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A COMPARISON OF SINGLE- AND MULTI-FREQUENCY BIOELECTRICAL
IMPEDANCE METHODS TO ASSESS HUMAN BODY COMPOSITION
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SEUNG WaAN WEE and Fumio NAKADOMO

Abstract

The purpose of this study was to compare estimates of human body composition determined
from single-frequency bioelectrical impedance methods (S-_BIM) and multi-frequency bioelectrical
impedance methods (M-BIM). The human body composition was assessed by dual energy X-ray
absorptiometry (DEXA), 5 brands of S-BIM, and 2 brands of M-BIM. Forty-five women, aged 26-58
years, served as subjects. The S-BIM and M-BIM fat-free mass (FFM) estimates were highly corre-
lated with the FFM measured by DEXA (r=0.82-0.93). The standard errors of estimate (SEE) for
FFM were approximately 2 kg. With the exception of the MLT-100 (which slightly underestimated
FFEM), all brands of BIM slightly overestimated FFM. The absolute mean differences between
FFMprxa and each of the 7 BIM estimates ranged from —3.02 kg to 3.46 kg. Although the 7 brands
of BIM provided slightly different estimates, the results of this study suggest that S-BIM and M-BIM
are relatively valid in human body composition.

(Ipn. J. Phys. Fitness Sports Med. 2003, 52 : 443~454)
key word : single-frequency bioelectrical impedance, multi-frequency bioelectrical impedance,
dual energy X-ray absorptiometry, fat-free mass
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Table 1. Physical characteristics of the subjects
(n=45).
Mean=%SD Range
Age (yr) 42.3£7.7 26 - 58
Height (cm) 158.7x£5.7 148.0 - 171.6
Weight (kg) 63.5%5.8 55.1-87.7
BMI (kg/m?) 252+1.8 22.2-340

WBIENLM, Ny b ECHBIIC L S 54
PLEoZ#k, L.
1. DEXA |2 & % 544 5 4

WRIR AR 2 (fat-free mass : FFM), BRRhHLEE
& (fat mass : FM), KBEHE=E (%fat) 1, SGATHF
%P L PEBEOB VI EFRES N TS
DEXA {2270 %% (Lunar #H# DPX-L) %
AWTHIE L7z, AW TR YEREL LTHW

THEE, WILEEELC L BREOREEI 2 DD
XBECTRLELZEAFIHL, BHME LR L
TWw5,
2. BI H:C & 5 BRHAEEE
BI {20 < 7 B O (E B B i
5 FEAE, R Bl i 2 M) # VT, FEM,
FM, %fat il L7, WEFIES L HlELE
12, BEEIVIERINTVEHEI 7. T
72, ETOMEMBEEHBFICHBRIN TV LHEE
ANENVEE, FRENEDOEERALE. b,
% Bl et AR, B, BIER, MEkEs,
BERS K2R,
3. RBIEEEIC & B BRHLR S
BIREEIZ X B FFM, %fat DEHIZE L T,
FRSE, BHRETE, BLUBEIORIEEE4F
B bHE IS oRIC L D RBEL kD, #
DIKHE % Brozek et al. ) ORIHAT 2 HiEx
w7z, 72, IR ORI IIE R F v ) 28—
FH, KEMOAME EHEIE L.

DEXA I, B AV F—(80~100keV) & T &
VF— (40~50keV) D 2 FEFHO X IR % E 0

Table 2. Characteristics of each BI method.
Bland Frequency Current Electrode Type of lead Posture
Single-frequency BI method
TBF-551 ( Tanita ) 50 kHz 800 u A 4 leg to leg standing
EW 343 ( National ) 50 kHz 8001 A 4 arm to arm sitting
HBF-300 ( Omron ) 50 kHz 800u A 4 arm to arm standing
L ide
SS-103 ( Sek 50 kH 8004 A one st inati
( Sekisui ) z u 4 of the body supination
Muscle & ( Art heaven 9) 50 kHz 8001 A 12 whole body supination
Multi-frequency BI method
, 5,50, 250, 500 kHz ]
In-Body 3.0 ( Biospace ) ( 4 frequencies ) 2504 A 8 whole body standing
o 2.5 ~ 350 kHz one side L
MLT-100 ( Sekisui ) ( 140 frequencies ) 1001 A 4 of the body ~ Supination
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%fat & DEIZ
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BB RSR (r=0.60~0.81) 2%
i f:, % fat DEXA&% BI %1‘75":);}{5{)

72 %fat & @ SEE £2.29~3.08% T& o 7-.
DEXA 75 K& 72FFM (FFMppxa) & HJ8 I %
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Table 3.
measured by DEXA.

Muscle a ) 7 53K 72 FFM O E#4R, SEE %
112, FFMpexa & % E K % Bl i (In-Body
3.0, MLT-100) & ® B4 % X 2 (277 L 7-.
FFMppxa & 3TXTD BIEI 2 5KD 72 FFM &
DMICHE = MHEMIR(r=0.82~0.93) A b
7. %72, FFMppxa & % BI 5% 53k 72 FFM
& SEE i 1.38~2.15kg TH - 7-.

DEXA, HJEHH Bl (5 #818), £ EKEE B
B(288FE) 53k 72 FFM, FM, %fat D F
%41k L7, DEXA 253K 72 FFM, FM
(FMpexa), %fat(%fat ppxa) & TBF-551 Lok
@ 6 fEFH D BI 5 (EW 343, HBF-300, SS-103,
Muscle @, In-Body 3.0, MLT-100) 7 5K 7=
FFM, FM, %fat OFHEMICHZEIRAD S
N7z, £72, % Bl 5t 6K 72 FFM OFHE L,
FFMpgxa (237 LT, EW 343, HBF-300, SS-103,
In-Body 3.0, Muscle a (338 K&Ffi L, MLT-100
(B /R L 7.

X3, 41, DEXA & HEKEHS X OLE KK
Bl A 5K 72 FFM O —3 & % Bland & Alt-

Relations between %fat estimated by bioelectrical impedance methods and %fat

Regression equations

Method . b r (SOEA)]?
Single-frequncy BI method

TBF-551 0.65 12.01 0.60 3.08

EW 343 0.78 11.03 0.69%* 2.80
HBF-300 0.90 4.80 0.69" 2.80

SS-103 0.69 12.39 0.64* 2.97

Muscle 0.95 4.12 0.72* 2.68

© Multifrequncy BI method T

In-Body 3.0 0.84 8.33 0.81* 2.29
MLT-100 0.71 5.94 0.65* 2.84

Regression equations a : alope, b : intercept
SEE : standard error of estimate
r : Pearson’s correlation coefficint

*Significantly correlated with DEXA {(P<0.05)
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Fig. 1.
methods and FFM measured by DEXA.
*Significantly correlated with DEXA (P<0.05)
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Fig. 2. Relations between FFM estimated by
methods and FFM measured by DEXA.
* Significantly correlated with DEXA (P<0.05)
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Table 4.  Body composition estimated by DEXA and bioelectrical impedance methods.

FFM (kg ) FM (kg) %tat (% )
Method
etho Mean®SD (Range) Mean=SD ( Range ) Mean=£SD ( Range )
DEXA 42.2%3.7 (33.2-505) 21.3%£3.8(13.8-388) 335%3.8 (24.7-442)

Single-frequncy Bl method

TBF-551 42.4%3.0 (36.2-49.8) 21.1%4.2 (16.5-43.1) 33.0+3.6 (28.2-49.2)
EW 343 452+4.1%(37.0-54.1) 183+33%(132-34.8) 28.8%3.4%(22.5-39.6)
HBF-300 43.0%3.3%(36.5- 504 ) 20.5+3.5%(14.8-373) 32.0£3.0%(25.8-429)
$S-103 44.1£3.6%(36.0-51.7) 19.4%3.75(13.8-38.5) 30.4+3.5%(24.4-439)
Muscle & 439+3.5%(36.5-522) 19.6+3.3%(13.9-355) 30.8+2.9%(25.1-405)

Multi-frequncy Bl method T
In-Body 3.0 442+4.1%(363-547) 19.1%3.6%(13.6-37.9) 30.0+£3.7%(23.7-43.3)
MLT-100 38.6+2.8%(32.9-453) 24.9+4.3%(19.5-46.7) 39.0+3.4%(33.9-532)

*Signiﬁcantly different from DEXA (P<0.05)
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Fig. 3. Agreements between FFM estimated by single-frequncy bioelectrical impedance
methods and FFM measured by DEXA.
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Relation and agreement between FFM estimated by skinfold thickness (ST)

* Significantly correlated with DEXA (P<0.05)

bhH. LLehs, SRR ETERIET 52
IFTETERD NMEE BT 5 DA HED 2.
FNWR, L OEBENFHEINTEL. KE
B, ko (BEAMRE), 70w 0K,
CT A¥ v =7/, WfesItBe g (MR]),
DEXA % EDVSZDFITH Y, FNFNIHEM
ROBERBZMEEE LTEDOMT0nE,
B TH 5 Bl ERKIRESEIZ, o oMERE
LD RDBEEEREEL LTHRHR L HET
L2HETH L., KRBV THE RS Bl #&
ZREBEM BIEOHRERE LR T 212H7-0,
DEXA X ) K7z FFM, FM, %fat % %4
& L7:. DEXA IFHIEHENE L, KREKEE,
KD ELR EFOMOEREEL LTHuL A TW
LEEFEEOHBELIEVWI EFRE IR TWS

30)

T/, AREIBRHELPERET SR
NEIE VAT RE K L CHIETRTH S Z L h
b, REfFEORLERE U TRALE.

4H, BIEOARMIZENNZ b TH#HE L
MESNTWBIT | mHE iy gty
WMHEELT, KPAREREE L BEEK B &2
53K& 72 FFM ORMIZ r=0.98 OV BRI FHR AT
BONLZERRELTVS. FEErY O%E
FZUHIZBTARIICB VTS, KPEREREE
EHBEBEBRBILE?»L RO %Bfat OFIZ r=
0.88 DEWVHHBIREMR L 2.2% D SEE 5 57z
TEERWEL TS, BEFIY R, AP AR
B EEEE L, 4BECKWETHW
HBF-300, SS-103 % & ¢r) O HEKH Bl =0
THEICET AR TR o T05E. FORKRER,

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

450 KEE, W, b, 2=, B, fE

THE R E LA, r=0.68~0.77O 4R
B &4.07~4.70% D SEE 2SE 5, WO
FEOHE LR ERL L Bfat ZHETEDLI L %
WELTWD, ABFZRIC BV THE RS B Eh
HRD 72 FFM, %fat (&, Wb FFMpexa,
%fat ppxa & O MIZHE % HBBR(FFM Tik
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DEWHEREE, 2.641 O SEE 672
ERIELTWAE. KBTI BT 5% E¥EE Bl
2& DEXA & OIS S - MR (FFM ; r
=0.85~0.93), SEE(FFM;1.38~2.02kg) 32
NoOLREWE BLEICHET 238G LB L TH
%59, BFGERTH-72. 72720, SR
Bl Iz o 2L OB O NIHERITITET
DENILNIZEVZ LS.

2O &N, HERMR, SEE TIEM BIEE D
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fat OBIENDEH o L2 ELTWAE, D
0, R UEELSKRDIMEOMIEL 57
FL, B B2 TR, HilEEL L
THWONTWE 2 00E L2 HEOMIZHES
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T RO (X5 ). FEREEIC L 2 SR,
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