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Abstract

Anti-aging medicine has been more emphasized in developed countries. For detecting sarcopenia and frailty,
bioelectrical impedance analyses (BIA) have recently attracted attention. From BIA by InBody, useful data of water
balance, muscle index, and cellular health can be obtained as extracellular water/total body water (ECW/TBW),
skeletal muscle mass index (SMI), and phase angle (PhA). PhA shows a close relationship with exercise habits and
physical activity. The cut-off values of PhA are approximately 4.05° to 5.05°, which are related to sarcopenia.
Average PhA values in males/females showed 7.7°/6.9° in university athletes and 4.1°/3.6° in aged people of 81

years old.
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Commentary analyses (BIA) [3]. BIA can be useful for evaluating

In our real world, meaningful investigation has been
found for sarcopenia and frailty from longitudinal and
transverse points of view, such as the JUSTICE-TOKYO
study [1]. For 1042 elderly cases with an average age of
78.2 years, the results showed sarcopenia in 21.4%,
frailty in 16.5%, and prefrailty in 51.9%. Frailty and
locomotive syndrome commonly overlap in elderly
people [2]. Several methods are known for analyzing
sarcopenia, including MRI, CAT scans, dual-energy x-

ray absorptiometry (DXA), and bioelectrical impedance

extracellular water (ECW), total body water (TBW),
the ECW/TBW ratio, and also phase angle (PhA)
through recent apparatus like InBody [4]. This article
will describe current topics contributing to geriatrics

and anti-aging medicine [5].

Authors and co-researchers have continued medical
research and practice in light of anti-aging medicine.
Among them, research on geriatrics, rehabilitation,
athletics has

sarcopenia, and masters’ garnered
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attention [6]. Recent topics include the clinical
application of BIA using InBody [7], which can analyze
TBW, ECW, ECW/TBW, PhA, and skeletal muscle mass
index (SMI) [8]. For theoretical aspects, the physics
equation known among impedance (Z), resistance
(Rz), and reactance (Xc) is Z* = Rz* + Xc* [9]. Another
equation calculates the impedance value as Z = (R* +
X*)"?, represented as the diagonal line. The BIA result
paper reveals SMI, TBW, body fat mass (BFM), soft
(SLM), (FFM).
Additionally, PhA is calculated from the device's

lean mass and fat-free mass
resistance (R) and reactance (Xc) at 50 KkHz,
summarized by the following equation: PhA (degree) =
arctangent (R/Xc) x 180 m [10]. When evaluating
clinical nutritional status, PhA has gained attention
through BIA measurements. For this reason, it seems
to act as a proxy for body cell mass and water
distribution. Furthermore, it is associated with muscle
strength, leading to an effective predictor of various

clinical reports [11].

As a reliable and supreme apparatus, InBody BWA
(Body Water Analysis) has been applied to analyze
body composition through BIA [7]. To calculate correct
body water conditions, an electric current was applied
from 1kHz to 3000kHz (Fig-1). This includes five parts
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(bilateral arms, trunk, and bilateral legs) for multi-
frequency measurement [12]. A total of 40 impedance
data were obtained using the SMFIM (Simultaneous
Multi-frequency Impedance Measurement) method
[13]. BIA analyses provide important data on PhA. An
example is shown in Figure 1, where the case is a 78-
year-old male with type 2 diabetes, BMI of 18.0 kg/m”?,

SMI of 6.1 kg/m® percent body fat of 17.8%,
ECW/TBW of 0.398, and whole-body PhA of 4.5°. PhA
is known to indicate cell function, cellular health, and
integrity [5]. Additionally, PhA,
exercise habits, and physical activity are closely

cell membrane

related. PhA can provide suggestions for evaluating
lifestyle, sedentary behavior, muscle function, muscle
volume, aerobic training (AT), resistance training (RT),
and others [14].

Regarding PhA, a relationship among physical
activity, exercise habits, and PhA was investigated for
115 cases ranging from their 30s to 60s [14]. These
cases included AT, RT, and no-exercise (No-Ex)
groups. The results showed that PhA in AT/RT groups
was significantly higher than in the no-Ex group.
However, no difference was found between the AT and
RT groups. To maintain or improve cellular health and
quality,
moderate to high levels seems necessary. Recently,
ECW/TBW and PhA have been the focus for water
balance, cell health, and physical fitness. In sports

muscle continuing regular exercise at

fields, university athletes received BIA examinations
from different kinds of sports [15]. The average PhA
levels were 7.7° and 6.9° in male and female athletes,
respectively. The results for other groups were as
follows: 7.6°/6.8° (M/F) in endurance sports, 7.7°/7.0°
(M/F) in velocity and power sports, and 7.6°/6.8°
(M/F) in team sports.

Regarding the standard value of PhA, various
discussions have been had. An investigation was
performed on the analyses of 79 relevant reports.
Among them, 7668 cases from 13 papers met the
required criteria. Different cut-off values were present,
ranging from 4.05° to 5.05°, related to the diagnosis
process in sarcopenia [11]. Both PhA and sarcopenia
are independent predictors among the population in
hospitalized elderly cases and in cancer cases. For
elderly people, PhA shows a lower value compared to
young and middle-aged people. For patients with
PhA and physical

function at discharge were investigated [16]. The study

osteoporotic fragile fractures,

included 127 cases with an average age of 81.2 years.
The median PhA

men/women, respectively. Age-related changes are

values were 4.1°/3.6° for
observed in body composition, suggesting an increased

risk for diseased states. PhA is linked to sarcopenia,
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frailty, malnutrition, and several diseases, disabilities,

and interventions [17].

Lower PhA seems to reflect the possibility of an
unhealthy status, aging process, and mortality. A study
was conducted on the relationship between PhA and
dietary habits, nutritional status, and biomarkers using
a questionnaire [18]. The study included 212 elderly
cases aged 65 and older who received regular health
check-ups. The borderline of PhA values was set at
<4.95°/<4.35° PhA
significant relationship with serum cholinesterase

in male/female. showed a
values and nutritional markers for male/female. Lower
PhA in men showed a significant relationship with low
BMI and poor exercise habits. For male analysis, the
lower-PhA  group showed lower
carbohydrate intake amounts/ideal body weight (IBW)

than the higher-PhA group. For older people, muscle

significantly

mass, quality, and function have gradually decreased.
Since resistance training (RT) seems to be a wvalid
practice against aging influence, muscle markers were
investigated by BIA. The efficacy of RT was studied in
elderly people through a systematic review [19]. Out of
7 adequate reports, 344 applicants were analyzed.
When continuing RT for eight weeks, bioelectrical PhA
showed a significant increase of 0.52°.

In summary, this article has described recent topics
concerning BIA, ECW/TBW, SMI, and PhA. For an anti-
aging society, such evaluations and treatments for the
This

commentary is hopefully useful for future research

elderly will be required and beneficial.

development.
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