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Introduction

Loss of skeletal muscle mass, sarcopenia, is associated 
with serious problems (i.e. falls, fractures, disability, and 
heart disease),1–3 and it is also associated with increased 
healthcare costs.4 Therefore, the European Working Group 
on Sarcopenia in Older People (EWGSOP) and the Asian 
Working Group for Sarcopenia (AWGS) introduced the 
most widely used consensus, which recommends cut-offs 
of skeletal muscle index (SMI, defined by appendicular 

skeletal muscle mass/height2), muscle strength (handgrip), 
and physical capability (sit-to-stand, etc.) for diagnosing 
and assessing sarcopenia.5,6 Notably, a previous study 
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Objectives: The purpose of this study was to examine the prediction of skeletal muscle mass and maximum muscle 
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a Step 1, respectively.
Conclusion: Our results indicated that skeletal muscle index and handgrip strength could be evaluated by the simplified 
morphology methods, especially that for the calf girth measurement, which may be a good indicator of screening/
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reported that, among young adults, the prevalence of sar-
copenia is higher in women than in men.7 In addition, a 
recent study revealed that the ratio of “presarcopenia” (low 
SMI without impact on muscle strength or physical capa-
bility) was approximately 36% for healthy young women 
in Japan.8 This means that the sarcopenia assessment is 
particularly attentive for the healthy young women in early 
prevention of mobility problems and frailty.

There are some methods typically used to evaluate skel-
etal muscle mass, including quantitative techniques such 
as dual-energy X-ray absorptiometry (DXA) and bioelec-
trical impedance analyzer (BIA) methods. Although the 
SMI assessed by the DXA and the BIA methods is used 
widely to diagnose sarcopenia,9–13 these methods are lim-
ited to research and clinical practice due to their high cost 
and lack of portability. The DXA in particular is not port-
able and may even be dangerous due to radiation exposure. 
Moreover, the precision of BIA in measuring muscle mass 
is controversial, because the SMI values differ substan-
tially depending on the type of BIA device.14,15 Therefore, 
these methods are not practical in large field–based studies 
or epidemiologic studies and thus, there is a need for a 
simple, inexpensive, and field-based method for measur-
ing SMI. In addition, previous study reported that severely 
impaired mobility patients (for cardiovascular disease 
inpatients) failed to perform the sit-to-stand test (13.5% 
for male and 17.3% for female, respectively).3 Therefore, 
simplified morphology methods are useful tools for evalu-
ating sarcopenia diagnosis regardless of physical health 
condition.

There are some studies concerning sarcopenia using 
simplified morphology evaluation (muscle thickness and 
girth, etc.). For example, some studies have demonstrated 
that thigh muscle morphology (muscle thickness) was a 
major contributing factor to sarcopenia in older adults and 
patients.3,16,17 However, recent studies suggested that calf 
muscle morphology (girth) could be used as a good indi-
cator of muscle mass for diagnosing sarcopenia in middle-
aged and elderly.18,19 Taken together, it is unclear the 
important combination of site (thigh and/or calf) and 
measurement (muscle thickness (MTH) and/or girth) for 
preventing the sarcopenia (muscle mass, strength, and 
physical capability) from a young age. In addition, some 
studies reported that muscle morphology (thigh girth or 
MTH) was significantly correlated with muscle strength 
(handgrip or knee extension) and skeletal muscle mass 
(lean body mass) in young/middle-aged adults.20–22 
Therefore, we hypothesized that thigh muscle morphol-
ogy rather than calf muscle morphology would be a useful 
indicator in evaluating skeletal muscle mass and maxi-
mum muscle strength. The purpose of this study was to 
examine the prediction of skeletal muscle mass and maxi-
mum muscle strength using simplified morphology evalu-
ation in young Japanese women from the thigh and calf 
perspective.

Methods

Participants

A total of 250 Japanese university freshmen women (aged 
18–25 years) were recruited through oral communications 
in a “Sports Practice” course 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 medical examination report. However, a par-
ticipant (n = 1) with musculoskeletal disease and knee joint 
surgery was excluded in this study. As a result, 249 univer-
sity freshmen women were used for data analyses. The 
participants in this study were classified as “recreationally 
active”; 57 of 249 participated in regular aerobic-type 
exercise (walking, jogging, or cycling; two to three times 
per week for approximately 30 min). None of the partici-
pants had participated in strength/resistance-type training 
for 6 months before the start of the study. The study was 
conducted according to the Declaration of Helsinki and 
was approved by the university’s Ethics Committee for 
Human Experiments. Written informed consent was 
obtained from all the participants.

Body mass index, percent body fat, and SMI

Body mass and standing height were measured to the near-
est 0.1 kg and 0.1 cm, respectively, using a height scale and 
an electronic weight scale. Body mass index (BMI) was 
defined as body mass/height2 (kg/m2). The multi-fre-
quency 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 conductivity of the various 
tissues based on the differences in their biological charac-
teristics. This body composition analyzer adopts a tetrapo-
lar, 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 seg-
ment.23–25 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.

MTH and girth

After thigh and calf length measurements using anatomic 
landmarks, all measurement sites were marked with a 
marker pen and then thigh, at 50% between the lateral 
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condyle of the femur and the greater trochanter, and calf, 
at 30% proximal between the lateral malleolus of the fib-
ula and the lateral condyle of the tibia, girths were meas-
ured using a tape measure on the right side of the body.8,20 
Ultrasound evaluation of MTH was performed using a 
real-time linear electronic scanner with a 10.0-MHz scan-
ning head (5.5 cm length probe, ProSound C3CV, Hitachi 
Aloka System, Tokyo, Japan). The scanning head was 
coated with a water-soluble transmission gel to provide 
acoustic contact without depressing the dermal surface. 
The subcutaneous adipose tissue–muscle interface and the 
muscle–bone interface were identified from the ultrasonic 
image. The perpendicular distance from the adipose tis-
sue–muscle interface to the muscle–bone interface was 
considered to represent MTH. Briefly, the measurements 
were carried out on the right side of the body while the 
participants stood with their elbows extended and 
relaxed.8,20 Two images from the same site were stored, 
and the mean value was used for data analysis. The coef-
ficient of variance (CV) of MTH measurement from test 
to retest was 1.3%. The same investigator made all of the 
ultrasound measurements.

Handgrip strength

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

Sit-to-stand test

A wooden molded chair (0.40 m height and 0.30 m depth) 
was used for the sit-to-stand test. The subjects were asked 
to stand up from a sitting position and then to sit down dur-
ing 30 s as many times as possible. The subjects were 
instructed to stand up fully and to place their buttocks on 
the chair in a sitting position between repetitions.26 The 
test started when the examiner said “Go” and stopped after 
30 s.27 Prior to the measurements, practice trials with sub-
maximal effort were performed for positioning and learn-
ing of the task. Each subject performed two trials with an 
interval of at least 3 min between trials. The highest repeti-
tion score was adopted for the individual data.

Statistical analyses

Results are expressed as mean ± standard deviation for all 
variables. All data were analyzed using JMP v.12.0 for 
Mac (SAS Institute Inc., Tokyo, Japan). Pearson product 

correlations of SMI, handgrip strength, and sit-to-stand 
test and variable factors were also statistically quantified. 
Receiver operating characteristic (ROC) curves were plot-
ted to identify an optimal lower body girth or MTH cut-off 
for detecting presarcopenia (SMI <5.7 kg/m2). Since the 
value of events per variable = 10 seems most prudent for 
regression analysis,28 five variable factors were acceptably 
for women (n = 249). In addition, the variance inflation 
factor (VIF) was used to determine the degree of multi-
collinearity of the ith independent variable with other inde-
pendent variables for all hierarchal regression models.17 
Multi-collinearity between variables was defined as a VIF 
⩾10. Based on the result of VIF, a stepwise multiple 
regression analysis (method of increasing and decreasing 
the variables, criterion was set at p < 0.05) was performed 
to SMI, handgrip strength, or sit-to-stand test and five vari-
able factors (girth (mid-thigh and lower-leg) and MTH 
(anterior and posterior mid-thigh and posterior lower-
leg)). Consequently, the predicted variables, coefficients, 
and intercept coefficients were automatically picked out 
by the JMP software. Statistical significance was set at 
p < 0.05.

Results

The physical characteristics and clinical data are listed 
in Table 1. The correlation coefficients between SMI, 
handgrip strength, or sit-to-stand test and girth or MTH 
are shown in Table 2. Unlike the sit-to-stand test, SMI 
or handgrip strength was correlated (p < 0.001) with the 
girth or MTH for both thigh and calf (Table 2). In thigh 

Table 1.  The physical characteristics and clinical data in 
Japanese university women.

Variable Mean (SD) Range

Age, years 18.3 (0.8) 18–25
Standing height, cm 157.1 (5.4) 144.0–171.5
Body weight, kg 51.2 (7.9) 35.0–89.5
BMI, kg/m2 20.7 (2.8) 15.2–37.0
Percent body fat 26.2 (5.9) 12.9–48.4
Fat mass, kg 13.8 (5.1) 5.1–43.4
Morphological assessment
  SMI, kg/m2 5.97 (0.54) 4.61–7.85
  Thigh girth, cm 48.9 (4.3) 39.4–69.0
  Calf girth, cm 34.5 (2.7) 28.6–43.7
  Anterior thigh MTH, cm 4.60 (0.56) 3.42–6.61
  Posterior thigh MTH, cm 5.40 (0.49) 3.91–6.87
  Calf MTH, cm 6.03 (0.51) 4.46–7.47
Functional assessment
  Handgrip, kg 26.4 (3.7) 15.7–36.5
  Sit-to-stand test, reps/30 s 32.8 (5.6) 10–46

SD: standard deviation; BMI: body mass index; SMI: skeletal muscle 
mass index; MTH: muscle thickness.
Data are given as mean (standard deviation).
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and calf, there was an excellent relationship between 
girth and SMI (p < 0.001) (Figure 1). ROC curves were 
plotted to identify the optimal girth or MTH cut-offs for 
detecting presarcopenia. The area under the curve 
(AUC) and the sensitivity were high values for both the 
girth (89.0%–90.3% for AUC and 81.1%–82.3% for 
sensitivity) and the MTH (77.3%–82.9% for AUC and 
75.7%–86.5% for sensitivity) to detect presarcopenia. 

In contrast, the specificity was lower values with the 
MTH (41.0%–48.7%) than the girth (66.1%–67.7%) 
(Table 3). Unlike the sit-to-stand test, the prediction 
equations for SMI and handgrip strength estimation 
showed significant correlations with multiple regres-
sion analysis of data obtained from the calf girth and 
MTH (Table 4). In both SMI and handgrip strength, calf 
girth was adopted as a Step 1, respectively.

Table 2.  Pearson’s correlation coefficients between skeletal muscle index (SMI), handgrip strength, or sit-to-stand test and girth 
or muscle thickness in Japanese young women.

Girth MTH

  Thigh Calf Anterior thigh Posterior thigh Posterior calf

SMI 0.801* 0.805* 0.582* 0.546* 0.666*
Handgrip strength 0.339* 0.377* 0.323* 0.341* 0.322*
Sit-to-stand test −0.058 −0.062 0.055 −0.063 −0.061

SMI: skeletal muscle mass index; MTH: muscle thickness.
*p < 0.001.

Figure 1.  Relationships between girth (a) or muscle thickness (b) and skeletal muscle index (SMI) of Japanese young women.
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Discussion

The main findings of this study were as follows: first, the 
muscle morphology for both thigh and calf was found to 
be an effective tool for the prediction of SMI and handgrip 
strength in healthy young women. Second, SMI was 
strongly correlated with girth, which was comparable with 
MTH for both thigh and calf.

The standing height, body mass, and percent body fat in 
this study (157 cm, 51.2 kg, and 26.2%) was nearly the same 
as in the previous study (158 cm, 52.0 kg, and 24.3% (n = 207, 
20–39 years)).17 In addition, the values and the CVs of the 
morphological assessment and the functional assessment in 
this study were nearly the same as in the previous studies 
(thigh girth, 48.9 ± 4.3 cm and 8.7% vs 48.5 ± 3.4 cm and 
7.0%; calf girth, 34.5 ± 2.7 cm and 7.8% vs 34.8 ± 2.1 cm and 
6.0%; anterior thigh MTH, 4.60 ± 0.56 cm and 12.2% vs 
4.68 ± 0.59 cm and 12.6%; posterior thigh MTH, 5.40 ±  
0.49 cm and 9.1% vs 5.19 ± 0.55 cm and 10.6%; calf MTH, 
6.03 ± 0.51 cm and 8.5% vs 6.06 ± 0.49 cm and 8.1%; hand-
grip, 26.4 ± 3.7 cm and 14.0% vs 25.3 ± 6.6 cm and 26.1%; 
30 s sit-to-stand test, 32.8 ± 5.6 reps and 17.1% vs 27.0 ± 5.7 
reps and 21.0%).29–32 Thus, it appears that the body composi-
tion and somatotype characteristics in this study demonstrate 

the present situation as a general population of healthy 
Japanese young women.

Previously, thigh muscle morphology was a major 
contributing factor to sarcopenia in older adults,8,16,17 but 
calf muscle morphology could be used as a good indica-
tor of muscle mass for diagnosing sarcopenia in middle-
aged and elderly.18,19 In this study, the prediction 
equations (Steps 1 and 2 for SMI and Steps 1–3 for 
handgrip strength) was particularly high contributed 
from the calf morphology. Previous study indicates that 
thigh girth might help general practitioners in early iden-
tification of individuals at an increased risk of premature 
morbidity and mortality in both men and women.33 
However, calf girth measurement may be easier to per-
form everywhere for young women, like unique simpli-
fied method as represented by “Yubi-Wakka (finger-ring)” 
test.34 Moreover, in this study, the <33.3 cm for calf 
girth was calculated by cut-offs for diagnosing presarco-
penia (Table 3). This result was exactly similar to that of 
a previously reported study on AWGS 2019 (<33 cm for 
women for screening or case finding).6 Furthermore, the 
specificity was high values with the girth compared with 
the MTH for lower extremities (Table 3). Taken together, 
calf measurement, and in particular that based on girth 

Table 3.  Optimal cut-off values of girth and MTH in lower extremities for diagnosing presarcopenia (SMI <5.7 kg/m2) in Japanese 
university women.

Variable Cut-off value (cm) p-value AUC Sensitivity Specificity

Girth
  Thigh 46.8 <0.001 0.903 0.823 0.677
  Calf 33.3 <0.001 0.890 0.811 0.661
MTH
  Anterior thigh 4.53 <0.001 0.773 0.757 0.410
  Posterior thigh 5.45 <0.001 0.782 0.865 0.455
  Calf 6.02 <0.001 0.829 0.851 0.487

MTH: muscle thickness; SMI: skeletal muscle index; AUC: area under the curve.

Table 4.  Prediction equations for SMI, handgrip strength, or sit-to-stand test estimation based on multiple regression analysis of 
data obtained from girth and MTH in lower extremities.

Prediction equations (kg) R2 RMSE p-value

SMI
  Step 1 SMI (kg/m2) = 0.175 × calf girth (cm) − 0.064 0.650 0.32 <0.001
  Step 2 SMI (kg/m2) = 0.097 × calf girth (cm) − 0.052 × thigh girth (cm) + 0.115 0.684 0.31 <0.001
Handgrip strength
  Step 1 Handgrip (kg) = 0.567 × calf girth (cm) + 6.790 0.144 3.46 <0.001
  Step 2 Handgrip (kg) = 0.419 × calf girth (cm) + 1.669 × posterior calf MTH 

(cm) + 2.861
0.181 3.39 <0.001

  Step 3 Handgrip (kg) = 0.316 × calf girth (cm) + 1.480 × posterior calf MTH 
(cm) + 0.929 × anterior thigh MTH (cm) + 3.192

0.194 3.36 0.047

Sit-to-stand test  
  Step 1 – – – –

SMI: skeletal muscle index; MTH: muscle thickness; RMSE: root-mean-square error.
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measurement, is a good indicator of SMI associated with 
sarcopenia diagnosis from young women.

Previous study recommend that handgrip strength is the 
most useful tool of age-related change in muscle strength 
in older adults,35 because this strength is correlated with 
lower extremity muscle strength.36,37 In addition, 
EWGSOP-2 recommend that sit-to-stand test (also called 
chair stand test and chair rise test) can be used as a proxy 
for strength of muscles (quadriceps muscles).6 In this 
study, our results suggest that thigh and calf muscle mor-
phology may be a useful parameter for evaluating hand-
grip strength, but not for sit-to-stand test, in young Japanese 
women. In general, muscle size (morphology) is a major 
determinant of muscle strength,38,39 suggesting that hand-
grip strength was correlated with lower extremity (thigh 
and calf) muscle morphology. However, since the chair 
stand test requires both strength and endurance,35 it appears 
that sit-to-stand test did not have a significant correlation 
with thigh and calf muscle morphology.

The limitation of this study should be discussed. As the 
subjects were Japanese young women, the ethnic group, the 
age distribution, and the physical characteristics were very 
limited. Additional research is needed to address this issue.

In conclusion, this study indicated that SMI and hand-
grip strength could be evaluated by the simplified morphol-
ogy methods, especially that for the calf girth measurement, 
which may be a good indicator of screening/preventing for 
sarcopenia in healthy Japanese young women.
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