
251
Received September 19, 2018
Accepted for publication October 23, 2018

Introduction

Phase angle (PhA) can be measured using bioelectrical 
impedance analysis and is a unique measure for skeletal 
muscle. PhA is one of the indicators for cell membrane 
structure, and a lower PhA suggests decreased cellular 
integrity (1-3). Indeed, a lower PhA is correlated to poor 
muscle function, such as low muscle strength and volume (4-6). 
Previous studies also indicated that PhA is not only related to 
muscle function but also to gender, age, nutritional status, and 
mortality (7-12).

Sarcopenia and dynapenia are serious degenerative changes 
in skeletal muscle. Age-dependent decrease of muscle structure 
and function is closely related to adverse health outcomes, 
such as falls, hospitalization, disability, and death (13-17). 
Our previous studies found that sarcopenic and dynapenic 
older adults had common characteristics: significant qualitative 
changes in skeletal muscle and lower concentration of plasma 
leucine, branched-chain amino acids, and essential amino acids 
(18, 19). The management of these changes in age-related 
skeletal muscle in older adults is very important to consider. 

Recently, researchers have proposed PhA as a good indicator 
for sarcopenia (5, 20). Interestingly, PhA shows an age-
dependent change and a decrease according to the progression 
of sarcopenia severity (from normal to presarcopenia, 
sarcopenia, and severe sarcopenia) (5, 20). However, there is no 

study for PhA in dynapenic older adults, and the values of PhA 
in both sarcopenic and dynapenic older adults are not yet well 
addressed.

The objective of this study, therefore, was to evaluate 
the relationship between PhA and sarcopenia classification 
(normal, presarcopenia, dynapenia, and sarcopenia). In 
addition, we attempted to determine the cutoff value of PhA for 
poor muscle function. We hypothesized that both sarcopenic 
and dynapenic older adults would show a lower PhA. We also 
sought to determine the cutoff value of PhA using receiver 
operation characteristics (ROC) analysis.

Methods

Participants
Participants were recruited through an advertisement in 

the local press and a poster at the senior center. We recruited 
community-dwelling older adults in Japan. The inclusion 
criteria included individuals aged 65 years and older with the 
ability to walk independently (including with a cane). The 
exclusion criteria were stroke, Parkinson’s disease, severe 
cognitive impairment, severe psychiatric impairment, and 
severe cardiac, pulmonary, or musculoskeletal disorders. In 
addition, we excluded older adults with artificial implants, 
such as cardiac pacemakers and joints, which did not permit 
the measurement of bioelectrical impedance. This study was 
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conducted in accordance with the guidelines proposed by the 
Declaration of Helsinki, and the study protocol was reviewed 
and approved by the Ethics Committee of Tsukuba University 
Graduate School of Comprehensive Human Sciences.

Outcome measures

Bioelectrical impedance 
A bioelectrical impedance data acquisition system 

(MC-780A; TANITA Co, Ltd, Tokyo, Japan) was used to 
determine bioelectrical impedance. This system uses electrical 
current at different frequencies (5, 50, and 250 kHz) to directly 
measure the amount of extracellular and intracellular water in 
the body. Participants stood on two metallic electrodes and held 
metallic grip electrodes. We calculated PhA and muscle mass 
using these bioelectrical impedance data.

PhA was defined by the following equation: PhA 
(°)=arctangent (reactance (Xc)/resistance (R)) × (180/π). 
Reactance and resistance of 50 kHz were used to calculate PhA. 
In addition, using the segmental skeletal muscle mass, a value 
for the leg skeletal muscle mass (kg) and appendicular skeletal 
muscle mass (kg) were determined. By dividing the muscle 
weight by height squared (kg/m2), the skeletal muscle mass was 
converted into the leg skeletal muscle mass index (SMI).

Measurement of echo intensity in the thigh muscle
An ultrasound device (ProSound2, Hitachi-Aloka Medical, 

Tokyo, Japan) with a 7.5-MHz linear-array probe was used to 
obtain the ultrasound images of the rectus femoris and vastus 
intermedius. The ultrasonography setting was consistently set 
at 44 dB dynamic range and 68 dB gain. The ultrasound images 
recorded in the two trials were averaged as the representative 
for analysis. Furthermore, we assessed the muscle thickness and 
echo intensity of the quadriceps femoris muscle. The muscle 
thickness is a muscle quantity indicator, whereas the echo 
intensity is a muscle quality indicator. The detailed description 
of the measurement of echo intensity has been previously 
described (18).

Physical assessment
For physical performance, we measured the 5-m walking 

speed and grip strength. Both measurements were performed 
by physical therapists who received a lecture for the correct 
protocols for both measures from a well-trained investigator 
before the study started. Each measure was recorded twice and 
averaged as the representative value.

Definition of sarcopenia classification
We defined sarcopenia classification using the diagnostic 

algorithm formulated by the Asian Working Group for 
Sarcopenia (21). Sarcopenia was defined as the presence of 
both low muscle mass (low SMI) and low physical function 
(low physical performance or low muscle strength) (21). 
According to the suggestion of the European Working Group 

on Sarcopenia in Older People, presarcopenia was defined as 
low muscle mass without low physical function (22). Finally, 
dynapenia was operationally defined as low muscle function 
without low muscle mass. This sarcopenia classification was 
used in our previous study (18, 19).

Statistical analysis
 The general linear model was used for univariate and 

multivariate analyses to assess the differences in PhA among 
the four groups (normal, presarcopenia, dynapenia, and 
sarcopenia). Then, a post hoc test was performed using a 
Bonferroni test to assess which group differed significantly 
from the others. We also performed multivariate analyses 
for PhA by adjusting for age. The relationship between PhA 
and grip strength, walking speed, echo intensity and muscle 
thickness of quadriceps femoris muscle was analyzed using the 
Pearson correlation coefficient. 

ROC curves and areas under the curve (AUCs) were used to 
determine the cutoff values of PhA on sarcopenia. Similarly, 
ROC curves and AUCs were used to determine the cutoff value 
of PhA in the combination of sarcopenia and dynapenia. The 
cutoff value for maximizing the sensitivity and specificity for 
each analysis was calculated using the Youden index.

In all statistical analyses, the same analyses were repeated 
for each gender separately. The data were managed and 
analyzed using SPSS (Statistical Package for the Social 
Sciences, Windows version 25.0; SPSS, Inc., Chicago, IL, 
USA). A p value less than 0.05 was considered to indicate 
statistical significance for all analyses.  

Results

The characteristics of the study participants are shown in 
Table 1. The mean age was 81.1±7.1 years in men (n=285) 
and 80.4±6.8 years in women (n=724). The mean PhA for men 
and women was 3.96±0.93° and 3.81±0.76°, respectively. The 
proportion of normal, presarcopenia, dynapenia, and sarcopenia 
was 38.6% (n=110), 9.8% (n=28), 30.2% (n=86), and 21.4% 
(n=61) in men and 44.3% (n=321), 13.7% (n=99), 27.5% 
(n=199), and 14.5% (n=105) in women, respectively.

The mean PhA of normal, presarcopenia, dynapenia, and 
sarcopenia was 4.50±0.86°, 4.12±0.85°, 3.61±0.75°, and 
3.40±0.74° in men and 4.14±0.71°, 4.07±0.51°, 3.41±0.65°, 
and 3.31±0.66° in women, respectively. A significant 
difference was observed for PhA among the four groups in men 
(univariate: F=32.23, P<0.01, multivariate: F=7.54, P<0.01), 
and the dynapenia and sarcopenia groups showed significantly 
lower values of PhA than the normal group according 
to multivariate analysis (P<0.05) (Figure 1A). In women, 
a significant difference was also observed for PhA among 
the four groups (univariate: F=75.27, P<0.01, multivariate: 
F=20.25, P<0.01), and the dynapenia and sarcopenia groups 
showed significantly lower values of PhA than the normal and 
presarcopenia groups using multivariate analysis (P<0.05) 
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(Figure 1B). In both sexes, no significant difference was found 
for PhA between the dynapenia and sarcopenia groups. In 
addition, the proportion of sarcopenia and dynapenia was 
closely related with PhA in both sexes (Figure 2A, B).

Figure 3 shows that there was a moderate association 
between PhA and grip strength (men: r=0.567, p<0.001, 
women: r=0.554, P<0.001) and walking speed (men: r=0.415, 
p<0.001, women: r=0.445, P<0.001) (Figure 3A, B). Similarly, 
PhA was weakly associated with echo intensity (men: r=0.219, 
p<0.001, women: r=0.174, P<0.001) and muscle thickness of 
the quadriceps femoris muscle (for men: r=-0.368, p<0.001, for 
women: r=-0.249, P<0.001) (Figure 3C, D). 

The ROC analysis enabled us to calculate the best cutoff of 
PhA (men: 4.05°, women: 3.55°) to discriminate sarcopenia 
from nonsarcopenia, and the AUCs of PhA in men and women 
were 0.718 (95% confidence interval (CI): 0.652-0.784) and 
0.721 (95%CI: 0.669-0.773), respectively (Figure 4A, B). 
Similarly, the ROC analysis indicated the best cutoff for PhA 
(men: 4.05°, women: 3.55°) to discriminate sarcopenia and 
dynapenia from normal and presarcopenia, and the AUCs of 

PhA in men and women were 0.78 (95%CI: 0.725-0.831) and 
0.788 (95%CI: 0.755-0.821), respectively (Figure 4C, D).

Figure 1
Comparison of PhA among 4 groups. A significant difference 

was observed among the four groups in both sexes (P<0.05). In 
men, the dynapenia and sarcopenia groups showed significantly 

lower measures of PhA than the normal group according to 
multivariate analysis (P<0.05) (A). In women, the dynapenia 
and sarcopenia groups showed significantly lower measures 

in PhA than the normal and presarcopenia groups according to 
multivariate analysis (P<0.05) (B)

Figure 2
The relationship between PhA and sarcopenia classification. 

The proportion of sarcopenia and dynapenia was closely related 
to phase angle in men (A) and women (B)

Table 1 
Characteristics of the study participants

Men n=285 Women n=724 P-value

Mean SD Mean SD

Characteristics

Age 81.1 (7.1) 80,4 (6.8) 0.172

Height, cm 161.8 (6.7) 149,0 (6.4) <0.001

Weight, kg 59.2 (8.8) 49,2 (7.9) <0.001

Body fat, % 21.8 (7.3) 29,4 (8.2) <0.001

BMI, kg/m2 22.6 (2.8) 22,1 (3.4) 0.034

Muscle indicators

Phase angle 3.96 (0.93) 3,81 (0.76) 0.010

Leg SMI, kg/m2 5.77 (0.90) 4,80 (0.70) <0.001

SMI, kg/m2 7.45 (1.04) 6,14 (0.85) <0.001

QF thickness, cm 2.97 (0.76) 2,47 (0.60) <0.001

QF echo intensity 42.7 (9.8) 45,5 (11.0) <0.001

Knee extension torque, Nm 61.0 (26.1) 48,8 (18.1) <0.001

Knee extension torque, Nm/kg 1.04 (0.40) 1,01 (0.35) 0.306

Physical performance

5m usual walking speed, m/sec 1.04 (0.34) 1,11 (0.34) <0.001

Grip strength, kg 27.5 (6.7) 19,3 (4.3) <0.001

Sarcopenia category

Normal, n (n) 110 (38.6) 321 (44.3) 0.015

Pre-sarcopenia, n (%) 28 (9.8) 99 (13.7)

Dynapenia, n (%) 86 (30.2) 199 (27.5)

Sarcopenia, n (%) 61 (21.4) 105 (14.5)

BMI: body mass index, SMI: skeletal muscle mass index, QF: quadriceps femoris; SD: 
standard deviation
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Figure 3
Association of PhA with grip strength and walking speed in 
men (A) and women (B). PhA was associated with muscle 
quality (echo intensity for quadriceps femoris) and muscle 

quantity (muscle thickness for quadriceps femoris) in men (C) 
and women (D)

Figure 4
The ROC analysis indicated the best cutoff of PhA (men: 

4.05° (A), women: 3.55° (B)) to discriminate sarcopenia from 
nonsarcopenia. Similarly, ROC analysis indicated the cutoff 
of PhA (men: 4.05° (C), women: 3.55° (D)) to discriminate 
sarcopenia and dynapenia from normal and presarcopenia

Discussion

This study found that dynapenic and sarcopenic older adults 
showed a lower PhA than normal older adults in both sexes. 
Importantly, there was no significant difference in PhA between 
dynapenia and sarcopenia because PhA was moderately 
correlated with physical performance, such as muscle strength 

and walking speed. In addition, the proportion of sarcopenia 
and dynapenia was increased according to the reduction of 
PhA. For these reasons, we could propose a cutoff value of 
PhA to discriminate sarcopenia and dynapenia from normal and 
presarcopenia (men: 4.05°, women: 3.55°).

PhA was lower in sarcopenic and dynapenic older adults 
than in normal and presarcopenic older adults and was 
moderately associated with physical performance in both sexes. 
These results were consistent with previous reports; some 
reports indicated that PhA is gradually decreased according 
to functional decline, such as lower muscle strength (4-6) and 
sarcopenia severity (5, 20). Thus, PhA may indicate the level of 
skeletal muscle function, and PhA may be a useful and robust 
indicator for sarcopenia and dynapenia.

The relationship between PhA and muscle functions is not 
completely understood, but there are some possibilities for 
this association. Higher PhA indicates better cell membrane 
structure, cell mass, cellular integrity, and cell function (1-3). 
One of our interesting findings was that PhA was associated 
with both muscle quantity and quality. A previous study also 
reported that PhA was correlated to muscle quantity, quality, 
and function (4-6, 23). Thus, a higher value of PhA may be a 
good indicator for both muscle quality and quantity. In addition, 
PhA is a sensitive marker for muscle strength and physical 
performance. It has been suggested that PhA may be modulated 
by short-term resistance training (23-25).

The AUCs were higher when sarcopenia and dynapenia were 
combined than for sarcopenia alone in both sexes. PhA shows 
almost the same value in sarcopenic and dynapenic older adults. 
In addition, our previous studies also indicated that several 
skeletal muscle characteristics and concentration of plasma 
essential amino acids show similar trends in sarcopenic and 
dynapenic older adults (18, 19). Based on these findings, we 
propose that sarcopenia and dynapenia are equally high-risk 
factors for physical impairment, and appropriate management 
should be provided for these pathological conditions.

Our cutoff value of PhA to detect sarcopenia was relatively 
low compared with that found in previous studies. The cutoff 
value of PhA for sarcopenia is 4.55° in a Turkish report (20), 
and the average PhA for sarcopenia is 5.6 and 5.8 in men and 
women, respectively, in a Brazilian study (5). These studies 
report higher PhA values than ours. There are two possible 
reasons to explain the difference: one is the kind of equipment 
used, and the other is the ethnicity of the study participants. In 
the Turkish and Brazilian studies, PhA was measured using the 
tab-type bioelectrical impedance data acquisition system (5, 
20). On the other hand, in this study, PhA was calculated using 
a nontab-type bioelectrical impedance system: participants 
stood on two metallic electrodes and held metallic grip 
electrodes. Second, there is a relatively large difference in PhA 
according to race; for example, PhA is lower in Asian adults 
than in white, multiracial, African American, or other ethnic 
groups (27). Thus, Turkish and Brazilian PhA values tend to be 
higher than those of Asian populations, such as the Japanese.



THE JOURNAL OF NUTRITION, HEALTH & AGING©

J Nutr Health Aging
Volume 23, Number 3, 2019

255

The advantage of our findings is the following: this study 
has a relatively large sample size compared to previous reports, 
and the participants of this study are Asian people. As described 
previously, PhA values may differ by ethnic group. However, 
there are very few reports about PhA from Asian populations; 
thus, our data on the Japanese older population are important in 
this field.

There are several limitations of this study that warrant 
mention. First, these findings were provided by a cross-
sectional design. Further research with a longitudinal design 
is required to clarify whether a lower PhA influences adverse 
health outcomes or incident sarcopenia and dynapenia. 
Second, PhA was calculated using a nontab-type bioelectrical 
impedance system. However, most of the previous studies use 
tab-type bioelectrical impedance systems to evaluate PhA. 
Therefore, it is necessary to carefully judge the difference. 
Third, muscle quantity and quality were assessed using 
ultrasonography. In fact, the lack of consensus for using this 
method is a serious disadvantage (27); thus, well-trained 
examiners performed all the measurements in this study. 

These findings suggest that PhA is associated with 
muscle quantity and quality and may be a useful indicator 
for sarcopenia and dynapenia. In addition, we were able to 
determine the cutoff value of the PhA to discriminate 
sarcopenia and dynapenia from normal and presarcopenia (men: 
4.05°, women: 3.55°) in community-dwelling Japanese older 
adults.
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