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Abstract

Background Bioelectrical impedance analysis (BIA) is widely used as a convenient method of measuring body
composition. The validity of the phase angle (PhA), impedance rate (IR), and resistance rate (RR) as indices of muscle
quality using BIA has been suggested. This study aimed to investigate the relationship between these muscle quality
indices and age, and to clarify their characteristics.

Methods The appendicular muscle mass (AMM), AMM corrected for body mass index (AMM/BM)), PhA, IR, and RR
were determined using BIA in 1376 Japanese individuals (532 males and 844 females) aged 15-95 years. The PhA

was determined from a 50-kHz current, and the IR and RR were determined from the impedance and resistance ratios
between the 250- and 5-kHz currents.

Results AMM/BMI showed greater age-related changes than the other indices of muscle mass. Significant differ-
ences in PhA, IR, and RR were found for the whole body at age > 50 years and for the lower limbs at age > 30 years,
compared to those in their 20 s. For the arms, age-related changes were small, and significant differences in PhA of
females were only observed at aged > 85 years, whereas significant differences in IR and RR were observed

at aged>75 years, compared to those in their 20s.

Conclusion These results suggest that although PhA, IR, and RR in the whole body and lower limbs showed
age-related changes, the change in PhA in the upper body was small, especially in females. However, IR and RR
in the upper limbs of females reflected age-related changes more than PhA.
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Background

The assessment of body composition, including muscle
and fat mass, is important for basic health information.
For example, the index of appendicular muscle mass
(AMM) corrected for height squared or body mass index
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analysis (BIA) is the most frequently used because of the
relatively low cost of the basic instrument, ease of opera-
tion, and portability [9]. BIA estimates the body compo-
sition based on electrical resistance (impedance, Z) by
applying a weak alternating current to the body. Although
Z comprises the reactance (X) and resistance (R), the X
term contributing to the impedance of the body is small,
making R equivalent to Z [9]. The resistance of the tissues
to electrical currents is directly related to their fluid con-
tent. Highly hydrated fat-free mass (FFM) is a good elec-
trical conductor, whereas poorly hydrated adipose tissue
is a good electrical insulator [10]. Therefore, this method
estimates body composition based on the bioelectrical
impedance of the body to the current.

As muscle strength correlates with muscle mass,
including muscle volume and cross-sectional area, the
bulkier the muscle (that is, the greater its muscle mass),
the more tension it can generate and the greater its
strength. However, muscle mass does not always reflect
the maximum muscle strength, as previously reported.
For example, the muscle strength per muscle mass
(cross-sectional muscle area) has been reported to be
higher in trained individuals than in untrained individu-
als [11]. Furthermore, although muscle mass declines
with the cessation of exercise, muscle strength is main-
tained or declines at a slower rate than muscle mass [12].
Considering age-related changes, it has been reported
that a decrease in muscle mass does not coincide with
a decrease in muscle strength [13]. Muscle strength per
muscle mass, or muscle quality index [14], has been
reported to be associated with life expectancy [15, 16]
and physical performance [17]. Therefore, assessing not
only muscle mass, but also the contractile capacity of
muscle mass, that is, muscle quality, is important.

The essential component of contractile tissue is mus-
cle cells (myofibres); it is important to assess muscle cells
(cell mass and/or cell integrity) in addition to total mus-
cle mass (both contractile and non-contractile tissue).
Muscle tissue is a collection of muscle cells, and each
cell membrane (mainly comprising phospholipids) has a
resistive component to the current as a capacitance (that
is, this is reflected in X). Therefore, BIA is expressed as
the extracellular resistance in parallel with the intracellu-
lar resistance, whereas the capacitance of the cells is in
series with the intracellular resistance [9]. Based on these
electrical properties, the phase angle (PhA) expressed
as the arctangent between the R and X, is calculated as
(X/R)x (180°/m) and is considered an indicator of cell
health, with higher values reflecting greater cellularity,
cell membrane integrity, and better cell function [18].
Further, exercise training causes a small decrease in R
while significantly increasing X, resulting in an increase
in PhA [19]. Because of these characteristics of PhA, an
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increasing number of recent reports have shown that
various physical function indices and physical activity
levels have highly positive relationships with PhA [20,
21]. Therefore, the European consensus on the defini-
tion and diagnosis of sarcopenia also includes PhA as an
indicator of muscle quality [1], and reference values for
PhA have recently been proposed for large samples of dif-
ferent age groups [22, 23] or in meta-analyses [24]. Fur-
thermore, other studies have indicated PhA may serve as
a robust screening tool for sarcopenia, and cutoft values
of PhA for sarcopenia screening have also been provided
[25, 26]. However, because these cutoff values may be
influenced by ethnicity [25], age-related changes in PhA
and PhA values in each age group should be provided for
each racial group.

Commercially available BIA body composition ana-
lysers use three to six currents: 1, 5, 50, 250, 500, and
1000 kHz [27-31]. Among these frequencies, currents at
50 kHz are commonly used for PhA measurements [32]
because currents at approximately 50 kHz have the most
significant effect on X. However, this frequency has been
reported to average 35.0 kHz or 47.5 kHz for females and
32.6 kHz or 40.2 kHz for males [32, 33], and a study in a
young male population found an average of 41.9 kHz with
a variation of approximately 10 kHz (standard deviation;
SD) [34]. The frequency also varies with age and muscle
strength [33]. In other words, the frequency at which X
reaches its maximum value is not exactly 50 kHz. There-
fore, some studies attempted to assess the muscle quality
using a different method via BIA.

The current at 0 Hz, that is, direct current, does not
penetrate the cell membranes (the cell membrane has
become a perfect capacitor), whereas the cells become
transparent to current at co Hz [9]. Therefore, the Z value
of the current at 0 Hz is a pure R component and is equal
to that of the extracellular compartment. In contrast, Z of
the current at oo Hz is equal to R for a parallel circuit and
is equal to that of the intra- and extracellular compart-
ments [9]. Therefore, when there are fewer intracellular
compartment relative to the total tissue mass (intra- and
extracellular compartment), the difference in R between
the 0- and co-Hz currents becomes smaller. In addi-
tion, in muscles with a high cell density, the 0-Hz cur-
rent creates a longer current-carrying distance owing to
the increased bypass (that is, higher R), and vice versa in
muscles with a low cell density. Previous review articles
indicate that the exercise training causes a significantly
increasing intracellular compartment [19], and increases
in intracellular compartment is associated with improve-
ments in power and strength-performance tasks, inde-
pendently of weight and lean-soft-tissue changes [35].
Further, the balance between intracellular and extracellu-
lar compartments changes with age, and the proportion
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of extracellular compartment increases [36]. Therefore,
evaluating the ratio of intracellular and extracellular
compartments to the total tissue using R at 0- and co-Hz
would be important. In fact, the R ratio between 0- and
o0-Hz has been reported to have a significant relation-
ship between age [33] and might represent differences
in physical activity levels that are not reflected in body
physique [34]. However, practical constraints and the
occurrence of multiple dispersions prevent the use of
direct or very high frequency currents [37]. Therefore,
Z at low frequency (<50 kHz) currents is considered to
mainly reflect the extracellular compartment [38] and Z
at high frequency (>200 [39] or 250 kHz [38]) to reflect
the intra- and extracellular compartments, and these
ratios (called impedance ratios (IRs) [39]) are evaluated
as muscle quality. However, as Z comprises R and X, only
R (that is, the R ratio of 250- to 5-kHz current) can be
used to assess the intra- and extracellular content (refer
to as the resistance rate (RR)). Although a relationship
with age has been demonstrated for IR [38], a lack of
determination of a standardised cutoff has been reported
[39]. Furthermore, the RR values for each age group have
not been reported.

Thus, PhA, IR, and RR are related but different con-
cepts for assessing muscle quality using the commercially
available BIA method. Therefore, the aim of this study
was to investigate the relationship between age and PhA,
IR, and RR, as well as body composition, using BIA in
Japanese individuals and to clarify the characteristics of
the relationship between each muscle quality index and
age.

Methods

Participants

This study included 1376 Japanese (532 males and 844
females), except for 18 participants for whom some data
stored in the BIA device were incomplete. Participants
were recruited from the attendees of schools, workplaces,
and community health screenings, and physical fitness
testing events for local residents in two prefectures of
Japan. Body composition data were measured using a
measuring booth during health checkups and physical
fitness events, and the following data were analysed. All
participants were informed in writing about the purpose
of the study, the content of the measurements (methods,
parameters, etc.), anonymity of data use, possibility of
withdrawing consent, and their consent for data use was
obtained before enrolment. This study was reviewed and
approved by the Research Ethics Committee of Kyushu
Kyoritsu University (approval number: 2022-08) and
Okayama Prefectural University (approval number:
20-72 and 23-62) conducted in accordance with the eth-
ical principles of the Declaration of Helsinki.
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The data were collected between December 2020 and
December 2024. The inclusion criteria were as follows:
(1) (in the case of students) not majoring in physical
education or sports science at university (as those who
routinely engage in high levels of physical activity are
considered to have an unusual body composition); (2)
ability to walk independently around the venue; (3) ability
to provide informed consent with no evidence of demen-
tia; and (4) not currently using an artificial pacemaker.

Body physique

Height was measured using a height meter to the near-
est 0.1 cm. Body weight was measured using a BIA
measuring device attached to the nearest 0.1 kg. Body
mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared (kg/m?).

Multi-Frequency BIA

A standing 8-electrode multi-frequency BIA (MC-
780A-N, TANITA, Tokyo, Japan) was used to measure
body composition and bioelectrical impedance. The
device measures R and X of the whole body, upper limbs,
and lower limbs by applying alternating currents (5 kHz,
50 kHz, and 250 kHz) of less than 90 pA from electrodes
on the plantar feet and palms. The participants wiped
their palms and plantar surfaces with alcohol-free wet
wipes to moisten and clean the electrode contact areas,
stepped onto the electrode portion of the machine, and
grasped the hand electrodes with both palms for meas-
urement. Participants were asked if they had any urina-
tion or bowel movements before the measurement. The
participants in the physical fitness event were assessed
before the exercise test. All tests were performed in an
air-conditioned room between 9 am and 12 pm.

This device measures the PhA in the upper limb, lower
limb, and whole body, as well as R and X for each current
frequency. The PhA was obtained from the value of the
50-kHz current and evaluated as an absolute value. Z was
calculated from R and X, and IR and RR were calculated
from Z and R for 5- and 250 kHz currents.

Body composition

This device measures bioelectrical impedance and the
body composition based on it. Body fat percentage
(%BF), FFM, upper limb mass (UMM), lower limb mass
(LMM), and appendicular muscle mass (AMM) were
included in the analysis. In addition, AMM (kg) was cal-
culated as an index divided by the square of the height
(m) (that is, skeletal muscle mass index (SMI)) or BMI
(kg/m?2) (AMM/BMI).
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Statistical analyses

Each measure is presented as mean and SD. Further, 5,
25, 50, 75 and 95th percentile values in each age group
were also calculated for indices of muscle mass (SMI and
AMM/BMI), PhA, IR and RR.

As physical characteristics differed between the
sexes, statistical analyses were performed separately for
males and females [38]. Each measure was classified as
15-19 vyears, 20-29 years, 30—-49 years, 50—64 years,
65-74 years (young-old), 75-85 years (old), and 85 years
and older (old-old), considering the number of partici-
pants and the classification of the elderly [40]. One-way
analysis of variance (ANOVA) was used to compare the
means of the parameters in each age group, and Holm’s
method was used for multiple comparisons. The StatFlex
statistical software (ver. 7.0.10; Artec, Osaka, Japan) was
used for these statistical analyses, with a statistical signif-
icance level of P<0.05.

Cohen’s d value was calculated as the effect size for
comparing each age group with those in their 20 s. Effect
sizes were graded as d <0.2 trivial effect, d=0.2—0.5 small
effect, d=0.5-0.8 moderate effect, and 0.8 <d large effect.

To examine the association between age and other vari-
ables, quadratic regression analyses were performed on
the relationship between age and the indices of muscle
mass and quality, and the coefficients of determination
were determined. Linear regression analyses were also
performed on the relationship between PhA, IR, and RR,
and the coefficients of determination were determined.

Results

The number of participants in each age group and mean
and SD of height, weight, BMI, %BF, FFM, muscle mass,
SMI, and AMM/BMI are shown in Table 1, and the
relationships between age and muscle mass indices are
shown in Fig. 1. For both males and females, signifi-
cant main effects of age group were found for all indices
(Table 1).

The differences in body physique and composition
between the age groups above 30 years and those in
their 20 s are described below. The BMI was signifi-
cantly higher in males and females aged 50-74 years.
FFM was significantly lower in males aged > 65 years
and in females aged >75 years, and LMM was signifi-
cantly lower in males aged >50 years and in females
aged > 30 years. Although the UMM was significantly
lower in males aged > 75 years, there was no significant
difference in the UMM in females. Table 2 shows the
effect size for each group of elderly individuals com-
pared with those in their 20 s. Males showed large
sized effects for all age groups, except for UMM for the
65-74 age group, which showed a moderate effect. For
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females, the effect of UMM was less than moderate, and
that of SMI was also moderate up to age 84. AMM/BMI
began to be lower in the 30s, and the effect sizes of the
elderly group compared to the 20s were greater than
those of the other muscle mass indices. These results
indicate that (1) LMM and AMM are significantly
lower in the middle-aged or young-old groups than
those in the 20 s group; (2) UMM is slightly affected by
aging (especially in females); and (3) AMM/BMI starts
to decline from the age of 30 years.

The mean + SD of PhA, IR, and RR for each age group
are shown in Table 3, and the 5, 25, 50, 75 and 95th per-
centile values are shown in Table 4. Further, the rela-
tionships between age and PhA, IR, and RR is shown in
Figs. 2, 3, 4. For both males and females, significant main
effects of age group were found for all indices (Table 3).

The differences in PhA, IR, and RR between the age
groups above 30 years and those in their 20 s are described
below. In males, significant differences were observed for
all indices in the upper limbs over 65 years of age, whereas
significant differences were observed in the lower limbs
over 30 years of age (PhA was lower, and IR and RR were
higher with age). Significant differences were observed in
the whole body over 50 years of age. In females, signifi-
cant differences were observed for all indices over 30 years
for the lower limbs and over 50 years for the whole body.
For the upper limb, significant differences in PhA were
observed only in those aged>85 years, whereas sig-
nificant differences in IR and RR were observed in those
aged>75 years. Table 2 shows the effect size for each
group of elderly individuals compared with those in their
20 s. In males, all indices showed large effect sizes, except
for the upper limb, which showed moderate effect sizes in
the 65-74 age group. In females, whole-body PhA had a
small effect size in the 65-74 age group and a moderate
effect size in the 75—-85 age group. Whole body IR and RR
had moderate effects in the 65-74 age group. The upper
limb PhA had a trivial effect for ages 65-74, a small effect
for ages 75-85, and a moderate effect for ages>85 years.
Upper limb IR and RR had small effects for ages 65-85.
These results indicate that compared to those in their 20s,
(1) significant differences in PhA, IR, and RR of the lower
limbs were observed in those over 30 years; (2) significant
differences in the upper limbs were observed in elderly
males; (3) although significant differences in IR and RR of
the upper limbs were observed in old and old-old females,
the effect sizes were not large (in particular, age-related
differences in PhA were unlikely to be apparent), and (4)
significant differences in whole body PhA, IR, and RR
were observed in those over 50 years.

The relationships among PhA, IR, and RR are shown
in Fig. 5. PhA exhibited a linear relationship with IR and
RR, with a coefficient of determination greater than 0.90.
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Fig. 1 Relationship between age and UMM, LMM, AMM, and AMM/BMI. Closed circles and open circles indicate male and female, respectively.
UMM: upper limb muscle mass; LMM: lower limb muscle mass; AMM: appendicular muscle mass; BMI: body mass index

Discussion

The BMIs of almost all age groups in this study were sim-
ilar to those reported in the National Health and Nutri-
tion Survey of Japan [41] and other Japanese studies
[42], with some fluctuations. Therefore, the participants
in this study could be considered to have an approxi-
mately normal physique, although only the male group
aged 50—-64 years had higher values than those reported
previously. The results of the National Health and Nutri-
tion Survey of Japan also provide SMI values for people
aged over 60 years [41]: (male and female values) 7.8 and
6.5 kg/m? for 64—74 years, 7.2 and 6.2 kg/m?> for over

75 years, and 7.0 and 6.1 kg/m? for over 80 years. These
values were not greatly different from those of the elderly
participants in this study, indicating that they represent
standard muscle mass. For site-specific muscle mass, the
UMM in the present study did not show a marked age-
related decline. Previous studies have also reported that
the upper limb loses less muscle mass with age than the
lower limb. As common physical activities mainly use
the lower body muscles (e.g. walking, climbing stairs),
an age-related reduction in activity is thought to be asso-
ciated with a reduction in lower body muscles [43]. In
the present study, the effect sizes for the difference in
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Table 2 Effect sizes (d) compared to the 20-29 years group
Age group Male Female
65-74 75-84 85- 65-74 75-84 85-
UMM 0.40 1.02* 1.72*% 0.13 0.06 0.55
LMM 1.43% 2.04* 2.79% 1.08*% 1.34% 261%
AMM 1.24* 1.87% 2.63% 0.80* 1.08* 2.24%
SMI 0.87* 143* 2.15% 0.50* 0.69* 1.29*
AMM/BMI 2.09% 2.38% 3.00% 157* 1.43% 248%
Whole Body PhA 1.74% 2.63% 3.12% 0.46* 0.77* 1.50%
IR 1.71% 2.69*% 3.23% 0.52% 0.84* 1.67%
RR 1.72% 2.69* 3.28% 0.52* 0.85* 1.66*
Upper limb PhA 0.64* 1.51% 1.86% 0.05 0.29 0.56*
IR 0.76* 1.62* 2.09% 0.19 0.40* 0.93*
RR 0.75*% 1.63* 2.06* 0.18 0.39* 0.85*%
Lower limb PhA 262* 337% 4.36* 0.94* 1.32* 2.55%
IR 2.51% 331% 4.32*% 0.86* 1.23* 242%
RR 2.52% 3.32% 4.34% 0.86* 1.22% 2.42%

Asterisk indicates significant differences between the 20-29 years group by multiple comparisons

UMM upper limb muscle mass, LMM lower limb muscle mass, AMM appendicular muscle mass, SMI skeletal muscle mass index, BMI body mass index, PhA Phase angle,

IR impedance ratio, RR Resistance ratio

UMM were smaller in the>65 years group compared
to the 20-29 years group (Table 2) than for the LMM.
In particular, the effect sizes (d) in females were trivial
(~0.13) until the age of 84 years and moderate (0.55)
in the>85 years group. A study of 4,003 Japanese par-
ticipants reported a relatively slow decline in UMM,
particularly in females, and the results of the quadratic
regression analyses with age showed a coefficient of
determination of 0.077 [44], which was almost the same
as that of 0.082 in the present study. These results indi-
cate that the population in this study had a body physique
and muscle mass similar to those of previous Japanese
surveys and research reports.

Because muscle mass is positively correlated with body
physique, SMI has long been used as an indicator of
muscle mass in the diagnosis of sarcopenia [45]. Further,
sarcopenic obesity is defined as the co-existence of sarco-
penia and obesity, and the condition can be defined based
on values of AMM/ body height? (i.e., SMI), BMIL, body-
weight, %BF, and/or waist circumference [4]. A study
investigating the association between sarcopenia and fall
risk used not only AMM but also AMM/BMI, because
AMMY/BMI has been reported to be more closely associ-
ated with muscle weakness and physical dysfunction than
SMI in recently [45]. A more recent study also reported
that mobility of middle-aged and older adults correlates
with AMM/BMI but not with SMI [46]. Therefore, the
foundation for the national institutes of health sarcope-
nia project recommends AMM/BMI as an indicator of

muscle mass in the diagnosis of sarcopenia [3]. Further,
AMM/BMI is also a diagnostic parameter for sarcopenic
obesity that was recently described in a consensus state-
ment by the Japanese Working Group on Sarcopenic
Obesity [5]. In this study, the BMI increased in middle-
aged to young-old males and elderly females, whereas
%BFs are over 20% in>50 years male group and over
30% in > 65 years female group. Further, AMM and LMM
were significantly lower in the>65 years male group
and in the>50 years female group, compared to the
20-29 years group. This means that despite an increase
or constant BMI, muscle mass decreases (%BF increases).
Consequently, AMM/BMI decreased more in the elderly
than in muscle mass alone or SMI, as shown by the effect
sizes, compared to those in their 20 s (Table 2), and all
percentile values between 5 and 95 decrease with age
after the age of 30 years (Table 4). Therefore, muscle
mass corrected for BMI may be a useful indicator of
age-related changes in body composition in the Japanese
population.

Significant main effects of age group were found for
PhA for the whole body and the upper and lower limbs.
Similar to muscle mass, age-related differences were
observed in the lower limbs, whereas age-related dif-
ferences were smaller in the upper limbs. In particular,
women’s upper limbs did not show significant differ-
ences until the old-old group, and the effect sizes were
small compared with those in their 20 s. In contrast, the
lower limbs showed significantly lower values in the >30
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age group than in those in their 20 s. Whole-body values
were significantly lower in the >50 years age group than
those in their 20 s. Several reports have provided refer-
ence values for the whole-body PhA. A study of 1967
healthy adults aged 18-94 years found that the PhA
was significantly smaller in females than in males and
decreased with age [47]. The PhA was (male and female
values) 7.9° and 7.0° for 18-20 year olds, 8.0° and 6.9-7.0°
for 20-39 year olds, and 6.2° and 5.6° for over 70 year olds

[47]. A more recent systematic review reported PhAs of
approximately 6.9-7.2° and 6.1-6.3° for ages 19-48, 6.5°
and 5.6° for ages 59-69, 5.6° and 5.1° for ages 70—-80, and
5.3° and 5.4° for ages over 80 years [24]. Thus, although
the values varied between studies, the PhA in this study
was lower than those for all age groups. A possible expla-
nation for this could be differences in race. The value of
PhA is associated with race [48], and a comparison of
PhA by race showed significant differences in the crude
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analysis: 6.6° for Asians, 6.8° for Caucasians, 7.2° for Afri-
can Americans, and 7.3° for Hispanics [47]. Although
Asians had the lowest PhA, a few Asian samples were
included in the aforementioned reference values [24, 47].
Therefore, the PhA in this study may have been lower
than those reported in previous studies. The PhAs for
the Japanese (male and female) were 6.3° and 5.4° for
students aged 18-20 years, 5.3° and 4.6° for the elderly
(mean age 73-74 years) [49], 5.3° and 4.7° for the elderly
(mean age 72 years) [50], and 5.3° and 4.8° for the elderly
(mean ages 75 and 76 years) [51]. These values are simi-
lar to those observed in the present study. Therefore, PhA
must establish reference values for each race or country.
IR or RR reflects the intracellular compartment rela-
tive to the intra- and extracellular compartments, and
an IR close to 1 indicates poor cellular health [52] or
cellular dysfunction [53]. In this study, IR and RR were
found to have a linear relationship with PhA, with a
coefficient of determination of 0.90 or higher, which is
consistent with previous studies investigating the rela-
tionship between IR or RR and PhA [32, 52]. Although
IR has been reported to be significantly related to age
[38], a lack of a standardised cutoff has been reported
[39]. As with PhA, significant main effects of age group
were found for IR and RR for the whole body and the
upper and lower limbs. Age-related differences were
observed in the lower limbs, whereas age-related dif-
ferences were smaller in the upper limbs. Significant
differences in the PhA of the upper limbs of females
compared to those in their 20 s were only observed in
the old-old group, whereas significant differences in IR

and RR were observed in the old and old-old groups.
In addition, the effect sizes of the IR and RR for the
whole body and upper limbs were larger than those
of the PhA for women in their 20 s. Therefore, IR and
RR may better reflect age-related changes than PhA
as indicators of muscle quality using the BIA method,
especially in females. Because this study only compared
age with each measurement, the detailed mechanisms
are unknown. In other words, because the actual intra-
cellular and extracellular compartments and cell mem-
brane integrity were not measured, the reasons for the
differences in PhA, IR, and RR are unknown. There-
fore, future studies are needed to clarify the relation-
ship between PhA, IR, and RR and aging by measuring
other indicators of muscle quality, and intracellular and
extracellular compartments.

This study has several limitations. As mentioned
above, this study only examined the relationship
between age and other indices; therefore, other indi-
ces of muscle quality (for example, muscle strength
per muscle mass [14] and ultrasound-derived echo
intensity [54]) should be included. Second, this was a
cross-sectional study, and age-related changes were
unknown. Therefore, a longitudinal study is required
to clarify age-related changes. Furthermore, as dietary
intake, physical activity, and chronotype affect body
composition, including SMI, even in young adults [55—
57], further investigations that include different life-
style habits are required. Finally, there are limitations
regarding the sample population of this study. BMI
was higher in the male group aged 50-64 years than



Oshita et al. Journal of Physiological Anthropology (2025) 44:8 Page 14 of 16
M 15-64 years, O 65-74 years, A 75- years
090 v _0.0334x +0.9922 090 = 0.0339x +0.991
R*=0.96 R>=0.97
s
085 085
a g
3 a
2 2
‘:" -
o080 | = 080 |
g b
= =
] ]
e 7z
2 Z
o
5 &
0.75 0.75
0.70 1 1 1 1 1 1 J 0.70 i 1 1 1 1 1 1 )
9 8 7 6 5 4 3 2 9 8 7 6 5 4 3 2
Phase angle (° ) Phase angle (° )
Female
095 ry—0.0331x +0.9922 095 ry=0.0336x +0.9912
R>=0.94 2=0.95
0.90 | 0.90
g g
g 085 | g 085
£ 2
2 g
3 3
g g
< 080 | £ 080 |
£ g
| &
0.75 0.75
0.70 1 1 1 1 1 1 J 0.70 1 1 1 1 1 1 J
8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1

Phase angle )

Phase angle )

Fig. 5 Relationship between whole-body PhA and IR (left) and RR (right). Upper and lower figures indicate values for males and females,
respectively. Squares, 15-64 years; circles, 65-74 years; triangles, > 75 years. PhA: Phase angle; IR: impedance ratio; RR: Resistance ratio

in previous reports [41, 42]. As PhA is related to BMI,
reference values for PhA classified by BMI were pro-
vided in a previous study [22]. Therefore, future studies
should also provide PhA values for different body phy-
siques. However, a larger sample size is needed to dem-
onstrate this. Although the sample size in this study
was 1,376, the studies providing reference values for
PhA had larger sample sizes [22, 23, 47]. Furthermore,
the data in this study were measured in two prefectures

in Japan. Therefore, more data from all parts of Japan
should be measured in future studies.

Conclusions

The aim of this study was to investigate the relationship
between age and various indices of muscle quality (PhA,
IR, and RR) and body composition by BIA. AMM cor-
rected for BMI was significantly lower in participants
aged > 30 years, indicating greater age-related changes.
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The PhA, IR and RR of the lower limbs were significantly
different in those aged >30 years compared to those in
their 20 s. In the upper limbs, age-related changes were
small and significant differences in PhA were observed
only in the old-old group of females, whereas signifi-
cant differences in IR and RR were observed in the old
and old-old groups. These results suggest that AMM/
BM]J, as an indicator of muscle mass, may indicate higher
age-related changes. PhA, IR, and RR show age-related
changes as indices of muscle quality, especially in the
lower limbs. IR and RR in the upper limbs of females
reflect more age-related changes than PhA.
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