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ABSTRACT
Background: It remains unclear how past exercise habits can affect the skeletal muscle mass in adult-
hood in Japanese populations.
Aim: The purpose of the present investigation was to examine the association of appendicular muscle
mass (AMM) and skeletal muscle mass index (SMI) with the history of exercise and/or physical activity
participation in Japanese women.
Subjects and methods: One hundred and twenty females, aged between 18 and 28 years old, partici-
pated in the present investigation. Using a dual-energy X-ray absorptiometry scanner, the appendicu-
lar lean soft tissue, which is considered as a measure of AMM, was evaluated. Skeletal muscle mass
index (SMI) was also assessed. Furthermore, all subjects answered a physical activity questionnaire.
Results: Exercise habits at 7 years of age or older positively affected the AMM and SMI. The results of
the multiple regression analysis showed that exercise history at 16–18 years of age as well as the current
status of exercise and/or physical activity participation was a significant predictor of SMI and AMM.
Conclusions: These results indicate that not only the past history of participation in physical and/or
sports activities but also the current status of daily physical activity and sports activity play an import-
ant role in maintaining appropriate SMI and AMM in young women.
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Introduction

Ageing is associated with significant changes in body com-
position, including a decrease in lean soft tissue mass and an
increase in fat mass (FM) (Gallagher et al. 1997; Ito et al.
2001; Shimokata et al. 2014). The lower lean soft tissue,
mainly caused by lower skeletal muscle mass, leads to func-
tional impairments (Auyeung et al. 2014), osteoporosis
(Walsh et al. 2006) and metabolic disorders, including hyper-
glycaemia, insulin resistance, hypercholesterolaemia and
arteriosclerosis (Kim et al. 2010; Sanada et al. 2010, 2012). In
particular, the decrease of muscle mass with increasing age
is seen more in women than in men (Hong et al. 2011).
Furthermore, because of the increase in the older population
in Asian countries, there are several concerns associated with
sarcopenia (Chen et al. 2014), thus the decrease in muscle
mass in ageing women is an important research topic.

In regard to the prevention of lower muscle mass with
ageing, it is recommended that the peak volume of SMM be
maintained during young adulthood (! 20–30 years of age),
since the decline in SMM (especially in the lower limbs)
begins during this period (Gallagher et al. 1997; Cruz-Jentoft
et al. 2019). Adolescence and young adulthood are important

periods in one’s life span to develop habits and take advan-
tage of opportunities that improve health; because behav-
ioural patterns and habits influence health conditions not
only in the short-term but also in the long-term, the levels of
physical activity observed in childhood and adolescence are
related to those seen in adulthood (Malina 2001). Previous
studies have indicated that health status in adolescence and
young adulthood determines the independent risk for devel-
oping chronic diseases in middle age or when older (Chou
et al. 2012; Hartiala et al. 2012). Therefore, adequate nutrition
and healthy eating as well as physical activity (exercise)
habits at a younger age provide the foundation for good
health in adulthood. However, it remains unclear how past
exercise habits can affect the volume of SMM in adulthood.

In recent times, a number of studies have been published
concerning muscle mass/strength status in elderly individu-
als, focusing on sarcopenia in today’s ageing society.
However, there is a lack of information regarding SMM in
young adulthood assessed with precision methods such as
dual-energy X-ray absorptiometry, computerised tomography
and magnetic resonance imaging. In addition, there may be
ethnic differences in SMM and its relative loss with ageing
(e.g. African-Americans vs Caucasians (Gallagher et al. 1997)).
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It has been shown that Korean populations have relatively
lower lean mass as well as ‘not-high’ fat mass compared
with other ethnic populations (Hong et al. 2011); however,
there is limited information available on this topic for
Japanese populations. This information is important because
Japanese individuals exhibit different body compositions and
energy metabolism when compared with other ethnic
groups (Kadowaki et al. 2006; Matsunaga-Irie et al. 2007;
Azuma et al. 2009). For example, Japanese individuals have
greater visceral fat than Caucasians (Kadowaki et al. 2006).
Furthermore, despite having a lower body mass index (BMI),
the incidence of fatty liver is higher in Japanese individuals
than in Caucasians (Azuma et al. 2009).

Therefore, we conducted a cross-sectional study to investi-
gate the SMM status in young Japanese women using dual-
energy X-ray absorptiometry (DXA). A second purpose of the
study was to examine the hypothesis that both past and cur-
rent exercise habits influence the present SMM.

Subjects and methods

Two hundred and forty-two healthy young Japanese women
between the ages of 18 and 28 were enrolled in this study.
The subjects were recruited through poster posting and the
distribution of flyers. Furthermore, 120 of the 242 subjects
answered a physical activity questionnaire. The number of
subjects who completed the questionnaire was limited to
almost half of the subjects, because the physical activity ques-
tionnaire was added to the study midway through the investi-
gation. Although the number of subjects answering the
questionnaire was limited to almost half of the total subjects,
the characteristics of these subjects did not differ significantly
compared with those of the subjects who did not complete
the questionnaire (21 ± 1 years of age, 159.3 ± 5.5 cm in
height, 51.8 ± 7.0 kg body weight, 20.4 ± 2.4 kg/m2 body mass
index in subjects with questionnaire, 21 ± 1 years of age,
158.9 ± 5.0 cm in height, 51.6 ± 6.4 kg body weight,
20.4 ± 2.1 kg/m2 body mass index in subjects without ques-
tionnaire) . All subjects signed an informed consent statement
after the experiment had been explained to them. The study
protocol was approved by the Ethical Committee of the
Hokkaido University Graduate School of Education.

The subjects were measured for height, weight, waist cir-
cumference (at the slimmest part of the waist as viewed
from the front), and hip circumference (at the widest part of
the hips). BMI was calculated as body mass (kg)/(height
in m)2. Furthermore, whole body and regional body compos-
ition were estimated using a dual-energy X-ray absorpti-
ometry (DXA) scanner (QDR-2000, Hologic Inc., Boston, MA).
The subjects were positioned for whole-body scans accord-
ing to the manufacturer’s protocol. During the course of
these measurements, the subjects wore controlled t-shirts
and short pants in order to avoid the effects of clothes.

The system software provided the FM, lean soft tissue
mass, and bone mineral content for the whole body and/or
specific regions. The appendicular lean soft tissue (ALST) was
calculated as the sum of the lean soft tissue mass of the legs
and the arms, which could be considered as a measure of
appendicular SMM (AMM) (Kim et al. 2002; Zhao et al. 2013).

The ALST was measured by DXA; although SMM constitutes
its largest fraction, it also consists of skin, connective tissue,
and tendons. Previous studies have indicated that the ALST
could accurately estimate the total body SMM measured by
magnetic resonance imaging, with high confidence (r2 "
0.96 (Kim et al. 2002), and r2 " 0.94 (Zhao et al. 2013)). Thus,
AMM (individual skeletal muscle status) was defined as the
ALST in this study. Total lean body mass was calculated as
body mass (kg) minus total FM (kg). The percentage of body
fat was calculated as FM (kg)/body mass (kg) # 100. The per-
centage of AMM (%AMM) was calculated as AMM (kg)/body
mass (kg) # 100. The skeletal muscle mass index (SMI) was
also computed as AMM (kg)/(height in m)2.

Each of the subjects’ past exercise habits in each age cat-
egory were classified based on the self-administered ques-
tionnaire. The subjects answered either ‘yes’ or ‘no’ with
regard to exercise habits for the following age categories:
4–6 years (preschool), 7–12 years (elementary school),
13–15 years (junior high school), 16–18 years (high school)
and the current status. In the present investigation, the exer-
cise habits were defined as ‘participation in exercise/sports at
least one time per week’ and/or ‘participation in purposeful
exercise/sports’, to obtain representative data for the
Japanese population. Exercise/sports was defined as the
exercise/sports the subjects were involved in after classes at
school and/or in the private or local community centres, and
did not include physical education classes in school.

The data are expressed as the mean and standard devi-
ation. Individual regression equations applied for two differ-
ent approaches were calculated. Correlation coefficients
using Pearson’s r were calculated. The forward stepwise lin-
ear regression analyses were used to determine the effects
of physical characteristics and exercise history as independ-
ent variables on the AMM of the SMI (the dependent vari-
able). The unpaired t-test was used to examine differences in
exercise habits (the active or sedentary groups), if there were
any. The statistical analysis was performed using a commer-
cial software package (SPSS 20, IBM). p< 0.05 was considered
statistically significant, unless otherwise noted.

Results

The characteristics of the subjects are shown in Table 1. The
average BMI was within the normal range, whereas 45 and

Table 1. Subject characteristics.

Age (years) 21 ± 2
Height (cm) 159.1 ± 5.2
Body mass (kg) 51.7 ± 6.7
Body mass index (kg/m2) 20.4 ± 2.3
Waist circumference 65.8 ± 5.2
Hip circumference 92.5 ± 5.1
Lean soft tissue mass (kg) 34.8 ± 3.9
Total fat mass (kg) 13.5 ± 4.0
Percent Fat (%) 26.5 ± 5.3
Appendicular muscle mass (kg) 13.41 ± 1.91
% Appendicular muscle mass (%) 26.7 ± 2.7
Skeletal muscle index (kg/m2) 5.288 ± 0.624
Lumbar spine bone mineral density (g/cm2) 0.99 ± 0.14
Whole body bone mineral density (g/cm2) 1.05 ± 0.09

The data are expressed as the mean and standard deviation (Mean ± SD).
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10 of the 242 subjects were categorised as underweight and
overweight (< 18.5 and > 25 kg/m2), respectively. Figure 1
indicates the frequency distribution of AMM and SMI. In 73
of the subjects (30.1%), the SMI was above 5.6 kg/m2.

Figure 2 shows the relationships between the AMM, SMI
and past and current exercise habits. As shown in Figure 2,
the AMM and SMI were significantly higher in the subjects
with exercise habits after 7 years of age compared with those
observed in the subjects without exercise habits, whereas
there were no significant differences seen when the subjects
had exercise habits at 6 years of age or younger.

Table 2 shows the multiple stepwise regression analyses
of AMM and SMI based on physical characteristics and exer-
cise history in young Japanese women (n" 120). The exercise
history at 13–18 years of age and the current status of exer-
cise and/or physical activity participation, as well as hip cir-
cumference, were found to be significant determinants of
the AMM, accounting for 45.8% of the total variance
(Table 2). The exercise history at 16–18 years of age and the
current status of exercise and/or physical activity participa-
tion, as well as waist circumference, were found to be signifi-
cant determinants of the SMI, accounting for 37.5% of the
total variance (Table 2).

Discussion

The primary aim of the present study was to investigate
SMM status in young Japanese women using DXA. Therefore,
we conducted a cross-sectional study of 242 female adults.
The secondary aim was to examine the hypothesis that past
exercise habits influence the current amount of SMM. As
shown in Figure 2, the presence of exercise habits at 7 years
of age or older positively affects the AMM and SMI.
Furthermore, the results of the multiple regression analysis
showed that exercise habits, lean body mass, and height and
waist circumference are significant predictors of the AMM
and SMI. These results indicate that engaging in daily

Figure 1. Frequency distribution of appendicular muscle mass (AMM) and the
skeletal muscle index (SMI) in young Japanese women.

Figure 2. Relationships between appendicular muscle mass (AMM), the skeletal muscle index (SMI) according to past and current exercise habits in young
Japanese women.
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physical activity and sports activities, especially in the period
between 16 and 18 years of age, plays an important role in
maintaining appropriate levels of SMM in young women.

The present investigation showed the distribution of the
SMI in Japanese young adults. A recent study of Japanese
individuals showed that the reference values of SMI in each
sex should be defined as 7.77 kg/m2 and 6.87 kg/m2 in males
and 6.12 kg/m2 and 5.46 kg/m2 in females, respectively
(Sanada and Miyachi 2012). Furthermore, the reference val-
ues of SMI for women range from 5.45 to 5.75 kg/m2

(Fielding et al. 2011; Sanada and Miyachi 2012). Similar
results were reported in Asian women, with the cut-off value
of SMI ranging from 4.59–5.44 kg/m2 in Korea and Thailand
(Chen et al. 2014). In the present investigation, the mean SMI
obtained using DXA was 5.288 ± 0.624 kg/m2, and the individ-
ual SMI values were above 5.6 kg/m2 in only 30% of the
female subjects of 18–28 years of age.

One reason for the lower SMI values observed in this study
is that the body mass and BMI were apparently smaller than
those observed in previous investigations (Baumgartner et al.
1998; Sanada and Miyachi 2012). A lower body mass is a prob-
lem among young Japanese women (Takimoto et al. 2004;
Osako et al. 2005). Osako et al. (2005) reported that many
patients in their study desired to lose weight, although they
were not overweight by objective measures. Interestingly,
over the last 10 years, there has been a decrease in BMI young
Japanese women aged 15–25 years, while extreme thinness
(BMI< 17 kg/m2) has increased from 2.4% in the period
1976–1980 to 4.2% in the period 1996–2000 (Takimoto et al.
2004). The results of a cross-sectional study of 2411 Japanese
individuals evaluated with DXA showed similar AMM levels
(13.1 ± 1.9 kg, 158.5 ± 5.5 of height) among females
20–29 years of age as those observed in the present investiga-
tion (13.4 ± 1.9 kg, 159.1 ± 5.2 of height). These findings indi-
cate that current Japanese adults must pay special attention
to preventing extremely low levels of SMM.

The present investigation found significant effects of exer-
cise participation on both AMM and SMI. Interestingly, based
on the results of the multiple regression analysis, the pres-
ence of exercise habits at 16–18 years of age and the pres-
ence of current exercise habits, rather than the presence of
exercise habits at < 16 years of age, are significant predictors
of AMM and SMI. It is well known that appropriate levels of
exercise and physical activity have desirable effects on
increasing SMM (Garber et al. 2011). Similarly, higher levels
of physical activity may be associated with higher levels of
AMM and SMI, as endurance-trained males exhibit signifi-
cantly higher AMM values relative to body mass and body
size than sedentary individuals. These findings indicate that
exercise habits are an important contributor to SMI.
Furthermore, as the fat-free mass increases slightly from age
20 to age 47, and then declines at a non-linear rate in associ-
ation with ageing (Jackson et al. 2012), young women should
be encouraged to regularly participate in exercise and sports
activities, regardless of their current levels of SMM. Although
the contribution of the exercise habits was <0.5, the main
contributor to the AMI and SMI would be the index of body
mass such as the total body weight, and the lean mass.
Therefore, the predictive values will be improved by adjust-
ing by the index of the body weight.

There are several limitations associated with the present
investigation. First, the present study was conducted under a
cross-sectional design. Therefore, the evidence for any causal
relationship is not strong. Second, the presence of exercise
habits was assessed using a subjective procedure. Although
the questionnaire was relatively simple, its validity and reli-
ability were not examined. Furthermore, the type, frequency
and volume of exercise were not evaluated. It should be con-
sidered that the subjects included in the present investiga-
tion may be thin compared with typical young Asian women
as well as young women in other countries. Therefore, the

Table 2. Multiple stepwise regression analyses of appendicular muscle mass and the skeletal muscle index based on physical characteristics and
exercise history in young Japanese women (n" 120).

Dependent variable Step Modelled variable R2 (p-value) SEE F-value

Appendicular muscle mass 1 EX16–18 0.271 10.56 44.81
(<0.001)

2 EX16–18 0.425 9.56 44.68
Hip circumference (<0.001) 26.27

3 EX16–18 0.441 10.81 32.06
Hip circumference (<0.001) 10.75
EX13–15 28.86

4 EX16–18 0.458 10.96 25.91
Hip circumference (<0.001) 28.61
EX13–15 10.60
EXcurrent 78.76

Skeletal muscle index 1 EX16–18 0.267
(<0.001)

0.003 44.00

2 EX16–18 0.354 0.003 33.32
Waist circumference (<0.001) 0.010

3 EX16–18 0.375 0.003 24.55
Waist circumference (<0.001) 0.010
EXcurrent 0.028

EX16–18, Exercise history from 16–18 years of age; EX13–15, Exercise history from 13–15 years of age; EXcurrent, Current status of exercise and/or
physical activity participation.
Calculated Variables: The analysis employed nine variables: age, waist circumference, hip circumference, age of menarche, period of exercise par-
ticipation (month) at the age of 4–6 years, 7–12 years, 13–15 years and 16–18 years and current status of exercise and/or physical activity
participation.

4 M. AYABE ET AL.



values of SMI should be confirmed in samples of young
women of other nationalities.

Conclusions

The present investigation demonstrated the relationship
between exercise history and muscle mass in 120 young
women. The results indicate that engaging in daily physical
activity and sports activities, especially engaging in exercise
habits at 16–18 years of age and current exercise habits, play
an important role in maintaining appropriate SMM. The cause
and effect relationships between the SMM and past exercise
habits remain unclear. Further studies are required to estab-
lish the reference values of SMI in young Japanese women.
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