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Abstract

Although skeletal muscle mass decreases with aging, its decrease rate may differ among
parts of the body. There have been few studies examining the differences in the muscle mass
decrease rate between proximal and distal parts of the limbs or between the left and right legs in
a large population. Bioelectrical impedance (BI) index, calculated as the ratio of the square of seg-
ment length to impedance, is linearly correlated with the muscle mass calculated by MRI (r=
0.902-0.976, p<0.05, Miyatani et al., 2001) in the limb segments. The purpose of this study was
to examine differences in the decrease rate of muscle mass between the proximal and distal parts
of the limbs and between the upper and lower limbs in healthy Japanese. The Bl index was mea-
sured in the bilateral thighs, lower legs, upper arms, and forearms of 1006 healthy Japanese men
and women {aged 15-97 years). While the BI index decreased with aging in all examined parts of
the body, the decrease rate was larger in the lower limb than in the upper limb, and in the thigh
than in the lower leg. The percentage of people who showed a difference of more than 10 % in the
Bl index between the left and right lower limbs was significantly higher in the elderly than in
young subjects. These differences in the decrease rate of muscle mass between limbs may be
associated with decreases in physical functions in the elderly.

(Jpn. J. Phys. Fitness Sports Med. 2007, 56 : 461~472)
key word : limb muscle mass, segmental bioelectrical impedance analysis, aging, laterality,
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Table 1.
subjects (n=2374, mean£SD).

oLz, LarL, BIA YTy 7 ZO KRBT
REBCEEBICAELRRERANRD LNz
D(&E, BIA Y7y 7 A kil p<0.05;
fRE, BMI, KhE, THE, Ehi, sifio Bl £ > 7 v
7 A, p<0.001), BLHN G %4707,

Table 1 13, BHOEE L KEAD B4 VT
7 ZE DT BB & MR (SD) % g 7 v —
FTINZRL7ZbDTH A, HEII20mA, KEIZ40
RICCERARMELZR L. B, REL HI2608MAL
BEICBWTHERERTEZRLAZ. BIA YTy 7R
B LT, RERERIZ108A ~ 4058 e TH0%
P SHEFELRETOREO LN, LLTEARIZ, ThE
30 L 80N THEE RO LNIZH DD,
MOMAEDLE TIAEELE BRI N 7.
LRI LA R AMET, 10 ~30m iR T
60/ AECREE IR T 2R L7z, RIBEEICOW T
A0 ARIET, 10~ 307012 He TR At LARE
THELRET 2R L.

Table 2 1¥, KWK L ZHALOBIA v Ty
7 AEDFHEB LU SD #4E# 7V — TRIIR L
2bDTHAH. HEIZFI0~30EAIH~T50mAt L
FECHEZET OO S5 N2H, HEIZS0HMA TR
KEZRL, 10~40 IR TOEIL D AHEE
R /MEIZEL. BIA 7y 2 ZZE LTI,
KBEFIZ10ALD R AME T, 10~20m% 812 T 40

Cross-sectional age differences in physical characteristics and BI index of male

BI index (cmz/Q)

age n  height (cm) weight (kg) BMI (kg/m?)
thigh lower leg upper arm forearm

15-19 134 1709 5.1 ' 631 +59 > 216 1.8 * 584 64 ' 209 x23 ' 194 +23 " 85 +10
2029 43 1744 51 ' 687 £59 7 226 15 " 579 +80 ' 231 x27 % 202 £24 7 92 +12 ¥
30-39 16 1702 +79 ' 687 =115 P 237 £33 ' 570 +126 ' 237 32 ' 209 +44 7 103 +19
40-49 10 1742 £51 ' 750 +13.1 ' 246 +38 ' 593 +£108 ' 230 +45 M 214 35" 110 +26 '
50-59 19 169.8 +38 ' 688 61 2 238 17 ' 483 £52 * 219 z27 " 182 £17 P 96 £15 '
60-69 41 1642 60 > 628 89 ¥ 233 x30 " 446 +63 P 209 £20 7 171 £20°* 91 £14 ¢
70-79 76 1623 58 1 584 =89 * 22 +£30 " 432 x69 ** 205 +33 2 172 £29 3 88 x13 M
80-89 32 1588 +£53 * 531 £99 7 210 £37 % 402 £65 * 198 x40 2 156 +22 % 78 +15 %
90-97 3 1555 +40 ° 482 + 1.0 199 +09° 376 +35 °® 202 12 Y 138 £03° 69 +05°

By one way ANOVA significant age differences found at p<<.001 for all variables. Post hoc analysis by Tukey b
gives homogeneous groups that do not significantly differ at p<<.05 for the variable. Each subset is represented
with a superscript number.
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Cross-sectional age differences in physical characteristics and Bl index of female

BI index (cmz/Q)
age n  height (cm) weight (kg) BMI (kg/m®)
thigh lower leg upper arm forearm

15-19 112 1594 + 54 ' 530 =71 " 208 +25"'7 421 +64 ' 164 £ 21 129+ 19" 62 %09
2029 69 160.1 £59 ' 531 +£58 M 207 £20 " 406 + 66 ' 163 + 26 123 £20 " 60 =09 '
3039 36 1592 £ 50 ' 521 48 2 206 197 382 +59 2 170 + 26 11.8 +1.5 " 61 +08 "'
40-49 26 1562 + 54 ' 523 £53 M 215 +£24 " 3501 +41 P 156+ 17 115 1.0 " 62+ 05"
50-59 64 1542 £ 56 > 546 £84 ' 229 +30 ' 332 £41 ** 163 £22 Mm2+15% 60+10"
60-69 110 1526 + 44 > 524 x68 ' 225 +29 ' 322+40 M 156 + 22 113 =14 " 62208
70-79 152 1492 = 5.6 ' 503 7.1 ' 226 £ 29 Y 304 £45 * 155 £ 27 114 £20 " 60 +09'
80-89 57 1468 + 58 ' 488 +80 2 227 £36 " 299 x40 *° 162 x 3.1 114 +15 " 6010
90-97 6 1372 £77 1 39569 ° 213 £50 ' 266 +42 ° 162 £ 58 104 +18° 50+ 10°

By one way ANOVA significant age differences found at p<<.05 for all variables except BI index of lower leg (p
=.06). Post hoc analysis by Tukey b gives homogeneous groups that do not significantly differ at p<.05 for
the variable. Each subset is represented with a superscript number.
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PEELRETEZRLI.

Bl £ ¥ 7 v 7 A DB LRI OINEEAL & 2048 D
FEIMEZ100(%) & L CHENOMETEZ BT L.
Figure 1 & Rt & FHIZ oW T, Figure 2 I3 KA,
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° 60 4
40 A —& upper limb in men
—O—upper limb in women
20 A — lower limb in men
—&— lower limb in women
0
15-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-97
age (yr)
Figure 1.  Decrease rates of the Bl index in the upper

and lower limbs in men and women. The values of
the subjects aged 20-29 years are used as reference
values (100%). The decrease rate of the Bl index
was greater in the lower limb than in the upper limb
in men and women.

140
A) men
120
g 100
=
X 80
—& lower leg
60 1  —@—upperarm
—O— forearm
40
140
B) women
120 4
X
-
g
=)
X
—=-lower leg
60 —@— upper arm
—©— forearm
40
15-19  20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-97
age (yr)
Figure 2. Decrease rates of the Bl index in the thigh

(W), lower leg ({J), upper arm (@) and forearm
(O) in men (A) and women (B). The values of the
subjects aged 20-29 years are used as references
(100%) . The decrease rate of the Bl index was
greater in the proximal (thigh and upper arm) than
distal (lower leg and forearm) parts of the limbs in
men and women.
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Table 3. Simple and partial correlation coefficients between age and Bl index.
(n=1006)  height  weight  BMI Bl index
thigh  lower leg upper arm forearm thigh /lower leg upper arm / forearm

simple correlation

age‘ -0.561 0.280 0.173 -0.614 -0.206 -0.363 -0.161 -0.673 -0.419
height 0.676 -0.086 0.849 0.693 0.794 0.697 0.501 0.352
weight 0.671 0.690 0.717 0.751 0.741 0.245 0.204
BMI 0.070 0.266 0.204 0.284 -0.176 -0.076
partial correlation

age -0.336 0.328 0.159 0.427 -0.536 -0.275

Partial correlation coefficients were calculated with height, weight and BMI as the adjusted variables.
All correlation coefficients were significant (p<<0.01 ; except the correlation coefficient between BI

index ratio of upper arm to forearm and BMI, p<.05).

THE, ERi, BiKIICOWTRLAEDDTH A, BI
ATy 7 ADMET RGO BERITBEMEL O
L, FORTOEGIE EFICHTRTRE S
272, Bl b mOUETOEEKEVDITAM,
REEWTH Y, wilkEE THROMIZLIZHE &R0
bW hrolz.

Table 3 1%, &ERHL BI A4 > 7 v 7 A, 4E#n, 1K
(&, RE, BMDZAMEOHMHES I OHRIEE
BAELERL LZBIA Y7y 7 A L4 & DORM
MrzRL72b0ThA., HMHEEASL L, BI A ¥
Ty 7 ARETOHNTEHEAELZAOH™D
R B, MHEREIIK (r=—0.614) %5 b B fE
T, #WTERE(r=—0.363), TH (r=-—0.206),
Bl (r=—0.161) DETHo72. Th5DBIA ¥ F
v 7 AL, FRICHER, RE A TE WA (r
=0.690~0.849) & /R L7z, D0, HE, KE,
BMI # &&= & L TRMEGSHTEZ L2 2 A, K
PR HZE DM (r=—0.336) Z /8 L, BOIALTIE
EDOMEEZR L., —J, BIA YT v 7 AD KM
THRI ISR & BRI CTATD (r=—0.673), &4
HIB L7 RAHECATH (r=—0.536) FELAD
HEZRLZ. BIA YTy 7 20 ERimikit 38
B (r=—0.419), MARZETHIB L /- HAHEE (r=
—0.275) & QIR & BOMB Z R L 72K T R
HAZHARTHWHETH - /2.

Figure 3 (ZI3KME, THE, L, milio BI A ~
Ty 7 ADONMEGELEREL-) OETR L. K
U720 DOKBEBL A4 >~ 7y 7 ZEBE TR0

Bl index / body weight x 100 (%)

Bl index / body weight x 100 (%)

120

100 4

80 4

60 4

40

20 4

A) lower limb —B—thigh in men

—&—thigh in women
—E—lower leg in men

—6— lower leg in women

40

35 A

30 4

25 A

20 o

B) upper limb

~—— upper arm in men
—@—upper arm in women
—E forearm in men
—6— forearm in women

Figure 3.

T T T T T T T T

1519 2029 30-39 40-49 50-59 60-69 70-79 80-89 90-97
age (yr)
Bl index divided by the body weight in each

age group in the lower (A) and upper (B) limbs. Sig-
nificantly different compared with (a) those aged
15-19 years, (b) those aged 20-29 years, (¢) those
aged 15-29 years, (d) those aged 30-39 years, (e)
those aged 40-49 years, (f) those aged 30-59 years,
(g) those aged 15-89 years, (h) those aged 15-89
years, (i) those aged 15-19 years, (j) those aged 50-
59 years, (k) those aged 15-89 years, (1) those aged
15-29 and 50-59 years (p<.05).
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A) lower limb

300% A

200% A

of lower leg x100 (%)

BI index of thigh divided by BI index

——men

—6— women efghi

100%

B) upper limb

300% -

I3

00% 4

Bl index of upper arm divided by BI index
of forearm x100 (%)

100% T T T T T T T T
15-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-97

age (yr)

Figure 4. Bl index of proximal limbs divided by the

Bl index of distal limbs in each age group in the
lower (A) and upper (B) limbs. Significantly dif-
ferent compared with (a) those aged 15-19 years,
(b) those aged 40-49 years, (c) those aged 20-29
years, (d) those aged 30-39 years, (e) those aged
15-19 years, (f) those aged 20-29 years, (g) those
aged 30-39years, (h) those aged 40-49 years, (i)
those aged 50-79 years, (j) those aged 15-19 years,
(k) those aged 20-29 years, (1) those aged 40-69
years (p<.05).

THERAMEZ T L, 30LETIOAICHTEES
BiExRL7. oM TR/AMERZRL, TOBRAEER
%AV OORRWIEm AR L2, ZETIE
10 CRAMEE AL, 40ALFETIOEMA 1T~
THERMEZ R LD, 0t TRt 2R L
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BINASERD STz, I TIR0RAL T & TR
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L, Iz B W TIES0 A LI To0mM IR TH
=ML, RELDOEBBL A Y7y 7 A

EBEMETIIEE 2 EAIRIIEO SN h o,
TIFI0RACIT BV T10~ 20748 B & UB0REAE & Hx
THEREIN A SN,

Figure 4 13, KBRTHRI (KRB FHE @ %FER) B
SO Rhniha bt (Rl Al - % FOR) & EE L O
BERL72BDTHL, KMETHRIELICBWTIZEL
EHI0MRTREMEERL, TORERKHOBEME &
BICHHE R T A2/R L7, —J, LRI AR
Hi2YDOERD BL A ¥ 57w 7 A LRIKEDOZEAL &R
L7,

Table 4 121X, THHEOLEAZEZ10% K & £
WL ETRA L, £0mBEEL EARNI RO 724
L7z, 10% L Lo EAZEBBERTNmE & b1
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Table 4.
laterality of the muscle mass in the legs.

The proportion of the people who have large

Rers oz i, ERIRTRE L AR & 89
WHB AR L7 OO TR ESEE 1L

Tld 7 Ao 72, ZHUE Miyatani 5 (2003)7
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ZI72E, ToMmmEtidBZ 5 < B

generation
% difference 1 2 3 significance’
between left and
right limbs 15-18 yr 19-64 yr 65-97 yr
men ) (118 (114 (142)
thigh 0-10% 94.7 78.7 76.8
210% 53 2137 2327
lower leg 0-10% 97.6 89.4 82.4
Z10% 24 1060 176"
women n) (88) (263) (281)
thigh 0-10% 86.0 85.5 84.9
Z10% 14.0 14.5 15.1
lower leg 0-10% 92.4 88.5 81.9
Z10% 7.6 115 1817
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LHEL RS-0 0wI LY, 450

#By %% square test
*(p<.05) and **(p<.01)
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