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Table 2. Indices and prevalence of sarcopenia.

Reference No. Method Sarcopenia Index Gender | n (cohort) | Age (years) | Prevalence
AMM/ht2 61-70 3%
Baumgartner et al (12) DXA m < 7.26 kg/m2 m/f 883 7180 24%
£<5.45 kg/m?2 >80 50%
AMM/hE2
Melton et al (21) DXA m < 7.26 kg/m2 fm ;(9)0 270 ;i:f’
£.5.45 ke/m?2 °
AMM/ht2 .
Morley et al (22) DXA m < 7.26 keg/m2 wf {199 N Zg ;gf
£< 5.45 kg/m?2 - °
Ratio of muscle mass/total body mass
2,224 260 %
Janssen et al (18) BI m<31.5% g S o
_ feor o £ 2,278 > 60 10%
AMM/ht2
>
Tanko et al (24) DXA £5 54 ko/m2 £ 67 270 12%
AMM/ht2
Ianuzzi-Sacich et al (19)  |DXA m £ 7.26 kg/m2 ;“ i‘;ﬁ 265 ;;’Zf
. £<5.45 kg/m?2 N
AMM/ht2
Newman et al (23) DXA m < 7.23 ke/m2 r i"s‘ig 70-79 ;g:j“
£<5.67 kg/m?2 ’ 0
Fat free mass
) m 694 70-75 4%, 3%
Castillo et al (25) BI m< 47.9kg > by
£< 34 7k £ 1,006 > 85 16%, 13%
Total muscle mass/ht2 o
Janssen et al (20) BI m < 8.50 kg/m2 o 23,2,2 260 ;/’
£<5.75 kg/m?2 N
Total muscle mass/ht2 o
Janssen et al (20) BI m < 8.50 kg/m2 ;ﬁ ;’éig 265 iz;a
£<5.75 kg/m2 ’ >
AMM/ht2 )
Sanada ct al (10) DXA m < 6.87 kg/m2 fm ;gf 70-85 2,;’
£55.46 ke/m? °
Adapted from Fielding et al. (2011)
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Fig. 2 Relationship between age and the DXA-measured
skeletal muscle index (SMI) 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 Unpublished data.
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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 torn, 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
(HbA1c) 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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with adjustment for waist circumference.

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

Men (age 2 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) ANCOVA (n=613) (n=156) ANCOVA
Waist C (cm)”™ 88.6+7.5 83.346.5 0.000 83.7£9.4 77.6£7.7 0.000
SBP (mmHg) 131.7£15.5 130.1£21.3 0.284 124.7£19.2 123.9£19.8 0.283
MBP (mmHg) 102.8+13.5 98.6+15.7 0.941 95.3%14.7 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 1534324 0.087 1340+219 1452355 0.000
FPG (mg-dl™") 95.6x8.4 94.8+10.3 0.513 94.0+8.8 96.1£9.0 0.137
HgAlc (%) 4.99+0.29 5.26+0.46 0.000 5.15+0.36 5.17x0.41 0.124
TG (mg-dl™) 124.2481.9 109.4£66.3 0.973 102.2456.4 103.9:£65.9 0.142
TC (mgedi™) 188.2+39.0 171.3£35.4 0.021 210.3+45.7 207.9+45.9 0.796
HDLC (mgedi™) 56.1£13.5 57.94£14.7 0.253 65.6+£14.7 69.1£15.3 0.427
TC/HDLC ratio 3.53£1.02 3.14+0.98 0.478 3.36£1.01 3.14:*:0;90 0.565
MetS No. 1.71£1.05 0.7540.50 0.588 0.84::0.87 0.63+0.82 0.155
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Relationship between whole-blood glycohaemoglobin
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.
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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 < 0.03.

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 III 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 II fibers
and a tendency toward an increase or maintenance of type

I fibers™. Hence, because type II 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 baPWV 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 baPWV 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,
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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 near-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 1L-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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