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Assessment of Body Composition using Bioelectrieal
Impedance Analysis in Healthy Volunteer and
Patients undergoing Renal Dialysis

Akio KUSAMA
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(Director: Prof. Terukazu MUTO)

The aim of this study was to determine accuracy of indices of body composition
by bioelectrical impedance analysis (BIA). Measurements were performed in 60 normal
Japanese volunteers (41 male, 19 female) and in 11 patients with chronic renal failure
(7 male, 4 female), aged 25~85 yrs, Resistance wés obtained by BIA using a tetra-
polar electrode of 5004A and 50kHz current. Weight (Wt), height (Ht), arm circum-
ference and triceps skinfold thickness (TSF) were measured in healthy subjects and
twice measured in patients once before and once after dialysis. Lean body mass
(LBM) and percentage fat (% BF) were expressed as Ht*/R and RWt/Ht?, respectively.
Percent ideal body weight (%IBW), body mass index (BMI), body surface area (BSA),
weight (BW)>™, arm muscle circumference (AMC) and arm muscle area (AMA) were
calculated from the criterion methods. In healthy subjects, significant correlations
were obtained between Ht?/R and BSA, BW®7% AMC and AMA, respectively (p<0.01,
p<0.01, p<0.01, p<0.01). Significant correlations were found between RW/Ht® and
%IBW (p<0.05), BMI (p<{0.01), and TSF (p<0.01), respectively. There were signi-
ficant differences in R, Ht?/R and RW/Ht? before and after dialysis (p<{0.01, p<0.01,
p<0.01). Significant positive correlations were seen between changes in Ht?/R and
both decreases in water (ml) and changes in weight following hemodialysis (p< 0.01,
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p<0.01).

LBM as anthropometric methods in a healthy Japanese population.
suggest that R is sensitive in detecting alternation in TBW.

The results suggest that the BIA is as reliable a method in determining

The results also
Changes in Ht%/R are

also useful in estimating changes in TBW associated with dialysis.

Key words: BIA, body composition, hemodialysis
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HABFREPEXBOBECHEI R EBEHAT >
i, REREAHIEL, B10ORBLERBCEES 1%
BEGE2TT5 CEDLET, FOLDICSEER 4T,
%1 lean body mass (LBM) *4#A2EAEETH 5.
¥ LEFERETIE, TOBNKFOEHAICETSC &
PRLBELRD. HEBR L S RBET A FELLT, R
KREDELDHENREINTLEY, Lal, 204%<
IEM R S ERATFEAEL, EAMCRGS. A
%, biocelectrical impedance analysis (BIA) %, [
KA RCTHHEVORE X5 - TE BN
B fiET 2 HETH Y, FRENCEYELEE
THZEMBTE, #EEcEh, WEERONEREER
¥, BREECERYYY, 2 LTEETHL LN
BHTHAS. L, tORBYOMMEL, THEOR
BACODWTDRDRIREALT, KGRBOEEHDH
LRBTCOFMMEEH E v &< . BIA #HVTHK
PWKGBEOHES TENFEOREkIIREEE L 5.

APFFELL, BIA X ORD-BIBHEE (fat free
mass: FFM), JERFEEL (% body fat: % BF) 0if
Bl HETRAE ORDIFNFROHEL OB
HlzoBAELRT L b, BUEFTEREOEN
fig T, FFM OfFEOE R &L BkE s oM EHREL,
SBHAKRGRBOERO S 5 RET CARNKTBOEE)
# BIA KL THETELNE > EAHLM TS
EERBERE L.

B o3 H &
1. % R
FEEEA BEE 608 (BHd4s, TH198)
25—47F% (F#929.6 F) BLUBHBERECH LT
BER B Tbh BT EE GEFRE : 114 (BT 4,
T4 %) 25-85F (FH50.1%) Axtge Li
2. AEFELLURATEEE
BEFILRHEERCHERE, W TR05 %8B0

#®, Flehisaflo TR cAESERELHIE L

BT, FEHRET - BRBIBERERESTY
105 IR OHK S, FHTREIRE N LI ERIC,

ThERAY v v MRl & Al TR TA KR
ERIE %I & & b, BRI BT L. k.,

FHBE BN FCEED 5008 ORABLERL 2.

FEFEIL, ThEThoBETERETFESACRAKE
(1030—4880 ml, ¥ 2676 ml) %83 % & T 3K 5
G 5 B30 (8 4 BEREIBLE) TH - 1.

1) AKIEHE (resistance LT R) @ £EEHAIE
4B 1990A (Valhalla Scientific #) % FH\, 4 &H
EHESNT Ik b 50kHz, 500 A OAFHAR L& ¥
@ R (ohm) ##lE L.

2) HEEHHIE: R () (cm), #£E (W) (ke),
LWl (arm circumference: AC) (cm), ¥ LU bj
ZPERHERE FHERSE (triceps skinfold thickness: TSF)
(mm) ZPE L. Wt BBEFLRORBCHE L.
AC FFIZBOFHHTEPEOREBESL RERE L 26
AIERRTAY v+ — 2BV L, TSF (XEH TRY
AF v VA= THE LK.

3) BRAKE : BNTRCENFCHE S hiokGBE d-
Water (ml) & LTEE& L.

3. BRIEEB&KIUEHAE

MEOE R BEEL BB G- L 2, B
e LTOBRBENFAREORID 2 EXRTHBLAMELL
B3 % &5 Hoffer 57 OBEA LY, LBM D -
LTHYR AL, £, BREEKD resistivity
B D BATERE A S B BB O L &L PAT LTHgind
&5 Khaled® SOBH L 0 EHIhLE RXWt/
Ht* (LT RW/Ht?) % %BF O8RS LTHUL .

BER, BNHOENIERTEOBOME LR LY
Ht*/R {#, RW/Ht? E%EH L, Hi>/R & %IBW,
body mass index (BMI), body surface drea (BSA),
HED 3/4FE BWS), LEHGHAERE (arm muscle
circumference: AMC), * LT EEGWEE (arm
muscle area: AMA) FhZh & OHOHEBE A HE L



198 FRESSME #106%

7o. ¥7-, RW/Ht? fE& %IBW, BMI fli, TSF %
nERLOBORBEEBE L.

wic, BHRIHO HY/R EO%E{LE (d-HtY/R) &
HEEE (d&-Wt), d-Water & OBEIOHEBE > T
LARES L1z,

%IBW (1 EEAMTEEEGE (B W=(L-100)
X0.95, 4P W=(L-100)x1.05, W:{k&#E kg, L:
HE cm) T HRAGEOEFE TR L.

BMI fE (kg/cm?® & Wt/Ht? THEH &R, KEH
BOEES L LTV

BSA fH (m?) WHEHEXO B HAABEATRLLE
WHOEEE (1) 2HVT B8 KELOEHLE.

BSA=Wi0-44x Ht0-663 x 88 83 (1)

BWO™ EIIMARERKICED 5 M w B AHBROE
B2 LT Kleiber »R LIcfECHED 3/4 F TR L.

AMC (cm), AMA (ecm?) LU TFORL O EH L.

AMC=AC-(3.14 X TSF/10)
AMA= (AMC/27)2X n=AMC2?/(4X 3.14)

185 B TFH+HEEREE (mean+SD) WTHEL,
HEatALER I3 Pearson OAHBISHT S L OB O
E Lo H b ) BV TEBREO0.05 Kl (p
<0.05) %&b ->THEE L.

& e

1. & B B
BEBEOMESLEZE 1 WRLL.
BERC KIS HtY/R {8, RW/Ht? 6 &k
HREELOHPEE 2 R L.
Hi?/R & %IBW, BMI {8, BSA f#, BW®" f{g,

1 BEAOWEZR (n=60)

mean SD
Resistance (ohm) 508.5 67.8
Ht*/R (cm?/ohm) 56.1 10.5
RW/Ht? (ohm « kg/cm?) 1.12 0.09
HEIGHT (cm) 166.9 8.0
WEIGHT (kg) 62.8 12.4
%IBW (%) 95.9 15.4
BMI (kg/m?) 22.4 3.2
BSA (m?) 1.66 0.19
BWO (kg®"®) 22.24 3.31
TSF (mm) 12.7 5.6
AMC (cm) 24.2 3.3
AMA (cm?) 47.5 12.7

®3% FH4HF3H

£ 2 @EACET S HtY/R, RW/HE? &%

BETHIE & o FEEY
r p

Ht?/R %IBW 0.778 p<0.01
BMI 0.763 p<0.01

BSA 0.928 p<0.01

BW 0.916 p<0.01

AMC 0.866 p<0.01

AMA 0.863 p<0.01

""""" RW/Ht2  %IBW | 0.321 | p<0.05

BMI 0.399 p<0.01

TSF 0.410 p<0.01

(n=60)

AMC fE, B LU AMA fE& ORMICE B R EOHBIA
Fbbhte, RW/HL? EE%IBW, BMI fH, BIU
TSF & ORICAEEREOHBENED bt
2. & W OB

FRIHBC BT HEEELE 3 WR L.

FHIHT Wt 1 51.1+11.7kg »5 49.1+11.1
kg WAHBWED L. R{EZ 529.0+67.8 ohm 7 5 619.8
+80.20hm WHBKHEIMLTEY, Thitlbnw
Ht?/R fEix 48.1+10.8cm?®/ohm 7% 41.14+9.2cm?/

ohm &4 L.

RW/Ht? {EIZBWEIHE T 1.07%0.15 ohm * kg/cm?
25 1.21+0.21 ohm * kg/em? BB WINL 1.
9%IBW, BMI {#, BSA {f, KLU BWO™ iz Wt

* 3 BNBEOWEKR (n=11)

& M 8 & b
Ht (cm) 157.4+10.4 | 157.4+10.4
Wt (kg) 51.1+11.7 | 49.1+11.1%
R (ohm) 529.0-£67.8 | 619.84+80.2%
Ht*R (cm?*/ohm) 48.1+10.8 | 41.1+9.2%
RW/Ht? (ohm+kg/cm?)| 1.0740.15| 1.21+0.21%
%IBW (%) 90.9+16.0 | 87.1+14.8%
BMI (kg/m?) 20.5+3.3 | 19.6%3.1%
BSA (m?) 1.45+0.20 | 1.43:+0.20%
BWOTS (kg05) 19.04+3.28 | 18.46+3.15%
TSF (mm) 9.5+7.0 9.5+7.0
AMC (cm) 22.0+2.5 | 22.0%2.5
AMA (cm?) 39.0+8.8 | 39.0+8.8
{mean=+SD)

%k p<0.01
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£ 4 BERBEBCETL, BREO HE/R,
RW/Ht? & HE S AT RIE S 0B
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x 6 FWHEOEEHE (n=11)
d-Ht?/R (cm?/ohm) 7.06+3.93
d-RW/Ht? (ohm * kg/cm?) 0.138+0.086
d-Wt (kg) 2.07+1.01
d-Water (ml) 2676.4+1162.7

r D
Pre-Ht%/R %1BW 0.367 NS
BMI 0.434 NS
BSA 0.899 p<0.01
BWo 75 0.816 p<0.01
AMC 0.933 p<0.01
AMA 0.922 p<0.01
'''''' PreRW/Ht?  %IBW | 0.656 | p<0.05
BMI 0.650 p<0.05
TSF 0.776 p<0.01
(n=11)

* 5 FENMBREZCKTS, BENEO HIYR,
RW/Ht? & &R AHRIE L 0B

r p
Post-Ht%/R %IBW 0.233 NS
BMI 0.292 NS
BSA 0.841 p<0.01
BW?73 0.728 p<0.02
AMC 0.947 p<0.01
AMA 0.940 p<0.01
"""" Post-RW/Ht*  %IBW | 0.716 | p<0.02
BMI 0.729 p<0.02
TSF 0.794 p<0.01
(n=11)

OWPCEbin-T, BAATCEL, BB TEEAE
B LTEHRENT.

TSF {8, AMC f#, 3 XU° AMA fEFEFIE TR
EECEZIRON Ll

B R T S, HBFHI®EO H2/R 6, RW/Ht?
B EBEEIEE OHBEEYE 4, BIUE S KR
L.

FEREIR L OERE T, Ht2/R & %IBW, BMI &
EOMICIEELABEED LR h - . BIETICE
Wik, Ht2/R 8 (Pre-Ht*/R) & BSA fH, BW°™
&, AMC , 5XU° AMA {H& OMicEERIEDHE
BB b h, RW/Ht? f (Pre-RW/Ht?) & %IBW,
BMI ff, ¥X U TSF HLOMAEREOHBEMNA
Bhhts. EgEEVTS, HtYR B (Post-HtZ/R)
L BSA {#, BW®™ {, AMC {f, kL0 AMA f&
L ORI BB R IEOHBEAZED b h, RW/H? {E (Post-

(mean=+SD)

kg
5.0 1
4.0
d-Wt
3.0
2.0
n= 11
r=0.864
1.0 ° y=0.51+0.22x
p< 0.01
0 7 Y T 5
0 5 10 15 20 cm2/ohm
d—Ht2/R
B 1 d-Ht¥R & d—Wt DM
60007
5000 -
4000
d—Water
3000 -
2000 - n= 11
Iy r=0.811
y= 984.2+239.8 x
1000 1 p< 0.01
0 ¥ L ¥ 8
0 5 10 15 20 cm?/ohm
d—Ht2/R

B 2 d-Ht¥R & d-Water O
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RW/Ht?) & %IBW, BMI {, ¥ XU TSF fll & O
CAEBRECHBNED Hhi.

FHBI# o, HtY/R {E, RW/Ht: {, Wt OFEHE
(#hFh d-Ht*/R {&, d-RW/Ht® {E, d-Wt) k&
U d-Water %% 6 IR L7

d-Ht*/R {+ d-Wt {H, d-Water T hFh & D
MR 1 YRS THECEOHBE o n (B 1,
2).

% =

BIA BT & 5 B EERR S OFHEE, Thomasset 'V
PERASEORER BIA #AVi I LBEY,
Hoffer ¥ & %% tritium dilution & X - TRD - HEHEK
SRE, ABRBEEYHAVE BIA KL-THEHLE
Hi*/R oM EABo» 2 2 E%R L, KB
WhR B LS -t Lukaski ® 4 FFM 204D
%, Hi%/R BB THETEHRXETFL, Segal¥ ik
RIL #mEd - F— 2 X h{ELES BIA WL EH
L, Siri!® OFEHR LY %BF #RD5HELRLL.
fiue b % < OB RERET 2 FRTEHRIRERA TS
POEND D R AT UL SBCRADOTIEE S & LI
BHEIRLLORMRBEASTHY, ARSI, FEHeo-
22 PR32 R T S TR - L EHA
RHEVCAZLNQLEL IR TS, $ 7, SERRES
HEDERCERT 2 nic, BEHROEBEE, BIA
L -»THEE N R, reactance (Xc), phase angle
nEw, HE, HE FE K TEHEL S OSEHE
i, AL BELLOHESH B, BRACHE
THEHRRBBEALETRER TV SR E L),
AEAV7 Valhalla o4 EERNEEBISE, &
E, OF#, #H, *LTRLY, FFM, BIFEE (at
mass: FM), ¥ L UEKGE (total body water: TBW)
AEHT RSB I TV 58, BHRIAMERT
867, $EHROBRACKT 2E4HIITRENT
Wil BEREFOBEHRCLILT, ELEDHLAT
W% FFM O4E8EL LTo Ht?/R i, %BF OEE L
Lo RW/HE %2 VT, BREAREAKCEG 5 BIA
DERELY BT L L, KRKRG ST v AREEA
LRI D B BRI TR Y & b7 5 AR ABKET
2BEOENER TCOR ALY RE L.

1. @EERCsTsRE

LEBRE S & L BERIZKIBW A 100+35% O
#WEAKH D, BMI fEH 22.4+3.2keg/m? L&
EmPEEO WA WEE BERAOEENS AT —&K

THRRBEE 22, BEFCRLT, X% LBM O
BETHL HIYR ENR%IBW 2%BF OFEETHD
BMI f& & \VHRAR LA &, HiY/R B kIER
BOWELLTOERTHLEELZ N, ZOZ LR
RN B EO L TV BRBER T, FFM 0%
VARV ALED FM 2 REVERTHE LTS
HEEZLRI.

Jeis O GHEEN I HRMWER cER L TLELE
it ET 5 E, HbbhhicKBHERIE T T L hbist
DHEERS (LBM) Lk -THEEhizZ biokd. T
feb HEE LICRETIIEEY ) OB ABERIL, &E
T/ < LBM Ll THHEh 2229, BSA f§,
BWO A BB BORVIBEL LD Z LR EN
THH¥, fEENTIEH5H, BSA fH, BWO fin
Ht?/R fEé@mvEBEsR L ET, SENSEE Lic
Lo iR CIE, Ht2/R 4 BSA fE, BWS™ (L[
BEKC LBM OFEL L THERATHL LEL BN,
¥7, AMC fH, AMA fE» Hi*/R & BV T
L7zZ & &b, Hi*R fHiZ LBM OF BT % 55
LERGAROERL L TERTHL LEL LRI,

RW/Ht? {5 & %IBW, BMI ff, TSF fE& 2% h ¥
hEBERTFOHBEARL, RW/H [EiERIFEOR
EELTHBEE2ZLR, L L, SERLCEEE
TO BMI {EERVGEBLALEETAS Y, B, EH
BEDLIEVCEETORN I LELEL DR T,
TSF fHicitEZh H 0, BAK LY FERLTOEE
D EHHRED D, BEHESEYRBLTELT,
BVHEBEEN B LR - FEREEL R KT
BERAIE & 0 EBRERF & 2 e 25, BEHMoKTIE
BFE L hRET 5 HEN pREhTEY, Thbok
ErRGBREALELEL LR,

2. BIFRICHET D8

FBFRETRBRKIZE L EWEENED L, RIZTFEY
#15% R Lot L, TSF f, AC {EiZEWRIH#%
THEEICEIR D - 1o, REOELLUS I S EER
ETENC & b BRAGTROBB 2 RHRT L4
T&feh-1ch, BIA #0232 +0d - TROEIL
ELTHBICHD Z EHAETH - 1.

SEFECACLERHER T Xe 2HET S 2Lk
TEioh-7ch, Nyboer®® HdFEHTIC & 4 7VRIT13
% LR, ERCEE L7 Xc, phase angle &, Fh
Fh50%, 30% LR LI-EBELTVA. Ricing Xe,
phase angle #M®T 2 - & T, EbifBcERo
KA ZRBTELLELLRL.
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B ERIIFNEH T O RIC SV TELORS
nLRTTH B A, RW/HE? EAENRITETEEH
B OEESENEY LD L. C0l&RERKTED
WA &b T - THAMCIEE O G 2 RS EH Uik
CENHEBLTVWBELDEELLRL. T, Geddes ¥
HEEO~< 2 Y o bOER, KROETHRE LH
ERBIEHRRLTCED, BRRICALhLZRO EAY
BELTVWATERLREIRS. LA L, 2000m] ©
Bkt %BF DI3REB L35, {KE 50ke,
Y% BF 20% D ATiz# 0.8kg OIEHEER % @A
LAl AR L TR Y, ARNKGBOEETIRET T
i3, RW/Ht? {4 %BF 0fFE L LTHAV2B5HE
WRWLAR STl b,

FFBEOSEHRME L OB T, BT
&, FHHHTL HY/R E&XIBW, BMI fli & offic
BE AR OEBELHEBRB LAY . hRKS
RZ v ZAORNTREETE, HtYR EARE A LR
CERBHEOBECEV A L CEERS A EEL LR
i

FHWTRTHT, HI2/R & BSA {8, BWO™ @, RW/
Ht? (- %IBW, BMI fEL officthFhgoAEE xR
FEoHEAESh, BENREL &FECL HE/R E
RW/Ht? fEnzhFh LBM, %BF OfEL LTHE
OIERECERTHLEBELLRS. LrL, BERE
LIAtTis, BSA S0HEENERCIERRES *EH
LTWAERES OBRFIIINTEOT, B4ORET
Iz % BIA OFHfiiz, Cohn®Y Hife+5 Lo,
LBM »BEEZHTE LT EEAELZHTHD & bickE
EhhTikiebiwWeEZLDL, T, —BABFER
#S, BRURMEEESS, BMEREmEREEY
FOBBIREET T, BIA 10X % B{EM <« 5 HIlE
ORERET T2 LBESATV5. SHEOBETY
Ht*/R & AMC {H, AMA {E& OROBBEGERILIE
WratkTRis b, FETETIICH LEVEEZR L.
B ARV ERE ST v RAORBETEL BIA OfFEEE
HELRIEELLNS.

3. GAKIBOEEIORE

d-Water, d-Wt & d-Ht*/R fEOE{E IO E
WHEBES B S i, TBW EH AT LBM o 72—
MY EDI VBEEENIEERT 2 Lhh, BN
%o TBW & LBM of# & LToO HYR Ex AV
TUTFO LS mReT Z ks,

prfTBW:kl . th/pre‘R-FAl ............... (1)
post-TBW=k2 » Ht*/post-R-+A2 ------------ 2)

{B1, K1, Al &, BEHHcksF2BECEFOER
T, k2, A2 13, BRHBCRIAER 22T, ki, k2
i, E—@EEcBdsERTEROERLOT ki=k2
ETDHE (D—(2) &9

d-Water=kl » d-Ht?/R+ (A1-A2) -+ (3)
EETEHSTEL. SEOKENT, d-HEY/R & d-
Water & O &CHEBIMNE S hI-EA S, HIYR {E
% LBM OFEE LTHWA - s O BUARE X
b DLELS.

Jebb and Elia®® 3&METRC KT 2 HtY/Z &
(Z: impedance) OEEIE & k& & 0% BIER
IR L, r=0.880—0.999 & BiFcMMAYRL .
Lal, *OERERIEINThRE-HlE2RL
FA—ERATLBTOB IR - HEREH Y RL T3
ZOZ A, 3) RERFD Kkl HIMERII L - TR -
TWAHZERRLTWALDEELBRD. BFBEOIE
FH—DEHER 5 v A ThHE, SLIRIFCHE
BnBohicsEaLbh%, Ll, 4EoBETEL
BERATS, 1L UHOBETHRAKELHET L Z LN
EETHH (H 1, 2), BIA &K 7 v ApERT
RETLEAKGBOBEE #HET A Hks LTHERE
£z bhic.

d-Wt & d-Water OEICid, FHTH 600g D=
BEBRLH, ZHEEFTFICHT S oD ERED
500g ¥ REELIcbDEEL LN, d-HtY/R {H& d-
Wt & O, d-Water & D& BV HEGERS R
LcZ & 20, BIA BHELERBTLEDERKS &
YL CEHTAAESEAS 2 EE 2 bh. BT
RER, BE LRGSO 52 REBTO BIA O
BAahEhThed, SROBHPEESE2 bhi.

BIA & & 2RIEEE, #MEasiw, #RA S
EROBL, T LTThBHEED RS v AL L > TES
T 50, SEOBRITHOBH TIE, B4 oMl
OB EETH D icsd, ROELD I TR O A
HETLZEAHER. L L, SERBETFHOEN
BoBERE TR ORG 5 v ADKI BT,
BRE S v ARMBEOERC  TEARATED
ROLOBEEH CHENKSBEAHETT S 2 S TRELE 2
bhad., REMzZMEEOWRCE - TAELEETS
Xc, phase angle OB LEE L CE LB 2 N4
LB EL bR, i, TOKRELT, H
RBEOWIRE# FHE < * 1, BIA AREBHREDC—B)
R BAEMSE 2 b,
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£+ B3

AEEFRNERE 1990A (Valhalla #) % HL, f#
WHAACOR &, BHEBrLx L TEROBTI AT
BENFOBIITECR 2HE LUTOBHREB .

1. EEAKRVT, HtY/R {Hi: BSA {§, BW*™
f, AMC f&, AMA fE&HE/EE%RL LBM O
BELLTERTH I

2. FEFECRT 5 TBW OEENL, KELANADH
FtBITRBE TR h-TeDIR L, BIA 2HV 5
Ol T R

3. @Rl TBW #EAT 584, BIA (2%BF
2 KEHES A ATREME DR S Rt

4. BHBEOBI T, d-Ht¥Y/R & d-Water B
FrlEz R LEEL Y, BRKSEOEE% BIA ©
L oHEE T E AATREME SRR E .

Bab b s, MiedsHEM»B ¥ Lz
REEE - 2B BO . EEEE
M, EBCRAB R EE RS LT
¥ Z ORI B IR L BE B AMICER
LET.

A OBEEIIESE B ANPHUBERES TR
#£L7.
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