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extracted data are being subjected to meta-analysis. and -

reference values are being set based on the findings. As a
result of a total of five meetings of the working group, as
of June 2012, the responses regarding health issues are as
below:

(1) There is no need to change the current reference val-
ues.

(2) Reference values for physical activities (including ex-
ercise) during leisure time for the elderly will be set.

(3) Effective reference values to reduce and prevent life-
style-related diseases and cancer, and improve the func-
tional capabilities of daily living, will be presented.

(4) References such as “Let’s be active 10 minutes more
per day (example)” will be presented.

(5) Reference vaiues will be presented in the form of
METs-h as well as number of steps or duration.

(6) Examine the possibility of presenting references re-
garding walking speed.

Future revision process. 1In 2012, a review for revision
of the EPAR and guidelines will be held by the Minis-
try of Health, Labour and Welfare; and a revised EPAR,
based on the above review results, as well as current
Japanese physical activity conditions, trends, and health
problems, will be proposed. With regard to the exercise
and physical activity guidelines, strategies regarding what
regions or work areas should be doing, such as “increase
the number of municipalities engaged in city planning and
making environmental improvements facilitating exercise
and physical activity” as shown in Healthy Japan 21 (2nd
series), will be presented along with guidelines for indi-
viduals.

Summary

A reduction in the physical activity level, over the past
10 years, has generated concern regarding a significant in-
crease in risk of lifestyle-related diseases, reduced socio-
physical functions of the elderly, and social burden for the
next generation. A reduction in the level of physical activ-
ity and exercise habits, of Japanese, is among the main
factors underlying the above issues; and it is, therefore,
hoped that the population will utilize Healthy Japan 21
(2nd series), as well as the revised EPAR and guidelines
for health promotion, for improving the physical activity
and exercise habits of Japanese, through the efforts of in-
dividuals, government, and municipalities, and the inclu-
sion of a variety of social capital.
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Abstract n 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 |
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 | 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 (BMlI), 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

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 at a
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 fow 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 | 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 DXA-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 critedon 1 plus (criterion 2 or
criterion 3)

1. Low muscle mass

2. Low muscle strength

3. Low physical performance

Stage Muscle mass Muscle strength Perfonmance
Presarcopenia 1

Sarcopenia 1 1 Or 1
Severe sarcopenia 1 1 1

EWGSOP, the European Working Group on Sarcopenia in Older
People (Cruz-Jentoft et al. 2010).

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 vears 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'". The prevalence rates of class | 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/H¢t* 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 111, found the prevalence of
sarcopenia, using the 2 standard deviation criteria (—2SD),
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-

Otder subject
(> 85 years) ¢

Measure gait
speed

Measure muscle

Ce J )
I I

{ Sarcopenia } { No sarcopenia }

Measure grip
sirengih
{ Normal ] [ Low

No sarcopsnia

* Corriofbidity and individual circumstances that may explain each finding must be considered
+This algorithm can also be applied to younger individuals at risk

Fig. 1 EWGSOP conceptual stages of sarcopenia. EWGSOP,
the European Working Group on Sarcopenia in Older
People (Cruz-Jentoft et al. 2010).
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Table 2. Indices and prevalence of sarcopenia.

Reference No. Method Sarcopenia ludex CGender| n (cohort) | Age (years)| Prevalence
AMMM2 61-70 13%
Baumgartner et al (12) DXA ms7.26 kg/m2 m/f 8§83 71-80 24%
£<5.45 ke'm2 280 30%
AMM/ht2
/ ] 28%
Melton eval (21 DXA m£7.26 kgm? v (x)go 270 S0,
<545 kg/m2 .
J: M2
_ AMMB2 . <70 129
Morley et al (22 DXA m=<7.26 kg/m2 m/f 199 >80 300
£<5.45 ke'm2 = o
Janssen etal (18) Bl l:«"li'(: ]0 Tstl)] uscle mass total body mass m 2224 2z 60 %
anssen ¢ & =210
feanpn, f 2278 260 10%
. AMM/I2
Catk o o1 v 2 > 0.
Tanko et al (24) DXA £< 5.4 kerm? f 67 270 12%
. AMM/ht2 -
P . m 142 7%
lanuzzi-Sacich et al (19)  |DXA m£7.26 kg/m2 ¢ 195 265
€ 5.45 ke/m2 ) .
9
. R AMMhe2 ) m 1435 20%
Newman et al (23) DXA m £ 7.23 kg/m2 70-79
= f 1.549 20%
f<5.67 ke'm2
Fat free mass
. B m 694 70-75 4%, 3%
“ast] al (2 Bl £47.9k
Castillo et al (25) n 3:77?;@ £ 1006|285 16%. 13%
) Total muscle mass/ht2 m 2073 (1%
Janssen et al (20) BI m £ 8.50 kg/m2 N 2976 260 0%
. £5.75 kefm? e °
Total muscle mass/ht2 )
2 o
Jaussen et al (20) BI m < 8.50 kefm2 N ;;ig 265 e
£<5.75 ke/m2 - °
AMM/ht2 N
Sanada et al (10) DXA m £ 6.87 kg/m2 ?1 ;(())13 70-85 go/a
£<5.46 ke/m2 °
Adapted from Fielding et al. (2011)
© Women © Men copenia in Japanese people were relatively lower than in

y=-0.025x+9.771
r=0.410.p <0.001

o°c
°8g o'“‘

800

0800
v=-0.019x +7.739
¥=0.287.p < 0.001

70 80 90
Age (yrs)

Fig. 2 Relationship between age and the DXA-measured
skeletal muscle index (SM1) in Japanese adult
men and women.
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Fig. 3 Prevalence rates of class 1 and class 2 sarcopenia in
Japanese adults. Sanada et al. Unpublished data.

previous studies.

Relationship between sarcopenia and CVD risk factors

In certain individuals, these changes are extreme and
produce a combination of substantial overweight and
muscle weakness, a condition recently termed “sarcopenic
obesity”*?". Schrager et al. (2007) reported that global
obesity and, to a greater extent, central obesity directly
affect inflammation, which, in turn, negatively affects
muscle strength, contributing to the development and pro-
gression of sarcopenic obesity®”. These findings suggest
that proinflammatory cytokines may be critical in both
the development and progression of sarcopenic obesity.
Our recent study'” indicated that sarcopenia is associated
with lower BMI and % body fat, and is associated with
more glycation of serum proteins in men independent of
waist circumference (Table 3). Thus sarcopenia in men
may be associated with higher glycation of serum proteins
regardless of the presence of abdominal obesity. These
results suggest that non sarcopenic men, who maintain
muscle mass, could also maintain low glycation of serum
proteins. Furthermore, the study showed a significant
correlation between whole-blood glycohaemoglobin Alc
(HbA Ic) and skeletal muscle index measured by DXA in
Japanese men (Fig. 4). These results support our hypoth-
esis that sarcopenia indicates a higher glycation of serum
proteins, especially in older adults. Srikanthan et al. (2010)
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(A)

Skeletal muscle index (kg/m2)

(B)

Skeletal muscle index (kg/m2)

Fig. 4
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Table 3. Relationships between sarcopenia and CVD risks by one-way analysis of covariance (ANCOVA)

with adjustment for waist circumterence.

Men ( age & 41 years) Women ( age = 41 years)
Class 1 P values by Class 1 P values by

Normal sarcopenia one-way Normal sarcopenia one-way

(n=100) (n=63) ANCOV A (n=613) (n=156) ANCOV 4
Waist € (cm) ™ 88.6£7.5 83.3£6.5 0.000 83.749.4 77.6£7.7 0.000
SBP (mmHg) 131.7£15.5 130.1£21.3 0.284 124.7£19.2 123.9219.8 0.283
MBP (mmHg) 102.8+13.5 98.6+15.7 0.941 95.3x14.7 94.7£15.2 0.197
DBP (mmHg) 82.0£10.5 75.3£8.7 0.029 72.6£10.2 72.0£11.4 0.299
baPWV (cmes™) 1501248 15344324 0.087 1340+£219 14524353 0.000
FPG (mged!”) 95.6+8.4 94.8+10.3 0.513 94.0£8.8 96.149.0 0.137
HgAlc (%) 4.99+0.29 5.26+0.46 0.000 5.13+0.36 5.17£0.41 0.124
TG (mgedl™) ‘ 12424819~ 109.4+66.3 0.973 102.2+56.4 103.9+65.9 0.142
TC (mgedi™) 188.2+39.0 [71.3%35.4 0.021 210.3£45.7 207.94£45.9 0.796
HDLC (mgedl™) 56.1£13.5 57.9%14.7 0.253 65.6£14.7 69.1£15.3 0.427
TC/HDLC ratio 3.53%1.02 3.1420.98 0.478 3.36=1.01 3.140.90 0.565
MetS No. 1.71%1.05 0.75+0.50 0.588 0.84+0.87 0.63£0.82 0.155

Waist C, waist circumference: SBP. systolic blood pressure;: DBP, diastolic blood pressure; MBP. mean blood
pressure: baPWV. brachial-ankle pulse wave velocity: TC: total cholesterol: TG. triglycerides: HDLC. high-
density lipoprotein cholesterol: FPG. fasting plasma glucose: MetS No., the number of metabolic syndrome
risk factors. Data are mean £ SE (SEM) * Mean = SD is unadjusted and P values by Student unpaired t test.

Underline is P < 0.05.

4.0 45 50 55 60
HbA1c (%)

11

10 - n=104,r=-0.302, P<0.001

4.0 4:5 5.6 55 6.0
HbALc (%)

Relationship between whole-blood glycohiaemoglobin
Alc (HbAlc) and skeletal muscle index measured by
DXA in 40 to 64 year-old (A) and 65 to 85 year-old (B)
Japanese men and women. Sanada et al. Unpublished
data.

reported that sarcopenia, independent of obesity, is associ- .
ated with adverse glucose metabolism, and the association
is strongest in individuals under 60 years of age, which
suggests that low muscle mass may be an early predictor
of diabetes susceptibility’. They performed a cross-sec-
tional analysis of NHANES [l data utilizing subjects aged
20 years or older, non-pregnant (N = 14,528). However
Aubertin-Leheudre et al. (2006) reported that sarcopenia
seems to be associated with lower risk factors predisposed
to CVD in obese postmenopausal women'. They raise
the alarm that, with the increase in the number of aging
people, the health implications of being sarcopenic-obese
merit more attention. Certainly, obese women had higher
triglycerides and total cholesterol/high-density lipopro-
tein cholesterol (HDL) levels, and a lower HDL level,
than the sarcopenic-obese women; although no difference
was observed for other parameters, such as low-density
lipoprotein cholesterol, fasting insulin, glucose, insulin
sensitivity index, and C-reactive protein. In particular,
HOMAZ2, as an index of insulin resistance in sarcopenic-
obese women (163£52%), tended to be higher than that in
the obese women (130+£52%). In addition, they recruited
sixty ostmenopausal women, aged 55 to 75 years, for
their study. The sample size is very small compared to the
cross-sectional study. Muscle mass may decline by 25%
between the ages of 50 and 75 years™’, which translates
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into atrophy or a decrease in the number of type 11 fibers
and a tendency toward an increase or maintenance of type
| fibers™. Hence, because type 1l fibres are recognized
as glycolytic and insulin-resistant’™, a decrease in their
number and size may explain how sarcopenia positively
alters glucose metabolism. Diabetes mellitus is associated
with severe muscle wasting. and insulin increases body
cell mass and body nitrogen in diabetic™. It is not clear
to what extent loss of the anticatabolic effect of insulin
occurs in nondiabetic subjects as they age. but insulin
resistance could certainly play a role in the development
of sarcopenia’”’. Stephen and Janssen reported that sar-
copenic obesity, identified based on muscle strength, but
not muscle mass, was modestly associated with increased
CVD risk™. These findings imply that strength may be
more important than muscle mass for protection against
CVD in old age. However, the reference values for sar-
copenia in this study were determined by bioimpedance
analysis. The relationship between sarcopenia and DXA
and CDV risk factors was not studied.

Conversely, although there was no significantly differ-
ence in serum concentrations of triglycerides, the total
cholesterol in sarcopenic men was significantly lower
than that of normal subjects, independent of waist circum-
ference. Aubertin-Leheudre et al. (2006) demonstrated
that obese women had a far worse lipid profile, including
lower HDL cholesterol and higher triglycerides, than did
sarcopenic-obese postmenopausal women™. In addition,
obese women ingested significantly more animal and less
vegetable protein, although both groups had a similar total
protein intake in their study. We did not evaluate dietary
intake in this study. However, the lower total cholesterol
in sarcopenic men may be associated with a difference in
the components of their protein intake.

The brachial-ankle pulse wave velocity (baPWV), a
recognized indicator of arterial stiffness™ and arterial
compliance™, has been regarded as a marker reflecting
vascular damage™™. Substantial evidence has accumulated
indicating that arterial stiffness and increased baPWYV are
important independent predictors of CVD events™. The
amount of visceral fat is an independent predictor of pulse
wave velocity (PWV), and could be considered a risk
factor for CVD*?. Our recent study shows that the age-
related increase in baPWYV is attenuated in men trained
to row, who retained lean soft tissue mass as measured
by DXA*". However, the relationship between sarcope-
nia and arterial stiffness is not clear. Our findings in this
study show that baPWYV is significantly higher in women
with both class 1 and class 2 sarcopenia than in normal
controls, independent of waist circumference (Table 3).
‘A previous study indicated that greater leg lean mass was
the most important determinant of lower arterial stiff-
ness'”. These results suggest that sarcopenia in women is
positively associated with arterial stiffness regardless of
waist circumference.

Prediction of sarcopenia

Fuller et al. (1996) investigated that a comprehensive
number of body composition predictions ({involving
weight, height, skinfold thickness, bioelectrical imped-
ance and niear-infrared interactance-NIRI) were evaluated
against total body water (TBW from isotope dilution), in
23 randomly selected men over 75 years old. and DXA.
in 15 volunteers from this group™. They concluded that
some body composition predictions are unacceptable (at
least for TBW) in older men, and care is recommended
when selecting from these methods or equations. Also,
the segmental impedance method is as good as, if not bet-
ter than, anthropometry alone in predicting limb muscle
mass measured by DXA in older men. However, with the
decline in anabolic stimuli that occurs with age, there is
some evidence of an increase in catabolic stimuli as well.
For example, Roubenoff and colleagues (1998) found that
production of I1L-6 and IL-1Ra by peripheral blood mono-
nuclear cells, from ambulatory elderly participants (72 to
92 years old) in the Framingham Heart Study. was signifi-
cantly higher than from younger controls™. These anabol-
ic cytokines increase with the development of metabolic
syndrome. In our recent study, we developed prediction
models of sarcopenia using anthropometric measurements
including waist circumference in 1,894 Japanese men
and women aged 18 to 85 years. Consequently, stepwise
regression analysis indicated that BMI, waist circumfer-
ence and age were independently associated with skeletal
muscle index in men; and BMI, handgrip strength and
waist circumference were independently associated with
skeletal muscle index in women (Table 4). Moreover the
skeletal muscle index prediction equations were applied
to the validation group, and strong correlations were
also observed between the DXA-measured and predicted
skeletal muscle index in men and women (Fig. 5). These
results suggest that the prediction models of SMI using
anthropometric measurement are valid for an alternative
DXA-measured skeletal muscle index for Japanese adults.
These prediction models of skeletal muscle index are
ideal characteristics for field studies.
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