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Changes in regional body composition during diet-induced body mass

reduction in obese middle-aged women: Bone mineral content
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Ryosuke Shigematsu® and Fumio Nakadomo®

Abstract

It is well known that total body mass (BM) is positively associated with bone mineral content
(BMC). However, the extent to which BM, fat mass (FM), and lean mass (LM) are related to BMC re-
mains unclear. Considering that chronic loading of a bone is perhaps the most important factor af-
fecting bone mass, evaluation of the relationship between these variables should consider the load
placed on segments of the body. Therefore, this study examined the changes in regional body compo-
sition (i.e., total body, arms, legs, and trunk) during diet-induced reduction of BM. Seventy obese
women (age 48.5 + 7.8 yr) were randomly assigned to two groups: diet (D, #n = 42) and control (C, n =
28) . Subjects in group D participated in one dietary counseling session per week and their energy in-
take was restricted to 1070 + 240 kcal/d. BM, FM, LM, and BMC of each segment decreased signifi-
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cantly (P<0.05) except for BMCARMS. Positive correlations (P<0.05) between percentage change
(%change) in BMC and %changes in BM, FM, and LM were observed for every segment except
FMTRUNK, LMLEGS, and total LM. Comparing the correlations of %changes in BM, FM, and LM to
%change in BMC, %change in BM had the highest association with %change in BMC in each seg-
ment ( = 0.39 to 0.65). However, in the arms, the correlation between %change in BMCARMS and
%change in LMARMS (7 = 0.65) was equivalent to the correlation between %change in total BMC and
%change in total BM ( = 0.61). These results suggest that BM is the greatest contributor in the
loaded segment (i.e., trunk and legs), and LM is also an important contributor in the unloaded seg-

ment (i.e., arms).

Key words : bone mineral content, body composition, dietary restriction
(Japan J. Phys. Educ. Hlth. Sport Sci. 48: 27-35, January, 2003)

¥—7— K :BE8, Bk, ESHIIR 1992 ; Ramsdale and Bassey, 1994). &l &
DAL THICHEEZ 52 T0DEW)dibH Y
(Slemenda et al, 1990), ZAUIZBEHE T B A7 =
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HE | (TS, 1996) &g SN B EHERE DA Lo L, BELENE, HEoZrgs il i
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% ¢ OWIRTHRE & B ROMICEOMMMEELS RIS Z2EEEHNILIRET LI L L
HAHIEFRESHTEY, BWlHEOFEII K Lf:.
WANERTHECEWE ST TWw2 (Hol-

brook and Barrett- Connor, 1993). Frost (1993) N A &

X, B h B AR T IUE Z OB I A

SNAEIICHREILT S EBRRXTVDLEZ &R . RE
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2500 E) &7z AR ek 70 44 CEY4ER
485+ 78iK) Thb. 70% % 34 H Mo F
BRUS X 2 EHEICBML 2 A9H B (diet © D)
fF42 2 & X (control @ C) BE28 %1250 T 7.
RRFNNE, WFRONE B X OH 8 & 8641 360
L, MPEZINMORE 2572, Hite TR
K L7k, Hﬁé?ﬁ LAELL B VIREE | ki,
1999) &LEH‘RT HE, KB IIDETIS
(35.7%), C?F“C“ll% (3()3%) Thotz. F7-,
FRHEBT 52059 % ﬁ’%H“D.«Z’P%%
%HEH%L@\ BEBh oz, FEEIZE, 3
A, SBEEDS L wﬁ(%?%iv (ZHE7R
L7, %J‘%‘i'%‘@%ﬁiﬂ% 2DV Tl Table 112
T Lo/, DIFE CTHEOMBERIZ B WT, KIS
RYEWEHHICAE R SIAED SN0 -
7:.

2. AIFHEB & LVBIERE

W H X, BE (height) BX O Rl
F— X#WIE (dual energy X-ray absorptio-
DEXA) o&gEMer oo 55
i (bone mineral content : BMC), g%
FM), BRIENIFR4F 3R (fat- and
. LM) THDY,
BMC + FM + LM #{K3 (body mass : BM),
BM/height* % BMI (kg/m®) & LTHEHL 7.

metry -

(fat mass

bone-free lean tissue mass .

E5IS, &% Fig LIRLAZ LD 1CH (head),
B (arms), B (egs), i (trunk) D450
Table 1 Personal and physical characteristics of

the subjects at baseline

Diet Control

(n = 42) (n = 28)
Age  (yr) 485 + 7.7 484 = 82
Height (cm) 1558 = 4.6 1556 = 6.1
BM (kg) 685 + 7.9 69.3 + 6.5
BMI (kg/m? 282 + 27 286 * 1.6
FM (kg) 259 + 43 269 = 33
LM (kg) 40.0 £ 40 398 £ 4.3
BMC (g 2577 = 349 2598 + 341

BM = body mass: BMI = body mass index; FM =
fat mass, LM =
content.

lean mass; BMC = bone mineral

g DAL 29

FRALIZ 53 1), head 2 B & &340 o BMC, FM,
LM, BMZRM L7 &k, LMiEHabsno
RS GORBREERTH 2725, EBOHS
EDMBA MO TE WV (Heymsfield et al.,
1990 ; Wang et al.,, 1996) 7-&, AHf%e it
LM 7z e & A7 L7z,

AELZRE L i, E D 2R 5 Ok R %
PER B LR L, WERIZIZFIC O Cn
ERBEHNL, MEMOKRICEB2 347, #
DR, WRAE Ny KM TR, il
%%k@Wﬁf@%Lt.M%u%Lt%%u%

09 Th - 7. ﬁf@ﬂiﬁiﬁ@?iﬁ%@
mﬁLﬂ’ry‘i%ﬁ B, WS (Lunar # 8
DPX-L, Version 1.35) & % M [F-—12 L 7-.
KWETEDI R E DM S MAELIZHIE L 7254412
L, 2mEECllE L, BMC, FM, LM, BM
DEFHHE Z KD 74513, BMC 1.1%, FM
1.4%, IM 1.2%, BM 02%T&» Y, 175
(Compston et al.,, 1992a ; Ramsdale and Bassey,
1994) THE SN TV L2EERE MAETH -
7z,

3. BE O L
ARFFETIIEN T AN — B2 IR 50 4 A

Fig 1 How to divide the total body measurements into
values for the head, arms. legs, and the trunk.
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W7 AR IRBE 2 MEF T 2 BV T, R Al £ &
LCEFDOHEELRMEVBAEOLN TS (),
1995 5 BEVRES S, 1993 5 HH S, 1999 ; KEF 5,
1996) ¥4 za¥ 4Ly (F=—=~NLAt) O
xR L. 470842y MISEEOH
) — KEFEALEH R TRIZE, 220N b - =a—
Y g A DS - TS, bAET
== AV AL S TITA R AEESNT
Wa, 1BSOI AN F—813169—173 kcal T
Hh, ALY, Y, IRE TI/& €Y
IV, IAGNEEENTVAICHETSIE
MRETH A, BHIGAEEFAIE LT, RAD2
HEZ1IH2 &, ZO®REIHIAEE LA, €O
b L1 £ 72D 400—600 keal FEEEIZHI R
FoFAENT U AD L VAERAHINT 2 &) RE

72, RBRFILZIAETEORLFNELLH S,
BRI S, HEEH AT, Bf
kA D L ICER T ALY —BERHATLE LD
12, B EIIOWTERERELSRELL.

B, BEHIM, HEREED S R0
BEHT A L IR L, HEHT & BHE TP OFY
WEIE A NEE L o (A X R E
JE sl A 5 5T Lifecorder) Tl L7z, M
IR, BER, HEPELBICTHMTHY, A
PR & IRIRES 2 B < L HY, R v %

o e

4. IRETEEIR

KIHH OWEREINL, IOl EEFEETEL
7o WOEH, HERICBIT A &EE B oY E
DL, WIEDH B REEZEH L. DI
Y CREOEHOLEIE, FEDR v iiEx
WL 7e. SRR H & BMC & o BI#E M & AR
=35 7L, Pearson DFERMBRE ()
REM L7, IS OMFRHENT 21X, SPSS 9.0]
ARz F72, FREARICIBIT A 200k
MOAEEREIE, LTz V.

b= e —r)y (= 3) L+l /

Vol = vt=—ry —

T, v T P33R OMBERE, n
FEAKTH Y, FERORIEr, & r, DA EER
ETHDH. B, TRTOMEICBWT, #Hal%
(A B AKHEZ 5 %2k L 7.

7o+ 27127"127"23>

I #s xR

1. BEICHESIBTERBOZEL
3HHBORE 7T 75 L12L A DRHONEH
HoOZ L% Table 212k L7z, & DOFM (-57
+27kg), LM (-15%*12kg), BMC (-

Table 2 Changes in body composition before and after body mass reduction in diet group (n =

42)
FM (kg) LM (kg) BMC (g) BM (kg)
Total Baseline 259 £ 43 40.0 £ 4.0 2577 £ 349 685 = 7.9
Change —-57 x27* -15=12* —-57 £ 74* -72%29*
%change -224 = 107 -36 £29 -22=*29 -105 = 4.1
Arms Baseline 24 + 05 41 =06 267 + 43 6.8 + 1.0
Change -05 03" -02+02* 2+ 11 -07x05*
%change -214 = 137 —44 * 4.1 10 £ 41 -102 = 65
Legs Baseline 81 20 129 £ 16 850 = 112 218 £ 33
Change -17+09* -02=x05* -31+30* -19+10*
%change -213 =96 -14 £ 36 —36 £ 32 —-87 £ 39
Trunk Baseline 139 £ 23 203 = 2.1 915 = 175 351 = 4.3
Change -33+16* -12=10* =32 £ 47 * —45 = 20*
%change —243 + 121 —57 =47 -35 =52 —-129 £ 55

FM = fat mass: LM = lean mass; BMC = bone mineral content; BM = body mass.
* Significantly different between baseline and the month 3 (P < 0.05).
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5774 g), BM (—72+£29kg) owwiFni,
HEZHAY Lz BT EIRE LTY, BM-
CARMS Z R T XTOIHH A EIZWA L 7.
T, FUWEHHOLILES® CHELKT S &,
LMARMS Z [ < T XRTOLAL & THM A A L D
Hi7z (Table 3). DO 1 H OB AL F
—mrEHLBEISHEET L E, HERO
1909 = 448 kcal/d 2%, #HZEH D 1070 £ 240
keal/dNEFHEITHA L Tz (n =28, P<
0.05). F7z, HIVT 7 AENEIIHER O 585 +
179 mg/d 26, FEF D 866 = 293 mg/d~& 47
BIZHWIML v (=11, P<0.05). bk
LI X o THERE S 1721 H oS8 By i 1,
FUERNE 269 = 82 keal/d, #HEPIX242 + 75
kcal/d (n=24) THY, HELLEILEZRS Lh

572,

2. RERIOAFERER LS H7/-BMC & FM,
LM, BM DO+EREIREE

D HE o k&5 o WER KA S, BMC & FM,
LM, BM & OMBHREE I L, Table 412771
2. 2 OBMCIZFM (r =0.57), LM (r =
0.70), BM (r=071) OWwFh& s HERMM
BARIZH D, HEREOEEKET 54, FM &
D b BM ORI H BIZ S o 72, T2 &
WG LT3, BMCARMS & FMARMS % [ ¢ X
TO2EHM T, AELRIEOHBBREIES .
HBRBOELEHRET S &, BMCARMS & i
FMagrwvs (r =0.30) &) & BMarms (r = 0.66),

BMarMS & ) & LMARMS (r = 0.78) & OAHBLR
B EIZE <, BMCLEGS & 1 FMLEGS (r =
0.64) &0 & LMLEGS (r = 0.82) & BMLEGS
(r=081) & OMBIREDHEIZHEA - 72, 72,
BMCtTRrRUNK & X FMTRUNK (r = 0.50) £ b D
BMTRUNK (r=059) & OMBIREADH EIEH

7.

3. BEMEROATHERN,S A-BMC & FM,
LM, BM DOZE 13RO +ERREF
D I oI Fi 2 O WAL 5 K H o2 bk
HWM L%, BMC & FM, LM, BM o % L=
B OMMREEHH L7 (Table 5). &0
BMCZ1L#IZFM (r = 0.38) & BM (r = 0.46)
DEALR L B L MHBEERICDH - 7225, LM OZ
L & OMBIIRIEI A E TR 272 (r=0.16).
AL L MFS 9 4 &, BMCLEGS & LMLEGS,

Table 4 Correlations between bone mineral con-
tent and FM, LM, and BM in each segment before
body mass reduction in diet group (n = 42)

- Significant

FM LM BM difference
Total 057 * | 070* | 071 * FM < BM
Arms | 030 0.78 * | 0.66 * FM < BM < LM
Legs 064* 1082* [08]1* FM < LM, BM
Trunk | 050 * | 058 * | 0.59 * FM < BM

FM = fat mass; LM = lean mass; BM = body mass.
*P <005
Significant differences within three correlation
coefficients.

Table 3 Comparisons each change in diet group with in control group

FM (kg) LM (kg) BMC (g) BM (kg)
Total Diet —57x27* -15+12* =57 £ 74%* —72 *29*
Control -02=*12 06 =08 -8+ 33 04 =13
Arms Diet -05+03* -02+02 2=+ 11* -0705*
Control =02+ 04 -01=*02 -7*8 -03 £ 06
Legs Diet —-17 £ 09* -02=x05* -31+30* -19 2 10*
Control 0.1 =04 03 + 04 -0=x16 03 =07
Trunk Diet -33*x16* -12+10*% —32 £ 47* —45 £ 20*
Control -01 %07 04 £ 05 -3 23 -03 £ 09

FM = fat mass: LM = lean mass; BMC = bone mineral content; BM = body mass.
* Significantly different between diet group and control group (P < 0.05).
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Table 5 Correlations between %change in hone WLTwA. —7F, Valdimarsson et al. (1999)
mineral content and %changes in FM, LM, and 11 16— 20 Mf@ M 254 4 at gk L 7= K Wi o
BM in each segment in diet group (n = 42) -1y 45O BMD & LM O BT 1 15 5

. \_ A Y B AR DYy =
FM | LM | BM Significant 053, BMC & LM OMIBMEHRAr = 077 L FHET
difference

Total |038% |0.16 | 046 * NS &, LMAFM R BM & 0 & FRREEO s\ K

Arms | 047* | 065* | 061 * FM < BM ThbHILeWEL TN

Legs 054 * | 015 0.65 * LM < BM Kifgen 5% (D) 22\ T, AR RTO MW

Trunk | 0.22 034* 039 * FM < BM -

- f . P R S MW IS RE T 5 & (Table 4),
FM = fat ss; LM = [ ss; BM = T !
N s L, lean mass OIS BMC & FM OMIBBRIE - = 057, LM £ O
*P <005 BRI » =070, BM & OMBEFRIEr =071 T
'Significant differences within three correlation Ho7. FM L4 LM* BMABMC & A

coefficients.

BRI DH B Z LR SN, MEtWEEE

EMRAREDHHNT-DIZFM & BM O)ELOM“CK‘

BMCTRUNK & FMTRUNK % B < T 2B JThoro. MMM ZRBE 720 T Tii7E & [

, HELZIFOMERESE LN, HBEREO LLH, HRETHEMDEVIZL - THRD

%’a‘:’fﬁiﬁ“é L, BMCARMS & 1Z FMarms (r=  RAZTREM2H 270, KBTI, WEICHE

0.47) £ v b BMarvs (r =0.61), BMCLEGS & o TH U7 SRR O Z b2 & fER IS ET L
13 LMLEGS (r = 0.15) & b 3 BMLEGS (r = 0.65), 7z.

BMCTRUNK & & FMTRUNK (r=0.22) £ 3b 3 HMoOMEIZHEY, BMIZ72+29 kg
BMTRUNK (r =039) & OHBREDAHEIZED (105 +4.1%) WAL, €ONRIEZFM 5.7 £ 2.7
-7z kg (224+107%), LM 1.5+ 1.2 kg (3.6 *
29%), BMC 5774 g (22%29%) Tho7=

v & = (Table 2). Chapurlat et al. (2000) &, PA#EH]

POTTICZA AT vOFWENRI LTS

B ARHLIK & 5 B o B & AT ICRGT L 72 % D, HRPEMNTHo THHFEVPRTTH I L
CORATHIZEC LY, K (BM) OAL LT, FHELTWA, 2070, KUZETIER, &
PeisE (FM) e (LM) 235 = & @B IR D R W IREE (CHF) ZREL, D
BARICH D 2 LD HE XN T WS (Compston et TEOZEAL & LB L7z (Table 3). Z D&%, CHE
al., 1992b ; Holbrook and Barrett-Connor, DOBMCiHAE -8 £33 gL lkXTDHDBMC
1993 ; Lindsay et al., 1992 ; Slemenda et al,, WAL R -57 74 glIAEICKREL, 3 HAMOD
1990). L#*L, BM, FM, LMoV §Fhivgm  HEADEEOBMC Zb 3E/- 2 LaRsh

DMV ELE 2 500, 72, FOERIC o, F7o, BE wwDﬁmﬁw/ﬁAﬂMg

HBEANZALDFEMICOWT, EEo0ME WEMIIOIAEICEC (585 +179 mg/d—
BoHNTWAV, Reid et al. (1992) i,uo% %6t%3my®,lﬁ&Xbbh%ﬁW/ﬁA
DB IR E L%, S, 280 oEIIEETH 5600 mg (HEHE - HA2 M5

F#® 1 (bone mineral density : BMD) & FM 23 1999) #REXL FERloTWwW/iZeanrs, ik
EDMIZr=055DHFERAHBBKRE AL DT W2k THE L 72 BMC OZEALIE A V2 L HUR
A, BUD: T2 busr vy LAV Eoicidsi RIZL230TERVWEZERONE. ABEOHR
%&*ﬁlﬁ@ﬁ@ﬁ%li{«?%h&ﬁ‘ot\_k%:?‘liffL“C\z\ B7a7 5 AT, BEREZRETLEVDATYS
é.it,BMD&LM@ﬁ%%%ir=owL JEH) (Chilibeck et al, 1995) % FEEKT 5 L 912
LrF ol Ens, BAEICE R RERTE  HRLTEST, DROSKETE D H=H L L
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NTEEL TR (269 + 82 keal/d — 242 +
75 kcal/d). 2 o7, WEIZHED BM, FM,
LM @A %5, BMC &b 87 &% 2, BM,
FM, LM & BMC D2t M OHIBIBIH % Bt L
7z (Table 5). ZDO#EH, 5D BMC & FM &
DENZIE » = 0.38, BMC & BM & DIz idr =
046 DA FLAHBBRA A Lo S, Iz ED
BM % FM OZALABMC IS8 % 5.2 72 2 L At

RSNz, Lo L, HIBRBOEZMET S &,
AT AE R EIIARED SN o 7o,
R, BEICEELZSZAERD1IDOTHL

FRUEMIX, B0 55 OB TR 5%
BA 525 (Frost, 1993) T & %#¥F 2, Wl

WZHED SRR OZ L%, B (arms), B (legs),
i (trunk) &9 3ODEMAZT THRE L
720 ZORM, EOHAMIZBWTEH BM & BMC
DA IR A5 <, JIFER R O I E S
BMC O A AR Ih7z., Ly, BT
BMCarMs & LMarMS DM BIEREDS » = 065 & 15
<, MOFM LD LMASBMCIZY 2 5 %0
REVWIEIREENZ, SO &L, Ko
T B H) AN O L B THW4 5
ZENTEL. Thbl, EHAMHIKE L 2h
B ERARETIE, W25 DR AT O KA
HIOWBE 5252800, ZOEMTOLM &
BMC OB M IS < e B hs, BN
i DO/NSVBTIE, BMOZEAL & A% LM 0%
DT BEL G52 52 505, 20K
BEWE i 72 &5 B T dH 5 Table 412 B W T
BMCARMS 28 LMARMS & #x b Téjb\*ﬂliﬁl%ﬁzéiéo
72 (r=078) ZTEMHH X

A9 TH 72 DEXA @?ﬂ”ﬂi’l‘ﬁ& &, ZE)th
#¥TBMC 1.1%, FM 14%, LM 1.2%, BM
02% TH Y, K1TW%E (Compston et al.,
1992a ; Ramsdale and Bassey, 1994) T &
NTOLEMBRBEFBEETH -7, LrL, #%
APA MR DAL A G OD{ﬂIJ EMHICHELY 5202k
B, WOPDOMIEIZE o THHE S Tw b
Madsen et al. (1997) (2X % &, MGIi=828% 7
77— F223 kg% 11 ZDORE DK 5

EIW2ED, BMCIX005 kg Kl sz, F

7z, Svendsen et al. (1993) (X 5 &, JgIH=
922%0 5 — F 88 kg % 6 L DX RF DRI
452 L1250, BMCiZ021 kg @K =L
7z. —7Ji, Jensenetal. (1994) i, 15kg?dDJ—
NEROBRIIZHA L TL 23 kgD T — F 2R
HTANZGAT LT d, BMCICHEAZIIZA LT,
W& 1 kgd72 ) @ BMCZ LRI DT H05 ¢ T
HolzbELTWAE, ZDEHIZ, 9— Falk
KW LT, BHBHER O 212 DEXA Ol 8
WEZE 2 2B A LR &L aw
DX LA TR 2T 5 Y 7 b
TEITDENEEZLNDN, FLELIT-E
D72 FZERAFERE O HARAK OZEL % KL T
WS EEM AR S T b (Madsen et al.,
1997). WEFNIZLTL, RUFZER R L O
DB ZATH S0 W5 2 L I3 % 7
O, ZOREIIMZEDORA & L TEDIT 720,
ABFZETH S N SR O 2L & BMC 0%
AEDOBEME, W s V) BOEIEES DT
HHTEND, HMIZBMR LMAHIMT 5 2 &2
Lo TBMCINT 2 2 L2 #mor5 2 L1
TEZR\WV., 2Oz, BMA LM % B X & 725
D OZALZ MBS 5 2 & 75“/:*?&@5’%
e D L L, RIFFEORENS, AL
- CTILLM & BMC OB# AR EN 22 &9 5
HAIZHE) BMCOWA M2 5725121, LM
’i’?ﬁfﬁ‘%éﬁé ) BREEPEHTH S & HURE
I,

vV £¢& 8

ARG P A X R & L 22iRE 7 T &9 A D
BT, HARHRZNE LR R, LT o EpH s
me a\’)f\_.

CERTOMERE RS, BM, FM, LM &
BMC @ B &2 MW icat 35 &, 2850
BMCIZFM &£ ) & BM & OB BIRAE ZI2 5
Morz. o, WAL LTS E, TR
FM XY 4 BM, BME Y H LM OB %
FTHEY, WREKETIEIFM X ) BMOEEL
i T n .
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2. WEAIBEOWESEN2S, BM, FM, LM
Y BMC O B & HEWT I ICRET 35 &, &858
Y OB IAIZ BT S BMC ©%&ALiZ, BM OZAL
Ci b bWELES R L o T, LaL, BiZE
175 LM & BMC OMBBRIEBM £ RS TH Y,
FHAO/NE W TIZLM2IBMC 252 %5
BORKENWT LARE SN,

&!I

Fd

ARWFRIE, I RF I RS e v v —
(TARA 7a ¥ =7 b, WFZefCERE | HpEAK)
2 & B, WEIEAKEF AR — v IRMAIZ L D
Wi (et s - &) o2t $72, R
WK FR A S I RARES S AL, 7
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