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Development of Fat Free Mass (FFM) Prediction Equations
Estimated from Hand-to-Hand Bioelectrical Impedance (HHBI)
Method in Japanese Children

Jun MIZOHATA ' ?, Fumio NAKADOMO #, Kazunori OHGAWARA ?,
Hun Hyung KIM *, Kiyoji TANAKA ° and Hideki TOJT"'

Abstract

The purpose of this study was to develop fat free mass (FFM) prediction equations estimated from the hand-
to-hand bioelectrical impedance (HHBI) method as an assessment of body composition of Japanese children in a
wide range of age groups. The subjects of this study were 145 healthy Japanese children (boys, n=70; girls, n=75)
from 4 to 15 years old. FFM prediction equations were calculated by the validation groups (boys, n=46; girls, n=50)
using multiple analysis that FFM estimated from deuterium dilution technique (DDT) as the dependent variable
and height, body mass, impedance index (height (cm)?/impedance (Z)) and age as the independent variables. FFM
estimated from the prediction equations were found in both boys and girls a significant correlation FFM estimated
from DDT (r=0.986 for boys, r=0.969 for girls: p<0.001) . Cross-validation analysis using Bland Altman plot did not
found a significant correlation between FFM estimated from prediction equations and FFM estimated from DDT in
the cross-validation group (boys, n=24; girls, n=25) . We suggest that FFM prediction equations using HHBI that are
useful for assessment of body composition of Japanese children in a wide range of age groups.
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AR BCEEM (2 1%, RIEE L L O REREE
(underwater weighing method : LFUWW & 9 %) (2
X gfEmEoREL, EAFAMRIE (deuterium dilution
technique : L' FDDT & § %) 12 & % KK %= (total
body water : L FTBW & 9 5%) O&HH, —EI R
F — X # W% UX 3 (dual energy X-ray absorptiometry
method : LTDXA &L 2) Z&didnt?. Lal,
IS O TIIBHELEE & 7 OEEOFEMIHHES
BEFAMSLETH ), HREE TREEICRES 5 2 A8
T&zwv., —7, FHEMREHIEO#EEZEO—>Th
LERBERA v ¥ — ¥ A (bioelectrical impedance
method : LT BI & $5%) 13, WIS ERZ @A
BEIELZETEOSNLEIME (LTS v E—F A
E35) # VS BEHBEHETH Y, Bero M
BICRIEICIIEST 5 2 A MEETH LY. Ld> T,
BlIZ#K % EOHEBFHRIGZIIBNWT, 2 ABEMET 5
BARRLREEME: & L CEPISACRHMB S LT b 12,

ZDOBIIZ & 24 &b 0 G EASEHili O 7213, 1890
4E A% Houtkooper et al'”, FKATE T 1900418124
57 Kim et al'® ROPELSY A5, BIICL AT b0
B IE = (fat free mass © LFFFM &9 %)
DOHER T WL L CT\n5b. T/, 4TI Nightinegale
et al™ 7%, EED Y FELEOMA ZAEOT LD %
HRIZLT, ZNFNOANFEIZHE L 72BIIZ & 5 FFM,
feRfifE (fat mass: BLFFM & 3 %) K OMKIEH R (percent
body fat : LN % BF &9 %) OfZERNEZHEL TV 5.
FeDSE TR S ) ANFEAER AR L LT, DXA
P HRD72% BF & 2L FEwEL LT, BE— FEEHKE
EBIZ W72 T &b o2 b K AR & O ¥
REHFE LWL, NSO, T &b 0 GERHE
Bl & o CTFHEiT 2 HE A HETH SA, BIOEIE
DY (MIEARL) R0 5 (WG B S0 B 7 v & )
MEETIE R W20, ZABEFRETHES S 2 ik
HEETH 5.

=77, AR, W RE—NTHEREH TEEN oI
HIZETTREZ BIIC & 2 B ARMBGHSHE SN, ZrThF
& FORFEEIC X A EM BI (hand-to-hand bicelectrical
impedance method : LFHHBI & §5%) 1%, ZEXRKDFF
VLB THRPMTEZRCHEDLE %<, METEM
WAL R D 72 CHENTRETH 5. FHH S 2 d, A
B w2 G IZHABLOAE IS OWTHET L, ZOHH,
O BIORIERE L K L COREOBEME, 4R
URHEESEONZ Ll L5, F72, Pribyl
et al® &, 7 AU HANKRFAEZIG L LCHHBI & 225K
B & D %BF O BIA B2 AHBBRAED b -3

10

ZIEL TV, & 5|2 Rutherford et al® 7 X 1) #1 A
D NE L HOHHBIIZ X % % BF 2%, o BI#lE#:=
BT HRIIEDC & 5 % BF & B L TLEEED SN
ozl EEHELTWA. THhH5DZ & H 5 HHBI
(At BI Ol 58 #: & [7 %5 0 AR M AT fE T 5
LEZONDL. LaL, TRSOMRIZEAZRE L
b0 THhY, FEHERZEE LIRS Tw
v, RSP IE9M~1TMOBLE2RICL T, BLIZ
LBHARANDT & D %BF HEEMDOIEHIZ D\ THE
L, ZO#FE, BBFIZIZHS 22 EfE HEEIED
S5, BITHISE L 72 %BF 12 & 2 R B 004 58 |2 L 4E
RPUMEEEETLLENHLEHE LTS, T2, W
520, HBOBLCET 2HEE L L AT
ENTWLBIFHCIZLIBIZ#ED L2 B id 7R, FD7
DRI L THERT 258 ESEERO L9 Zine
HoTLED] LML TWE. 22 TAIZEIL, HA
ANDIEIEERGTE OT & b O BARHIL % %2472 JHREH]
THIEICEI S 572012, HHBLIZ X B HAADF D
DO FFMAEEANDIER % A, FOFFMIEER DR ER
MEIZOWTHEITAZ L2 HE L7

s
1. M&xE

KWFFEDRHIT 4 ~ 15RO BER LB T 704, LT75
ZDF145%4TH o 72. HHBIIZ & 5 FEM#EE R % 1E
S A 2, W RE R M L AR L L, EEZ 2
HeE AAERAE (LUF Validation #E & 95 ) & 3877 B
(LLF Cross-validation#: & 97 5%) # 2 @ 12§54 &
IR 437z Eo T, B @ Validation B 13 46 44,
Cross-validation #1324 44, £ F @ Validation #1350 4,
Cross-validation #3254 & L 72. Table1 & Table 2 |2
TNENBLONF o, HE, FE, %R (body
mass index : LLFBMI &%), DDT 75K 72 FFM,
HHBIOA Y ¥—=5 VA (Z) RUA Y E=F VA -4~
Ty A (FE (m)?®/Z) OFHME (UL Fmean & 3 5),
2 HE {7 (standard deviation: LU FSD &3 5%) 2R L7-.

REBEORBEE L, WEIIBITH2LELB L UHES
N7z7— & OFNIEREE IO W THIHIE L 72 1%,
MBS CHNEZ £ L7z BRI [FEEERER
FoNERRET HITEHFERMEMERZES] OKRE
S 7: GKEEH 20154-7 B 7 H, f4%752015-15).

2. AEEES LVCAEFIE
FTRTOWEILF—HIZERL, HREIFEE 2
DLb## L7z IREECH &, KE, DDT K U"HHBIOJH
THEEIT-> 72
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Table 1 Physical characteristics of subjects

Boys (n=70) Range Girls (n=75) Range Total (n=145) Range
Age ( year ) 112 £ 3.0 4—15 105 £ 2.7 4—15 10.8 £ 2.9 4—15
Height (cm ) 1448 + 18.8 97.4—1769 1408 = 14.6 11022 —166.6 142.7 £ 169 97.4—176.9
Body mass (kg ) 365 11.6 140—584 357+ 113 160—628 361 * 114 14.0—62.8
BMI ( kg/m?) 169 = 1.9 141—235 175 3.1 123 —273 172 £26 123 —273
FFM by DDT (kg ) 31,0 £ 109 10.0 —51.7 28.1 £ 83 104 —42.6 295+97  10.0—517

Impedance ( Ohm; Z )

Impedance index

+
( height(cm)*impedance(Z) ) 27.9 = 89

9.7—48.4

234 £ 63

789.2 £109.9 579.0 — 1072.0 876.0 £101.9 593.0 — 1147.0 834.1 £114.1 579.0 — 1147.0

9.7—35.7 256 £ 179 9.7—484

BMI: Body mass index FFM: Fat free mass DDT: Deuterium dilution technique

All values are mean and standard deviation (£SD).

Table 2 Physical characteristics of Validation and Cross-validation groups

Validation group Cross-validation group

Boys (n=46) Girls (n=50) Boys (n=24) Girls (n=25)
Age (year) 112 £29 104 £ 2.6 11.1 + 3.1 10.6 £ 3.0
Height (c¢m ) 144.8 = 20.0 140.1 £ 15.1 1449 * 16.4 142.1 £ 139
Body mass (kg) 353114 33.1 £99 389 £ 114 40.7 £ 12.4
BMI ( kg/m?) 163 £ 1.3 16.5 £ 22 18.0 £ 22 19.6 £ 35
FFM by DDT ( kg) 304 £ 10.8 26.6 = 8.1 322 £ 109 31.1 £ 82
Impedance ( Ohm; Z ) 792.6 * 107.6 900.9 * 96.7 7827 £ 113.8 826.2 * 95.1
Impedance index 27.7 * 8.8 225 + 6.1 283 £ 9.0 252 + 63

( height(cm)*/impedance(Z) )

BMI: Body mass index FFM: Fat free mass DDT: Deuterium dilution technique

All values are mean and standard deviation (£SD).

1)DDT

40meDFERR K E £ HI210me D EAK (99.9% D:20) %
B G L7z, RIZEAKOE SR & 2 B sk 12 5ReE
L7z, 72720, BEARRGH0 1 ERRPGRE 21303 HER
THIEEFML L RPICER SN L EKIBEL,
WREFEELEERY 72O THELBOBEE Hv
T, HAZ U< 757 4 (@R EKS A HK -
102) I2X > TH#r L7z, TBW (€) 3BT oRxH» 81
Lf: 27‘28).

TBW = (EA#GE (10me) x FHAKEE (0.999) &

KHERE X 10°-50) + 1000

11

(BB TG HOBRED SR G OWRE % U7
fiti (ppm), 50(XFEAK &L ZEREAKESG LA (ml)
Y. )

FEM 3R EH R (%) 25/ L 7.
EHER(Y 1 %) &, INFTHESR TV SRR
L LI, RESEAROLZUToORX» ST L7z,

Y =80.10-0.58X+0.01 X* (X Z4E#5 (%) % R_7)

72 BIRAKIY

2) HHBI
HHBIIZ 4+ & 0 48 HBF-300 (H /18 i % 800 u
A S0k HzZICHE LA 20 V8o 4 /E) 2L
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7o BERAIZATSSE L L, R L2, W)
HTa & KT L 72 REECEME 2 TR CIR D
L= 2 (2) kD2,

3. MRETERT

7= & OREEHMLEIZ XY 7 b SPSS for Windows
ver.24.0 & 27z, ZIEHH O W EH R 3 mean = SD T/R
L7z $7z, #HER QMBI 1213 Pearson DA #AHRY
%% (r) % a7z, HHBIIZ & 5 FFEM #E 58 S E 35647
WFgE™ 1230w, DDT 253k 7- FFM % ft IR 2%,
A2E=F YA ATy 7 2 (G (m)/ 4 E=%
Y2 (2)), RE, FEe MO AR E L22E BRI (5

(kg)

(kg) 60,0 50.0
. n=46
e 500 y=0.973x + 0.819 “ 400
= r=0.986 (p<0.001)
o) 40.0
A 30.0
g
g 30.0
3 20.0
= 20.0
=
B 10.0

10.0 :
P
S
(&

0.0 0.0

00 100 200 300 400 500 600
(kg)
Boys

A Lo TERL, 2OHEEROFEEOIIE L
L CHSERR BN O E 6 DL #EFR 7 (standard error of
estimated : LFSEE & §5%) # & L7, & 512 Cross-
validation B 12 BWT, DDT 25K 72 FFM & #7212
BA%E L 72 HEE R D 5RO 72 FFM & OB ST 2179 &

& 412, Bland-Altman 247 2 & MR 7 O A M % #
L.
R

Validation #:12 513 5 DDT 225 K72 FFM % {E/E %
B AvE—F YA ATy A, ARE R UER
MY LT, ERUFSIIC L o TR B o

n=>50
y=0.938x + 1.644
r=0.969 ( p<0.001)

30.0 40.0 50.0

(kg)

0.0

Girls

FFM estimated from prediction equations (kg)

Fig.1 Correlations between FFM (kg) estimated from DDT and FFM (kg) estimated from prediction equations.

k
(kg) e 15.0
150 y = 0.050x - 2.080 y = -0.087x +2.527
- 100 r=0.193 (ns) 10.0 r=-0299 (ns)
2 . mean+2SD mean+2SD
g 5.0
g 5.0 ° (-}
S PR o Q... 0 °© o o
S 0.0 e® _ 0 U YU 00 ——— Qe O g
B= e [¢) o° o o0
5 8 N e " mean o o© ° O mean
2 5.0 ° ° -5.0
= ] o
A mean-2SD mean-2SD
e -100 -10.0
@)
2 aso -15.0
5.0 15.0 25.0 35.0 45.0 55.0 50 15.0 25.0 35.0 450
(kg) (kg)
Boys Girls

(DDT + Prediction equation) / 2

Fig.2 Bland-Altman plot to correlation between FFM (kg) estimated from DDT and FFM (kg) estimated from prediction equations in

the cross-validation group. n.s; not significant
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HHBIIC & 2 FEM iR 2 E L 72, 1551724
LT OE) Th 5.
BY:Y=0.129X:+0.828X2+0.038X3-2.812
R?=0.972 (p<0.001) SEE=1.84
LT Y=0.548X1+0.412X2+0.231 X5-1.833
R?=0.971 (p<0.001) SEE=1.83

Y : FFM (kg), Xui: Height (cm)?/Impedance (Z) ,Xe:

Body Mass (kg) , Xs: Age (year) R?: Coefficient of

determination, SEE: Standard error of estimated

(kg)

Fig. 1 12 & Validation # {2 B \¥ 5 HHBI IZ & % FFM
HERADPLRD/ZZFFM & DDT 25K 7-FFM & @
HEERERER L., ZO/RKE, BLEH0.1%KET

ER MBSO N (BT r=0.986, T :
r=0.969).

Fig.2 1%, Cross-validation # |2 813 % HHBILIZ & %
FEM#EER 2 5Kk 72FFM & DDT » 5 K & 72 FFM
D—3EFE% Bland & Altman DFE? ZHWCRLAZD
DTHh5B., BREbITHEBELRIMRETRED SN ho
72 (B, r=0.193, T, r=0.299).

DEOEDRS, 3XTOMEEDT— 5 EHWT
HHBI ®» FFM #£%€3\ (final equation) % 5 & B2 FAERK
L7zb®% Table31Z/R L7z, BONAHEERIIUTD
B THA.

BHF:Y=0.359X: + 0.641 X2+ 0.570Xs3 - 2.770

R?*=0.968 (p<0.001) SEE=2.05
LT Y=0.520X1 + 0.346X2 + 0.416X5 - 0.860

R*=0.942 (p<0.001) SEE=2.12

Y : FFM (kg), Xi: Height (cm)?/Impedance (Z) ,Xe:

Body Mass (kg) , Xs: Age (year) R?: Coefficient of

determination, SEE: Standard error of estimated

(kg)

ZOHEERIZBIT 5 PERE (R 3B E 120.1%
KEETHBEICE < (BT 10.968, %F0.942), SEE L
Bl HIKME (BT 2.05kg, & F :2.12kg) THo
7z (Table 3).

25

BIOKRITHEM 2 M ERGBSSE 2Nz L L&
T, BERPOENM CHRMEFMTE 2L Th 5.
—F, FEFEEEHSEHIETH 5 - O % BK T AR
FELT, EHRETVOFEFHMZEZ 20581280
T, WEMENKEL D WHRENH D 2 RS
TWaA YW, HIIEFREHOTF L1, SEEROZEAL
HEL L, B2 SR TR FM AP ERET 5
A, SR S REMC I CEM A L, BEIC
5 E B TFIEIFFM AN, T TFIEFMAEINT 5 &5
bIhTwa ¥ 22 TR, BIoks RiElEED
FAOHHBIZ8RA L, 45 (BB 25 155 (F4)
FCOF— 7 w HICFFMAEEREMER T 5 2 & & ilA
7o, AR, WS EMRRL BRI R LEE LR WBIFAT
BZE &N, ZFOMHELREATANENGL, BB X O A7
EHICEMEEET L EOMMAEHLEIZL > T 3FHEH
(FER, BER FEF)ICKIENEY, ZHhTH

Table 3 FFM prediction equations estimated from hand-to-hand bioelectrical impedance (HHBI)
method. Data was analyzed from measurement values, height, body mass, impedance index
(body height(cm)*/impedance(Z)) from HHBI using multiple analysis from all subjects.

Boys

Y =0.395X, +0.641X, - 0.057X3 - 2.770

R2=0.968 (p<0.001)
SEE = 2.05

Girls

Y =0.520X; + 0.346X, + 0.416X; - 0.860

R2=0.942 (p<0.001)
SEE =2.12

Y : Fat free mass (kg) X; : Height (cm)? / Impedance (Z)

X, : Body mass (kg) X3 : Age (year)

R? : Coefficient of determination

SEE : Standard error of estimated (kg)
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HHBILIZW T CEMEIREL 7217 T, HROF THRHT
R ER L, —ATHEEER G978 CHpEICH
ETE, FiEpEEE/N (7500g) TH DI &b
HIZHERLTHE?, L L, AMEREEF0 1 v E—
5 ADEBENE WD, TEEIELLK>TWS
NI 2 BRI 2 SN EDEaE N
5. ZOREIZx L T Rutherford etal®” Jx OVHLEFSY &
\X, B4 7 BIGE (HHBL, MIEAG A F—F B, S7fi—
M) 128175 % BFOEEZ LEMET L, wiho
HERE B BHE AR 2B LB % % BFAHET
E72EHE LTS, LzA'> T, HHBLIZfbo BIOH
B L A% O RS CHRHMBGEHED T iECTH L L E 2D
nas.

AEFZEIE, FA S O L AERIZ, Validation B 12
BWT, DDT 25K 7-FFM % §tlg 2%, HHBI#: (2
B4 E=F R A Ty s A, ARE K OHERE M
A E L CERBBAIT AT, ZO/RE, Bhedic
KO @ WFFMEE N GRERE, B+ 1 R*=0.972,
7T 1 R*=0.971) BESN. BOPEICBVWTYH, 2
NFETICT &b O FKMBRFEM % BLIC & 2 B A%,
FM, FFM K 0"% BF OHfEER ARG S Tua g 771020,
L2L, INHOETES LzEERICE, FmieE
BahTwiw, HESTRERLZL )1, HS*IEBI
THNSE L 72 SR I AR R T 2 B S 2 L5
NHHIEREML TS, L > T, KiFgEIZk)
EZBWT, T oEReLEET EE L X%k
W LMD TOMETH L EEZ NS, & HIZERNSE
@ Validation # TIER L 72 #EER U2 BT 5 SEE X, B+
1.84kg, %11.83kgTH ), FHHF 62 DHA %R 512
Pk L 72 #E RO SEE (B2, 10kg, #&M1.90kg) £ 1
bR L7z, F 72 Pribyletal® o7 2 1) 71 Ak
X RICHHBI A 53K 0 7-% BF & 28R EIEIZ X o T
K>72% BF & OB (r=0.950) & H#Ez L, AFsE
TYERR L 72 #EER D 53K D72 FFM & DDT o> 53K 72
FFM & OMBEBERO TR L L b IicER Tz (BT
r=0.986, &+ :r=0.969, Fig.1l). Loz &nb,
AWFZE TR L 72 HHBIC & 5 FEME 2 RO A5 0 w5
SATRIE S Tz

AHWFFEIE, KBTI OWTHE T 5729, Cross
validation B %* & Bland-Altman 4547 12 & 2 ZfcEEaED
HIEIZOWTHET L. ZOTFEITEIENZ LM% )
THLFETHY, ZYIEHEL 2 5DDT 25K 72FFM
& HHBIIZ & % FEM #2754 5 172 FFM O F351H
A3EEN, DDT A 53k 72 FFM & HHBIIZ & % FFM ¥
ERXDHE SN FEM O 2= 50 & 7 5 (Fig.2). #
DOFER, BTIETRTONRE D mean = 25D LIIZAL

14

BL, wFid 1 4720 2 mean * 2SD 5 8B L T 7z,
L2L, BREDICHERELRFIRETROLNT, Kif
722 TR L 72 FEM 32 213 TEN -Gl TH 5
CEDREENT. —TF, ABIERIZBWT LIS D

e & FRRIC, 10RO 7% 7 — 2 MR TE 7%
otz TOREME, ZBIEAE L % D HRHIKEHT O

sEH (DDT) 25, 10 Ki0T & 12 & o TIHF I HEE
ZEETH 72D Th D, SHRIFI0ERTOF &b
DR RERZHERL, SHICHERORE L &0 5L
NobEZEZOLND.

¥5 5E

REFEE, HARANDIRLCAEHRE OF &b O SRR
KA O SR CREICEME S 5 72912, HHBLICB
FBHRADTELDFFM#EERDIER A, FD
FEM#EER DL EZ LU OWTHME L, TR
ErBELN7

1. Validation# 2> 5 kK72 FFM#teER X, Bl d
HEEOBWIEERIE SN, (BF; R*=0.972,
7T R*=0.971 (p<0.001))

2. FFM#E 2 X D 28 Z # B 122w T, Cross-
validation #72> 5K @72 FFM & DDT (ZX43LH#) 7>
53K 72 FFM % Bland-Altman 534112 & % Rffanss
DA OVCTHRES L7458, W& OFFMICH
B AR IR b e dpo 72,

3. ®¥EY7 FEMH#EE S (final equation) 128 W T D,
B blBEOBVIEERAP BN (BT
R?*=0.968, %+ R*=0.942 (p<0.001))

Pz &hs, AW CrER L HHBLIZ X 57 &
L OFFM#EERIL, HADIRLWERMBOTEHDH
EAHBCERAE & L CEN-EHMliECh D EEZHND.

M EHCH S HE TS0l % L

e BAMFEO—HIE, HARFEFIEEFEZEILIRE
(FFREEESE ), 201342 3 H B X UV 1510 H # il B
BY Y ART Y AFE6LE HABFESRS ORERE,
FEENFNORS) 20134 8 HIZB W THER L.
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