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Abstract: Aims: The purpose of this study was to examine the anthropometric, body composition, and somatotype characteristics of Japanese young
women and to focus on normal-weight obesity syndrome and sarcopenia diagnosis criteria. Methods: A total of 124 Japanese university freshmen
women were measured at body mass index (BMI), percent body fat and skeletal muscle index (SMI), usual gait test, and handgrip strength. The
subjects were divided into obesity (≥30% body fat; BMI: ≥25.0 kg/m2), normal-weight obesity (≥30% body fat; BMI: 18.5–24.9 kg/m2), sarcopenia
(handgrip, <18 kg; gait speed: ≤0.8 m/s; SMI: <5.7 kg/m2), or presarcopenia (SMI: <5.7 kg/m2). There were no subjects below the sarcopenia
diagnosis criteria in usual gait speed, but not for handgrip (0.8%) and SMI (36.3%). Results: The prevalence of presarcopenia group (36.3%) is higher
than in the normal-weight obesity (16.9%) and obesity (4.8%) groups. Anthropometry and sarcopenia diagnosis assessments were significantly higher
in normal-weight obesity and standard groups compared with presarcopenia group. Discussion: The number of young women was higher in the
presarcopenia group than in the normal-weight obesity group, suggesting that the improvement of intrinsic skeletal muscle mass rather than fat mass is
important for Japanese young women.
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Introduction

For health promotion, it is important for maintaining
appropriate body composition parameters (i.e., body fat,
skeletal muscle, etc.) [1, 2]. In general, excess body fat
(obesity) produces an increased risk of metabolic abnor-
malities [3]. Recently, reports of obesity with a normal
body mass index (BMI) and normal-weight obesity syn-
drome have increased [4]. Notably, the prevalence of
normal-weight obesity syndrome has been frequently
observed even in young women in recent times (approxi-
mately 18–19 years of age) [5, 6]. Normal-weight obesity

consists of a high ratio of body fat mass and a low ratio of
skeletal muscle mass and thus it is speculated that young
women tend to preserve a low level of skeletal muscle
mass.

Loss of skeletal muscle mass, sarcopenia, is associated
with serious problems (i.e., falls, fractures, disability, and
heart disease) [7–9] and it is also associated with increased
healthcare costs [10]. Therefore, the European Working
Group on Sarcopenia in Older People (EWGSOP) [11]
and the Asian Working Group for Sarcopenia (AWGS)
[12] introduced the most widely used consensus, which
recommended cut-offs of skeletal muscle mass [skeletal
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muscle index (SMI)], muscle strength (handgrip), and
physical capability (usual gait speed) for diagnosing and
assessing sarcopenia. Additionally, a recent study revealed
that, among young adults, the prevalence of sarcopenia is
higher in women than in men [13]. Thus, in the sarco-
penia study, the skeletal muscle mass may be particularly
important for young women. However, the relationship
between the prevalence of normal-weight obesity syn-
drome and sarcopenia diagnosis criteria is yet unknown
for young women. Thus, the purpose of this study was to
examine the anthropometric, body composition, and
somatotype characteristics of Japanese young women and
to focus on normal-weight obesity syndrome and sarco-
penia diagnosis criteria.

Methods

Subjects

A total of 125 Japanese university freshmen women (aged
18–25 years) were recruited through oral communica-
tions in a “Sports Practice” course at the School of
Nursing in our university. Before informed consent was
obtained, a written description of the purpose of the study
and its safety was distributed to potential subjects, along
with a lifestyle questionnaire. All subjects were free of
overt chronic disease (e.g., diabetes, angina, myocardial
infarction, cancer, and stroke) as assessed by their annual
medical examination. In addition, musculoskeletal disease
and knee joint surgery were also excluded in this study. As
a result, 124 university freshmen women were used for
data analyses. The principles of the World Medical Asso-
ciation Declaration of Helsinki and the American College
of Sports Medicine Guidelines for Use of Human Subjects
were adopted in this study. The study was approved by the
Ethics Committee of Seirei Christopher University.

BMI, percent body fat, and SMI

Body mass and standing height were measured to the
nearest 0.1 kg and 0.1 cm, respectively, using a height scale
and an electronic weight scale. BMI was defined as body
mass/height2 (kg/m2). The multifrequency bioelectrical
impedance analyzer (BIA), InBody 430 analyzer (Biospace
Co., Ltd., Seoul, Korea), was used according to the
manufacturer’s guidelines. BIA is used to estimate the
body composition according to the difference of conduc-
tivity of the various tissues based on the differences in their
biological characteristics. This body composition analyzer
adopts a tetrapolar, eight-point tactile electrode system
that separately measures impedance of the arms, trunk, and
legs at three different frequencies (5, 50, and 250 kHz) for
each segment. The measurements were carried out while
the subjects rested quietly in the supine position, with their

elbows extended and relaxed along their trunk. The
InBody automatically estimates weight, BMI, percent
body fat, and lean soft tissue of the two upper limbs and
two lower limbs. SMI [appendicular muscle mass
(AMM)/height2 (kg/m2)] was calculated as the sum of
the two upper limbs and two lower limbs (AMM). We
divided BMI into two categories (<25 kg/m2 and
≥25 kg/m2), percent body fat into two categories
(<30% and ≥30%), and defined a low SMI as a value
<5.7 kg/m2 in women according to the normal-weight
obesity [3, 5, 6] and the AWGS criteria [12].

Usual gait test

The usual gait test was measured over a 6-m course [11].

Handgrip strength

Handgrip strength was measured using a factory-
calibrated hand dynamometer (TKK 5401, Takei, Tokyo,
Japan). All subjects were instructed to maintain an up-
right standing position, arms at their side, and holding the
dynamometer in the right hand with the elbow extended
at 180° without squeezing their arm against their body.
The size of the dynamometer’s handle was set to that
which felt comfortable for the subject while squeezing the
grip. Each subject underwent two trials, and the best
value of the trials was used for analysis.

Definition of obesity, normal-weight obesity, sarcopenia,
and presarcopenia

In this study, “obesity” (≥30% body fat; BMI:≥25.0 kg/m2)
and “normal-weight obesity” groups (≥30% body fat;
BMI: 18.5–24.9 kg/m2) were defined according to the
previous study [3, 5, 6]. “Sarcopenia” (handgrip,
<18 kg; gait speed: ≤0.8 m/s; SMI: <5.7 kg/m2) and
“presarcopenia” (SMI: <5.7 kg/m2) groups were
defined according to the EWGSOP and the AWGS
criteria [11, 12].

Statistical analyses

The results are expressed as mean± standard deviation for
all variables. All data were analyzed using JMP software
v.12.0 for Mac (SAS Institute Inc., Tokyo, Japan). We
excluded the individuals (n= 8) with obesity group (≥30%
body fat, n= 6) and combined the normal-weight obesity
and presarcopenia groups (≥30% body fat and<5.7 kg/m2,
n= 2), because these groups were extremely small samples
compared to the normal-weight obesity (≥30% body fat,
n= 19), presarcopenia (<5.7 kg/m2, n= 43), and other
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(standard, n= 54) groups. When the data were not nor-
mally distributed, non-parametric statistical analysis
(Wilcoxon signed-rank test) was used to identify differences
in normal-weight obesity, presarcopenia, and standard
groups. Statistical significance was set at p< 0.05.

Results

Handgrip, SMI, and usual gait were 26.4± 4.0 (ranging
from 15.7 to 36.5) kg, 5.93± 0.56 (ranging from 4.61 to
7.85) kg/m2, and 1.43± 0.41 (ranging from 0.88 to
4.55) m/s, respectively. There were no subjects below
the sarcopenia diagnosis criteria regarding usual gait
speed, but that was not true for handgrip (0.8%, n= 1)
and SMI (36.3%, n= 45). The relationship between BMI
and percent body fat (r= 0.845, p< 0.01) for 124
university freshmen women is shown in Fig. 1. The
prevalence of presarcopenia group (36.3%) was higher
than in the normal-weight obesity (16.9%) and obesity
(4.8%) groups. The prevalence of combining both normal-
weight obesity and presarcopenia was 1.6% (Fig. 2).

Anthropometry and sarcopenia diagnosis assessments
were significantly higher in the normal-weight obesity and
standard groups compared with the presarcopenia group
(Table I). Anthropometry assessments were significantly
higher in the normal-weight obesity group than in the
standard group, whereas there were no differences in
sarcopenia diagnosis assessments between the two groups.

Discussion

Although throughout the world there is a lack of consensus
in the percent body fat regarding normal-weight obesity
diagnostic criteria, this study used the level of percent body

fat and BMI (≥30% body fat; BMI: 18.5–24.9 kg/m2) in
women based on previous Japanese studies as a reference
[5, 6]. The prevalence of normal-weight obesity in this
study (16.9%) was almost exactly the same as in the
previous studies (12.3% and 17.5%, respectively) [5, 6].
In addition, the handgrip was similar between this study
(26.4 kg for 18.4 years) and previous national survey
(approximately 27 kg for 19 years) [14]. Thus, it appears
that the body composition and somatotype characteristics
as well as muscle function in this study demonstrate the
present situation as a general population of healthy
Japanese young women.

In this study, skeletal muscle morphology and function
were greater in normal-weight obesity and standard
groups compared with the presarcopenia group. In addi-
tion, the prevalence of combined normal-weight obesity
and presarcopenia group was very rare (1.6%). This means
that healthy Japanese young women with normal-weight
obesity syndrome are not entirely correctly labeled as
“presarcopenia.” Recently, a previous study reported that
skeletal muscle loss is not associated with a metabolic
phenotype in men and women with obesity [15]. Taken
together, there is a high possibility that a countermeasure
against presarcopenia as well as normal-weight obesity is
required.

Interestingly, this study demonstrated that the number
of young women was approximately twofold greater in the
presarcopenia group (36.3%) compared to the normal-
weight obesity group (16.9%). Since the low skeletal
muscle mass may affect the warning signs of suppressed
skeletal muscle thermogenesis, insulin resistance, diabetes,
and metabolic syndrome [16, 17], this indicates that
considerable attention should be made even in healthy
young women. In addition, muscle strength and physical
capability were not below the sarcopenia diagnosis criteria
in the presarcopenia group, but handgrip and usual gait
speed as well as skeletal muscle mass were significantly
lower in the presarcopenia group compared with

Fig. 2. The number of obesity, normal-weight obesity, and pre-
sarcopenia in healthy Japanese young women (n = 124)
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Fig. 1. Relationship between body mass index (BMI) and percent
body fat in healthy Japanese young women

Masked obesity and presarcopenia for young women
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normal-weight obesity and standard groups. These results
suggested that the improvement of intrinsic skeletal muscle
mass rather than fat mass is important for healthy Japanese
young women.

The limitation of this study should be discussed. As the
subjects were Japanese university freshmen women, the age
distribution and the physical characteristics were very lim-
ited. Additional research studying these issues is needed.

In conclusion, the prevalence was higher in the pre-
sarcopenia group than in the normal-weight obesity group
for Japanese university freshmen women, suggesting that
the improvement of intrinsic skeletal muscle mass rather
than fat mass is important for Japanese young women.
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