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ACCURACY OF ESTIMATING HUMAN BODY COMPOSITION CHANGES
ON BI METHODS -WITH THE STUDY OF SERIAL MEASUREMENTS
DURING THE WEIGHT-LOSS INTERVENTION-
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YOSHIO NAKATA and FUMIO NAKADOMO

Abstract

The purpose of this study was to investigate the accuracy of estimating human body composi-
tion changes using bioelectrical impedance (BI) methods during a weight-loss intervention. Sub-
jects were forty-three obese men (age : 49.24+10.5yr, BMI : 27.8+1.7 kg/m?) who completed a
14-week weight-loss intervention. In all subjects, fat mass (FM) and fat-free mass (FFM) were
assessed by dual energy x-ray absorptiometry (DXA) as well as single- and multi-frequency BI
methods (SBIM, MBIM) before and after the intervention. Resistance parameters were measured
by SBIM and MBIM (SBIM : R50 ; MBIM : Ree, R0, and Rfc). In nine subjects these variables were
also measured at weeks 1 and 4. Weight decreased (P<<0.05) by —8.0%£3.2kg during the
intervention while FFM changes averaged —0.4+1.6kg (DXA), —2.0x1.5kg (SBIM), and
~1.6%1.7kg (MBIM). BI methods overestimated FFM before the intervention (before ; DXA :
54.4+4.8%kg, SBIM : 56.5+4.3kg, MBIM : 55.9+4.5kg). In nine subjects, FFM measured by
SBIM (FFMgppy) and MBIM (FFM,;p1,) was similar to FFM measured by DXA (FFMpy,) (after ;
DXA :54.6+£5.4kg, SBIM : 54.6+3.8kg, MBIM : 54.6+4.1kg), although BI methods overesti-
mated the FFM before the intervention (before ; DXA : 54.9£5.1kg, SBIM : 56.9+3.8kg, MBIM :
56.3+4.4kg). The AFMgpy and AFMyp were highly correlated with the AFMDXA(SBIM ir
=0.87, MBIM : r=0.88). The AFFMggp and AFFM, 1, were significantly correlated with the
AFFMpy , (SBIM : r=0.54, MBIM : r=0.49). The ARs0 and ARfc were also significantly corre-
lated with the AFFMy, (R50: r=-0.63, Rfc : r=—0.48). These results suggest that during
a weight-loss intervention, 1) BI methods and DXA provide similar estimates of human body
composition change, although they overestimate FFM in obese men, and 2) changes of resistance
parameters observed with Bl methods may estimate human body composition change more accur-
ately.

(Jpn. J. Phys. Fitness Sports Med. 2006, 55 : 125~136)
key word : body composition change, serial measurements, single-frequency BI method,
multi-frequency BI method, DXA
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TABLE 1. Physical characteristics of subjects (n=43).
Mean + SD Range
Age (yr) 49.2 +10.5 27-66
Height (cm) 168.4+49  158.2-177.2
Weight (kg) 78.8 £6.2 66.5-90.5
Body mass index (kg/m?) | 278 +1.7 25.2-32.9

n: no. of subjects.
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TABLE 2. Body composition and resistance parameters before and after the intervention (n=43).

Before After Change
DXA FM (kg) 244 +3.8 16.8 +5.3 7.6 £3.0
FFM (kg) 54448 540 £49 0416
Single-frequency Bl method FM (kg) 223+33"* 163 £3.7 6026
FFM (kg) 56.5+43 " 54.5+43 20+15"
R50 (Q) 5193 +47.4 523.8 +48.6 45+232
Multi-frequency Bl method ~ FM (kg) 29+41" 165+5.5 64+35"
FFM (kg) 55.9+45°7 543 +4.6 ‘16x17"7
Rfc (Q) 380.6 +40.5 390.5 +40.2 " 9.9 +18.1
RO (Q) 457.8 +46.5 465.7 + 47.6 79 +64.6
Reo (Q) 302.9 +33.3 3152342 123 £449

Values are mean=+SD ; n : no. of subjects ; DXA : dual energy x-ray absorptiometry ; BI : bioelectrical
impedance ; FM : fat mass ; FFM : fat-free mass ; R50 : resistance at 50 kHz ; Rfc : resistance at a fre-
quency where cell membrane’s volume is maximized ; Ro : resistance at a very low frequency ; Reo :
resistance at a very high frequency ; *significant difference between the values before and after the
intervention (P<0.05); #significant difference compared with FM measured by DXA before the
intervention (P<<0.05); Tsigniﬁcant difference compared with FFM measured by DXA before the

intervention (P<<0.05).
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TABLE 3.
methods and DXA (n=43).

Correlation coefficients and SEEs for FM and FFM between BI

M FFM
r SEE r SEE
Single-frequency BI method Before 0.82% 221 089" 222
After 092" 210 088" 239
Multi-frequency BI method ~ Before 085" 204 0.89° 222
After 094% 178 093" 185

n : no. of subjects ; DXA : dual energy x-ray absorptiometry ; Bl : bioelectrical
impedance ; FM : fat mass ; FFM : fat-free mass ; r : Pearson’s correlation coeffi-

cient ; SEE : standard estimate of error ;

0.05).
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LA, WRERRIZBIT S FFMpy,, FMpy,
OFEALE L ARE S X O Bl #2005 RO 7 IKBUED
iR OMERKEERLL. REOLILE L
FMpy, PZEALEICIE r=0.87 DA B2 MERED
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*significantly correlated with DXA (P<
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>2‘3)32 DEMIZBVWT Y, HERDOEEREEIC

EDWEFICBWTYH, FMEEICEVWHERERO

NI | -El ectronic Library Service



The Japanese Soci ety of Physical

130

-8 -

-10 1

AFM by DXA (kg)

12 4
-14 1
-16 1

Fitness and Sport Medicine

KA, H,

Identical line ——

Y=100X-154
r=0.87 (P<0.05)
SEE=148

-18 T Y T
-18 -16 -14

-12 .10 -8 6 4 -2 .0 2

AFM by single-frequency BI method (kg)

AFM by DXA (kg)
&
1

Y=076X-273
r=0.88 (P<0.05)
SEE = 1.44

‘18 1 T 1 1
-18 -16 -14

-12 -10 -8 -6 -4

] T L] ¥ 1 i 1

2 0 2 4

A FM by multi-frequency BI method (kg)

FIGURE 1.

Relations between FM changes measured

by DXA and by BI methods during the intervention ;
DXA : dual energy x-ray absorptiometry ; Bl :

bioelectrical impedance ;

A: change ; FM : fat mass ;

SEE : standard error of estimate.
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ERL Lozl ERBIFONE, DF D,

FFM OZ(LRED 7109 bt

BATIZEPT AL
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HH, g
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FIGURE 2. Relations between FFM changes measured

by DXA and by BI methods during the intervention ;
DXA : dual energy x-ray absorptiometry ; Bl :
bioelectrical impedance ; A: change ; FFM : fat-free
mass ; SEE : standard error of estimate.

T, ZREEEVHHBEBERIMRON ol L EZ
b7z, RIC, HJE¥% Bl 3 & £ W E BL 1
DWTHET AL, MERMRBRICBNTY, BEICX
LZALRIZBWVWTY, 56 NHHEMRE, SEE X

FIBEECTHo72. TN FM, FFM O#EicEH
59, FREOEREZRL. 230, KFZEIZBW

TIAMW Bl & b EmWHEBERI RO, LR
BI =& BEWEH Bl FEICHEELEZITROON LD

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

W EREDRARAALIZHT % BLIEDHEEREE 131

TABLE 4. Correlation coefficients between changes of body composi-
tion measured by DXA and changes of weight or resistance para-
meters during the intervention (n=43).

A FFM AFM
A weight (kg) 037" 0.87"
Single-frequency AR50 (Q) 063" 031"
BI method
Multi-frequency A Rfc (Q) 048" 030"
BI method
ARo (Q) -0.08 0.20
AR (Q) -0.05 0.15

n:no. of subjects ; DXA : dual energy x-ray absorptiometry ; Bl :
bioelectrical impedance ; FM : fat mass ; FFM : fat-free mass; A:
change ; R50 : resistance at 50kHz ; Rfc : resistance at a frequency
where cell membrane’s volume is maximized ; R0 : resistance at a very
low frequency ; Reo : resistance at a very high frequency ; *significant-
ly correlated with A FFM or A FM measured by DXA (P<0.05).

TABLE 5. Serial changes of weight, BMI, and resistance parameters (n=9).
Before 1 week 4 week After ANOVA
Weight (kg) 779+44  766+46 744+46 709+57  BeforesAfter
BMI (kg/m2) 281+13 276+14 268+16 255+22 Before, 1 w>After
Single-frequency oy () 490.6 +44.9 5054469 510.1+433 504.7+52.8 N.S.
BI method
Multi-frequency  Ryc (Q) 3652 +31.1 3662+290 372.0+283 37273138 NS.
BI method
Ro (RQ) 4432 +359 4436+337 4483 +33.1 4454+£362 N.S.
R (Q) 287.2+28.1 288.8+259 2958257 3000282 N.S.

Values are mean=SD ; n : no. of subjects ; Bl : bioelectrical impedance ; BMI : body mass index ; R50 :
resistance at 50 kHz ; Rfc : resistance at a frequency where cell membrane’s volume is maximized ; Ro :
resistance at a very low frequency ; Reo @ resistance at a very high frequency ; N. S. : not significant.

7. TR, RIWEEMICL o TLHEENT B IHEOFMBE R X3 2 BB IS KZED

WA LI, BEBEBIEICL>THELRTWVS
FM, FFM OH#ERBENT CTICH <, £HEMEK BI
FErHOWTLELICKBAYLENEE N2V EE L
bz, Fiz, AFETHWLE I Bl O
FERIZBVTIE, 1 EEOBRYUE & R ORPUE %

Lozl EBBERO—DLLTEZLNLS.
AFFEICBWT, IAABORE 7T 7T L% FE
U723, RED8.053.2kg A L7z, #0095,
FMpy, PZEALEIE —7.6+3.0 kg, FFMpy, P%
fLEIZ —0.4£1.6kg THo7z. KEBRIEIIED
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28 - -O- DxA
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24 7 T -
22 - * T T -
] * Y
s 207 Oy A
- 187 1
16 Ll oya
14 -
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10

Before 1 week 4 week After (time)

FIGURE 3.  Serial changes of FM measured by DXA, single-frequency BI method, and
multi-frequency BI method during the intervention ; DXA : dual energy x-ray absorp-
tiometry ; BI : bioelectrical impedance ; FM : fat mass ; *signiﬁcant difference from FM
measured by DXA before the intervention (P<<0.05).

(ke) -O- DXA
62 7 /- Multi-frequency BI method
T . - ~ —/\ Single-frequency BI method
60 7 1 T - T . .
58 1 T
- ‘ A
E %67 & Ya v A
1 9 Q Q OV A
54 A
52 1 : | 4 1
L °
50 - . 1 1
48 T T T r
Before 1 week 4 week After (time)

FIGURE 4.  Serial changes of FFM measured by DXA, single-frequency BI method, and
multi-frequency Bl method during the intervention ; DXA : dual energy x-ray
absorptiometry ; BI : bioelectrical impedance ; FFM : fat-free mass; *signiﬁcant dif-
ference from FFM measured by DXA before the intervention (P<0.05).
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% FM OFEIEIEIH95% E 20, KERAIZIZIZFM
X o ThENBHRE LT $72, FMgpy P
ZAtEIE —6.0%£2.6kg, FMypy PEILEIZ —6.4
+3.5kg &% D), RERIEIZHD S FM O &
T ENENRTE% E BB TH -7z, W Bl E D
IZ, DXA Offi& L8 LT, WMERIHRICBIT A FM
DEALEZBAGFEMT A L &R o7 T,
FFEM OZALEIZDWTIE, T BI #:& HDXA(—0.4
+1.6kg) & HE LGB AR L 72 (B E ¥ %% BI i
D —2.0£1.5kg, LW BIE T —1.6+1.7kg).
Deurenberg et al.?8 (%, WEICL A7) a—4 0D
WA & ZHAHE D KGO % Bl TR ICHR
ZENZWID, FFM OB EEZ L5 RFEDL 5
TEERMELTWA, —F, van deer Kooy et al.39)
DOH|ETIE, BIERREIZEL S FFM 04 % #
KERAH L 7=, D512 Deurenberg et al.2®) & 572 2 4G
BEPBONLERNE LT, WIEDY 43I v 7 2zTF
T 5. Deurenberg et al.?® DM IZHB W TIE, 1K
EOWL R L T BEHICHIE L2720, e
PR A7) 2= Y ORPITHIEEICEEL S
2.72%%, van deer Kooy et al. 30 D#E 1B W T,
BER, REILE LCHBICEE L0, 28
RV ol b EBLTWAE, T2, BEICLD
FFM OZA b E % IEFE ISR 2 Do 2B E L
T, BEAKEE LD S HMBEPNEE T B MRS
BILOFE VI AEE DS, WEIC & o TRERES
DK 2T, AiledhiEE & AT E L IC &AL
MWELAD, BEERBIEIZL > THES N
THED 50RO 72 FEM % B E R CHMIZ hE
HIEWRREDYH BT L EETTWA, RIFFEIE,
van deer Kooy et al. 39 D& & FAEIC FEM D21l
ERHEKFMHT AL e o7, TNIE, BIRLZ
Fea 2 BZRPEZ O, FHIFROAKRTIIHAMEIZTE
BNHOD, RIFFEEHERIPOEZ ONLRKEHLER
& LT, BIEDMEHAMEE O FFEM % 8 KEFE M5
LA eWglTons, RE% 53, KRFFETEIHE
B FFM 2B KM L Tz o0, BEkil
DXA 2L AHDLABEENPROLNT, FFM O%
L& OB KFHMIERERT OB AKFMA A E CHEL
TWALEEZLNAEDNLTHL, $72, ZOT LIE
9 & xR L L2 EE R ORI RS,
HHHERTE A, BEFNIM Bl & b I12 FFM &
BRI L TWwodb oo, WEMK1AKRTIE

DXA L OFHEMICEBEZNRO LN (%> T
Wh, EHICKEDORBEE & HICH Bl & DXA
OFEMEILEM L, REBZIZB W TIZIZIZ—FHL
7z. Carella et al3 DIFEIZBWT D, KAFFE & [FH
OMAZRLTWA, HEHIE8HDBUENR L

L C25 M DOBENAZAT RV, BERT, WG
2%, 3R, 138E%R, WEROR N THEERK
BI i & KPR EMNEHEICTFFM 2 #llE L7, £
DFER, WER2» O HERIGL3EE T TIE, FFM
%R 5 kg BAFEM L TWizAs, mEHIX 2.6
+4.4kg ODBKTFMICE T - TBY, FDEDI/I
KL roTwAh, LHL%DS, Carella et al 380
WEICBWT, HERD ZHHEE L OPIHERIZE
BEENPALONERE LT, REVHERICIBV
TOMRE LTCEEIM TChH -2 Lz 6Nz
(Carella et al. ; 43+ 4 kg/m®—>34+ 6 kg/m2, AHf
72 . 27.8+1.7kg/m2—25.0+2.0kg/m?). T D5
IZDWT, SEATHISE CIE % B BT BhI3 BRI %
BI E CII B A4 E O FFM 2 @ KFFl L T L £
IHEYETEDL L VDN T390 35 KIFE
D5 FCILH P B i & FARICIEM A& E O
FFM %28 KEHli L, COHE W T 5ICEL 2o
7=,

A Cid, KEHN8.0£3.2kg WA L72I2H
b6, W BIERPLELNLEPUER, BE
Hifed L BB T ICBWTIZEALEDL )
57>, Komiya et al.2%, van deer Kooy et al.3®) D%
BIZBWTYH, WERBTELENL +90Q, +160Q
L2 b LTH 59, FM, FFM OZ{b& & il
DEALEEOBMICAEEZMBEEKREIES TV
W, LA LBDS, KBTI R0 8 XU Rfc D
ZALE L DXA 2L AFFM O LE L OMICAEE
HHBEBRRSES N, ZOHEEIE, Komiya et
al.'¥ | Nakadomo et al.}®) 12 & o THEMI A9 IS M 5T &
N7z, HEWEE BIEIC L AEHE L BRI D
FFM & ORMIZES NHHER B L LD L v, D
0, Roo BLU Rfc DELDP DT HTH 72120
MboFIol) BRI ELNT L, AT
722930 TR SN TWVWADDERLZLLDTHY,
Bl iSEBHF OB AL BHEETHEETZ 5
WEEM A RIET 55D THSL. —J, DXA LT BI
FICBIT S FM OZ L& & OB IZHWAHBRED
BoNIZHEDLT, FM 0% &L Reo BL O
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Rfc D% b= & OBIZE L - HBEAEZKIE FFM @
TUELOMIEONLSDLVEL kol D
T, COFBRDPDL, BLEIRRMAEKRTE L AR
BEEPUE L OBREFH L THRER 2 HE T 5K
HIZHESWTWE ZEDPEILEDHEIIBTH R
BENTWL Z L RERENT.

D EDREDS, WEIZBI S FM, FFM O%
LB 4B ESICEMRICHEETAFEL LTIE
D&z N7z, —DFHEHE D FFM % 8 KEFEff €
T, POBEREREICLBEATAIEERNLREL,
WERAZTHEL2EZFIC 2 ETERLEX KD S
FHETHA., b)) —2IF, BERNEROEIER &%
ZHELT, REROEBLELEREET 522 R
ETHHETHA, MEHELDITHH LY FHAHmE
PBLETH 505, % DFATHFE T Bl LB S
O FFM # @KL TH Y, FREWHEIHEL
TREN R ENTVREWI &R, RIFEICBWTIE
ZEEBRBIEZHWTHZOHEIUZEIN Lo
72l END, BREICBLEOHF LA REES R
hrEzZ NIz,

V. % & &

KIFZ2 T, MERIHROMHEEZEILS L O ER
] DB D FERFRZALIZ BT B BLEDOHEERE
BIZoWTKREL, LTomRE %157,

1. WERRICBITS FMpy, DELE & FMpy

BLU FMypy PELE L DORMIZ, r=0.87, r

=0.88 DEELMEHREK L 1.48ke, 1.44kg D

SEE "8 5 M7z, 72, FFMpy, PEILE &

FFMgppy B & O FFMy i PERALE & DB,

r=0.54, r=0.49 OFE MBI L 1.35kg,

1.40kg @ SEE %% 5 L7z,

2. VFHEIZBWT, BB B EB L USE%E

¥ BI 1%, DXA LIEIL C FFM OLLEZ 8

KEFMH L7z, W BI #id, MERIICBIT S FFM

FWMAFML T2 on, BENFKBREE DI

DXA I2& % FFM &EBL, WMERICIB W T

BB LEIELN, o2 Erb, W

Bl {#72° FFM O b E 4 @ KEHl L 72 KE & L

T, WEANIBWTREEEE O FFM % 8 K5

fliL7zZ &N EZ BN,

3. FFMpy, PZE L& L R50 B L U Rfc DEALE

EOMIZ, r=—0.63, r=—0.48 OFELHHE

BEFBESNIT. SO EDrS, BIEICLAE
RELRIEIEOELE L HWT, KHEEOEIE
XD IFREICHEE T E AR RIB S L7,

REFZEIE, DNBEE ¥y RERERES, HEAE
SRS FE L~ ¥ — (TARA b 7a =2 b)),
e SR E MBI & 1R COE Y u s g AFE S
OVz7 NOTBER2ZFT UTheobDTHE. 22
W2, BRE0ELERLET.
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