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Introduction

Malnutrition is common and can lead to poor outcomes 
in patients with acute heart failure. In inpatients with acute 
heart failure, 23.1% are malnourished and 51.9% are at risk of 
malnutrition (1). Another study shows that, among patients with 
advanced heart failure, 24.7% are classified as malnourished 
and 65.4% are classified as at risk of malnutrition (2). 
Malnutrition is associated with readmission due to worsening 
heart failure and increased mortality (1, 2). Furthermore, 
the Prognostic Nutritional Index calculated by 10 × serum 
albumin (g/dL) + 0.005 × total lymphocyte count (/mm3) is 
independently associated with long-term survival in inpatients 
with acute heart failure (3). Therefore, nutritional status and 
nutrition management are very important in acute heart failure. 
We reported a case showing that malnutrition, sarcopenia, 
and cachexia can be present in acute heart failure, and a 
combination of rehabilitation and nutrition care management 
may be useful for treating these conditions (4).

Nutritional status affects rehabilitation outcomes in some 
diseases, although the relationship between them in acute heart 
failure is unknown. We have previously reported that obese 
patients have higher functional recovery among convalescent 
rehabilitation stroke patients (5). Higher BMI and pre-fracture 
malnutrition are associated with poorer functional recovery 

in patients with hip fracture (6, 7). Malnutrition is associated 
with low physical function in patients with chronic obstructive 
pulmonary disease undergoing pulmonary rehabilitation (8) 
and those undergoing rehabilitation for hospital-associated 
deconditioning (9). These results indicate an association 
between nutritional status and rehabilitation outcome; however, 
this association has not been verified in acute heart failure. 
Furthermore, the obesity paradox in acute heart failure patients 
remains controversial (10-16), although no studies have 
evaluated the relationship between obesity and rehabilitation 
outcome. Thus, it is not known whether the obesity paradox 
occurs in rehabilitation outcome in patients with acute heart 
failure.

The purpose of this study was therefore to investigate the 
impact of body mass index on the activities of daily living in 
inpatients with acute heart failure.

Methods

We performed a retrospective cohort study using a hospital-
based database constructed by the Japan Medical Data 
Center (JMDC). As of 2017, the database contains Diagnosis 
Procedure Combination (DPC) survey data of approximately 
3 million from 100 participating acute-care hospitals across 
Japan. To enable use of the database for research purposes, 
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a secondary database is generated by linking files via 
anonymous identifiers. We extracted data on consecutive 
inpatients admitted with acute heart failure from April 2014 to 
November 2017 from the JMDC DPC survey data. Specialized 
rehabilitation hospitals were not included. Administrative 
claims data and some detailed clinical data were collected for 
all inpatients discharged from the participating hospitals. The 
database includes hospitals’ unique identifiers and the following 
patient data: age; sex; diagnosis and comorbidities recorded 
with text data in Japanese and the International Statistical 
Classification of Diseases, 10th Revision codes; number of 
drugs administered at admission; length of hospital stay; and 
presence or absence of rehabilitation during hospitalization. All 
diagnoses and comorbidities were recorded by the attending 
physicians. The database also includes severity of heart failure 
assessed using the New York Heart Association (NYHA) 
classification (17). 

Because of the anonymous nature of the data, the 
requirement for informed consent and approval was waived. 
Analysis of the JMDC database was approved by the 
Institutional Review Board of Teikyo University. The study was 
performed in accordance with the ethical standards of the 1964 
Declaration of Helsinki and its later amendments.

We identified inpatients aged 20 year or older who were 
admitted to the participating hospitals with a diagnosis of acute 
heart failure (International Statistical Classification of Diseases, 
10th Revision, code I50). We excluded inpatients with missing 
values for NYHA classification, body mass index, and/or 
Barthel index score (18).

Body mass index categories at admission were assigned 
based on the modified World Health Organization 
classifications of <18.5 kg/m2 (underweight), 18.5–22.9 kg/m2 
(low–normal weight), 23.0–24.9 kg/m2 (high-normal weight), 
25.0–29.9 kg/m2 (overweight), and ≥30.0 kg/m2 (obesity) (19). 
Rehabilitation outcome was defined as activities of daily living 
at discharge, which were assessed using the Barthel Index. The 
Barthel Index consists of the following 10 items: 1) feeding, 
2) moving back and forth between a wheelchair and bed, 
3) grooming, 4) using a toilet, 5) bathing, 6) walking on a 
level surface, 7) moving up and down stairs, 8) dressing, 9) 
bowel continence, and 10) bladder continence (18). The main 
outcomes were Barthel Index score at discharge. Barthel Index 
gain was calculated as Barthel Index score at discharge minus 
Barthel Index score at admission.

Comorbidities were evaluated using the updated Charlson 
Comorbidity Index (20) using the International Statistical 
Classification of Diseases, 10th Revision codes. The maximum 
comorbidity score of the updated Charlson Comorbidity Index 
is 24 points, and includes congestive heart failure (2 points), 
dementia (2 points), chronic pulmonary disease (1 point), 
rheumatologic disease (1 point), mild liver disease (2 points), 
diabetes with chronic complications (1 point), hemiplegia or 
paraplegia (2 points), renal disease (1 point), any malignancy 
including leukemia and lymphoma (2 points), moderate or 

severe liver disease (4 points), metastatic solid tumor (6 
points), and AIDS/human immunodeficiency virus infection (4 
points). The presence of rehabilitation during hospitalization 
was defined as physical therapy performed at least once. The 
number of drugs administered on admission was collected from 
the DPC data because polypharmacy may affect activities of 
daily living (21).

The IBM Statistical Package for the Social Sciences (SPSS) 
version 25 software (IBM Corporation; Armonk, NY, USA) 
was used for statistical analyses. Parametric data are presented 
as means ± standard deviations and nonparametric data as 
medians and interquartile ranges. The chi-square test, Kruskal-
Wallis test, and Bonferroni multiple comparisons test were 
performed to analyze differences between body mass index 
categories. Spearman rank correlation was calculated to analyze 
relationships between body mass index, the Barthel Index, 
length of hospital stay, and number of drugs administered. 
Multiple regression analysis was conducted to examine 
whether body mass index was independently associated with 
Barthel Index score at discharge. Logistic regression analysis 
was conducted to examine whether body mass index was 
independently associated with hospital death. The independent 
variables were age, sex, NYHA classification, Barthel Index 
score at admission, the updated Charlson Comorbidity Index, 
length of hospital stay, number of drugs administered on 
admission, and the presence or absence of rehabilitation during 
hospitalization. The Mann-Whitney U test was used to analyze 
differences between the presence or absence of rehabilitation 
during hospitalization. A p-value < 0.05 was determined 
statistically significant. 

Results

A total of 28,920 inpatients with acute heart failure on 
admission were identified in the JMDC DPC database during 
the study period. We excluded 8 patients less than 20 years old 
and 17,611 patients with missing values. Thus, we analyzed 
11,301 patients with acute heart failure in this study.

Table 1 summarizes the patients’ characteristics. The 
number of patients who were underweight, low-normal 
weight, high-normal weight, overweight, and obese were 
1689 (15%), 4715 (42%), 1809 (16%), 2306 (20%), and 782 
(7%), respectively. Median Barthel Index scores at admission 
and discharge were 65 (interquartile range: 15–100) and 100 
(interquartile range: 60–100), respectively. Barthel Index gain 
during hospitalization was negative in 781 (7%) inpatients. 
Median Barthel Index scores at discharge were significantly 
different between body mass index categories. In a Bonferroni 
multiple comparison test, the Barthel Index score at discharge 
was significantly lower in the underweight group than in the 
other four groups (all p<0.001). The Barthel Index score at 
discharge was significantly lower in the low-normal weight 
group than in the high-normal weight, overweight, and obesity 
groups (all p<0.001). The Barthel Index score at discharge 
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was significantly lower in the high-normal weight group than 
in the obesity group (p=0.001). There was no statistically 
significant difference in Barthel Index scores at discharge 
between the overweight and obesity groups (p=0.180). Hospital 
death occurred in 101 (0.9%) inpatients. Underweight patients 
had higher mortality rates than overweight and obese patients 

(p<0.001).
Table 2 shows Spearman rank correlation coefficients 

between body mass index, Barthel Index score, length of 
hospital stay, and number of drugs administered. Body mass 
index correlated significantly with Barthel Index scores at both 
admission and discharge. 

Table 1
Inpatient characteristics

Total 
N=11301

Underweight 
N=1689

Low-normal 
weight N=4715

High- normal 
weight N=1809

Overweight 
N=2306

Obesity 
N=782

P value

Age (years) <0.0011)

 20-64 1332 (12%) 79 (5%) 346 (7%) 196 (11%) 397 (17%) 314 (40%)

 65-74 1959 (17%) 201 (12%) 776 (16%) 381 (21%) 458 (20%) 143 (18%)

 75-84 3754 (33%) 480 (28%) 1564 (33%) 647 (36%) 849 (37%) 214 (27%)

 ≥ 85 4256 (38%) 929 (55%) 2029 (43%) 585 (32%) 602 (26%) 111 (14%)

Sex <0.0011)

 Male 5910 (52%) 636 (38%) 2418 (51%) 1048 (58%) 1394 (60%) 414 (53%)

 Female 5391 (48%) 1053 (62%) 2297 (49%) 761 (42%) 912 (40%) 368 (47%)

NYHA classification 0.0431)

1 812 (7%) 99 (6%) 350 (7%) 129 (7%) 184 (8%) 50 (6%)

2 3327 (29%) 484 (29%) 1413 (30%) 527 (29%) 676 (29%) 227 (29%)

3 4386 (39%) 637 (38%) 1793 (38%) 733 (41%) 901 (39%) 322 (41%)

4 2776 (25%) 469 (28%) 1159 (25%) 420 (23%) 545 (24%) 183 (23%)

Barthel Index score at admission 65 (15–100) 40 (0–95) 60 (10–100) 80 (30–100) 80 (39–100) 90 (45–100) <0.0012)

Barthel Index score at discharge 100 (60–100) 80 (30–100) 100 (55–100) 100 (75–100) 100 (80–100) 100 (90–100) <0.0012)

Barthel Index gain 0.0071)

< 0 781 (7%) 146 (9%) 325 (7%) 125 (7%) 147 (6%) 38 (5%)

≥ 0 10520 (93%) 1543 (91%) 4390 (93%) 1684 (93%) 2159 (94%) 744 (95%)

Charlson Comorbidity Index update 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0.2931)

Length of hospital stay 18 (11–29) 20 (13–34) 18 (12–29) 17 (11–27) 17 (11–26) 17 (11–25) <0.0012)

Number of drugs administered on admission 10 (7–13) 9 (6–13) 10 (7–13) 10 (7–14) 10 (7–14) 11 (7–14) <0.0012)

Rehabilitation during hospitalization <0.0011)

 Yes 5353 (47%) 933 (55%) 2292 (49%) 792 (44%) 995 (43%) 341 (44%)

 No 5948 (53%) 756 (45%) 2423 (51%) 1017 (56%) 1311 (57%) 441 (56%)

Hospital death <0.0011)

 Yes 101 (0.9%) 30 (1.8%) 46 (1.0%) 12 (0.7%) 10 (0.4%) 3 (0.4%)

 No 11200 (99.1%) 1659 (98.2%) 4669 (99.0%) 1797 (99.3%) 2296 (99.6%) 779 (99.6%)

NYHA: New York Heart Association; 1) Chi-square test, 2) Kruskal-Wallis test

Table 2
Spearman rank correlation coefficients between, body mass index, Barthel Index score, length of hospital stay, and number of 

drugs administered on admission

Barthel Index score at 
admission

Barthel Index score at discharge Length of hospital stay Number of drugs administered 
on admission 

Body mass index 0.173* 0.215* -0.082* 0.054*

Barthel Index score at admission 0.602* -0.226* -0.046*

Barthel Index score at discharge -0.249* -0.022*

Length of hospital stay 0.423*

* means P value < 0.05
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Table 4
Relationship between the Barthel Index and rehabilitation 

during hospitalization 

Presence of 
rehabilitation

Absence of 
rehabilitation

P-value

Barthel Index score at admission 50 (5–100) 90(50–100) <0.001

Barthel Index score at discharge 90 (50–100) 100 (80–100) <0.001

Barthel Index gain 5 (0–45) 0 (0–25) <0.001

Mann-Whitney U test

Table 3 shows multiple regression analysis of the Barthel 
Index score at discharge. Body mass index was independently 
associated with Barthel Index score at discharge after adjusting 
for age, sex, NYHA classification, Barthel Index score at 
admission, updated Charlson Comorbidity Index, length of 
hospital stay, number of drugs administered on admission, and 
presence or absence of rehabilitation during hospitalization. 
In contrast, rehabilitation during hospitalization was not 
independently associated with the Barthel Index score at 
discharge. However, the Barthel Index gain was significantly 
higher in inpatients performing rehabilitation during 
hospitalization, although the Barthel Index scores at admission 
and discharge were significantly lower (Table 4).

Table 5 shows logistic regression analysis of hospital deaths. 
Body mass index was independently associated with hospital 
death after adjusting for age, sex, NYHA classification, Barthel 
Index score at admission, the updated Charlson Comorbidity 
Index, length of hospital stay, number of drugs administered 
on admission, and the presence or absence of rehabilitation 
during hospitalization. Furthermore, rehabilitation during 
hospitalization was independently associated with low 
incidence of hospital death.

Discussion

We investigated the impact of body mass index on 
activities of daily living in inpatients with acute heart failure. 
Underweight patients with acute heart failure showed lower 
independence in activities of daily living at discharge. 
Overweight and obese patients showed higher independence 
in activities of daily living at discharge and lower mortality, 
indicating the obesity paradox.

Underweight inpatients with acute heart failure showed 
lower independence in activities of daily living at discharge. 
Underweight patients with heart failure were likely to have 
sarcopenia and cachexia. The prevalence of sarcopenia in 
acute decompensated heart failure is 52.6%, and sarcopenia 
is associated with increased disease severity (22). Cardiac 
cachexia can occur in patients with acute heart failure (4), and 
the prevalence of cachexia in advanced heart failure is 5–15% 
(23). Sarcopenia and cachexia worsen skeletal muscle function 
and performance in patients with heart failure (23). Therefore, 
in the assessment and improvement of nutrition it is important 
to treat malnutrition, sarcopenia, cachexia, and activities of 
daily living in patients with acute heart failure.

Overweight and obese inpatients with acute heart failure 
showed higher independence in activities of daily living at 
discharge as well as lower mortality rates, indicating the 
obesity paradox. In a meta-analysis, overweight and obesity 
were associated with lower mortality rates in patients with 
heart failure (24). Overweight and obese patients are likely to 
have higher muscle mass compared with underweight patients 
(25). Higher muscle mass in overweight and obese patients 
may allow greater independence in activities of daily living. 
Therefore, weight loss in overweight and obese patients with 
acute heart failure may not be favorable except for reducing 
edema and/or pleural effusion as a result of diuretic therapy. 
Since this study did not investigate weight change during 

Table 3
Multiple regression analysis of Barthel Index score at discharge

Unstandardized coefficient Standardized P-value

β standard error 95% CI of β coefficient

Body mass index 0.354 0.054 0.248 0.461 0.050 <0.001

Age -0.428 0.022 -0.472 -0.385 -0.156 <0.001

Sex 4.600 0.497 3.626 5.574 0.070 <0.001

NYHA classification 0.277 0.280 -0.271 0.826 0.008 0.322

Barthel Index score at admission 0.422 0.007 0.409 0.435 0.514 <0.001

Charlson Comorbidity Index update -1.015 0.215 -1.438 -0.593 -0.034 <0.001

Length of hospital stay -0.117 0.008 -0.132 -0.102 -0.118 <0.001

Number of drugs administered on admission 0.295 0.047 0.204 0.387 0.049 <0.001

Rehabilitation during hospitalization -0.429 0.510 -1.430 0.571 -0.007 0.400

Constant 75.549 2.704 70.248 80.849 <0.001

CI: confidence interval
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hospital stay, further studies will be required to examine the 
effect of weight change on rehabilitation outcome in acute heart 
failure.

Both cardiac rehabilitation and nutrition management 
are important in acute heart failure, although rehabilitation 
during hospitalization was not independently associated with 
the Barthel Index score at discharge. Cardiac rehabilitation 
tends to be prescribed for patients with low independence in 
activities of daily living. Indeed, the Barthel Index scores on 
admission and discharge were significantly lower in patients 
undergoing rehabilitation during hospitalization; however, the 
Barthel Index gain was significantly higher in these patients. 
Therefore, cardiac rehabilitation should be prescribed for acute 
heart failure, although it has been underused in Japan (26). 
Indeed, rehabilitation during hospitalization was independently 
associated with low rates of hospital death in this study. 
Therefore, a combination of rehabilitation and improved 
nutrition seems to be important for underweight patients with 
acute heart failure.

This study has a few limitations. First, more than half of 
the inpatients were excluded from the analysis due to missing 
values. Second, the JMDC DPC database lacks detailed 
information in some areas. Sarcopenia, cachexia, contents of 
rehabilitation, and severity of heart failure, other than NYHA 
classification, were not evaluated in this study. Further studies 
are necessary to clarify the association between sarcopenia, 
cachexia, and rehabilitation outcome in acute heart failure.

In conclusion, underweight inpatients with acute heart failure 
showed lower independence in activities of daily living at 
discharge. Overweight and obese inpatients showed higher 
independence of activities of daily living at discharge and lower 
mortality rates, indicating the obesity paradox. A combination 
of rehabilitation and improved nutrition seems to be important 
in underweight patients with acute heart failure.
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