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Abstract The purpose of this study was to compare the
prevalence of severe sarcopenia detected by total skele-
tal muscle mass (SM) index and of site-specific thigh
sarcopenia for differing age groups in men and women.
Japanese nonobese men and women aged 20 to 85
(n=1,994, 55 % women) had muscle thickness (MTH)
measured by ultrasound at six sites on the anterior and
posterior aspects of the body. SM was estimated from
ultrasound-derived prediction equations. Site-specific
thigh sarcopenia was calculated using ultrasound-
measured MTH at the anterior and posterior aspects of
the thigh (MTH ratio, anterior 50 %/posterior 50 %
thigh MTH (A50/P50 MTH)). Sarcopenia was defined
as a SM index (SM divided by height2) of >2 standard
deviations (SD) below the mean for young adults. Site-
specific thigh sarcopenia was defined as a ratio of
A50/P50 MTH of >2 SD below the mean for young
adults. Age was inversely correlated to SM index and

A50/P50 MTH in men (r=−0.480 and r=−0.522) and
women (r=−0.243 and r=−0.516). The prevalence rate
of sarcopenia was less than 3 % for women under the
age of 60, 7 % for ages 60–69, and 24% for ages 70–80.
In men, the prevalence rate of sarcopenia was less than
7 % under the age of 50, 18 % for ages 50–59, 33 % for
ages 60–69, and 47 % for ages 70–85. Compared to the
sarcopenia estimated by SM index, there was a higher
prevalence of site-specific thigh sarcopenia observed in
both sexes. These results suggest that site-specific thigh
sarcopenia appears before it is able to be detected at the
whole body level.
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Introduction

The proportion of time spent performing a particular
mode of physical activity varies according to age
(Belanger et al. 2011). Exercise and fitness activities
including team sports make up a greater proportion of
total moderate or vigorous physical activity time in
young adults, whereas domestic activities make up a
greater proportion of total moderate/vigorous physical
activity time in older adults (Belanger et al. 2011). These
daily physical activities include sports that are highly
dependent upon age-related changes in skeletal muscle
mass (Park et al. 2010; Abe et al. 2012b). A limited
number of studies have reported that the electromyogram
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activity patterns during daily activities differed between
muscle groups located in the anterior and posterior as-
pects of the limbs (Sawai et al. 2006; Shiraiwa et al.
2009). Recent studies have demonstrated that an age-
related site-specific loss of skeletal muscle mass is ob-
served in Japanese (Abe et al. 2011b) and German (Abe
et al. 2011a) populations, especially for the anterior thigh
muscles (Ogawa et al. 2012). Similarly, one longitudinal
study found a significant reduction in mid-thigh muscle
cross-sectional area (CSA), while the posterior muscle
CSA did not change (Frontera et al. 2008). In addition, a
recent study reported that the age-related loss of the
anterior thigh muscle is inversely associated with zigzag
walking performance, but not with normal and maxi-
mum walking speed in middle-aged and older women
(Abe et al. 2012c). These results suggest that site-specific
muscular changes begin appearing before they are able
to be detected at the whole body level.

Based on the definition of sarcopenia by Baumgartner
et al. (appendicular lean mass index (aLM index),
<7.26 kg/m2 for men and <5.45 kg/m2 for women),
approximately 14% of non-Hispanic men under 70 years
of age, 20 % for those between 70 and 74 years, 27 % for
those between 75 and 79 years, and 53 % for those aged
over 80 years were classified as being sarcopenic
(Baumgartner et al. 1998). Using the same diagnostic
criteria, the prevalence of sarcopenia was approximately
4 % for European men under the age of 59 years, 4 % for
those between 60 and 69 years, and 7 % for those over
70 years of age (Bijlsma et al. 2013). On the other hand,
sarcopenic obesity is the combination of reduced skeletal
muscle mass and increased fat mass with advancing age.
A study reported that the prevalence of sarcopenic obe-
sity ranged from 4 to 12 % in older men and women
(Stenholm et al. 2008). The prevalence of sarcopenia as
well as sarcopenic obesity indicates a pattern that in-
creases with age, although the rate varies widely in the
literature. Skeletal muscle mass in later life is determined
by both peak muscle mass attained in early life and the
rate of muscle loss. Thus, higher muscle mass may
present an advantage for delaying or preventing
sarcopenia; however, little is known of the prevalence
rates for low levels (>2 standard deviations (SD) below
of reference value) of muscle mass in young and middle-
aged men and women. Newman and Kupelian (2003)
demonstrated relationships between aLM index and an-
thropometric variables and found that the aLM is strong-
ly correlated (men, r=0.76 [n=1,435]; women, r=0.85
[n=1,549]) with body mass index (BMI). In addition, the

prevalence rate of sarcopenia in men and women was
higher in those with low BMI than those with high BMI
values. Mean values for BMI are generally increased
with age in both sexes (Guo et al. 1999; Livshits et al.
2012); therefore, when evaluating for prevalence of
sarcopenia, similar BMI ranges should be considered to
compare among different age groups. To the best of our
knowledge, the prevalence of site-specific sarcopenia in
young, middle-aged, and older people has not been
reported. In the present study, we compare the prevalence
of severe sarcopenia detected by total skeletal muscle
mass index and of site-specific thigh sarcopenia for dif-
ferent age groups in men and women.

Methods

Subjects

Subjects were recruited from participants who had re-
ceived a community-based general health examination
(age ≥35 years). Younger adults (age 20–34 years) were
recruited through printed advertisements and by word of
mouth from the university campus and surrounding
area. Prior to obtaining informed consent, a written
description of the purpose of the study and its safety
was distributed to potential subjects. All subjects were
free of overt chronic disease (e.g., diabetes, angina,
myocardial infarction, cancer, stroke, etc.) as assessed
by self-report. In addition, according to the World
Health Organization, obesity is defined as body mass
index ≥30 kg/m2 (WHO 2000), subjects with a higher
body mass index (≥30 kg/m2) were also excluded in
order to increase the similarity of BMIs between groups
and limit the influence of adiposity on muscle mass. As
a result, 896 men and 1,098 women aged 20 to 85 years
were used for data analyses (Table 1). This study was
conducted according to the Declaration of Helsinki and
was approved by the Ethics Committee for Human
Experiments of the academic institute.

Skeletal muscle mass and thigh muscle thickness ratio

Total skeletal muscle mass (SM) was estimated from
ultrasound-derived prediction equations that converted
muscle thickness (MTH) to SM (Sanada et al. 2006).
A strong correlation (R2=0.94) has previously been
observed between magnetic resonance imaging-
measured total SM and ultrasound-predicted total
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SM. Recently, we examined the relationship between
dual-energy X-ray absorptiometry (DXA)-estimated
aLM and total SM predicted by ultrasound and found
that there is a strong correlation (R2=0.95) between
the two methods (unpublished observation). MTH was
measured using B-mode ultrasound (Aloka SSD-500,
Tokyo, Japan) at six sites on the anterior and posterior
aspects of the body (upper arm, trunk, and thigh) as
previously described (Abe et al. 1994). The measure-
ments were taken while the subjects stood with their
elbows and knees extended and relaxed because MTH
for the prediction equation of SM was measured in a
standing position. Muscle tone changes in the supine
position, and there are significant differences in MTH
between standing and the supine position (Abe et al.
1997). A 5-MHz scanning head was placed on the
measurement site without depressing the dermal sur-
face. The subcutaneous adipose tissue–muscle

interface and the muscle–bone interface were identi-
fied from the ultrasonic image, and the distance be-
tween two interfaces was recorded as MTH. To
evaluate site-specific sarcopenia of the thigh, the ratio
of anterior and posterior thigh MTH (anterior
50 %/posterior 50 % thigh MTH (A50/P50 MTH))
was calculated.

Body composition and anthropometry

Subcutaneous fat thickness was measured using ultra-
sound at six sites, as described previously (Abe et al.
1994). Body density was estimated from subcutaneous
fat thickness using an ultrasound-derived prediction
equation (Abe et al. 1994). Percent body fat (%fat)
was calculated from body density using Brozek’s
equation (Brozek et al. 1963). We have reported pre-
viously that the standard error of the estimate of body

Table 1 Body composition of men and women in each age group

Age group (years)

20–29 30–39 40–49 50–59 60–69 70–85 p value

Men (n=896)

N 64 119 206 176 252 79

Age, years 25 (3)abcde 36 (3)fbcde 44 (3)facde 55 (3)fabde 64 (3)fabce 74 (4)fabcd <0.001

Height, cm 171 (6)bcde 169 (5)bcde 166 (6)facde 160 (6)fabde 158 (6)fabc 157 (5)fabc <0.001

Body mass, kg 67.7 (9.8)bcde 65.8 (8.1)cde 64.4 (8.0)fcde 59.1 (8.1)fabde 55.1 (8.2)fabc 53.8 (7.7)fabc <0.001

BMI, kg/m2 23.2 (2.7)de 23.1 (2.6)de 23.3 (2.4)de 23.0 (2.6)de 22.1 (2.6)fabc 21.9 (2.7)fabc <0.001

Body fat, % 18.2 (5.8) 18.7 (4.7)cde 18.1 (3.5)cde 17.0 (3.2)ab 16.4 (3.2)ab 16.7 (3.4)ab <0.001

FFM, kg 55.0 (6.1)bcde 53.2 (4.9)cde 52.5 (5.4)fcde 48.9 (5.8)fabde 45.9 (5.7)fabc 44.7 (5.2)fabc <0.001

Women (n=1,098)

N 86 88 179 316 342 87

Age, years 23 (3)abcde 36 (3)fbcde 45 (3)facde 55 (3)fabde 64 (3)fabce 73 (3)fabcd <0.001

Height, cm 159 (5)abcde 154 (6)fcde 153 (5)fcde 149 (5)fabde 147 (5)fabce 144 (5)fabcd <0.001

Body mass, kg 54.0 (6.5)de 52.5 (7.0)e 54.8 (7.9)de 53.0 (7.7)e 51.3 (7.5)fbe 47.1 (7.8)fabcd <0.001

BMI, kg/m2 21.3 (2.2)bcde 22.1 (2.7)bcd 23.4 (3.2)fa 23.8 (3.0)fa 23.8 (3.2)fa 22.7 (3.2)f <0.001

Body fat, % 24.1 (4.8)e 23.4 (3.9) 24.8 (4.3)e 24.7 (4.1)e 24.1 (4.2)e 21.7 (4.6)fbcd <0.001

FFM, kg 40.8 (3.7)de 40.0 (4.2)e 41.0 (4.3)cde 39.7 (4.5)bde 38.7 (4.4)fbce 36.6 (4.4)fabcd <0.001

Significance was set at p<0.05

BMI body mass index, FFM fat-free mass
a Significant group difference for ages 30–39
b Significant group difference for ages 40–49
c Significant group difference for ages 50–59
d Significant group difference for ages 60–69
e Significant group difference for ages 70–85
f Significant group difference for ages 20–29
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density calculated using the ultrasound equations is
approximately 0.006 g/mL (or an error of about
2.5 %fat) in a normal-weight Japanese population
(Abe et al. 1994). Fat-free mass (FFM) was estimated
as total body mass minus fat mass. Body mass and
standing height were measured to the nearest 0.1 kg
and 0.1 cm, respectively, by using an electronic weight
scale and a stadiometer. BMI was defined as body
mass/height2 (in kilograms per square meter).

Definition of sarcopenia detected by whole body
muscle mass

Severe sarcopenia was defined as a skeletal muscle mass
index (SM/height2, SM index) value of 2 SD below the
mean for young adults. In a previous study, we reported a
SM index of Japanese men aged 20 to 30 years (8.6 [SD
0.9]kg/m2) as the reference value for men (Abe et al.
2012d). For women, we recalculated a mean and SD of
young women aged 20–30 years (6.0 [SD 0.9]kg/m2) as
the reference value using a previously reported data set
(Abe et al. 2012a). Therefore, the reference values for
severe sarcopenia (2 SD below the sex-specific means) in
men and women were 6.8 and 4.2 kg/m2, respectively.

Definition of site-specific thigh sarcopenia

Site-specific sarcopenia was defined as a thigh muscle
thickness ratio (A50/P50 MTH) value of 2 SD below the
mean for young adults. Because there are no published
site-specific reference values for young adults, we used a
mean and SD from the current study (aged 20–29 years)
for diagnostic criteria of site-specific thigh sarcopenia
(0.91 [0.12] for men and 0.91 [0.11] for women).
Therefore, the reference values for site-specific thigh
sarcopenia (2 SD below the sex-specific means) in men
and women were 0.67 and 0.69, respectively.

Statistical analysis

Results are expressed as means and SD. The differ-
ences between age groups for age, height, body mass,
BMI, percent body fat, fat-free mass, SM, SM index,
A50 MTH, P50 MTH, and A50/P50 MTH were tested
for significance by one-way analysis of variance,
followed by pairwise comparisons using Tukey’s mul-
tiple comparison procedure if a significant F test was
obtained. If variances were unequal, Dunnett’s C pro-
cedure was performed. Pearson product correlations

were performed to determine the relationships between
age and total SM and SM index and between age and
thigh muscle thickness (A50/P50 MTH) ratio. Subjects
were classified as having severe sarcopenia based on
SM index as well as site-specific thigh sarcopenia based
on A50/P50MTH ratio. p values <0.05 were considered
statistically significant.

Results

Age-related change in body composition and muscle
mass

There were an unequal number of subjects in each age
group for men and women, and the number of subjects
in ages 20–29 as well as ages 70–85 was relatively
smaller than that of the other age groups in both sexes.
BMI was similar among younger (ages 20–29 and 30–
39) and middle-aged (ages 40–49 and 50–59) men and
was lower in older men (ages 60–69 and 70–85) com-
pared with the younger andmiddle-agedmen. For wom-
en, BMIwas similar between ages 20–29 and 30–39 and
was higher in middle-aged and older groups than in the
younger groups. In men, %fat was lower in ages 50–59
and older groups (ages 60–69 and 70–85) compared
with ages 30–39 and 40–49. On the other hand, %fat
in women was similar among age groups, except ages
70–85 where it was lower. FFM gradually decreased
with age for men and was lower in older men (ages 60–
69 and 70–85) compared with the younger and middle-
aged men. Similarly, FFM was lower in older women
than in younger and middle-aged women (Table 1).

Anterior thigh (A50) MTH as well as SM gradually
decreased with age in men and women, except be-
tween ages 30–39 and 40–49, which was similar in
women. On the other hand, posterior thigh (P50) MTH
was similar among younger (ages 20–29 and 30–39)
and middle-aged (ages 40–49 and 50–59) men. In
women, P50 MTH was similar among ages 30–39,
40–49, and 50–59 and was higher in these age groups
than that of ages 20–29 and 70–85.

In men, SM index and A50/P50 MTH ratio gradu-
ally decreased with age. Compared to the youngest
men (ages 20–29), SM index was 11 and 22 % lower
in the age groups 50–59 and 70–85, respectively.
Similarly, A50/P50 MTH ratio was 25 and 31 % lower
in the age groups 50–59 and 70–85, respectively,
compared to the youngest men. On the other hand,
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SM index was similar among younger (ages 20–29
and 30–39) and ages 40–49 women and was lower in
older women than in the young and middle-aged
women. A50/P50 MTH ratio gradually decreased with
age in women (Table 2).

Relationships between SM index or A50/P50 MTH
ratio and age

Age was inversely correlated with A50 MTH/thigh
length in both men (r=−0.573, p<0.001) and women
(r=−0.487, p<0.001). However, P50 MTH/thigh length
was not correlated with age in men (r=−0.031) and
women (r=0.036). There were significant correlations
between age and absolute SM as well as SM index in
men (r=−0.667 and r=−0.480, both p<0.001) and
women (r=−0.458 and r=−0.243, both p<0.001)
(Fig. 1). Similarly, age was inversely correlated with
A50/P50 MTH ratio in men (r=−0.522, p<0.001) and
women (r=−0.516, p<0.001) (Fig. 2). A correlation

coefficient between age and A50/P50 MTH was signif-
icantly higher (p>0.001) than the correlation coefficient
between age and SM index in women, but not in men.

Prevalence rates of sarcopenia detected by SM index

The prevalence of severe sarcopenia indicated an age-
related increasing pattern in nonobese men, especially a
marked increase after age 50. On the other hand, an age-
related increasing pattern was not observed in nonobese
women. The prevalence rate of sarcopenia was less than
3 % for women under the age of 60 (number of partic-
ipants classified as severe sarcopenia: 1 in ages 20–29, 3
in ages 30–39, 3 in ages 40–49, and 6 in ages 50–59),
7 % for ages 60–69 (23 were classified), and 24 % for
ages 70–85 (21 were classified). In men, the prevalence
rate of sarcopenia was less than 7 % for those under the
age of 50 (number of participants classified as severe
sarcopenia: 2 in ages 20–29, 6 in ages 30–39, and 14 in
ages 40–49), 18 % for ages 50–59 (32 were classified),

Table 2 Muscle mass and thigh muscle thickness ratio of men and women in each age group

Age group (years)

20–29 30–39 40–49 50–59 60–69 70–85 p value

Men (n=896)

N 64 119 206 176 252 79

SM, kg 25.0 (3.4)abcde 23.5 (2.9)fbcde 22.4 (2.8)facde 19.7 (2.9)fabde 18.0 (2.8)fabce 16.5 (3.0)fabcd <0.001

SM index, kg/m2 8.57 (0.98)bcde 8.26 (0.89)cde 8.10 (0.86)fcde 7.66 (1.03)fabde 7.24 (0.98)fabce 6.68 (1.08)fabcd <0.001

A50 MTH, cm 5.42 (0.62)abcde 4.95 (0.72)fbcde 4.61 (0.65)facde 3.96 (0.64)fabde 3.77 (0.58)fabce 3.37 (0.59)fabcd <0.001

P50 MTH, cm 5.99 (0.65)de 5.94 (0.61)de 5.91 (0.63)de 5.78 (0.74)de 5.54 (0.75)fabc 5.44 (0.85)fabc <0.001

A50/P50 MTH ratio 0.91 (0.12)abcde 0.84 (0.13)fbcde 0.79 (0.13)facde 0.69 (0.13)fabe 0.69 (0.13)fabe 0.63 (0.11)fabcd <0.001

Women (n=1,106)

N 86 88 179 316 342 87

SM, kg 15.2 (2.3)acde 14.1 (2.3)fcde 14.5 (2.3)cde 13.1 (2.3)fabde 12.2 (2.3)fabce 10.3 (2.5)fabcd <0.001

SM index, kg/m2 6.01 (0.82)de 5.92 (0.86)e 6.16 (0.91)cde 5.89 (0.93)bde 5.64 (0.93)fbce 4.95 (1.04)fabcd <0.001

A50 MTH, cm 4.82 (0.51)abcde 4.25 (0.59)fcde 4.22 (0.62)fcde 3.78 (0.61)fabde 3.52 (0.57)fabce 3.17 (0.49)fabcd <0.001

P50 MTH, cm 5.34 (0.57)abc 5.60 (0.55)fe 5.69 (0.57)fde 5.62 (0.61)fe 5.52 (0.68)be 5.23 (0.80)abcd <0.001

A50:P50 MTH ratio 0.91 (0.11)abcde 0.77 (0.12)fcde 0.75 (0.13)fcde 0.68 (0.12)fabde 0.64 (0.12)fabc 0.62 (0.12)fabc <0.001

Significance was set at p<0.05

SM skeletal muscle mass, A50 MTH anterior 50 % thigh muscle thickness, P50 MTH posterior 50 % thigh muscle thickness
a Significant group difference for ages 30–39
b Significant group difference for ages 40–49
c Significant group difference for ages 50–59
d Significant group difference for ages 60–69
e Significant group difference for ages 70–85
f Significant group difference for ages 20–29
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33 % for ages 60–69 (82 were classified), and 47 % for
ages 70–85 (37 were classified) (Fig. 3).

Prevalence rates of site-specific thigh sarcopenia

The prevalence of site-specific thigh sarcopenia
showed an age-related increasing pattern in both men
and women. Number of participants classified as site-
specific thigh sarcopenia was 1, 11, 36, 73, 105, and
46 in men (line up by age groups) and 2, 21, 69, 184,
232, and 65 in women (line up by age groups). The
prevalence rate of site-specific thigh sarcopenia was

18 % for ages 40–49, approximately 40 % for ages
50–59 and 60–69, and 58 % for ages 70–85 in men
and was 38 % for ages 40–49, 67 % for ages 60–69,
and 75 % for ages 70–85 in women (Fig. 3).

Discussion

The main findings of the present study were that (1)
the prevalence of sarcopenia detected by SM index
indicated an age-related increasing pattern in men
(especially >50 years), but not in women; (2) there
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was a high percentage of age-related decreases ob-
served in the A50/P50 MTH ratio (an index of site-
specific thigh sarcopenia) compared with the SM in-
dex; and (3) the prevalence of site-specific thigh
sarcopenia displayed an age-related increasing pattern
in both sexes, and it appears before it is able to be
detected at the whole body level.

Based on definition of sarcopenia by Baumgartner
et al. (aLM index by DXA), the prevalence of severe
(class II) sarcopenia was more than 50 % for non-
Hispanic and Hispanic men and approximately 60 %
for Hispanic women aged 80 years or older
(Baumgartner et al. 1998). Using the same diagnostic
criteria, the prevalence of sarcopenia was approxi-
mately 4 % for European men under the age of
59 years, 4 % for those between 60 and 69 years,
and 7 % for those over 70 years of age (Bijlsma et
al. 2013). On the other hand, Janssen et al. (2002)
reported a large-scale cross-sectional study using bio-
electric impedance analysis and found that the preva-
lence of severe sarcopenia was less than 5 % for men
and women aged 49 years or younger and approxi-
mately 10 % for men and women aged 70 years or
older. In the present study, the prevalence rate of
severe sarcopenia was relatively higher in nonobese
men compared with those of the previous studies and

was consistent with previous studies in women
(Baumgartner et al. 1998; Bijlsma et al. 2013; Chien
et al. 2008; Dufour et al. 2012; Janssen et al. 2002;
Kim et al. 2012; Masanes et al. 2012; Rolland et al.
2003; Tanimoto et al. 2012; Tichet et al. 2008;
Verschueren et al. 2012). Taken together with previous
studies (Fig. 4), the results indicate that the prevalence
of severe sarcopenia (2 SD below the sex-specific
means of aLM index or SM index) is less than 7 %
for men and 3 % for women under the age of 50 and a
marked age-related increase in the prevalence of
sarcopenia is observed after age 50 in both sexes.

Our results showed that approximately 6 % of
nonobese men and 2 % of women under the age of
50 were classified as having severe sarcopenia. A
previous study reported that ~2 % of men and ~3 %
of women under the age of 50 met the criteria for
severe sarcopenia (Janssen et al. 2002). In another
study, the prevalence rate of sarcopenia for subjects
between the ages of 40–49 years was about 2 % in
men and 0 % in women (Kim et al. 2012). The skeletal
muscle mass maintained in later life is not only deter-
mined by the rate of muscle loss but also reflects the
peak muscle mass attained in early life. Although the
magnitude of physical disability as well as functional
impairment may differ between severe sarcopenic
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young and older adults, a lower muscle mass obtained
in youth and early adulthood may present a disadvan-
tage for delaying or preventing sarcopenia.

In the present study, the prevalence of site-specific
thigh sarcopenia was approximately 30 % of men and
women between 30 and 39 years and 40 % of those
between 40 and 49 years. Age-related changes in SM
index were relatively constant under the age of 50
(Fig. 1), while the A50/P50 MTH ratio gradually de-
creased with age in both men and women (Fig. 2).
Because posterior thigh (hamstrings) MTH was not
significantly decreased among age groups under the
age of 60 in men and under the age of 70 in women,
the main reason for the age-related decrease in A50/P50
MTH ratio would be due to lower anterior thigh
(quadriceps) MTH in older subjects (Table 2). A previ-
ous study reported that there were strong inverse corre-
lations between age and anterior thigh MTH (r=−0.529
for men [n=722] and r=−0.489 for women [n=785]),
but not to posterior thigh MTH (r=−0.068 for men and
r=0.167 for women) in both sexes (Abe et al. 2011b).
Similar results were observed in the present study.
Interestingly, the anterior and posterior thigh MTH ratio
was inversely correlated to zigzag walking performance
while it did not correlate to maximum walking perfor-
mance (Abe et al. 2012c). Therefore, our results suggest
that site-specific thigh sarcopenia may begin appearing
before it can be detected at the whole body level and that
this site-specific sarcopenia may be associated with a
decrease in a relatively difficult task performance such
as zigzag walking.

The reason for the site-specific decrease in muscle
mass with age is largely unknown. Site-specific thigh
sarcopenia is likely multifactorial as it is with the current
dogmatic age-related model of homogeneous skeletal
muscle mass loss. One possible factor may be the inten-
sity and duration of physical activity completed over a
lifetime. Due to changes in physical activity and/or age-
related neuromuscular changes, it is conceivable that
there may be a decline in anterior muscle activation with
advancing age. This is supported by research that has
observed site-specific losses in motor units with advanc-
ing age (Aagaard et al. 2010). In addition, age-related
declines in androgen concentrations may also be playing
some role in site-specific sarcopenia (Morley 2003).
These decreases in basal levels of circulating hormones
have also been implicated in other sarcopenic models
(Mitchell et al. 2012). Hormone receptors are upregulated
in exercising muscle, but not in nonexercising muscle.
Due to possible site-specific reductions in muscle activa-
tion, it may be that there is also a decrease in hormonal
binding in the anterior portion of the thigh (Morley
2003). Another player in site-specific sarcopenia may
be insulin resistance. Insulin-resistant men have greater
muscle mass loss with aging when compared to insulin-
sensitive men (Lee et al. 2011), and there may be differ-
ential responses in different muscle groups. For example,
type IIb fibers have been shown to have higher levels of
insulin resistance (James et al. 1985). Lastly, the micro-
structure of certain muscles may also change with age as
they do during disuse-induced atrophy. For example,
disuse atrophy is always greater in antigravity muscles
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Fig. 4 Relationship between age and the prevalence of severe
sarcopenia in men and women. When authors have presented
age range only, we used median age of the age range, for
example, 67.5 years for ages between 65 and 69. Plotting data:
present study (filled diamond); non-Hispanic, Baumgartner et al.
(1998) (filled circle); Hispanic, Baumgartner et al. (1998) (open

circle); Bijlsma et al. (2013) (open square); Chien et al. (2008)
(filled triangle), Dufour et al. (2012) (multiplication sign),
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square), Masanes et al. (2012) (minus sign), Tanimoto et al.
(2012) (plus sign), Tichet et al. (2008) (open diamond),
Verschueren et al. (2012) (filled star)
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than in their antagonists (quadriceps vs. hamstrings)
(Clark 2009). In addition, these age-related structural
changes may cause the muscles in the anterior portion
of the thigh to be held at a shortened length, which is
related to a loss in the number of sarcomeres (Tardieu et
al. 1980). Although the mechanisms are currently spec-
ulative, future work may be able to delineate the molec-
ular mechanisms involved with site-specific sarcopenia.

In conclusion, our results demonstrated that the prev-
alence rate differs between sarcopenia detected by SM
index and site-specific thigh sarcopenia. The site-specific
muscular changes begin appearing before they are able to
be detected by the SM index. Thus, we suggest that the
anterior and posterior MTH ratio may be a novel marker
to provide an earlier diagnosis (and treatment interven-
tion) for the age-related loss of muscle mass.
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