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Abstract
Skeletal muscle mass and muscle strength are positively correlated, but the relationship between grip
strength and global muscle strength is controversial. This study aimed to clarify the changes in site-specific
skeletal muscle mass by age group and determine the relationship between site-specific, age-related changes
in skeletal muscle mass and physical function in community-dwelling elderly people in Japan. The
participants were divided into age groups of five-year intervals (65-69 years, 70-74 years, 75-79 years, and
≥80 years) and were also categorized by sex. The skeletal muscle mass of the upper limbs, lower limbs, and
trunk was measured using multifrequency bioelectrical impedance analyzers (InBody 430 (Biospace Co.,
Ltd., Seoul, Korea) and InBody 470 (InBody Japan Inc., Tokyo, Japan)). For physical function assessment, we
measured grip strength, quadriceps strength, sit-up count, sit-and-reach distance, and standing time on one
leg with eyes open and performed the timed up and go (TUG) test. The results showed that skeletal muscle
mass decreased with age regardless of sex at all measured sites. Furthermore, a partial correlation analysis
adjusted for age, physical constitution, and the presence/absence of exercise habits revealed that the highest
correlation was between skeletal muscle mass in all sites and grip strength. Thus, monitoring grip strength
may be used as a representative of systemic skeletal mass even in Japanese people.
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Introduction
Changes in body composition are strongly associated with physical disability among the elderly [1,2].
Previous studies reported that skeletal muscle mass decreases at a rate of approximately 5% every 10 years
after the age of 30 years and that the rate of loss accelerates after the age of 60 years [3,4]. Furthermore,
elderly people aged ≥75 years reportedly lose skeletal muscle mass at an annual rate of approximately 1% [5].
According to previous imaging studies on the loss of skeletal muscle mass, greater and more rapid age-
associated loss of skeletal muscle mass occurs in the lower limbs than in the upper limbs [6-8].

Skeletal muscle mass and muscle strength are positively correlated [9]. Many previous studies in elderly
populations utilized grip strength as a measure of global muscle strength. Porto et al. observed a significant
association between grip strength and muscle strength pertaining to 10 muscle groups [10]. However, it has
been reported that skeletal muscle mass alone does not determine muscle strength [11]. Moreover, the
authors of another study suggested caution when referring to the representativeness of grip strength as a
predictor of global muscle strength [12]. Thus, no consensus has been reached on this matter.

As skeletal muscle mass varies according to race, it is necessary to investigate age-associated changes in
skeletal muscle mass and the relationship between skeletal muscle mass and physical function including
muscle strength in a Japanese population. Therefore, this study aimed to elucidate age-associated changes
in site-specific skeletal muscle mass and determine the relationship between site-specific skeletal muscle
mass and physical function in community-dwelling elderly Japanese people.

Materials And Methods
Participants
This was a cross-sectional study. We recruited participants from among the elderly people living in Yasu City,
Shiga Prefecture, who were registered with a local program intended to prevent long-term care dependency
and provide emotional support. Among the elderly people aged ≥65 years who took part in the annual
physical fitness tests between 2015 and 2019, we recruited those with no long-term care requirement
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certifications, history of central nervous system (CNS) disease, or suspected cognitive impairment (Mini-
Mental State Examination ≧ 24). Those who participated for multiple years adopted the data of the year they
participated for the first time. The participants were divided into age groups of five-year intervals (65-69
years, 70-74 years, 75-79 years, and ≥80 years) and categorized by sex. Participant characteristics were
recorded.

Physical fitness tests were conducted under the supervision of public health nurses. The participants
received a full explanation in advance of the measurements to be acquired and how the data would be
managed. All participants provided written informed consent. This study was approved by the Research
Ethics Committee of Kyoto Tachibana University (approval number: 17 - 14).

Assessments
In addition to skeletal muscle mass, we evaluated grip strength, quadriceps strength, sit-up count, sit-and-
reach distance, and standing time on one leg with eyes open. The timed up and go (TUG) test was also
performed.

For the measurement of skeletal muscle mass, we used multifrequency bioelectrical impedance analyzers
(InBody 430 (Biospace Co., Ltd., Seoul, Korea) and InBody 470 (InBody Japan Inc., Tokyo, Japan)). The muscle
mass (kg) of the upper and lower limbs, which constitute a proportion of the lean soft tissue mass (kg), was
calculated as the total of both (the right and left) upper and lower limbs, respectively, excluding the muscle
mass of the trunk.

Grip strength was measured using a digital grip dynamometer (T.K.K.58401, Takei Scientific Instruments
Co., Ltd., Niigata, Japan) [13]. The grip width was adjusted such that the proximal interphalangeal joint of
the index finger was flexed at 90°. The participants were instructed to stand in an upright position with the
feet placed shoulder width apart and arms hanging by the sides of the body. They were then instructed to
grip with maximum effort without the dynamometer touching their bodies. Two measurements were taken
for the right-hand and left-hand grips, and the maximum values (kg) were considered to be representative.

A handheld dynamometer (μTas F-1, Anima Corp., Tokyo, Japan) was used to measure quadriceps strength.
The measurements were taken while the participants were in a sitting position with knees flexed at 90° [14].
Two measurements were acquired for each lower limb. The maximum values (kg) were considered to be
representative.

Sit-ups were performed in the supine position with both arms crossed in front of the chest and both knees
flexed at 90°. We counted the number of times that both elbows touched both thighs during a period of 30
seconds.

To measure the sit-and-reach distance, we used a specialized digital device (T.K.K.5412, Takei Scientific
Instruments Co., Ltd., Niigata, Japan). Two measurements were acquired, and the maximum values (cm)
were considered to be representative.

The standing time on one leg with eyes open was measured using a digital stopwatch with an upper limit of
120 seconds. Two measurements were acquired for each leg, and the longest time was regarded as a
representative value. The participants were instructed to barefoot and keep both upper limbs lightly
touching the sides of the body and maintain their line of sight at a fixation point ahead, 2 m above the
ground.

The TUG test was conducted based on the Shumway-Cook method [15]. At the beginning of the
measurement, the participants sat on a chair with their backs leaning into the backrest and their hands on
their knees. At the signal of the examiner, the participants were instructed to stand up, walk 3 m forward as
quickly as possible, cross a line marked on the floor, turn around, walk back, and sit back down. The time
required for the participants to perform these actions was measured with a digital stopwatch. The test was
performed twice, and the shortest time (seconds) was regarded as a representative value.

Statistical analysis
To evaluate skeletal muscle mass according to age, we first examined the interaction between skeletal
muscle mass at different sites (upper limbs, lower limbs, and trunk) and sex. As a result, an interaction was
established for all items; hence, a trend test by sex was performed for the comparison of skeletal muscle
mass according to age. To clarify the relationship between site-specific skeletal muscle mass and physical
function, we performed a partial correlation analysis by gender using age, body mass index (BMI), and the
presence/absence of exercise habits (at least twice a week with each session lasting approximately 30
minutes), which have been reported to be related to skeletal muscle mass in previous studies, as covariates.
SPSS version 25 (IBM Corp., Armonk, NY, USA) was used for all analyses. The significance level was set to 5%
in all analyses. Statistical significance was determined by two-tailed tests.
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Results
Participant characteristics
Among the elderly persons who participated in the physical fitness tests, 684 people (148 men and 536
women) were included in the analysis after the exclusion of those who met the exclusion criteria.

Table 1 presents participant attributes by sex. The mean age was higher among men than among women.
However, there was no difference in physical constitution (BMI) between men and women. There was also
no sex difference among participants receiving treatment for hypertension. However, a higher proportion of
women were receiving dyslipidemia treatment, and a higher proportion of men were receiving diabetes
treatment.

 Total Men Women
p-value

 n=684 n=148 n=536

Age (years) 73.2 (5.6) 74.6 (5.1) 72.8 (5.6) <0.001

Height (cm) 154.2 (7.9) 164.9 (5.5) 151.2 (5.5) <0.001

Weight (kg) 53.4 (8.6) 62 (7.2) 51 (7.3) <0.001

BMI (kg/m2) 22.4 (2.9) 22.8 (2.3) 22.3 (3) 0.044

Hypertension treatment (%) 35.8 35.8 35.8 0.998

Dyslipidemia treatment (%) 16.1 8.1 18.3 0.003

Diabetes treatment (%) 8.2 15.5 6.2 <0.001

Educational history (years) 11.9 (2.3) 12.8 (2.8) 11.6 (2) <0.001

TABLE 1: Participant attributes
Data shown as mean (standard deviation) and %

BMI: body mass index

Site-specific skeletal muscle mass and physical function by age group
Table 2 shows the results of the trend tests by sex for the measurements of site-specific skeletal muscle mass
and physical function. The trend test revealed that the skeletal muscle mass in the upper limbs, lower limbs,
and trunk decreased with age in both men and women. In terms of physical function, grip strength,
quadriceps strength, and standing time on one leg with eyes open decreased with age in both men and
women. The time required to complete the TUG test increased with age among both men and women. The
sit-up count decreased with age among men but not among women. No age-associated change was observed
in the sit-and-reach distance among men or women.
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 Men Women

 65-69 years 70-74 years 75-79 years
80 years or
older

Trend
test

65-69 years 70-74 years 75-79 years
80 years or
older

Trend
test

 n=24 n=46 n=52 n=22
p-
value

n=142 n=179 n=115 n=69
p-
value

Body composition

Skeletal
muscle
mass of the
upper
limbs (kg)

5.3 (0.8) 5.3 (0.9) 5.1 (0.7) 4.8 (0.7) 0.012 3.4 (0.5) 3.2 (0.6) 3.2 (0.5) 3 (0.5) <0.001

Skeletal
muscle
mass of the
lower limbs
(kg)

15.9 (1.9) 15.2 (2.1) 15.1 (2) 14.8 (2.1) 0.024 11 (1.3) 10.3 (1.5) 10.1 (1.3) 9.8 (1.4) <0.001

Skeletal
muscle
mass of the
trunk (kg)

22 (2.3) 21.8 (2.6) 21.1 (1.9) 20.2 (2.1) 0.003 16 (1.7) 15.2 (1.8) 15.1 (1.6) 14.3 (1.6) <0.001

Physical function

Grip
strength
(kg)

39.4 (6.2) 36.5 (5.3) 35.3 (5.1) 33.5 (5.8) <0.001 24.8 (3.6) 23.7 (3.7) 23.2 (4.1) 23.6 (3.8) <0.001

Quadriceps
strength
(kg)

30.1 (7.2) 26.7 (5.8) 26.4 (6.1) 26 (8.5) 0.088 21.6 (5) 20.3 (4.3) 18.8 (4.4) 16.8 (4.3) <0.001

Sit-up
count
(times)

17.3 (4.7) 12.1 (7.7) 9.9 (6.5) 8.9 (6.4) <0.001 8.3 (6.7 6.8 (5.9) 8 (6.8) 6.1 (6.1) 0.167

Sit-and-
reach
distance
(cm)

32.8 (8.7) 30.8 (10.3) 29.9 (9.1) 31.3 (9.8) 0.371 36.4 (8) 35.9 (8.5) 35.9 (7.9) 35.2 (8.9) 0.411

Standing
time on
one leg
with eyes
open
(seconds)

51.3 (39.7) 47.7 (38) 29.6 (27.1) 23.5 (26.2) <0.001 59.1 (38.9) 51.1 (38.2) 34.3 (28.4) 20.8 (23.7) <0.001

TUG
(seconds)

5.1 (0.9) 5.7 (1.1) 5.9 (1) 6.5 (1.3) <0.001 5.5 (0.8) 5.7 (0.7) 6.2 (1.1) 7.1 (1.9) <0.001

TABLE 2: Site-specific skeletal muscle mass and physical function by age group
Data shown as mean (standard deviation)

TUG: timed up and go test

Relationship between skeletal muscle mass and physical function
Table 3 indicates the results of the partial correlation analysis by sex, in which age, BMI, and the
presence/absence of exercise habits were regarded as covariates. In men, only grip strength was significantly
associated with skeletal muscle mass in the upper limbs, lower limbs, and trunk (upper limbs: r=0.43, p<0.01;
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lower limbs: r=0.36, p<0.01; trunk: r=0.45, p<0.01). In women, all physical function parameters were
significantly associated with skeletal muscle mass in the upper limbs, lower limbs, and trunk. However, grip
strength had the strongest association with skeletal muscle mass in each of the body parts (upper limbs:
r=0.64, p<0.01; lower limbs: r=0.54, p<0.01; trunk: r=0.64, p<0.01).

 Men Women

 n=148 n=536

 Upper limbs Lower limbs Trunk Upper limbs Lower limbs Trunk

Grip strength 0.43** 0.36** 0.45** 0.64** 0.54** 0.64**

Quadriceps strength 0.05 0.12 0.06 0.21** 0.17** 0.20**

Sit-up count 0.08 0.09 0.06 0.29** 0.19** 0.24**

Sit-and-reach distance 0.07 0.07 0.06 0.26** 0.23** 0.25**

Standing time on one leg with eyes open 0.01 -0.01 0.02 0.11* 0.13* 0.11*

TUG -0.08 -0.07 -0.09 -0.11* -0.16** -0.14*

TABLE 3: Relationship between site-specific skeletal muscle mass and physical function
Partial correlation analysis: adjusted for age, BMI, and exercise habits (yes/no)

TUG: timed up and go test

**: p<0.01, *: p<0.05

Discussion
We studied age-associated changes in site-specific skeletal muscle mass in Japanese elderly people and
examined the relationship between site-specific skeletal muscle mass and physical function. We found that
the skeletal muscle mass of the upper limbs, lower limbs, and trunk tended to decrease with age in both men
and women. Furthermore, the physical function parameter that had the strongest association with age-
related loss of skeletal muscle mass in both men and women was grip strength.

It has been reported that skeletal muscle mass decreases with age and that skeletal muscle mass is higher
among men than among women at any age [8,16]. Our finding that the skeletal muscle mass of the upper
limbs, lower limbs, and trunk decreases with age is thus consistent with the literature. Although the
mechanism of age-related loss of skeletal muscle mass has not been elucidated, it may be related to an age-
related decrease in the number of motor nerves, changes in the neuromuscular junction, and a decrease in
growth and sex hormone production [6,16,17].

We also examined the relationship between site-specific skeletal muscle mass (upper limbs, lower limbs, and
trunk) and physical function. As skeletal muscle mass generally depends on physical constitution (e.g.,
height, weight, and BMI), when conducting a cross-sectional study of age-related changes, the effect of
physical constitution cannot be ignored. In this study, we conducted a partial correlation analysis of the
relationship between skeletal muscle mass and physical function. In the analysis, age, BMI, and the
presence/absence of exercise habits were regarded as covariates. The analysis revealed a positive correlation
between grip strength and skeletal muscle mass at each of the sites measured in men. Furthermore, in
women, correlations were established between the skeletal muscle mass at all of the sites measured and all
of the physical function parameters. Notably, grip strength had the strongest correlation with skeletal
muscle mass at all sites among women.

As grip strength is easy to measure, it is a commonly used evaluation method [18] and is regarded as a
measure of global muscle strength. It is associated with elbow flexor strength (r=0.64), knee extensor
strength (r=0.53), trunk extensor strength (r=0.52), and trunk flexor strength (r=0.44) [19]. Moreover, grip
strength is closely linked to both lower-limb muscle strength and the cross-sectional area of the lower-limb
muscles and is also associated with walking ability [20]. Further, reduced grip strength is associated not only
with a decline in the ability to perform activities of daily living but also with a decline in cognitive function
[21]. Reduced grip strength is also linked to chronic diseases (e.g., diabetes and hypertension) [22], ischemic
heart disease [23], depression [24], and increased mortality risk [25,26]. Thus, grip strength measurement is
highly valuable in the assessment of physical function in elderly people [10,26]. From these facts, it was
suggested that grip strength may be used as a representative of whole-body skeletal muscle mass even in
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Japanese.

A limitation of this study is that the participants comprised elderly people who were sufficiently
independent to take part in the health support program organized by their local city. That is, the
participants of this study were health-conscious elderly people. To generalize the findings of this study, it
may be necessary to survey and analyze elderly people who do not or cannot take part in a health support
program. Furthermore, this was a cross-sectional study. Changes that occur in individuals’ skeletal muscle
mass and physical function as they age cannot be tracked via a cross-sectional study. In addition, skeletal
muscle mass and neurological factors are included in muscle strength, but neurological factors have not
been investigated in this study. Therefore, a future longitudinal study is warranted.

Conclusions
We investigated the relationship between skeletal muscle mass and physical function in 684 Japanese
general elderly people. As a result, skeletal muscle mass decreased with age. In addition, as the age
increased, muscle strength, balance ability, and walking ability decreased. Among various physical
functions, grip strength had the highest correlation coefficient with skeletal muscle mass. Our findings
suggest that grip strength may be used as a representative of systemic skeletal mass even in Japanese
people.
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