the importance of considering 
the presence or absence of CI in treatment strategies 
and discharge support for older patients with HF.
 In this study, CI was found in 39.2% of the 
participants. This result is similar to the findings of 
previous studies and suggests the validity of our study 
[15]. CI is an important comorbidity in patients with 
HF and an independent prognostic factor for adverse 
events [23]. A multicenter study in Japan showed that 
patients with HF who had both CI and a decline in 
physical function, as determined by SPPB score, gait 
speed, and grip strength, had a 1.55-fold increased risk 
of events such as readmission and death within 1 year 
[20]. CI has also been reported to be associated with 
decreased instrumental ADL in patients with HF [24]. 
In addition, it has been reported that CI in patients 
with HF undergoing CR impairs the improvement of 
exercise tolerance [25]. Considering the results of this 

Figure 1. Flowchart of the patient selection.

Patients with HF who were hospitalized at one acute care hospital from April 2016 to December 2022 (N＝394)

Exclusion criteria
i. Did not concern to this study (N=1)
ii. Transfer to other hospital or Died during hospitalization (N＝44)
iii. Missing data (N＝75)
iv. Patients for whom rehabilitation was not ordered on admission (N＝6)

Patients with HF after exclusion criteria (N＝102)

Inclusion criteria
i. Age ≥ 65 years
ii. Patients who were able to walk with assistance at discharge

After meeting inclusion criteria (N=228)
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study, it is necessary to evaluate CI at the time of 
admission and provide discharge support, considering 
that the patient may be less likely to benefit from CR 
because the presence of CI affects the CR-induced 
improvement of physical function and ADL, as well as 
prognostic parameters including readmission rate and 

mortality.
 Recently, the relationship between mild cognitive 
impairment (MCI), a prodromal symptom of CI, and 
physical function has attracted attention. Yokota et al. 
reported that CR for patients with HF improved BI, 
SPPB, and exercise tolerance independent of the 

Table 1. Patient characteristics stratified by ADL independence or non-independence at discharge.

Variables Overall
(n=102)

BI≥85
(n=44)

BI<85
(n=58) P Value

Clinical parameter
Age, (yr) 87.0 [82‒90] 83.5 [79‒88] 88 [84‒91] < 0.001
Sex (male/female) 49/53 18/26 31/27 0.235
BMI, (kg/m2) 22.8 [19.8‒26.3] 23.9 [19.9‒27.0] 22.5 [19.1‒24.5] 0.145
Length of hospital stay, (d) 23 [17‒38] 22 [16‒30] 27 [18‒40] 0.334
Initiation of rehabilitation, (d) 4 [2‒7] 4 [2‒6] 5 [3‒7] 0.168
NYHA class (I/II/III/IV) 0/55/47/0 0/39/23/0 0/16/24/0 < 0.001

Comorbidity
CCI 2 [2‒3] 2 [2‒3] 2 [2‒3] 0.104

Medication
β-Blocker 51 (50.0) 21 (47.7) 30 (51.7) 0.842
ACE-I/ARB 42 (41.2) 18 (40.9) 24 (41.4) > 0.999
Diuretic 80 (78.4) 33 (75.0) 47 (81.0) 0.477

Cardiac function
LVEF, (%) 64.0 [56.0‒73.0] 64.0 [56.0‒70.5] 64.0 [55.0‒73.0] 0.598

Laboratory data
BNP, (pg/mL) 310.0 [163.0‒483.0] 274.0 [152.0‒404.0] 333.0 [187.0‒540.0] 0.084
Cr, (g/dL) 1.1 [0.7‒1.4] 1.0 [0.7‒1.2] 1.0 [0.8‒1.5] 0.463
BUN, (g/dL) 20.8 [16.0‒28.3] 19.0 [15.7‒24.7] 22.4 [16.0‒30.7] 0.186
eGFR, (mL/min/1.73 m2) 44.3 ± 18.5 45.3 ± 19.5 43.4 ± 18.0 0.612
Hb, (g/dL) 11.4 ± 1.7 11.6 ± 2.1 11.3 ± 1.4 0.271

Nutrition
Alb, (g/dL) 3.4 ± 0.5 3.6 ± 0.5 3.3 ± 0.5 < 0.001
GNRI 90.0 ± 8.8 92.9 ± 8.0 87.8 ± 8.9 0.003

ADL and cognitive function
BI score at admission 48.4 ± 23.5 64.9 ± 18.9 35.9 ± 18.3 < 0.001
BI score at discharge 80 [60‒90] 95 [90‒100] 60 [50‒75] < 0.001
HDS-R score 20.8 ± 6.4 23.7 ± 4.1 18.7 ± 7.1 < 0.001
CI at admission 40 8 32 < 0.001

Data are presented as mean ± standard deviation or median [25‒75 percentile (inter- quartile range, IQR)] or number 
(percentage).
ACE-I, angiotensin-converting enzyme inhibitor; Alb, albumin; ARB, angiotensin receptor blocker; BI, Barthel index; BMI, 
body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CCI, Charlson comorbidity index; CI, cognitive 
impairment; Cr, creatinine; eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; Hb, hemoglobin; 
HDS-R, revised hasegawa dementia scale; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association

Table 2. Examining factors associated with ADL at discharge using multiple liner regression analysis.

Variables B 95% Confidence Interval SE β P Value

Age, (yr) ‒0.569  ‒1.007, ‒0.132 0.220 ‒0.183 0.011
Sex, (male/female) ‒0.037  ‒5.982,  5.907 2.994 0.0004 0.990
NYHA ‒9.664 ‒15.712, ‒3.616 3.046 ‒0.241 0.002
GNRI  0.439   0.106,  0.772 0.167 0.181 0.010
BI score at admission  0.406   0.271,  0.542 0.068 0.442 <0.001
CI at admission ‒6.949 ‒12.962, ‒0.936 3.028 ‒0.158 0.023

adjusted R2: 0.564, P<0.001
BI, Barthel index; CI, cognitive impairment; GNRI, geriatric nutritional risk index; NYHA, New York Heart 
Association.
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presence of MCI [26]. Considering the findings of 
previous reports and the results of this study, it is 
considered necessary to provide appropriate 
intervention at the time of MCI, i.e., before CI, to 
maintain physical function and ADL in patients with 
HF. However, the effect of aging cannot be excluded 
because in previous studies, the changes in physical 
function and ADL over time and the effect of cognitive 
function over time were unknown. Therefore, further 
research on the relationship among physical function, 
ADL, and cognitive function in older patients with HF 
is important from the perspective of medical costs and 
healthy life expectancy in Japan, the country with the 
longest life expectancy in the world.
 The main study finding was that CI at admission 
affected ADL independence at discharge, even after 
adjusting for various factors. Previous studies have 
shown that factors influencing ADL at discharge 
include age and ADL ability at admission [27, 28]. In 
addition, NYHA class has been shown to be associated 
with exercise tolerance and prognosis [29]. In the 
present study, these factors were adjusted for in the 
analysis. Multivariate analysis showed that CI at 
admission affected ADL independence at discharge, 
even after adjustment for various confounders. 
Although CI is a risk factor for ADL decline in older 
adults [17], the relationship between cognitive 
function and ADL in patients with HF has only been 
partially reported and remains unclear. CI in patients 
with HF may be affected by hypoperfusion due to 
decreased cardiac output, but there is no consensus 
[30]. The prevalence of CI is higher in older patients 
with HF than in those without HF [18]. Therefore, 
addressing both physical and cognitive function in 
patients with HF may be important. Furthermore, 
exercise therapy improves cognitive function in older 
adults, and combining exercise training with cognitive 
training positively affects cognitive function [31, 32]. 
However, it is unclear whether similar interventions 
can improve cognitive function in patients with HF; 
further research is needed to determine whether 
specific interventions for cognitive function may be 
useful as a treatment for patients with HF.
 This study had several limitations. First, this was an 
observational study conducted at a single center with a 
small number of patients, and so the results may not be 
generalizable. Second, CI in this study was defined 
based on the HDS-R score. In addition, detailed 
assessments such as brain imaging were not available. 
Therefore, we cannot exclude the possibility that the 
results of this study were affected by the assessment 
tools used. Third, we could not exclude the possibility 
that the prevalence of CI in this study was due to 
cerebrovascular disease because we did not exclude 
patients with pre-existing cerebrovascular disease. 
Fourth, it was unclear whether the BI is appropriate for 
assessing ADL of patients with CI. Fifth, there were 
no accurate data on participants’ ADL before 

admission, and the non-independent group may have 
had a lower BI score before admission, which may 
have affected the results of this study. However, this 
bias may have been minimized by the inclusion 
criterion “ability to walk.” Finally, it was not possible 
to examine whether CR improved CI. All participants 
underwent CR during hospitalization, but cognitive 
assessment at discharge was not used in this study due 
to many missing data. The importance of cognitive 
training for patients with HF has been demonstrated as 
improved cognitive function may be beneficial in 
improving medication management in HF [33]. In 
addition, there are individual differences in the amount 
and frequency of CR that we were not able to account 
for in our analysis of the data. Further studies are 
needed to clarify the mechanisms of CI in patients 
with HF, whether CR can have a positive effect on 
cognitive function, and the effectiveness of specific 
interventions on cognitive function.

Conclusion

 In conclusion, this study demonstrated that the 
presence or absence of CI at admission affects ADL 
independence at discharge in older patients with HF, 
even after adjusting for multiple factors such as age, 
NYHA class, GNRI, and BI score at admission. 
Further studies are needed to determine whether CI is 
a target for therapeutic intervention in older patients 
with HF and how CI is affected by CR.
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