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Abstract Anthropomctry is a  simple  and  cest-crncient

method  for thc asscssment  of  body composition.  However

prediction cquations  to estimate  body composition  using

anthropometry  should  bc `population-specific'. Most  popular
body coniposition  prediction equations  Ibr Japanese females

were  proposed rnore than  40 years ago  and  there is some

concern  regarding  thcir usefulness  in Japanese females living
today, Thc aim  of  this study  was  to compare  percentage body
fat (9f]BF) estimated  from anthropomctry  and  dual energy

x-ray  absorptiometry  (DXA) to examine  the applicabil{ty

of  commonly  used  prediction equations  in young japanese

femalcs, Body composition  oJ' 139 Japanese females aged

between 18 and  27 years of age  (B MI range: 15,1-29.1kglm2)

was  mcasured  using whole-body  DXA  (Lunar DPX-LIQ)
scans. From anthropometric  measurements  

fM)BF

 was  cstimated

using fbur equations  developcd from Japanese fernales. The
results  sho",ed  that the traditionally employed  prediction
equations  for anthropometry  significantly  Cp<O.Ol)
underestimate  %BF  ofyoung  Japanese females and  thcrefbre

arc  not  valid  for the precise estimation  of  body composition.
New  %BF  prediction equations  were  proposed from thc DXA
and  anthropometry  results.  Application of  the proposed
cquations  may  assist  in more  accurate  asscssment  of body
fatness in Japanesc females living today. J Ph.vsiot Anthmpoi
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Intreduction

  An accurate  and  precise estimation  of  total body fat, often

expressed  as pcrcentage body fat (%BF), is an important

component  in body composition  research,  Among  the large
numbcr  of  body composition  asscssmcnt  methods  in common
use,  anthrepometry  including skinfold  and  girth measurements
is a simple, portablc, and  cost-eMcient  field method.

Anthropometry allows  estimations  of  body composition  using

prediction equations  that were  derived I'rom underwater

weighing  and  other advaneed  methods  (Brozek and  Keys,

1951; Durnin and  Womerslcy, 1974; Lohman,  1981). The

accuracy  and  precision of  anthropometry  arc,  however, largely
dependent on  thc ski]1 and  experience  of  the anthropometrists

who  take  the measur ¢ ments  (Wagner and  Heyward  1999;

Wang  et al., 2000) and  also the protocol uscd  including the

type  of  skinfbld  catiper  (Schmidt and  Cartcr, 1990), Further,
many  prediction equations  used  in anthropometry  are  bascd on
the concept  of  the two-compartment model  that divides thc

human body into fat mass  (FM) and  fat-frcc mass  (FFM), The
model  involves an assumption  of  constant  densities of  FM  and

FFM  but this is not  true in all individuals. As a  result.

prediction equations  are only  app]icable  to the group whese

characteristics  are similar to the group the equation  was

originally  establishcd  from (i,e., the equation  is poputation-
specific),

  In Japan the most  commonly  used  prediction equation  in
body cornposition  research  using  anthropometry  is known as

the Nagamine and  Suzuki cquation,  predicting body density
using  thc surn  of  trjceps and  subscapular  skjnfblds  (Nagarnine
and  Suzuki, 1964). The equation  was  proposed from
anthropometric  measurements  of  1 1 2 Japanese females (1 8-23
ycars of age; mean  age  21.3 ycars) and  body density data using
water  displacemcnt, However, the equation  was  proposed more
than four decades ago  and  its valjdity  has been questioned in a
few studies (Nakadomo, l991i Tahara et al,, 1995), as the

physique of  the Japanese may  have changed  gince  the time it
was  proposed.

  fahara et al, (1995) measurcd  the body density of 512
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females aged  between 18 and  66 ycars of  age  usjng  the

underwater  weighing  method  and  anthropometry.  Frem thc
regression  analyses  dcrivcd they concluded  that the equation

using  two  skinfbld  sites (triceps and  subscapular), equivalent  to

the sites  used  in the Nagamine and  Suzuki equation, was  poor,
and  proposed a  new  body density prediction equation  using  the

sum  of  triceps, subscapular  and  abdominal  skinfolds as well  as

age.  This equation  is known  as  Tahara's equation. Later, Tahara
et al. (2002) proposed %BF  prediction equations  based on  age

and  the results  obtained  frorn 552 lemales agcd  bctween 18
and  59 years.

  How'eN'er, previous studies  by Tahara and  his colleagucs  have

a number  of  limitations, including the fact that the equations

were  generated frorn underwater  wcighing  measures.  The

method  was  earlier  considered  a 
`s,old

 standard' approach  te

deterrnine body density. However, the method  requires

participants to submerge  in water  and  cxhale  maximally  to

accurately  determine bedy density. The method  is physioal]y
inappropriate for many  populatiuns, including chjldren  and

midd[e-aged  and  elderly  indjvjduals. Furthcr, the method

requires  a  number  ofprediction  equations  to estimate  %BF  and

therefore calcu]ation  errors may  be introduced,

  Te date, no  reported  study  has compared  %BF  values

estimated  from the Nagamine  and  Suzuki cquation  and  the

results  obtained  from advanced  body composition  methods

such  as  dual energy  x-ray  absorptiometry  (DXA). DXA  has

been widely  rccognised  as one  of  the methods  that provides

valid  estimations  of  %BF  (Wt}11ens et al., 1994; Vlein Loan,
1998; Glickman et al,, 2004; Norcross and  Vlin Loan, 2004),
DXA  measures  human body composition  based on  a  multi-

compartment  model  and  is able to djt}brcntiate lean body

mass,  FM.  and  bone mineral  componcnts,  The aim  of  the

current  study was  to compare  96BF values estimatcd  from

whole-body  DXA  scans  and  anthrepometry  using  the

Nagamine  and  Suzuki eqLLation, The study  also comparcd  this

result  with  equatiens  proposed by Itihara and  his colleagues

(Tahara et al., 1995; Tahara et al., 2002). Following a

comparison  between different mcthods,  new  %BF  prediction
equations  for this population were  also  proposed,

Participants and  methods

  A  convenjent  samplc  of  139 healthy Japanese female

volunteers  agcd  18-27 years old were  rccruitcd in Saitarna
Prel'ecture, Japan, Participaiits were  included in thc study  if

their age  was  between 18 and  30 years ofage  and  there was  ne

past or  current  medical  history that afft]cted daily ljt'cstyle and

body composition,  The study  was  approved  by  the Human

Rescarch Ethics Commjttees of both Curtin University of

Technology and  Kagan'a Nutrition University. The study

adhercd  to the principles ofmedica]  research  established by the

National Hcalth and  Medical Research Council (NHMRC,
1999). Participants were  also scrccncd  for possible pregnancy

prior to DXA  assessments  using  a questionnairc, After

obtajning  thcir consent,  each  participant underwent  body

cornposition  assessments  using  whole-body  DXA  scanning,

and anthropornetry. All participants completed  anthropomctry

and  DXA  measurement  within  one  week.

Dttat eneigJ)  x-ra.v ahsorptiotnetty  (IDX4)

  This mcthod  uscs  two simultaneous  x-ray  beams of difTerent

energies to diflerentiatc cornponents  of  the human body

(Hcyward, 1998). Wliole-body scanning  using  a  DPX-LIQ  and

DPX-MD  X-Ray Bone Densitometer with SmartScan Version
4.7c (Lunar Corporatjon, Madisen, WI, USA)  was  conducted

to determine bene mincral  content (BMC'), bone densityl fttt
mass  (FM), lean mass  and  %BE  of  the who]e  body and

different body  regions,  DXA  measurements  wcrc  completed  in
approximately  1O min  by an  accredited  technician.

Anthropoineti:v.

  Anthropometric measuremcnts  includcd stature.  body mass,

cight skinfold  measurements  (triceps, subscapular,  biccps, iliac
crcst,  supraspinale,  abdominal,  firont thjgh and  medial  calb,

five girth measurements  (relaxed arm,  fiexcd and  tcnsed arm.

waist,  gluteal and  maxinium  ealf),  and  four bone breadth
measurcmcnts  (biacromial, biiliecristal, biepicondylar humenis
and  biepicondylar lemur). All mcasurcments  were  taken

according  the protocol of  thc International Society for the

Advancement of  Kinanthropomctry (ISAK) (2001) by a  Level
3 and  a Level 2 anthropometrist  accredjLed  by ISAK. Both

anthropometrists  demonstrated a  satisfactory  levei ofinter-  and

intra-tester technical error  of  measurements  (TEM) using  a

randomly  chosen  group of  20 participants (j.e., inter-tester
TEM:  within  7,5%  for skintblds  and  within  1.5(za for othcr
measurements;  intra-tcstcr TEM:  within  5.0%  fbr skinfolds

and  ].O% for othcr  mcasurements)  as  recornmended  by iSAK

(Gore et  al., L996). These TEM  values  are  Iower than the levels
suggested  elsewhere  (Wang ct  al., 200e). All anatomical

landmarks were  ]ocated and  marked  by the Level 3
anthropometrist  (MK) ,
  Tb  estimate  %BF  from anthrepometry.  thc body density of

each  participant was  first estimated  using  the fo11owing body
density prediction equations/

  1) Body  density=1.0897-O.OO133･(X,)

whcrc  X,=E(triceps and  subscapular  skinfolds  in mm).

(Nagarninc and  Suzuki, 1964)-(NS)

  2) Body density==1.07931-O.OO059'(X,)-O.OOO15'(X,)

",here  Xi=E(triceps, subscapu]ar  and  abdominal  skinfolds in
mm)  and  X,=Age. (Tl]hara et al,, ]995)-(T 1)

  3) Body  density-1.0330+O.OOOIO･(X)-O,OOO02･(X)2

whcrc  X=Age,  (Tahara et al,, 2002)-(T2)

  listjmated body density values  were  then convertcd  into
%BF  va[ueg  using  thc cquation  by Siri (1961) [%BF=
(4.951Body dcnsity-4,50)-[OO)]. Ln addition,  the fbllowing
VSBF prediction equation  was  used  to compare  with  the DXA
results:
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  4) 9i6BF-:28.282-O.425･(X)+O.O0877･(X)2

where  X  ].-  Age. (Tlahara et  al., 2002)-(T3)

  Finally. body mags  index (BMI; body mass  (kg)lstaturc
(m)2), waist  to hcight ratio  (WHtR; waist girth (cm)lstature

(cm>), sum  oftwo  skinfblds  (E2 using  triceps and  subscapular

in mm),  sum  of  three skintblds  (Z3 using  triceps, subscapular

and  abdominal  in mm),  sum  ofeight  skinfolds  (Z8 in mm)  and

height-corrected sum  of  eight  skinfblds  (Ht28; sum  of  skin-

lblds･(170.181stature)) were  calculated  using  the anthropo-

rnctric results.

  Statisticat analyses  were  conducted  using  the SPSS

statistical package (version 14,O.O, 2005, Chicago, USA).

Using the results  from DXA  as the criterion, inter-method

differences in [Y"BF
 values  estimated  from diil'crcnt equations

were  assessed  using  the ljmits of  agreement  mcthod  (Bland
and  Altman, ] 986). Thc  results  of diff'crences were  expressed

as mean ±2'standard deviations (SD) and  thc Bland and

Altman plot was  presented in cach  cornparisen. Regression

analyscs  using  a  forsvard stepwise  model  were  also conducted

to develop %BF  prediction equations  using  anthropometric

variablcs. Independent yariables  used  in regression  analysis

were  age,  individua] skintbld sites, E2, Z3, Z8 and  Ht E8. The
`M,BF  va]ues  obtaincd  from DXA  scans  were  uscd  as  the

dependent variable.  The  dcvcloped equations  were  prcsented

with  adjusted  r2' (R?,,j)) and  standard  error of  estimate  (SEE).
In addition,  a  magnitude  ot' 

"best

 fit" for each  dcveloped

equatien  was  determined by thc Akaike lnfbrmation Criterion

(AIC) using  thc fo11o"'ing formula:

    AIC=2･k+n'Ln(RSS/n)

where  k is the number  of  estimatcd  paranieters in the equation,

n  is the number  ofparticipants, and  RSS  is the resjdua]  sum  of

squares  for each  equation.  The "best

 fitting" equation  has the

smallest  AIC  value.

Tablc 1 Physical characteristics

   sLudy  (n=139)

of  Japanesefemalcsinc]uded  in the

Variable MeanSD Range

Agc<Years)
Stattrre(cm)
Body  mass  (kg)
Body  Mass  lndex (kgim`>
Waist girth (cm)
Surn oftwo  skinfo]ds  (tnm)*
Sum ofthree  skinfo]ds  (mrn)**
Sum ofeight  skinfblds  (mm)***
tIcight-correctedsumof'

 skinfolds(mrn)***"

20.4lsg.s52.520,866.33Ll49.9124,5126,9 1.3

 5,O

 6.]224.9

 9.715.63S,538.3

 18.0 27.0
147.6-170.7
37.8-70.7

 15,1-29,157,3-82.3

 12.6-63,4
 17.7-gS.450.1-233,7

53.9-260.6

Results

-
 Sum ef  two skiiilblds=Z{lriceps  and  subscapnlar)  in mm

""Sumofthreeskinfolds=Z(triceps,subscapularandabdominal)inmm

***Sum
 of  eight  skinJblds=E(triceps,  subscapu]ar,  biceps, iliuc crest,

supraspinale,  front thigh, media]  call' skinfolds)  in mni

**"*Height-corrected  sum  of  cight  skinfolds=Sum  of  eight  skinfolds･

(170.181stature)

Table 2 Corrclations "'ith  percentage body fat (%BF) estimated  from

   DXA  and  selected  unthropometric  variables  in 139 Japanese females

AnthropometricvariublesCorrelationwith%BFobtaincd
     ftom DXA  {r)

Tricepsskinfold
SubscapultLrskintbld

Biceps skinl'o]d

Iliac crest skinfo]d

Supraspinaleskintbld
Abdominalskinfold
Front thigh  skinfold

Medialcalfskinfold

Sum  of  eiuht  skinlblds      -
Ani (reluxcd) girth
Arm "lexed and  Tensed)  girth

liv'aist (miniinum) girth

Glutealgirth
Ca]f(.maxirnurn)girth

O,854**O,781*whO,824**O.8･16**O.84S**O.760**O.585**O,689**O.908**o.7gg**O.743**O,738*H,O.712**O,536**

  Descrjptjve characteristics  ofthc  Japanese lemale participants

are shown  in fable 1. Tablc 2 shows  corrclations  betwcen

selected  anthropometric  variablcs and  gtaBF estimated  from

DXA,  Among  skintbld  yariables, triceps skjnfo]d  had the highest

corrclation  with  DXA  (r=O.854), tbllowed by supraspinalc

(r=O.848) and  biccps skinfbld  (r=O.824), suggesting  Japanese

females may  have higher fat depositien in the upper  limb and

trunk  rcgion,  ln addition, the corre[ation betwcen %BF  from

D)(A  and  the sum  of  eight skinlblds was  also  ycry  high

(r=O.908), This indicutes a strong and  directly proportional
relatienship  between %BF  and skinfbld  measurement  in young
Japancse females.
  Tbble 3 i]lustrates differences in cstimated  %BF  values

between the methods  includcd in the study.  Using the DXA

asscssment  as the criterion methoa  
(raBF

 vatues  estimatcd

by the Nagaminc and  Suzuki equation  and  Tahara's equation

using  the sum  of  skinfolds (triceps, subscapular  and

'"
 Spearman's eorrelation  is significanit at the O,O1 level,

abdominal)  were  hjghly correlated  with  the DXA  results

(r{Ns)=O.859 and  rc,u=O.870  respectivcly).  However, both

equations  significantly (p<O.Ol) underestimated  %BF  compared

to results obtained  from DXA  (5.4% by the Nagamine  and

Suzuki equation  and  4.8%  by Tahara's equation). The prediction
equations  for body density and  %BF  using  agc  as an

indcpendent yariable  {e,g,, T2  and  [['3) did not corrclatc with

the DXA  results  and  also  significant]y  ovcr- or underestimated

the %BF  ofyoung  Japanese females,

  Figure 1 shows  the inter-method differences in estimated

%BF  using  DXA  as  a criterion.  In comparison  with  DXA,

the Nagamine and  Suzuki equation  which  was  developed

specifically from young Japanese females had relatively

wide  limits of  agreement  (mcan± 2SD) of 5,4%± 62(va. This

suggests  application  of  the equation  may  underestimate  9GBF
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Tabte 3 Differences in estimatcd  
O･kBF

 values  obtained  from DXA  und  prediction equations  using

   anthropometry  in Jupanese t'emales (n =  139)

PeTcent body fat{"'o)
Variable

Mean SD

Mean V,BF differeneeCorrelutien with  DXA

V'o' BF
   CI]x,-g,4Bl,

   CN.S)o,iBF

   CTI)o,･hBF

   il'n)dYoBF

   [Tt,)

27,622,222.934.023,35,95.94.2O.6O,1
-5.4*-4.8-

 6.4*-4.4*

 O.862**
 O.878**

 O,077-O.08S

*Mean
 %Bt' difft)rences signifieantty  different at thc O.O1 ]evel.

**
 Spearman's corrclHtion  is significant at the  O.O1 lei,el.
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Fig, Inter-rnethod differenccs in estimated  %BF  ora)  the Nagamine  and  Suzuki equatiun  CNS). b) Tahara's cquation  {Tl), c) the new  Tahara

   equation  using  agc  te predict body  density (T2). and  d) the new  Tahara eguution  using  age  to predict %BF  (T3) cempared  ",ith  the DXA
   results.

   Estimated 
CVoBF

 vulues  using  ditl'erellt prediction equations  wcre  compared  with  the values  obtaincd  from DXA  and  presented as Bland ulld

   Altman plots (mean± 2*SD), In comparison  -,ith  DXA.  bot]i the  Nagarninc and  Suzuki equation  (NS) and  Taharu's equation  (Tl)
   signifieantly underestimated  and  indicuted a pessible underestiniation  us high as  l 1 12% in youne Japancse females (a and  b). The other
   equations  using  agc  as  an  independent variable  (T2 and  T3) clearly sho-,ed  an  underestimalioll  pattcrn as an increase in measured  W]Bli
   usingDXA.

of  participants by up  to 12%, In addition. Japanese fernalcs
with  a  very  smai]  or  large amount  of  body fat as nieasured  by
DXA  were  likely to be overestimated  by anthropometry  using

this equation, Sirnilarly 1leLhara's equation  showed  possible
underestimation  by as  much  as 11% compared  to the  DXA

result. This cquation  howevcr, showed  a diffbrent pattern in
over-  and  underestimation  compared  to the Nagamine and

Suztiki cquation  and  it showed  a trend of underestimation

as the actual %BF  estimated  by DXA  incrcased, This
undercstimation  pattern is more  prominent in the two
equations  that used  age  as  the dependent variab]es (T2 and

T3).

  Frorn regression  analyses  using  DXA  and  anthropometric

variables,  Y<)BF prediction cquations  were  developed (Table 4),
Although age was  entered  as  an  independent variable, it
was  excluded  from the final equations.  Using a forward

NII-Electronic  
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Table4  Percent body fat prediction cquations  proposed fiem Lhe study  using  anLhrepometric  variables

Dependentvariable             Regressionequation

9'o'BF=-4,054+O.16･(Triceps)+O.154･(Iliaccrest>
+O,281･{Biceps)+O,263･(Glutealgirth)+O,229'(MedialcalD
-3.249･(Humerusbonebreadth)+O.517･(RelaxedarmgiTth)

fO.125'(Abdominal)

%BF=9.4S2+O.286'(Triceps)+0255･{Iliaccrest)
tO.569･(Biceps)+O.190'(Medialealb+O.123･(Abdomina])

%BF=9.9Sl+O,673･CTriceps)+O,228･(Abdominai)
+O.165･{Subscapular)

%BF=11.55+O.518･(Sumof2skhilblds)

%BF=11.294+O.328･(Sumef3skintblds)

9{,BF=8.84S+O.151･(Sumof8skinfolds)

VaBF=9,043+O.l39･(Ht-eoTrectedsumofskinfotds)

R?nd.i) SEE AIC

Allanthropometricvariables

lndividualskinfo[dsites

Threcskinfoldssitcscquiva]entto

 Tahara's equalion

Sum  el' t",o skinfolds'

SumoCthreeskinfolds**

Sum of  clght skintblds""'

Height-corrected suni  of

 ejghtskinfolds****

O,87S

O.844

o.7g6

O.7]9o.7sgO,83SO.830

2,070

2.311

2J12

2.9902.8792.3782,415

215.2

236.S

285.0

306,8296,1242,2246,6

' Sum  oftwo  skinfolds=Z(triceps  and  subseapLdur)  in mni
"*  Sum  ef  thrce skinfb1ds  =  E(triceps, subscapular  and  abdorninal)  in mrn
"*  Sum ot'eight skinfolds=E(triceps,  subscapular,  biccps, iliac cresg  supraspinale.  froni thigh, mediat  calfskinfolds}  in mm

****Height-con'cctedsumofcightskinft}lds=Sunlofeightskinfolds-(170.18/stuture)

stcpwise  analysis, the equation  using  five individual skinfold

measuremcnts  (triceps, iliac crest,  biceps, medial  calf  and

abdominal),  two girth mcasurements  (gluteal and  rclaxed  arm)

and  humerus bone breadth had the highest correlation

(R2,d,=O.87S. SEE=2.070) with  thc %BF  value  obtained  from

thc whole-body  DXA  scan  and  also  had the lowcst AIC  valuc

(215.2). The equation  that only  used  five skinfold  sites  retaincd

a  high correlution (R2,,j 
=
 O.844, SEE 

t=

 2.3 L l, AIC=236.8)  with

the DXA  results,  indicating that an application  of  cquations

using  skinfblds alone  is also acceptablc  in tota[ body fat

prediction. The equation  using  the sum  of two  skinfolds  (i,e.,
triceps and subscapular)  had the lowest correlation wjth  the

?t6BF rcsults obtained  fi/orn DXA  (R2,dj=O.739, SEE=2.990,

AIC=306.8). The equation  using  thc sum  of three skinfblds

(i.e,. triceps, subscapular  and  abdominal),  which  was  used

in Tahara's equation,  showed  a  higher correlation  of  O.758.

However, the analysis  also sbowed  that the equation  using

individual skinfb]d  values corrclated morc  highly with  the

DXA  result  than using  the sum  of  skinfblds  (Ridi=O.786,
SEE:-2.717.AIC-2g5,O).

  Furthermore, the analysis also proposcd the fbi]owing

cquations  using  two or three skinfolds to cstimate  %BF  in

young  Japanese females:

    %BF=9.531+O.712･(Triceps)+O.350･(Iliaccrest)

                 (R2.,j=O,788. SEE=2,695, AIC=2gO.4)

    %BF=10,091+O.410･(Triceps)+O.316･(I[iaccrest)

         +O,750･(Biceps)

                 (R!.dj-O.827. SEE=2,436, AIC=254,O)

  The proposed equations  did not  include subscapular  or

abdominal  skinfbld  sitcs that have becn ineluded in previously

proposed equations  and  showcd  higher corrclations and  ]ower

AIC values compared  to the cquations  using  Lhe sum  of

skinfolds  (Tlable 4), The resuits  suggest  that equations  using

indivjduals skinfogd  sltes  have better prccision in e,"BF

prediction compared  to the equatiens  using  the sum  of  sl{infold

values.

Discussion

  The equations  proposed by Nagamine and  Suzuki have been

widely  used  in Japan for more  than four decades to estimate

the body cornposition  of  the Japanese population, However,

despite being developed from young Japancse males  (18 to 27

years of  age)  and  femalcs (18 to 23 years of  age),  they  were

often misinterpreted  and  introduced as equations  for the adult

population in general (Toyokawa and  Saeki, 1985) in !ater

years.
  Using young Japanese fcmales, the currcnt study  showed  a

signMcant  underestimation  of  %BF  using  the Nagaminc  and

Suzuki equation  compared  to the rcsults obtained  from whole-

body DXA  scans,  Considering a  comparable  stature  and

weight  betwccn the participants in the current  study  and  two

large surveys  conducted  in Japan (JARD, 2002; Kenkou  Eiyou

Jouhou Kenkyuul(ai (The Society fbr the Study of  Health),

2004), it is reasonable  to suggest  that the Nagamine and

Suzuki equation  is no  longer appropriate  for young  Japanese

females. This resutt is consistent with  thc results  obtaincd  from

young Japanese males  (Kagawa et al,, 2006), Potentia] reasons

may  include the technical error  of  measurcments  in both

underwater  weighing  and  anthropometry  during the

deyelopment process, problems in thc formation of the

equation  (as the relationship  between body density and

skinfolds  has been suggestcd  to be quadratic) (Jackson and

Po]lock, 1978>, and  also  a  possible secutar  trend in budy
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proportion, body  composition  and  also fat distribution changes

in the Japanese population.

  The currcnt  study  also examined  thc predictability of

other  equations  proposed for adu]t ('cmales aged  above  18

years ofage  (Tahara et a]., l995; Tahara et al,, 2002). Tahara's
equation  <using the sum  of  skintblds) showcd  slightly  better

prediction than  the Nas,amine and  Suzuki cquation  but'
nonetheless  a significant  umdercstimation  of  approximately  5%
was  still cvident.  The limits of  agreement  indicated that it may
underestimate  by as  much  as 1]%, with  litttc difTerence
frotn the Nagamine  and  Suzuki equation  (with a  max{nium

undcrestimation  of  11,7[ra). A  possible reason  for this is that
both equations  uscd  the sum  of skinfolds rather than individua]

skinfbld  values.  The current  study  has cornpared  correlations

between the DXA  results  and  equations  using  individual
skinfbld sites and  the sum  of  two, three and  eight  skinfolds.

The results indicate that the equation  using  individual skinfbld

values  was  more  highly correlated  (R?.di)=O.844) and  also had
lower AIC  value  (236.8) than  the equation  using  the sum  of

skinfolds (RI,,lj) fbr thc sum  of  eight, three and  two skinfblds

werc  O,835, e.758 and  O.739 respcctivc]y  and  AIC values  were

242,2, 296.1 and  306.8 respectively).  Similarly, the equation

including trieeps, subscapular  and  abdominal  skinfolds

individually showed  a  higher correlatiQn with  the DXA  rcsults

(R?,dj)=:O.7g6, AtC=285,O) compared  to the equation  using  the

sum  of the same  skinfbld  sites  (R?,,,):=O.758, AIC=296.1). In
fact, the cerrclation obtained  from the equation  using  thc sum

of threc skinfolds was  even  lower than  the results obtained

from the cquation  using  two  skinfold sites (R?,dj)=O.7g8,
AIC=28e.4), While the previous prediction equations  have
used  the sum  of  skinfolds,  thcse results suggest  higher

precision in %BF  estimation  in the equations  using  individual
skinfold  values  compared  to thc sum  of skinfb]d values.  The
use of individual values  in future prediction equations  is
therefore recommcnded.

  In ordcr to reduce  participant burden and  time-eMciency, it

is irnportant to propose an  equation  that is suMcient  to predict
the body composition  ofparticipants  wjth  a miniinum  number

ef mcasurement  sitcs.  The current  study  showcd  that the

equation  using  threc skinfolds  had an  R;dj ofO,827  with  thc

DXA  results, whieh  was  comparable  to the equations  using  a

greatcr number  of  anthropometric  variabEes and  appeared

suMcient  to estimate  g,hBF in young Japanese females, The
finding was  consistent with  an  earlier  study  {Tahara et al.,

1995). However, the current  study  observed  that difft}rent
skinfbld  sites (i.e., triccps, iliac crest and  biceps) than those

from the previous studies  (i.e,, triceps, subscapular  and

abdominal)  were  more  closely  associated  with  %BF  in young
Jqpanese females. This difference may  be the result  of

mcthodological  differences, Thc previous study used  a  sample

of512  females whose  uge  ranged  from 18 te 66 yeurs of  age

and  there may  be a change  in subcutaneous  fat distribution
depending on  the ages  of  thc participants, AIso, thc previous
study  measured  skinfblds  based on  the standard  ofBehnke  and

Wilrnore (1974), which  does not  include biceps skinfold  and

iliac crest skinfold  measurements.  These diffCrences jn
measurement  protocor are also evident whcn  cempared  with

the Nagaminc and  Suzuki study  C1964), which  only mcasured

chcst, abdoniinal, trieeps, subscapular  and  knee skinfblds.

Because prcyious studies  did not  measure  biceps skinfbla  a

skinfold which  was  fbund to be usefu1 to estimate  %BF  in
Japanese females in the current  study,  the equations  proposed
from the previous studics  might  havc been insufficient to

estimate  g(]BF in Japanese females,

  Furthermore, the current  study  comparcd  the results

obtaincd  from DXA  with  the valucs  estimated  from recent[y

proposcd equations  using  age  as  an  independcnt variable.  The
results  c]early indicate that both equations  do not  estimatc

body fat of  participants accurately  and  also  showcd  a strong

trend to underestimation  of  %BF  of  participants as 
`kBF

estimated  frorn DXA  incrcases. This may  be simply  duc to a

bias of the equations  that is a  result  of  using  age  alone to

estimate  the body composition  of  ind{viduals. Whilc the

authors  of  the earlier study  suggested  that fat mass

accumulation  increases with  aging,  there is a necd  to consider
variability  in fat mass  accumulation  within  each  age group.
Conscquently, even  though these equations  niay  be convenient
for a rough  estimate  in an  epidemiological  setting,  they are not
usefu]  for individuals.

Conclusion

  When  comparcd  with  yttlues  obtaincd  from DXA,  the

current  study  showed  that the traditionally employed  predjction
equations  for anthropomctry  significantly  underestimate  

(vaBF

Qf  young Japanesc fernales and  therefbre are  not  valid for a
precisc estimation  of their body composition,  The proposed
equations  using  individual skinfold  sites  may  improve %BF
estimation  using  anthropometry  for this spccific  age group.
The current study  indicated that equations  using  indiyidual
skinfblds have higher correlutions  to the DXA  results

compared  to the equations  using  the sum  oi' skinfblds.

Considering participant burden and  time-efTiciencM the
application  ofprediction  equations  usjng  at  least three skinfold
sites  is recommendcd  for a  precise 

(kBF
 prediction for thjs

specific age  group, Future research  should  focus on  increased
samp[e  size, including participants from a  wider  age  range  in
ordcr  to establish more  generalizable prediction equations.
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