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Original Article

1. INTRODUCTION

The number of elderly individuals with cardiac disease 
is increasing in countries with aging populations, such 
as Japan. For example, in large-scale cohort studies 
of Japanese adults with chronic heart failure, 60%-
70% of subjects were aged 65 years or older.1 Older 
cardiac patients often have additional health issues, 
such as poor physical function, cognitive impairment, 

and comorbidity. This can lead to a complex clinical 
condition and make treatment more difficult.

Mobility limitation is a prognostic factor in both older 
adults and cardiac patients. In older adults, mobility 
limitation can lead to nursing home admissions 
and mortality.2 Similarly, mobility limitation worsens 
long-term prognoses in cardiac patients.3 Various 
factors can affect mobility limitations, such as aging, 
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Performance Battery (SPPB). The SPPB is composed 
of three tests: the standing balance test, the 4-m 
usual-paced walk test, and the chair standing time 
test. All tests are scored between 0 and 4 points using 
the time required to complete each test, with total 
sum scores (SPPB scores) ranging from 0 to 12. Based 
on previous research, mobility limitation was defined 
as an SPPB score below 10 points.7

2.3. Bioelectrical Impedance 

Bioelectrical impedance was determined using 
a multi-frequency bioelectrical impedance data 
acquisition system (Inbody 770; Inbody Japan Inc., 
Tokyo, Japan). Participants stood on two metallic 
electrodes and held metallic grip electrodes. The 
data were used to calculate PhA and skeletal muscle 
mass. PhA was determined by the following equation: 
PhA(°)=arctangent (reactance (Xc)/resistance (R)) × 
(180/π). In this equation, reactance and resistance 
of 50 kHz were used. Low PhA was defined as less 
than 4.05° in male and less than 3.55° in female.6  
Skeletal muscle mass was estimated by calculating 
the lean body mass of each limb. SMI was used 
as a representative value of skeletal muscle mass, 
calculated as the muscle mass of the four extremities 
divided by height squared (kg/m2). Low SMI was 
defined as less than 7.0 kg/m2 in male and less than 
5.7 kg/m2  in female.7

2.4. Clinical Variables

Medical records were used to obtain clinical variable 
data, including length of hospitalization, number 
of days for rehabilitation, body mass index (BMI), 
handgrip strength, blood biochemical data, heart 
function, comorbidity, medications, and cognitive 
function. Inpatient rehabilitation consisted of 
stretching, training for activities of daily living, and 
aerobic exercise according to patients’ conditions. 
BMI was stratified based on the criteria of the World 
Health Organization: underweight (<18.5 kg/m2), 
normal (18.5–24.9 kg/m2), and obesity (≥25.0 kg/m2). 
Handgrip strength was measured using the maximum 
value in the dominant hand; low muscle strength was 
defined as less than 28.0 kg for males and less than 
18.0 kg for females.7 Blood biochemical data were 
investigated to determine brain natriuretic peptide 
(BNP) concentration and estimated glomerular 
filtration rate (eGFR). Heart function was assessed 
using the left ventricular ejection fraction (LVEF), 
with left ventricular systolic dysfunction defined as 
less than 40%.8 Comorbidity was assessed using the 
Charlson comorbidity index, with multimorbidity 
defined as 3 or more points,9 and the presence of 
chronic obstructive pulmonary disease, diabetes, 
osteoarthritis, and stroke was also investigated. 
Cognitive function was assessed using the Revised 
Hasegawa’s Dementia Scale (HDS-R), with cognitive 
impairment defined as 20 points or less.10

comorbidity, and physical functions. Therefore, it 
is necessary to improve mobility limitation in older 
cardiac patients with consideration for the effects of 
multiple factors.

Phase angle (PhA), measured by bioelectrical 
impedance analysis might be a useful marker 
representing the physiological condition of skeletal 
muscular cells or cell membranes. PhA calculates 
cellular integrity based on interference with an 
alternating current flowing through the body. 
Concretely, PhA is arctangent relation of resistance 
and reactance converted to degrees. Lower PhA 
values indicate cell death or decreased cell integrity, 
whereas higher values indicate large quantities of 
intact cells. PhA which objectively and non-invasively 
evaluate cell condition has predictive validity for 
mortality in cardiac patients as well as in cancer, 
hemodialysis, and critically ill patients.4 However, as a 
pathway to prognosis, the relationship between PhA 
and mobility limitation remains unclear, although the 
partial relationship is inferred in older inpatients.5

Therefore, this study examed whether PhA could be 
a factor associated with mobility limitation in older 
cardiac patients. We hypothesized that PhA was 
associated with mobility limitation since it is inferable 
that PhA is potentially associated with sarcopenia, 
frailty and locomotive syndrome, which concerned 
mobility problems.6 Support for this hypothesis would 
suggest that PhA may be a useful indicator of mobility 
limitation as it can be measured widely and safely in 
older cardiac patients.

2. METHODS

2.1. Study Design and Participants

This cross-sectional study included Japanese cardiac 
patients aged 65 or older who were admitted to the 
internal ward of Kawasaki Municipal Tama Hospital 
between April 2015 and March 2016. Patients who 
were unable to maintain a standing position or who 
had any artificial implants such as pacemakers or 
artificial joints were excluded from this study because 
these characteristics would not permit measurement 
of bioelectrical impedance. All data were investigated 
immediately before the patients’ discharge, and 
physical assessment such as mobility limitation and 
bioelectrical impedance was performed according to 
the following conditions: (1) more than 1 hour after 
meals and (2) before exercise. The study protocol 
was reviewed and approved by the Institutional 
Committee on Human Research of St. Marianna 
University School of Medicine. This study utilized the 
opt-out method of poster announcement.

2.2. Mobility Limitation

Mobility was assessed using the Short Physical 
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were also associated with mobility limitation such as 
sarcopenia, frailty, and locomotive syndrome.6 Thus, 
PhA indicates not only the conditions of cells and cell 
membranes, nutritional status and muscle function  
may also lead to mobility limitation.

The results of the present study indicate that higher 
BNP levels and sex (female) increased the risk of 
mobility limitation. The finding of a connection 
between BNP and mobility function is consistent with 
the literature showing a relationship between BNP 
levels and frailty.13 According to this pathway, higher 
BNP is a representative indicator of heart failure, and  
relates to lower muscle endurance and poor physical 
activity, which contribute to mobility limitation. In 
contrast, there is no consensus in the literature on 
whether sex differences relate to mobility function 
in older adults.14,15 Some studies consistent with the 
present results report that older females with cardiac 
disease are more susceptible to decline in mobility 
function than males.14,15

This study has both strengths and limitations. The 
strengths are that it identified PhA, which can provide 
non-invasive and objective measurements, as a factor 
associated with mobility limitation in older cardiac 
inpatients. Therefore, it suggests that PhA may be a 
useful indicator that can be widely used to evaluate 
the risk of mobility limitation in clinical settings. 
Additionally, since PhA is calculated simply from 
reactance and resistance, there is little error between 
devices. It is meaningful that an objective indicator 
such as this is useful.

The study’s limitations are the sample size is small, 
taken from a single facility, and the cross-sectional 
design does not allow for assessment of the causal 
relationship between PhA and mobility limitation. 
Furthermore, differences between diseases such 
as heart failure and coronary artery disease may 
cause influences in the results. Especially, edema, 
a common symptom of heart failure, can affect the 
PhA. In the future, longitudinal study with greater 
sample sizes and disease stratification is necessary. 
Moreover, as another limitation, we could not control 
the rehabilitation program. Therefore, studies using 
a large cohort as well as intervention studies are 
needed to clarify the effectiveness of phase angle in 
rehabilitation settings.

In conclusion, PhA was found to be a factor 
associated with mobility limitation in older cardiac 
inpatients. Therefore, PhA might be a useful indicator 
for evaluating patients’ physical condition and its 
effect in clinical practice.
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2.5. Statistical Analysis

The normality of variables was assessed using 
Shapiro-Wilk tests. Unpaired t-tests, Mann-Whitney 
U tests, and chi-squared tests were used to test for 
differences between two groups assigned by the 
presence or absence of mobility limitations. A forward 
stepwise logistic regression analysis was used to 
explore factors associated with mobility limitation. 
This analysis included only those variables found to 
have significant differences as independent variables. 
Independent variables with normality were treated 
as continuous variables; those without normality 
treated dealt as logarithmic transformed values or 
categorized variables based on reference values in 
previous literature. Statistical significance was defined 
as p <0.05 for all analyses. Statistical analyses were 
performed using SPSS version 21 (IBM SPSS Japan, 
Tokyo, Japan).

3. RESULTS

Of the 99 patients enrolled by inclusion and exclusion 
criteria, 25 patients were excluded due to missing 
data. A final total of 74 patients were included in the 
analysis. The mean age was 78.2 ±7.9 years, and 
43.2% of participants were female. The admission 
diagnoses for cardiac disease were heart failure 
(66.2%), myocardial infarction (27.0%), and angina 
pectoris (6.8%).

Among the participants, 22 (29.7%) demonstrated 
mobi l i ty l imitat ions.  Comparisons of pat ient 
characteristics according to the presence or absence 
of mobility limitations are shown in Table 1. Significant 
differences were observed between groups for age, 
sex, PhA, BMI, SMI, handgrip strength, BNP, LVEF, 
Charlson comorbidity index, and HDS-R (p <0.05). 

The results of stepwise logistic regression are shown 
in Table 2. The factors associated with mobility 
limitations were low PhA, log BNP, and female sex (p 
<0.05). Odds ratios and 95% confidence intervals were 
18.97 (2.99–120.47) for low PhA, 19.52 (2.23–170.57) 
for log BNP, and 29.07 (3.54–238.54) for female.

4. DISCUSSION

This study explored factors associated with mobility 
limitation in older cardiac inpatients. The results 
showed that those with lower PhA, higher BNP, and 
females were associated with mobility limitation in 
older cardiac inpatients.

PhA may have been associated with mobil ity 
limitation due to the effects of nutritional status and 
leg strength. PhA has been positively correlated 
with both nutritional status11 and leg strength12 , 
which are factors associated with mobility limitation. 
Furthermore, leg strength and nutritional status 
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Table 1. Patients' characteristics

Overall (n=74)  Mobility limitation (n=22) Non-mobility limitation (n=52)   p value

Age, mean±SD 78.2±7.9 84.3±6.3 75.6±7.1 <0.001

Gender

Male, n (%) 42 (56.8%) 7 (31.8%) 35 (67.3%) 0.005

Female, n (%) 32 (43.2%) 15 (68.2%) 17 (32.7%)

Length of hospitalization [day], median (IQR) 15.5 (12.8-22.0) 16.0 (13.8-28.3) 15.0 (11.0-19.8) 0.131

Number of days for rehabilitation [day], median (IQR) 9.0 (6.0-10.0) 9.0 (7.8-12.5) 8.0 (4.3-10.0) 0.122

SPPB score, median (IQR) 11.0 (8.0-12.0) 8.0 (5.0-8.0) 12.0 (11.0-12.0) <0.001

PhA [degree], mean±SD 4.1±0.8 3.4±0.5 4.4±0.6 <0.001

Low PhA, male <4.05, female <3.05, n (%) 28 (37.8%) 17 (77.3%) 11 (21.2%) <0.001 

BMI [kg/m2], mean±SD 21.5±3.2 20.2±3.3 22.0±3.0 0.024

Underweight <18.5, n (%) 14 (18.9%) 7 (31.8%) 7 (13.5%) 0.183

Normal 18.5-24.9, n (%) 48 (64.9%) 12 (54.5%) 36 (69.2%)

Obesity 25.0 or more, n (%) 12 (16.2%) 3 (13.6%) 9 (17.3%)

SMI [kg/m2], mean±SD 6.1±1.2 5.4±1.1 6.4±1.1 <0.001

Low muscle mass, male <7.0, female <5.7, n (%) 45 (60.8%) 18 (81.8%) 27 (51.9%) 0.016

Handgrip strength [kg], median (IQR) 23.1 (16.8-31.4) 16.4 (12.9-20.9) 28.4 (19.7-32.9) <0.001

Low muscle strength, male <28.0, female <18.0, n (%) 35 (47.3%) 19 (86.4%) 16 (30.8%) <0.001

BNP [pg/ml], median (IQR) 287.5 (95.6-544.0) 529.0 (322.5-854.0) 187.0 (63.0-511.6) <0.001

LVEF [%], median (IQR) 60.0 (42.8-70.0) 53.5 (38.5-65.0) 61.5 (49.3-71.8) 0.044

Left ventrcular systolic dysfunction <40, n (%) 13 (17.6%) 5 (22.7%) 8 (15.4%) 0.448

eGFR [ml/min/1.73m2], mean±SD 54.1±18.1 48.4±20.0 56.5±16.9 0.077

Comorbidity

Charlson comorbidity index, median (IQR) 2.0 (1.0-2.0) 2.0 (2.0-3.0) 1.5 (1.0-2.0) 0.005

Multimorbidity, 3 or more, n (%) 17 (23.0%) 8 (36.4%) 9 (17.3%) 0.075

Chronic Obstructive Pulmonary Disease, n (%) 5 (6.8%) 3 (13.6%) 2 (3.8%) 0.125

Diabetes, n (%) 17 (23.0%) 5 (22.7%) 12 (23.1%) 0.974

Osteoarthritis, n (%) 6 (8.1%) 1 (4.5%) 5 (9.6%) 0.465

Stroke, n (%) 8 (10.8%) 2 (9.1%) 6 (11.5%) 0.757

Medicatiins

Beta-blockers, n (%) 66 (89.2%) 20 (90.9%) 46 (88.5%) 0.757

ARB 30 (40.5%) 6 (27.3%) 24 (46.2%) 0.131

ACE-I 28 (37.8%) 11 (50.0%) 17 (32.7%) 0.161

HDS-R, median (IQR) 25.5 (23.0-27.0) 24.0 (17.8-26.0) 26.0 (24.0-28.0) 0.005

Cognitive impairement <21, n (%) 9 (12.2%) 5 (22.7%) 4 (7.7%) 0.071

SD, standard deviation; IQR, interquartile range; SPPB, short physical performance battery; PhA, phase angle; BMI, body mass index; SMI, skeletal muscle 
mass index;  BNP, brain natriuretic peptide;  LVEF, left ventricular ejection fraction; eGFR, estimated glemerular filtration rate; ARB, angiotensin receptor blocker; 
ACE-I, angiotensin converting enzyme inhibitor; HDS-R, Revised Hasegawa's Dementia Scale.

Table 2. The factors associated with mobility limitations by the 
stepwise logistic regression analysis

Coefficient SE OR 95% CI  p value

Low Phase Angle 2.94 0.94 18.97 2.99-120.47 0.002

Log BNP 2.97 1.11 19.52 2.23-170.57 0.007

Female 3.37 1.07 29.07 3.54-238.54 0.002

Hosmer-lemeshow test (degree of freedom: 8) p=0.755
SE, standard error; OR, odds ratio; CI, confidence interval; BNP, brain 
natriuretic peptide.
Variables excluded from regression: age, low SMI, BMI categories, low 
muscle strength, multimobidity and cognitive imairment, left ventricular 
systolic dysfuncton.
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