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Table 4 Correlation coefficients between age and measurement variables in young and postmenopausal women

Variables Body segments Total (n=138) Young (n=61) Middle (n=49) Old (n=28)
BMD (gcm™?) Whole body —0.73** 0.00 -0.30* —0.52***
Arm —0.75*** 0.13 -0.24 —0.56***
L-spine —0.53** 0.04 -0.28 ~0.40***
Leg -0.64*** 0.01 -0.11 -0.39*
BMC (g) Whole body -0.67*** -0.40*** -0.16 -0.32
Arm -0.66*** 0.13 -0.26 —0.54***
Trunk ~0.64*** -0.05 -0.26 -0.24
Leg —0.63** 0.11 -0.13 —0.42***
LSTM (kg) Whole body -0.16 -0.02 -0.02 -0.25
Arm -0.07 -0.05 0.02 -0.27
Trunk -0.04 0.02 -0.09 -0.27
Leg -0.29* -0.03 0.06 -0.17
SM (kg) Whole body —0.35%** 0.03 -0.08 —0.44***
Arm -0.09 0.16 -0.13 —0.55**
Trunk ~0.32" -0.24 -0.20 -0.35
Leg —0.34* -0.02 0.00 -0.23
BMC normalized to SM mass (g kg") Whole body —0.55** —0.45*** -0.12 0.08
Arm ~0.70*** -0.01 -0.20 -0.09
Trunk —0.55*** 0.13 -0.14 0.02
Leg ~0.41*** 0.07 -0.12 -0.15

Abbreviations: BMC, bone mineral content; BMD, bone mineral density; LSTM, lean soft tissue mass; SM mass, skeletal muscle mass.

*P<0.05; *P<0.01; ***P<0.001.
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Figure 1 Relationship between SM mass estimated by ultrasound
(a) or LSTM (b) measured by DXA and BMC in all subjects (n=138).
Whole-body and regional SM mass and LSTM were significantly
correlated with BMC in all body segments (P<0.05). BMC, bone
mineral content; DXA, dual-energy X-ray absorptiometry; LSTM,

lean soft tissue mass; SM mass, skeletal muscle mass.
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Figure 2 Relationship between SM mass estimated by ultrasound
(@) or LSTM (b) measured by DXA and BMD in all subjects (n=138).
Whole-body and regional SM mass and LSTM were significantly
correlated with BMD in all body segments (P<0.05). BMD, bone
mineral density; DXA, dual-energy X-ray absorptiometry; LSTM, lean

soft tissue mass; SM mass, skeletal muscle mass.
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Table 5 Correlation coefficients between fitness value and BMD in young and postmenopausal women

VO peak versus whole-body BMD

Handgrip strength versus arm 8MD

Leg extension power versus leqg BMD

Absolute Normalized Normalized to  Absolute  Normalized  Normalized to  Absolute Normalized to  Normalized to
(Imin~')  to body mass total SM mass (kg) to body mass arm SM mass w) body mass leg SM mass
(mikg™ min™")  (mikg™" min™") (kgkg™") (kgkg™") Wig™) Wikg™')
Young (n=61)  0.43** 0.30* 0.08 0.47** 0.37* 0.20 0.61*** 0.49** 0.41**
Middle (n=49) 0.47*** 0.17 0.09 0.34* 0.14 0.05 0.26 0.06 0.09
Old (n=28) 0.32 0.02 -0.18 0.42* 0.15 0.01 0.60*** 0.46* 0.37

Abbreviations: BMD, bone mineral density; SM mass, skeletal muscie mass.
*P<0.05; **P<0.01; ***P<0.001.

whether regional BMC normalized tc SM mass showed a
similar decrease with age in young subjects through old age.
The major findings of this cross-sectional study were as
follows: (1) SM mass were associated with the site-matched
bone mineral indices, and these associations corresponded
to the relationships between LSTM and the site-matched
bone mineral indices; (2) BMC normalized to SM mass
estimated by ultrasound in arm and trunk region were also
significantly different with age, but not in leg and whole
body in middle-aged and older postmenopausal women.
These results suggest that the age-related decline of BMC
normalized to SM mass was different in the body segments.
Thus, the age-related differences in BMC were found to be
independent of the ageing of SM mass in the arm and trunk
region. However, differences in BMC measures of the leg and
whole body were found to correspond to age-related decline
of SM mass in postmenopausal women.

Age-related decline in SM mass and bone mineral indices

As both SM mass and bone mineral indices decrease with
age, it is not yet clear how the age-related decrease in SM
mass (for example, arm, leg and trunk region) affects the age-
related decline of bone mineral indices in young and
postmenopausal women. The age-related differences in
BMC normalized to the site-matched SM mass in MW were
significantly lower than those in YW (15-22%, Table 3), and
serum estradiol in MW were also significantly lower than
those in YW (87%, P<0.05, Table 1). In addition, serum
estradiol in MW was significantly lower than that in YW.
These results suggest that age-related decrease of BMC from
youth through middle age was associated with age-related
change of oestrogen deficiency (NIH Consensus Develop-
ment Panel on Osteoporosis Prevention, 2001). However,
when postmenopausal women were divided into MW and
OW, age-related differences in whole-body and leg BMC
normalized to SM mass were absent in older postmenopausal
women (Table 3) with no changes in serum estradiol and
osteocalcin. Furthermore, the interaction (age x BMI) of the
age-related differences of BMD, BMC and normalized BMC
was not significant. Therefore, the age-related differences in
whole-body and leg BMC among middle-aged and older
postmenopausal women were considered partly due to the
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- age-related changes in SM mass independent of the differ-

ences of BMI. These results support that the preservation of
ageing of muscles is an important factor for maintenance of
leg and whole-body BMC, especially in older women.

Relationships between SM mass, muscle function and bone
mineral indices

The SM mass were associated with the site-matched bone
mineral indices, and these associations show equivalent to
better correlations among LSTM determined by DXA and the
site-matched bone mineral indices. The final outcome is so
much stronger when adjusted data use independent mea-
surements. Every DXA-derived component from BMC to FM
to LSTM is likely to co-vary, since they are all derived from
the same scan. These results can be applied to the future
studies such as the development of prediction equation for
bone mineral indices using ultrasound technique. A com-
pact-type ultrasound machine weighs approximately 3 kg,
making it easily portable. Ultrasound-derived prediction
equations are capable of taking measurements in the field,
and are safe and valid in predicting total and regional SM
mass (Sanada et al., 2006).

Some investigators have shown that prolonged low-to-
moderate intensity exercise is independently associated with
higher BMD (Nguyen et al., 1998; Hagberg et al., 2001;
Pongchaiyakul et al., 2004), while cardiorespiratory fitness
(VOgpeak) is only slightly correlated with bone mineral
indices (Henderson et al., 1995; Ryan and Elahi, 1998; Ryan
et al.,, 1998; Lynch et al., 2002). In this study, VO,peak
(normalized to body mass) in young women was signifi-
cantly correlated with BMD (P<0.05), while VO,peak
(normalized to whole-body SM mass) was not significantly
associated with BMD (Table 5). These results indicate that
although the present and previous studies have shown
aerobic fitness to be associated with BMD, this relationship
may be due to the magnitude of SM mass. However, in older
women, even absolute VOzpeak (Imin~') was not signifi-
cantly correlated with whole-body BMD. In the same way,
low grip strength is associated with low BMD and an
increased risk of incident vertebral fracture (Bevier et al.,
1989; Osei-Hyiaman et al., 1999; Di Monaco et al., 2000;
Dixon et al., 2005). The absolute handgrip strength in older
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women were significantly correlated with BMD, but not
normalized to body mass and SM mass, in present study.
These results suggest the relation of BMD and handgrip
strength associated with body mass. However, the absolute
leg extension power (W) and leg extension power normal-
ized to body mass (W kg™') were significantly correlated with
leg BMD, but not normalized to leg SM mass (W kg™"). There
is no difference in leg BMC (normalized to SM) between
middle-aged and older women, there may be a difference but
this study does not have the power to demonstrate a
difference, particularly as the numbers are much less in the
older groups.

Summary

We assessed the relationship between regional SM mass and
bone mineral indices, and whether BMC normalized to site-
matched SM mass differed with age. This cross-sectional
study concluded that whole-body and regional SM mass are
associated with site-matched BMD and BMC in both young
and postmenopausal women. Moreover, the age-related
differences in BMC were found to be independent of the
ageing of SM mass in the arm and trunk region. However,
differences in BMC measures of the leg and whole body were
found to correspond to age-related decline of SM mass in
postmenopausal women. These results support that the
preservation of ageing of SM mass is an important factor
for maintenance of leg and whole-body BMC especially in
older women.
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TWLEMHBETF 7 79 —F (candidate gene
approach) & HMESI N TE TS, ¥ 7~
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L2, BILE L EHT QB EE (quanti-
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EFLEICOVWTE LDz, ThbOBEERE
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tensinogen (Met235Thr), Angiotensin II type
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giotensin-converting enzyme (287bp Insertion/

Deletion), Guanine nucleotide—binding protein
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@ -adducin

4p16.3

Gly460Trp (Exon)

B oEERREET Y]

Adrenomeduitin

11p15.4

CA repeat (3'-untransiated region)
A-3053G
G2367A

Aldehyde dehydrogenase 2

12q24.2

Glu487Lys (Exon)

Aldosterone synthase

17g23.3

C-344T7

Angiotensin-converting enzyme

17023.3

287bp Insertion/Deletion (Intron16)
T-5941C, T-5466C, A-3892C, A-240T, T-03C
T1237C, G2215A, G2350A

Angiotensinogen

1q42-43

Met235Thr (Exon2)

T31C

T68C (Intron 1) a
A-20C (promoterreogin)

G-6A, T-18C (promoterreogin)

Angiotensin Il type 1 receptor

3g21-25

A1166C (3'-untranslated region)

Angiotensin I type 2 receptor

Xq22-923

T1334C (3"-untranslated region)
C4599A (Exon3) , G4303A (Exon3)
G1675A (intron1) , A1818T (Intron2)
Lys248Arg (Exon)

Atrial natriuretic peptide

1p36.21

Val7Met (Exon1)

T1766C (intron2)
G1837A (intron2)
T2238C (Exon3d)

C-664G

B 1-adrenergic receptor

10g24-26

Ser49Gly
Arg389Gly

B 2-adrenergic receptor

5G31-32

Arg16Gly
Gin27Glu
Thr164lle

B 3-adrenergic receptor

8p12-11.2

TrpB4Arg

Calcitonin-receptor-like receptor

2g31-g32

rs696574 C/T (Intron6)
rs3771073 G/C (Intron1)
rs698590 T/A (Intron10)
rs1528233 G/A (Intron11)

Endothelial nitric oxide synthase

7036

Glu298Asp (Exon7)

G894T (Exon7)

T-768C, A-922G, T-1468A

27bp tandem repeat 4 or 5 times (Intron4)
A27C (Intron18) , G10T (intron23)

CA repeat (Intron13)

Endothelin-1

6p24.1

Lys198Asn (Exon5)
3AJ4A -134deletionA (5'-flanking region)

Endothelin A receptor

4g31.2 °

A-231G (Exont)

His323His (C69T) (Exoné)
Glu335Giu (A105G) (Exon6)
C211G, C1363T (Exons)

T52C (Exon8) (3'-flanking region)
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Endothelin B receptor 13q22 G-544A
Gly57Ser (G307A) (Exon1)
Leu277Leu (G30A) (Exon4)
Glucocorticoid receptor 5q31.3 Arg23Lys
Bc1l C/G (Intron2)
Asn363Ser (Exon2)
G protein receptor kinase 4 4p16.3 Arg65Leu
Arg142Vval
Ala486Val
G-protein coupled receptor 10 10926.13 Pro305Leu O
G-62A (3'-untranslated region) O
Guanine nucleotide-binding protein 12p13 C825T (Exon10) O
£33 subunit
Inositol polyphosphate phosphatase- 132 152276047 C/T (Intron9)
like 1 159886 C/G (3-untranslated region)
Insertion/Deletion (Intron1)
Insulin receptor 19p13.3-13.2 | Gly972Arg (Exon) '
Leptin 7031.3 Class| (shorter) [Classll (longer)
(3'-flanking region)
Leptin receptor 1p31 Lys109Arg (Exon4)
GIn223Arg (Exong)
Lys656Asn (Exon14)
Low density lipoprotein receptor 19p13.3 C1773T
C16730T
Matrix metalloproteinase-9 20g11.2-q13.1 [ C-1562T
Methylenetetrahydrofolate reductase 1p36.3 Ce77T
© + A1298C
Regulator of G protein signaling-2 1931 TC Insertion/Deletion (1891-1892)
AA Insertion/Deletion (2138-2139)
SLC12A3 (thiazide-sensitive Na*-Cl™) 16q13 Met279Val
Val578Met
Arg642Cys
LeuB849His
Transforming growth factor- 51 19g13.1 Leu10Pro (Exon1) O
= Arg25Pro
Uncoupling protein-1 4g28-931 A-3826G

B3 subunit (C825T), Aldosterone synthase
(C-344T) %37 —5—*— FE#HL LTHE
TEBILHN "B EhTwa”.
ZDEH, Br AOREFEREEZR LK
JFERIOMITZBIRDTREE o TETWAH D, ER
OEBRBIE T, BVESIHERINL, LR

EVER A Sz & v o MR 2 IREATE 72

o TrvER, ThooBE@mRIETFSHEE, A

R

BB L UMELR EIL) BMEDORE & ERIH
POLERNRRLIENS, 4%, SO L
KPLETHA).

3. BMEEDHESETFH

AABMESKOBMERES 4 K54 Vick
bl REBEOSE—BRE L LTERTIEOBE,
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D23 Xy Y - BrEik#EL LT, 19~26Xv Y -
BREENEBINTVALIENET LV EREBE
nr-v.

BMEERTA K54 2200412 LTCHEHE
H2006I1IZLTH, BMIERERREELZERE Vo
7% DA (KE2VL—vav) #kE L,
WwWh b “FHE" THLH INLOEZEICH®
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PEEF LI LV ETHRVA, FRRICHER
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4. EBE)C L DMEBRG & EERMBERTESE

FEMEDARCEMEED ANIBNT, ELHH
BEBHETZ) LIS VMER HEHERT IS
BETHBEVIEEEIMT S, LEALEES, 20
BT TOANCBVTRI 5bF Tlik <,
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Angiotensinogen (AGT) #1zF B & U An-
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