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A comparison of four bioelectrical impedance methods
and skinfold thickness method for estimation of %body fat

Jun Okuno!, Fumio Nakadomo?4, Tomohiro Okura3 and Kiyoji Tanaka5

Abstract

A variety of techniques for assessing human body composition have been developed. However,
the validity of these methods has not been compared in the same subjects. The purposes of this study
were (1) to evaluate the validity of % body fat using 5 kinds of indirect method—4 brands of bioelectri-
cal impedance (BI) analyzers and skinfold thickness—against body fat data derived by underwater
weighting, and (2) to discuss the accuracy of each method. The subjects were 40 men and 61 women,
aged 20 to 67 years (men: 31.0+11.0 yr, women: 36.0+13.0 yr). The BI analyzers used for this study
were the Sekisui SS-103, Omron HBF-300, Ueda TYPE-PS, and Tanita TBF-534, and an Eiken
caliper was used for skinfold thickness detrmination. Percentage of body fat etimated by each method
was significantly correlated (r=0.55-0.77) with the data from underwater weighing in both sexes,
and the standard error of estimate (SEE) for %body fat was about 3% for men. However, %fat esti-
mated by the HBF-300 and skinfold thickness for women were significantly different from the results
of underwater weighing, giving a SEE of 4% or over for all methods. The accuracy of %fat estimated
by the TBF-534 was slightly worse than that for the other BI analyzers in both sexes. In women, the
accuracy of %fat estimated by skinfold thickness was slightly worse than that by the BI methods.
From these results, it is concluded that %fat can be estimated by each method without a large dis-
crepancy. However, the validity of each method for estimating % fat may not be as high as other refer-
ence methods. Further research is necessary for improvement of prediction accuracy.
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v FOFBEAR Y EENET AICT, FETEK
DA ZRRE T AU TERNWT EH S, &
HE CICEEL, #KDE, AV DAE Rbr
VT7TF UV, lEFEEE CTAFr2V
7, RSB EEE (MRD, @&FKICLAK
TRBEREHEE, —EIXILF—XHERE
(DXA) 7 ¥, ¥ < OB 5 A8 B
DR INTE/. ThHOFEE, FH3HE
BELTRDOLNTWAHLDD, JEHEIEM
TLA2LWWEEBLBMZC &5, EAKCRE
FHEICHESD A, Tho 2 FBICiE, ERt
BRLAF v U =BV ETIRIED HHEE
355 (LT, KIEEE) CHBICBHFHORE
WA W LI-BROEIUED CRIB RS KT EY
HEETHHEMBBELRENE (bioelectrical im-
pedance method: Bl &) BL<BWHRTWA.
CNODHED, BHTAERESCEE LM%
WHE LT, EREICTOMEZTREE T AFE%
ALTWAI L blEEEREEDNTNS.

BI¥i3, BlE RSN (HAIEH», 1990),
£ (Lukaski et al., 1985 ; i3 A, 1991),
B LU MM (Lukaski et al., 1985; Segal et al.,
1985; Nakadomo et al., 1990 ; ¥ iT »,
1990c ; |AIT A, 1992 ; FHHEH, 1997) E
<, FE# - HiICBAfR7 < (Katch et al., 1986;
Lukaski et al., 1985 ; #3Ei¥ 74>, 1987; Kimet al.,
1994), RHIHERATCEZAHBBELETHLH
b, BERBBEECT 1 v PR 5T, FEFHE
OB BB K TSN TV 5. M2 TRET
i3, BREBESERS VA LE L &, KR
DEFET, FRRODBRENFRY OAIRIHRZ
HETHBIGBEINTEY, BELLXL
IZHEA TS, ChOORBO—TIIREE L &
KBWTRETFICANSZ ENTE, —BFKE
TOLBEHICBFOEIERAMA LN TED L
Il > TETWA.

SHERE IG5 I h S &) Bl 513, #

i

BALEBOEMTBAMN L BTN ENRT BT
B, A—HERETH-> TL—HLAEREICES
NHrREVE. T LARLESEONE L
BENTHAS. DL DEAEEOTR—FKIT,
EBHLFOBRBIIEVWTRIEZE LI 2N
W W2, F—#EEICR L TEEORZ S
ERBRTEALICEES, EWCEOBEDXERY
HEUADICOVWTHEHMICRFTHZ LIIEETD
5. ZTZTARETIE, BELTDHHKPHBERF
BREICE->- TROONABIEHR Y Z Y EE L
L, 3%, BATEEINTWAS4ODREA
BIFtB L URR L VBRBICERASINTE/KME
EEORZYME, X5IKINS52OFEDKE
ICEDRBREDODERDAMPEBRTAEE L.

] &

XRE

AREORFEIT, 20-60DBHA0E (B
Eh EREREIIZIEIIR) BLU, 2067%D
614 (F36=13k) THH. ks, WRHF
— AU & D ICARBHRO BRE L URIEAE %35
L, FRBM~NDOEE#1H-.

AFRBELTHE

HIEROBEHIC L » THEIIZ0.1 cm, FE
(30.1kg £ THIE L7z, KPHEFEE, KB
Ei, Bl URER) CLA5HKBHRIUTODO
TELHEELK. bk, MIHIKBLVWERSEZ LT
Wizl k, EHICHERO 2 FREIUAIICER
KBTI WBE - BERBEOEMET THIE
$THI LI E%E, HEFICH S - THER L.

. XHPGEFRECLIBEE

KRB IKELRTHE L. KPhToOHKE (L
T, KebtAE) 3, AF/VABME VIR (K
1.0mxf0.8m, #X1.1lm) KW\WT, XFhr
G LAE (50.6mx §0.45m, ¥ X0.3m)
DOHFT, RAFEORE (F5HEEL) 12k
WCA RV —-VEERFIBL-o—FEL (&
Aet#s B - TR2ZISK BFAR) 1 L D BIE L
(Nakadomo et al. 1990 ; HeE A, 1990). HiE
B3 5-10m & L, KFTOBRELRLEL, »
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DEVMED L 3EIOFHEEERA L. HE
RFOKIRIL, 35-38°Cicf-7-. &k, RoFE
DBHEBRTER LOEOHBBICHIET 572012, &
KEBRBICE W TH A BHAICE > TW 5544
E (MERHE &, BALYIIER-> TR 4E
(BAYTAE) #EZBICAN. HEEE (Db,
g/ml) %, UTORICk - TRD .

Db=Wa/{(Wa—Ww)/Dw— (RV+VGI)}

CCT, WaldZ=KFTORE (kg), Wwit
KpToOhE (kg), Dw it KOFEE (g/ml),
RV iipiR&EE (), VGIRBATZAE () %
Y. MERKEIASEBREEZFA LN Y T A
FRE (77 FEEHS FRC Computer COMF-
100) i THZEL, BA AT AEIT, Buskrik
(1961) ODRFICH > T0.151 & L7-. KRR
{3 Brozek et al. (1963) %Fat=(4.570/Db—
4.142) x100DKX L D EH L7 -.

2. RIER*®

BREEEIC XA HEIE, FRHERXF U/~
(EBEHREE : 10 g/mm2) =BT, EEEH
OFRFEEBHFE TROE TIEIELRIE L.
BIESAITEORM E L. RKBFRONREN
206THROBANBLTH A 6, FHEEREL,
2WEORTRFEDO G E L ARERE (body
surface area: BSA) (BEAIZH, 1969) L7z 5
£ (1972) oKX (TR) LVEHLAZ. 20
XL, % - FRICRARESFIETES 3Ty
5.

Db=1.0923—-0.000514X
=72 L,

X=100x BSA x (LB ERIM L EFETHO
K AEEF (mm) ) /Wt (kg)
BSA=0.008883 x (Wt0444) x (Ht0-663),

Wt i34kE (kg), HtizF& (cm) %#R7.

HIEBFRIT, BEHIh/ -G%EE Db %
BroZek et al. (1963) ORITRAT B LIT LD
RD7-.

3. Bioelectrical impedance ;%

BI BIC X 2 WEREIE, Fig. 1I1IT/RLA.

1) SS-103 (BA L#TEHRASHE A

— &/ A5

B ER %800 uA, 50 kHz ic HiE L /- AK1L
FIERASHEROLBEIC LB VE—F
A&t [SS-103) & HiE o ARBAIGH L%
EER (1990a) #HWTZ #HlE Lz, BEs
frid, 5Ny FETHEMLIC THRE S L UAR
HEBAW /BB e L (Fig.1). B&RIIF &M
DOFRFHFEZT7 IV a—IVBICTHFICERL, »
OBBATIV AR LBICESE L. BRIEER
DIEEMAIT, REERER LEFEREEH O
FRBB LCBREAR EBERREOF R &
L, BRERIIEHERL VEEMIC3cm BEL
TEEL..

@R OEHIZIE, Nakadomo et al. (1990) 35
FUHEIES (1990c) BAHBEFEEICLS
BEETRLBEE L L THARIER L2 D%
FIA L.

%% : Db=1.1492—0.0918 (Wt-Z) /Ht?
7% : Db=1.161-0.0909 (Wt-Z) /Ht?
—0.00039X

7272 L, Z 1% impedance (ohms), X i3F#%
RY. &I Brozek et al. (1963) OR LV

Fig. 1 The posture of estimating %body fat by 4
kinds of bioelectric impedance methods.
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HH L7

2) HBF-300 (A0 vBA /E—& A5
OB #800 uA, 50 kHz It HE LA AT
VEBOABEIZ L AL v — & A5t THBF-
3000 AW CTHIEIRZHERE L. BIEBRRIC
HiL-T, HK - HHE - Fih - HHERBRICA
L7z, BIBEAIISIIEBE L, e Lx
TBEBIK & KFIC e AR T, 4 VE—F VA5t
(HBF-300) OEBBELFF CHE->TZ %R
Wic. KRR, HE#RCHEINTW5H
FRPOFRRIN/AEE L.

3) TYPE-PS (kR &#t” T X RIEFBLA v/

v—& A5 [ERD

HHEH %800 uA, 50 kHZ ICHE Lz IX
BERTD 4 BEIC X 54 v — & ZFHTTYPE-
PS] RV THIEHREZHE L. MEBLIT
VAR L L, RWREEICENSBE &FEICRE
T, - HE - GEXANLL. HEE%IT
B0 +AE (KRE) BPH0EICZS
IOBEBEICTA LIRS LL, BFETI/ Uy
TEBEE->TZ 2RO, SRR, AT
BRICHBE I TV AHERAP LFERIN/MEE
L7-.

4) TBF-534 (# —a8lf vV —& V25
HHOBEWRA800uA, 5S0kHz IcHE L2 =&
WO 4L BEICE DA/~ X5t TBF-534)
ERWTHIRRZHE L. BERIICER-> T
HREEAT L, BRIKEICIMNOBRETE
D, MEDHIHMST LV EHREZHKL, TREL &

MOBEND Z 2RO/, HIEHERDT, MTH
BICABRIN TV AHEERALORRIN/MEE L
7z.

SS-103LA44+ > BI 4T & % F A BT O#EE
A, AR ETREBIN TRV, KR
TRNTABRXTE eI

4. T—98IF

FRELETROONI IR Z4_EEL O
SEHEOE BT 57201, —TEBOXIED
DA WNETr-12. BEEDRDOLNLE
41213 Tukey post hoc test #@MH L7z, F/o,
WHEOXNILBAR A A5 - OICBERSHT 2T -
7o, HEEEEOHEBEBEGRIY, €7 Y vOREHERE
REUCE DB L, X6 bOMEBRERD
BRERELYTZ - 7. MAOEEKETTT
5% & L7z, %7z, HEBEXRT 57201,
EEHEEHE% (standard error of estimate: SEE,
SEE=SD (1—-r®)12) »HEH L /.

] R

XN REDOFM B LU ERREOFHE & B
£, Table 1IZ/R L. KbFEEFREEIC L
560EF=R (percent body fat by underwater
weighing: %fatyw) 13, BHA17.9+4.1%, &
H5328.8£6.4% ThH - 7-. Bl & EREEIC X
LB ROV HE L BEFEE, XU Xfatyw
& OFHBIRAtR, BAEHEFERE (standard error of
estimate: SEE) % Table2iZ /8 L 7= . Fig.2
1%, %fatyw & SS-103k LU KRBEEEIC L 54

Table 1 Physical characteristics of subjects

Men (n=40) Women (n=61)
Mean+SD Range Mean+SD Range
Age, yr 31.0+11.0 20.0-60.0 36.0+13.0 20.0-67.0
Height, cm 170.4+5.6 157.8-183.8 154.7+5.5 140.8-167.2
Weight, kg 65.4+7.8 48.6-86.1 52.8+8.5 39.1-74.5
Triceps, mm 11.6+4.1 5.0-21.5 23.2+8.3 9.5-44.0
Subscapular, mm 15.2+6.3 6.5-33.0 23.0x11.1 5.5-54.5
Impedance, ohms (S5-103) 452.0+41.0 373-566 559.0+55.0 390-690
Body fat, % 17.9+4.1 11.4-28.6 28.8+6.4 18.141.7

Body fat was estimated by underwater weighing
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Table 2 Body composition assessed by bioelectrical impedance method and skinfold thickness method

% body fat regression equations
method _— range SEE
mean+s.d. a b r
men SS-103 18.5+3.4 10.4-26.2 0.80 3.00 0.67* 3.07
HBF-300 17.8+4.4 10.5-29.2 0.66 6.17 0.70¢ 2.95
TYPE-PS 17.8+4.6 10-27.8 0.62 6.83 0.70# 2.97
TBF-534 18.8+4.2 10.5-27.6 0.54 7.70 0.55# 3.46
skinfold thicknes 18.3+4.4 12-31.4 0.61 6.73 0.66# 3.12
women §5-103 27.8+6.6 18-48.7 0.75 8.06 0.77¢ 4.07
HBF-300 27.6+6.0* 16.7-42.0 0.81 6.51 0.76¢ 4.21
TYPE-PS 27.8+6.1 16.6-41.3 0.78 7.13 0.74* 4.29
TBF-534 27.5+7.0 16.8-53.5 0.62 11.74 0.68# 4.70
skinfold thickness 30.7+9.1* 13.7-51.5 0.43 15.52 0.62¢ 5.04
regression equations a: slope, : intercept, r: correlation coefficient
SEE: standard error of estimate
*Significantly different from underwater weighing (P<0.05)
#Significantly correlated to underwater weighing (P<0.05)
JEER & OMBIBIR R L7 bDTH 5. 1 5

Bt - i E DIV ThOFEIC L 5 EIEHR
b Yfatyw & ORIICE R = #HE (r=0.55-0.77)
BAROLN. BHEICEWTIL, S#ETEICLAK
JERE D SEE %8 3 %R DM %R Lic. i
B\ Tid, HBF-300iZ X A {&f5R5 & & %fatyw
DFHERMICEREN R DO N, SEEiZvih
DFBEICBNTH 4 Wiz

I REFICES VW TL4EOBIER NS
&, TBF-534iC X 5B ROHEREE L, 5F
¥ (a=0.54, r=0.55, SEE=3.46%), &t (a=
0.62, r=0.68, SEE=4.70%) & &iCfihOBfEIC
EXTEFHLEABALN. KIEEE & Bl
BAEKKTSE, BHICsWTIE, BIEEKEIE
BEOREREILLUTAERELBOAL
(Table 2, Fig. 2). —F, KTk, RIBEEIC
K HERERER & Y fatyw O HERICEBEN R
o, HEBLUSEEDW¥Fnd Bl ki
NTETHERBRECLELI/BERABON .
Yfatyw & BEHEEIEIC L A MHHRMR & OHBIRE
RICEBEIRD DN, T,

H AR b 556, TOHEEENER
ENBHTEREDETH V. BVWHEEEELXSR
A7, DHEEM & EEMEDOFHEOZEN
INEWT &, DDEEEYRBER, HEEEH
VEEE U THERSH LICRICB O AEE S
1.0iIcaWC &, 3)MBERENLOITESL 2 &,
4)E¥EHFEEZ (standard error of estimate:
SEE) B/hxwnwZ b btwnwz 5. %7, SEE(3E
RBARICBTAEROBELXZTRL TS0,
SEE iz /hI Wiz R Lz LT, FEH
il HEEEOBRGRDS Y=X DEKELICFE-> T
HERROZW. Thif, HEBETBRF I 5IC
i3, SEE C[ENREROEE (@) OLXHEHh—F
RFTRATSZTHD, WD -> THD THIREC
THETEADTH 5.

AR TIE, WEFNOHESEIC L HEMENER
b Yfatyw & DENC, Bt - & HITr=0.55-
0.77DF B HES A LN/, BT WTIE,
FHEREERIC X 408852 D SEE 48 3 itk &
L, CNETORTHF (Jackson et al., 1988;
Nakadomo et al.,, 1990 ; AT A, 1992 ; HE
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Fig. 2 Relationship between %body fat estimated by bioelectrical impedance method (SS-103), skinfold thick-
ness and %body fat estimated by underwater weighing.

A, 1997) ICBELL/-BIF @ AR LM,
ZHICBIT AEREIEERDOSEE i34 % ## %2, =
NE O (Jackson et al., 1988 ; diliiE s,
1990c ; JAIZ», 1992 ; FFHTH, 1997) ¢ H
NTEFL A EABPASN. ERAOME 2
SS-103 %\ T, identity line (Y=X OE#)
PO®EBELTED, #HEEERIRLTE ERY
Z 7R\,

KIERFROHEEEICOWT4EOBI 4t
N5BE, B - «H & 112 SS-103, HBF-300,

TYPE-PS Off % (a), SEE, %fatyw & DOFBESIT
HPL, ThETOETHR (Nakadomo et al.,
1990 ; Huix 2>, 1990c ; |AIT A, 1992 ; HH
Ea, 1997) KELULABELBE O NN,

TBF-534iC X 2 6B R OHERBE L, Lo
BIZHNTEFECEREAA SN . HBF-300
& TYPE-PS ICBWTIHELUITLERENBOLH
7= (Table 2, Fig. 3). # BI &t & &7 A7 2R
FHTHY, WESEHLE LBKESE» D
BRI ERAHET LD THEI &, FHRICEK
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Fig. 3 Relationship between %body fat estimated
by HBF-300 and %body fat estimated by
TYPE-PS.

T HBF-300 & TYPE-PS O EIER & ORElIC
r=0.918 (B#) XU r=0.974 (&) OFE
CEVWHEARD LN e END, T0L>
HREULIERMEBONA-LOLEEDNAS. T
bbb, BEEZEOMEBEOEW, KIEHRLHE
THZELIEELRITIEVWE VLS, HREs
(1997) 1%, HBF-300DBARIC S BT C, &
ATV EICEE LB A Bl 57— 2 I
BA6ERLCRER G, mRERM G,
FHF-RPH P> O 3 BOFHEKICTA
VE—& /A (impedance: Z) % HIE L, EXK
L7 FFM #Z R RO MEEERIC OV T,
KPAEFEL L OHBEK* 3BOFHEM TR
BLTW5. ZOKER, MHRERZE (B
r=0.83, T :r=0.84) I3 707K R ERFHE
(B r=077, & :r=0.78) LV L BIFX
HESZ R L, MEAMCFREIFE (B4 : r=0.83,
T r=0.86) L KEBROLNEZWI LEHE
LTWA. COZtiR, FLRCERZEET S
BIBETHEI N/ ZIZH LT, D Z ORMRE
BHOZOBBME LY ABEACLETETH D
DOTHAHD. Going et al. (1987), Baumgartner et

al. (1989) LRERZBREBREL TS, Bxd
MBICI6ZOMBRE (B 94, T :748)
HRAWT, YARSBICTHER, mEER, 5F
FREMOZZHE L. TOKE, EFER
EMOZicx s+ 2HERMOZOFRBREX, B4
T59%, T T54%, %/, TEHFDZ OEM
Bk, BHT3I?T%, ZHT39% &b, WHEM
DEBEDH MK E Mo 7. BEHEEOR L/
W, ERRE/EEEESRDKREVEICRT
BA VE—F AR, £FOBIIELZE X
BT HDTHAHD.

T w R % L L7 HBF-3001C & % A g R5 =K
i3, FHEOEICIB VT X fatyw & ORI FHE
T 1% DOBPFHESFRD sz, Thid, HBF-
3001 ko THE I N/EIRBRO G B A b O
BI gL HARNTPIWT LR LB LD EEZ DR
5. COBREOAR—HKIT, RREEICAHE T 5@
ARZEBOEFA (Baumgartner et al., 1990)
LEZONDD, ZOFMZERICOWTE, 4
BELICHRAINEFEETHS.

INhE CICEIBELE & BlEOZ 44T 5
BRREE <IN TED, KPBEFEEZE
BLLIEBE, BIKOHTBEVWETHHRE
(Lukaski et al., 1985, 1986; Nakadomo et al.,
1990 ; =T, 1990b, 1990c) & FRRE D
Fnmw e 584 (Katch et al., 1986; Jackson
etal., 1988) IC4n 5. AHETIE, Bk
WTIE, REEBREIIBIE EBELUTABRIBS
nh7-. L, L, ZTHics\WTilt, FIREEIZLS
BRE MR O HEEEIL FHE T 2 X% AKFHl X N,
fHE, SEE L L ICBIE EHRNTHEEICES S
(identitiy line 2> &7 D @B L TW5) #ERH
Bons/. 7hbb, B TH5B AR LR/
N, Ko TWbB AT EBAFHE X N AR A
bhic. COLIERREBBON/I DT, NRE
DL HEDXI2/3LL LS RBHEER B 5\ i3IBS T
HolcledEBbhs. Fr UN—ICLAKEE
i3, ETRBBEWVZE CRIZERLLDERT
Wk, A—EACEOYTLHHEET AHMICL -
TEZORMEICKEZRERPAONSC L, KE
DR D DBNC & > TEMRIERTHI LR E
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(FER, 1984 : dt)Il, 1988b) iIZ k> T, £HD
JEEBAHE T 5 ETKELREEITZ>TWHD
THA>. hytizsr (1987) LEIEEEIC L5
FER e B ORI R OB IT Z U A RS T b %
BHTWA. LeL, BICBHE T, KpsgE
FFEEICHSIBATABCHBRIBEOHTE, X5
KPP TOZLFRIRICHETHS L BN
HIENG, T LAKPEREFBETHONL
EEZUEEY L TRETAHAEHHATEIE Y
B, AFRICE VT, SRR L 5 H
DY%fat DSEE 84 W&z /- ¢id, TD X
SHBHL—EREZDS>5THAD.

Yfatyw & HIEEHES LUK 2O BIKIC LD
BHIN-HIEER & OMBIREEICEREIIE
ozl Thabb, HEREBLIURRE
BRIz > THHBEBRICER TV I EHREDON
7-.
DExFLDBHE, BHETIE, TBF-534iC &k
LR OEEBE N RLRL AEEBA LN
HOD, WTNDOHELBEERERYELSA L
T BEHRZHETEZ A LAHLMIZN
7o THRICBWTIE, EEBEEIC L AKIEED
HEEREL, BIEEEXRTRRED, BiGER
HHNIEWmECHB T ABEICIEELYET S
CENHERIN. COEDTTHREEIC, DT
ICZENZNORIEBERR ORI A7 U7 8 A%
PRETAHLEE L

SS-10313fihd> BI gk & Rz V), WRELEy F
PR ECHEI-DOE, REBRLERS IV EE
DONINMBEICERICEETALELDD, B
—ATHETAHIENTERWV. LrLL, OLITa
—RROLERZ EZLELTHBEICIE, £DF
FOERBTRETELEVIFIEEZELTWAS.
¥/, HBEROHERIIA v E—FVARED
ARBVBHLOR, ABHANEEREL A v E—K
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