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Abstract In this article, we determine the reference values for sarcopenia, and test the hy-
pothesis that sarcopenia is associated with risk factors for cardiovascular disease. Moreover,
we develop prediction models of sarcopenia in Japanese men and women. A total of 1,488
Japanese men and women, aged 18-85 years, participated in this study. Appendicular muscle
mass (AMM) was measured by dual-energy X-ray absorptiometry. Reference values for classes
1 and 2 sarcopenia (skeletal muscle index; AMM/height?, kg-m?) in each sex were defined
as values one and two standard deviations below the sex-specific means of reference values
obtained in this study from young adults aged 18-40 years. The reference values for classes 1
and 2 sarcopenia were 7.77 kg-m? and 6.87 kg-m? in men, and 6.12 kg-m? and 5.46 kg-m?
in women, respectively. In subjects with both class 1 and class 2 sarcopenia, body mass index
and % body fat were significantly lower than in normal subjects. Despite this, whole blood
glycohaemoglobin Alc in men with class 1 sarcopenia was significantly higher than in normal
subjects, and brachial-ankle pulse wave velocity in women, with both class 1 and class 2 sarco-
penia, was significantly higher than in normal subjects. Stepwise regression analysis indicated
- that the body mass index (BMI), waist circumference, and age were independently associated
with skeletal mass index (SMI) in men; and BMI, handgrip strength, and waist circumference
were independently associated with SMI in women. The SMI prediction equations were applied
to the validation group, and strong correlations were also observed between DXA (dual-energy
X-ray absorptiometry) -measured and predicted SMI in men and women. We concluded that
sarcopenia is associated with more glycation of serum proteins in men and with greater arterial
stiffness in women. Moreover, the prediction models of SMI using anthropometric measure-

ment are valid for alternative DXA-measured SMI in Japanese adults.
Keywords sarcopenia, reference values, Japanese, CVD risk factors, prediction models

Introduction

Sarcopenia, from the Greek language meaning “poverty
of flesh,” is a term coined by Rosenberg” in 1989 to de-
note the decline in muscle mass and strength that occurs
with healthy aging. Sarcopenia, a reduction in muscle
mass and muscle strength with age, causes impaired gait?,
disability®, falls”, and osteoporosis®”, and increases the
risk of developing a wide range of chronic disorders, in-
cluding hypercholesterolemia, atherosclerosis, hypergly-
cemia, insulin resistance, and hypertension®'?.

Reference data are available from the New Mexico
Elder Health Survey'?, in which appendicular muscle
mass was measured by dual-energy x-ray absorptiometry
(DXA) in 883 randomly selected elderly Hispanic and
white men and women. Sarcopenia was defined as muscle
mass 2 standard deviations (SD) below the mean for
young healthy participants in the Rosetta Study'”. Pres-

*Correspondence; ksanada@fc.ritsumei.ac.jp
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ently, however, several criteria are used to identify sar-
copenia including low muscle mass, low muscle strength
and low physical performance'?; even though there is no
consensus on criteria for sarcopenia in Japan, or even ata
global level. In this review, we describe the reference val-
ues for sarcopenia and test the hypothesis that sarcopenia
is associated with cardiovascular disease (CVD) risk fac-
tors independent of waist circumference. '

Moreover, at present, since there are no prediction mod-
els of sarcopenia available for the general public using
simple measurements, such as anthropometric or func-
tional ability, an additional purpose of this review is to
identify and describe prediction models for sarcopenia in
Japanese men and women.

Reference values of sarcopenia

The European Working Group on Sarcopenia in Older
People (EWGSOP) developed a practical clinical defi-

" nition and consensus diagnostic criteria for age-related
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sarcopenia'®, The EWGSOP recommends using the pres-
ence of both low muscle mass and low muscle function
(strength or performance) for the diagnosis of sarcopenia.
Thus, diagnosis requires documentation of criterion 1
plus documentation of either criterion 2 or criterion 3
(Table 1). Moreover, the EWGSOP also provids an algo-
rithm for screening and assessment'”. The ‘presarcope-
nia’ stage is characterized by low muscle mass without
impact on muscle strength or physical performance. This
stage can only be identified by techniques that measure
muscle mass accurately and in reference to standard
populations. The ‘sarcopenia’ stage is characterised by
low muscle mass, plus low muscle strength or low physi-
cal performance. ‘Severe sarcopenia’ is identified as the
stage when all three criteria of the definition are met
(low muscle mass, low muscle strength and low physical
performance). The EWGSOP recommends using norma-
tive (healthy young adult) rather than other predictive
reference populations, with cut-off points at two standard
deviations below the mean reference value, which is con-
sistent with a gait speed of less than 0.8 m-s™ (Fig. 1).
On the other hand, the International Working Group on
Sarcopenia (IWGS) showed that a diagnosis of sarcopenia
is consistent with a gait speed of less than 1 m-s™ and an
objectively-measured low muscle mass (eg: appendicular
mass relative to ht’ that is < 7.23 kg-m™ in men < 5.67
kg-m? in women)'”. The IWGS has also reported several
indices for sarcopenia and prevalence data (Table 2).

We performed a cross-sectional study in Japanese men
and women, to determine reference values for sarcope-
nia'?. Appendicular muscle mass (AMM) was measured
by dual-energy X-ray absorptiometry. Reference values
for classes 1 and 2 sarcopenia (skeletal muscle index;
AMM/height®, kg-m™) for each sex were defined as
values one and two standard deviations below the sex-
specific means of reference values obtained in this study
from young adults aged 18 to 40 years. Fig. 2 shows the
relationship between age and the DX A-measured skeletal
muscle index in Japanese adult men and women (age>40).
Significant correlations were observed in both men and
women. The reference values for class 1 and class 2 sar-

Table 1. Criteria for the diagnosis and conceptual stages of

sarcopenia in EWGSOP.

Diagnosis is based on documentation of criterion 1 plus (criverion 2 or
critesion 3)

L. Low muscle mass

2. Low muscle strength

3. Low physical performance

Stage Muscle mass Muscle strength Performance
Presarcopenia 1

Sarcopenia i 1] Or i
Severe sarcopenia 1 i i

EWGSOP, the European Working Group on Sarcopenia in Older
People (Cruz-Jentoft et al. 2010).
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copenia were 7.77 kg-m™? and 6.87 kg m™ in men and 6.12 -
kg-m™? and 5.46 kg-m™ in women, respectively. Depend-
ing on the literature definition used for sarcopenia, the
prevalence in 60 to 70 year olds is reported as 5 to 13%,
while the prevalence ranges from 11 to 50% in people
>80 years'”. The number of people around the world aged
>60 years was estimated at 600 million in the year 2000,
a figure that is expected to rise to 1.2 billion by 2025 and
2 billion by 2050'7. The prevalence rates of class 1 and
class 2 sarcopenia in Japanese subjects (men and women
combined) aged 70 to 85 years were 6.4% and 40.4%,
respectively (Fig. 3). The prevalence rates of class 1 and
class 2 sarcopenia in men aged 70 to 85 years were 6.7%
and 56.7% and in women 6.3% and 33.6%, respectively.
Several studies have quantified sarcopenia by indexing
fat-free mass (FFM) or appendicular fat-free mass divided
by height squared, fat mass or total mass. Using an index
of AMM/Ht* in the New Mexico Study, the prevalence
of sarcopenia (i.e. AMM/Ht* 2 SD below a young refer-
ence group) was originally determined to be over 50%
in persons older than 80 years'. Janssen et al. (2002)'®,
using an index of lean/total mass and bioelectric imped-
ance data from NHANES 1Il, found the prevalence of
sarcopenia, using the 2 standard deviation criteria (—28D),
in persons aged 60 years and older to be 7 to 10%. In
their study, the prevalence of both class 1 (59% vs 45%)
and class 2 (10% vs 7%) sarcopenia was greater in older
(> or = 60 years) women than in older men. They con-
cluded that reduced relative skeletal muscle mass in older
Americans is a common occurrence that is significantly
and independently associated with functional impair-
ment and disability, particularly in older women. Table 2
compares a number of different studies on the prevalence
of sarcopenia’®>'**). A common finding of all of these
approaches is that sarcopenia, defined as reduced fat free
mass, is highly prevalent in older people, and increases
with advancing age. The prevalence rates of class 2 sar-

Oldet subjac
(> 85 years}*

*C

dity end o that may evplain each finting must be considored
= This aigoriihm can also be applisd (o youngsr individusis at risk

Fig. 1 EWGSOP conceptual stages of sarcopenia. EWGSOP,
the European Working Group on Sarcopenia in Older
People (Cruz-Jentoft et al. 2010).



