
ANTHROPOMETRIC PREDICTION OF BODY 
COMPOSITION IN AMERICAN YOUTHS 1 2 -1 7  

YEARS OF AGE

b y  F. E. J o h n sto n

Department of Anthropology/F-1, University of Pennsylvania, 
Philadelphia, Pa. 19104 USA

Anthrop. Közi. 26; 25 — 32. 1982.

Abstract: Prediction equations for estimating fat weight from age, Quetelet’s 
Index, and the triceps skinfold thickness were developed, for each sex, in 169 
males and 66 females, 12 to 17 years of age, from Minneapolis and Philadelphia. 
Validation was carried out by a sequence of analyses done on 90% of the sample, 
the remaining 10% used for validation. This was conducted until all combinations 
of 90% had been used for prediction and of 10% for validation. The standard errors 
of estimate were too high to permit acceptable estimates to be made in individ
ual subjects, the one SD error amounting to 27% of the mean fat weight. Even 
though good results were obtained for the sample as a whole, systematic errors 
were noted when the errors of estimate were calculated for Minneapolis and for 
Philadelphia youths separately. It is recommended that prediction equations for 
body composition not he used in adolescents of this age range.
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In tro d u c tio n

The m ost w idely-used in d ica to rs  of bo d y  com position  in  hum ans are  a n th ro 
pom etric  ones, derived  from  th e  carefu l m easu rem en t of th e  bo d y  using  
accep ted  tech n iq u es. T he scientific  an d  clin ical li te ra tu re  abounds w ith  re p o rts  
w hich ana lyze  various issues an d  problem s re la te d  to  bo d y  com position  based  
upon  a n th ro p o m e try . T he reasons for th e  w idesp read  use o f an th ro p o m e tric  
tech n iq u es are  obvious. T hey  are  re la tiv e ly  sim ple to  ap p ly , th e y  are  m uch less 
expensive th a n  all o f th e  p resen tly  av a ilab le  la b o ra to ry  procedures an d , m ost 
im p o r ta n t o f  all, an th ro p o m e tric  m ethods are  a p p ro p ria te  for la rge  sam ples 
o f all ages, m ale  an d  fem ale, loca ted  w herever th e y  m ay  be found  in  th e  
w orld.

W hile a n th ro p o m e try  has m any  a d v an tag es  as a tech n iq u e  used  in  th e  
s tu d y  o f  b o d y  com position , i t  also has its  lim ita tio n s . A n th ro p o m etric  in d i
ca to rs  a re  in d irec t ones an d , ra th e r  th a n  y ie ld ing  estim ates  o f v ariab les  such  
as th e  lean  b o d y  m ass, p e rcen t body  fa t ,  a n d  th e  like , th e y  p rov ide  m easu re 
m en ts  o f w hole body  m ass or o f lin ea r d im ensions. As a re su lt, considerab le  
e ffo rt has been  d ev o ted  b y  researchers to  th e  v a lid a tio n  o f bo d y  m easu rem en ts  
as in d ic a to rs  o f b o d y  com position  an d  num ero u s p u b lica tions are  av a ilab le  
w hich  re p o r t  o f th e  re la tio n sh ip s  b e tw een  an th ro p o m e tric  d im ensions an d  
w hole b o d y  com position  (B rozek  1963a, 1963b, B e h n k e  — W ilm o re  1974, 
P a rízková  1977, Ma lin a  1980, L ohm an  1981).

In  genera l, th e  re la tio n sh ip s  betw een  a n th ro p o m e tric  variab les an d  estim ates 
of body  com position  derived  from  m ethods such as 40K , den sito m etry , or th e
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d e te rm in a tio n  o f b o d y  w a te r are q u ite  h igh . F o r exam ple, in  an  early  s tu d y , 
P ascalé e t al. (1956) rep o rted  co rre la tions betw een  various skinfolds an d  
body  d en sity  in  A m erican  a d u lt m ales w hich ran g ed  from  —0.74 to  —0.83. 
S im ilar re su lts  h av e  been  pub lished  b y  o th e r in v estig a to rs  fo r ad d itio n a l 
sam ples, using  such an th ro p o m etric  in d ica to rs  as w eight, c ircum ferences, 
sk infolds, an d  indices o f  w eigh t-fo r-heigh t (Sa tw a n ti e t al. 1977, H arsha  
e t al. 1978).

In  v iew  o f th e  genera lly  h igh re la tio n sh ip  betw een  an th ro p o m e try  an d  e s ti
m ates o f  w hole bo d y  com position  derived  from  la b o ra to ry  p rocedures, m an y  
in v estig a to rs  have  u tilized  com binations o f bo d y  m easu rem en ts, u su a lly  
th ro u g h  m u ltip le  regression analysis, in  an  a t te m p t to  op tim ize th e  re la tio n 
ships, to  acco u n t for a g rea te r p ro p o rtio n  o f th e  variance , an d  to  p e rm it usab le  
e stim ates o f bo d y  com position  to  be m ade from  com binations o f a n th ro p o 
m etric  variab les . A co u n t of th e  n u m b er o f papers w hich have p resen ted  such 
p red ic tion  equations is n e ith e r  necessary  n o r fru itfu l; how ever, well over 100 
equa tions m ay  be found  in  th e  sc ien tific  l i te ra tu re  w ith o u t u n d u e  effort.

U n fo rtu n a te ly , th e  im p ac t o f th is  m ass o f  equ a tio n s upon  researchers has 
been m in im al. O nly occasionally  does one fin d  a s tu d y  in  w hich an  in v es tig a to r  
has used  som eone else’s equations in  his or h er s tu d y . In s te a d  th e  m a jo rity  
of w orkers prefer to  re ly  upon  th e ir  ow n an th ro p o m e tric  d a ta .

The reasons for th e  lack  of u tiliza tio n  o f th e  availab le  p red ic tio n  equ a tio n s 
are b ased  to  a la rge  e x te n t upon  m ethodological flaw s p resen t in  th e  research  
designs o f th e  stud ies from  w hich th e  eq u a tio n s w ere g enera ted . T hese flaw s 
have been  discussed (L ohman  1981, J ohn sto n  1982), an d  need  n o t be re p e a te d  
here. H ow ever, i t  is im p o r ta n t to  realize  th a t  th e  developm ent o f p red ic tio n  
equa tions w hich  m ay  be used on o th e r g roups is a com plex ta s k  req u irin g  
a carefu l an d  ra tio n a l selection of in d ep en d en t v ariab les, as well as rigorous 
and  a p p ro p ria te  m eans for v a lid a tin g  th e  equ a tio n s w hich re su lt in  o rd er to  
de term ine  th e ir  usefulness am ong o th e r sam ples.

This p a p e r exam ines th e  issue o f p red ic tin g  w hole body  com position  in  12 
to  17 y e a r old y o u th s  from  a lin ear co m b in a tio n  o f an th ro p o m e tric  d im ensions. 
In  p a r tic u la r , i t  addresses th e  question  o f th e  ap p ro p ria ten ess  o f such  equ a tio n s 
for th is  age group , as opposed to  th e  use o f th e  b o d y  m easurem ents them selves.

Subjects an d  M ethods

The d a ta  p resen ted  in  th is  p ap e r h av e  been  d raw n  from  a s tu d y  o f a sam ple 
o f A m erican  y o u th s , 12 to  17 years o f age. T he sam ple to ta lled  235, 169 m ales 
and  66 fem ales an d  h av e  been described  in  d e ta il elsew here ( J ohnston  e t al. 
1982). O f th e  to ta l , 48 m ales an d  41 fem ales w ere from  th e  M inneapolis, M in
neso ta , a rea , an d  121 m ales an d  25 fem ales w ere from  th e  G rea te r P h ilad e lp h ia  
area. All techn iques w ere app lied  sim ilarly  in  b o th  cities to  m inim ize a n d  
effects due to  d ifferen t labo ra to ries .

E s tim a te s  o f bo d y  com position  w ere m ade b y  m eans of b o d y  d en sito 
m etry , de te rm in ed  b y  u n d e rw a te r w eighing. The h y d ro s ta tic  w eighing te c h 
n ique in v o lved  four to  six  d e te rm in a tio n s o f th e  w eight in  w a te r ta k e n  to  th e  
n ea rest 25 gm , th e  m ean  o f th e  la s t  th re e  recorded  for analysis. R esidual 
volum e w as estim a ted  b y  th e  oxygen d ilu tio n  tech n iq u e  o f W ilm o re  (1969)
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Means and standard deviations of selected variables

Table 1

V ariab le
Age (yd

12 13 14 15 16 17

Males

n 13 21 37 40 37 21
Height (cm) x 151.2 160.7 165.7 169.6 173.5 175.0

s 6.0 10.5 7.3 7.1 6.0 7.0
Weight (kg) x 43.9 48.6 56.5 61.9 66.8 69.8

8 8.4 12.3 12.3 9.0 9.9 16.2
Triceps (mm) x 11.1 9.5 10.2 9.5 10.3 6.4

s 6.7 4.6 6.1 4.1 5.5 3.0
Arm Muscle C (cm) x 20.2 20.8 23.1 25.2 26.0 27.7

s 1.8 2.3 2.3 2.2 2.0 3.2
% Body Fat x 23.2 24.0 16.9 15.7 14.3 12.7

9 8.4 6.2 7.1 7.5 7.3 6.3
Fat Weight (kg) x 10.6 11.7 10.0 10.0 9.9 9.4

s 6.2 4.5 6.3 5.6 6.1 6.4
Lean Body Mass (kg) x 33.2 38.0 46.4 51.9 56.8 60.3

s 4.2 9.5 8.7 7.2 7.1 12.0

Females

n 6 10 12 16 12 10
Height (cm) x 157.3 154.4 161.9 163.7 162.9 165.7

s 3.4 5.9 7.3 6.0 4.4 5.8
Weight (kg) x 43.4 44.8 53.8 58.3 57.2 55.3

s 8.9 9.3 7.1 6.0 7.4 7.5
Triceps x 10.1 10.9 13.9 16.2 15.2 13.2

8 2.7 5.7 5.4 6.8 3.7 4.7
Arm Muscle C (cm) x 19.1 19.8 20.8 21.6 21.8 20.7

8 3.2 1.5 1.5 1.7 2.1 1.7
% Body Fat x 24.9 25.1 26.6 27.4 28.1 27.9

8 7.0 6.8 3.8 4.9 3.7 6.3
Fat Weight (kg) x 10.8 11.6 14.4 16.1 16.2 15.7

8 3.8 5.6 3.2 4.8 3.7 4.7
Lean Body Mass (kg) x 32.6 33.7 39.4 42.0 40.9 39.8

s 7.1 5.0 4.9 6.1 4.4 4.2

T he s ta n d a rd  d ev ia tions o f  th e  errors of e s tim a te  o f f a t  w eigh t are  3.1 kg  an d  
2.3 kg  in  m ales an d  fem ales respectively . T h a t  is, tw o -th ird s  o f th e  errors of 
e s tim a te  fell w ith in  a ran g e  o f  6.2 and  4.6 kg.

W e n e x t exam ined  th e  p red ic tio n  errors w hich re su lte d  from  ap p ly ing  th e  
eq u a tio n s  derived  for th e  to ta l  sam ple b y  c ity  of residence , i.e ., M inneapolis 
or P h ilad e lp h ia . T he resu lts  a re  given in  T ab le  4, w here i t  is im m ed ia te ly  a p p a r
e n t t h a t  th e  erro rs of e s tim a te , w hen ca lcu la ted  se p a ra te ly  b y  c ity , are con-
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an d  th e  p e rcen t bo d y  fa t  ca lcu la ted  from  bo d y  d en sity  u sing  th e  forn 
o f  B ro zek  e t al. (1963):

4 370
P e rcen t B ody  F a t  =  —----- - — 4.142

D

w here D =  body  d ensity , expressed  in  gm /m l.
B ecause of th e  dangers o f o v er-d e te rm in a tio n , we d id  n o t u tilize  all o 

a n th ro p o m e tric  variab les w hich h a d  been  m easured . R a th e r , we attem  
to  use th e  m in im al n u m b er o f m easu rem en ts , tho se  o b ta in ed  easily  on su l 
u n d e r v a ry in g  conditions. A fter analyzing  th e  co rre la tion  m a tr ix  forme 
th e  b o d y  m easu rem en ts, we chose, as p red ic to r variab les , th e  th ick n ess  < 
tr ic e p s  skinfold  an d  Q u e te le t’s In d e x  (w eigh t/he igh t2). S ince ou r sul 
sp an n ed  a six -year age range in  w hich bo d y  com position  is know n 
ch an g in g  ra p id ly  (P arízková  1977, T a n n e r  1962), th e  age o f  each  in d r  
w as also used  as a p red ic to r va riab le .

F o r  th e  d ep en d en t va riab le  we decided to  use th e  bo d y  fa t  w eigh t. Tb 
cen t b o d y  fa t  was n o t used  because  o f its  low er co rre la tions w ith  an! 
m e tic  dim ensions w hile d en sity  w as n o t chosen because o f  th e  d iffic t 
in te rp re tin g  v a ria b ility  in  m ean ingfu l u n its  o f b o d y  com position .

T he p red ic to r v a riab les  w ere en te red  seq u en tia lly  in to  a lin e a r  regi 
m odel o f th e  form :

F a t  W eigh t =  Age +  Q u e te le t’s In d e x  T riceps

a n d  o p tim a l regression w eights derived  for each sex.
V a lid a tio n  o f these  equ a tio n s w as accom plished b y  m eans o f  th e  J a  

te c h n iq u e  (Mo st e l l e r —T u k e y  1977). T he sam ple was d iv id ed  ra r  
b y  sex, in to  10 groups. S ep a ra te  regression analyses w ere carried  
co m b in a tio n s o f n ine groups a n d  v a lid a ted  on th e  te n th , u n ti l  all 
co m b in a tio n s h ad  been  analyzed . This re su lted  in  10 se p a ra te  valii 
each  one on 10%  o f th e  sam ple; th u s  each of th e  235 su b jec ts  partic i] 
th is  v a lid a tio n  procedure  once. T he erro r of e s tim a te  was calculate« 
m ean  e rro r of th e  10 v a lid a tio n s , again  b y  sex.

R esults

T ab le  1 p resen ts th e  m eans a n d  s ta n d a rd  dev ia tions o f se lec ted  a: 
m e tric  a n d  densitom etric  variab les . T he values are n o t n o ta b ly  differ 
th o se  fo u n d  b y  o th e r in v es tig a to rs  an d  confirm  th a t  th is  sam ple  is n o t 
fo r a n y  reason . T able 2 p resen ts  th e  p red ic tion  equ a tio n s re su ltin g  
analysis o f th e  to ta l  sam ple. In  m ales, 72%  of th e  va rian ce  in  f a t  w eight 
ex p la in ed  b y  th is  m odel w hile, in  fem ales, th e  percen tag e  is som ew hi 
76 .8% . These values co rrespond  to  m u ltip le  r ’s o f .849 an d  .876 res] 
In  m ales, th e  regression w eigh ting  for Q u e te le t’s In d e x  is som ew l 
th a n  th a t  for th e  tricep s skinfold , w hile, in  fem ales, Q u e te le t’s In d e x  is 
con sid erab ly  m ore th a n  th e  tric ep s  fold. In  b o th  sexes, each  regressiv 
is s ig n ifican tly  g rea te r th a n  zero.

T ab le  3 gives th e  re su lts  o f  v a lid a tin g  th is  ap p ro ach  using  th e  
te c h n iq u e . The m ean  errors o f e s tim a te  are  on ly  a b o u t .01 k g  in  b



Equations for predicting fat weight in white American youths, 12 —17 years'

Table 2

V  a riab le

R egression  W eigh t

M ales - F em ales  
(n  =  169) I (n  -  66)

U n its

Constant -1.024 -15.869
Age -0.492 +0.355 yr. +  decimals
Quetelet’s Index +0.584 +  1.109 kg/m*
Triceps Skinfold +0.668 +0.170 mm
R! 0.720 0.768 —

• P re d ic te d  f a t  w eigh t in  kg

Table 3

Mean errors of 10 validations each of 10% of sample

Sex na X» sc

Males 10 0.008 3.099
Females 10 0.012 2.300

a n u m b er  o f  v a lid a tio n s ; sam p le  size for each : m ales, 16 o r  17, fem ales , 6 o r  7 
b m ean  o f  p red ic te d -a c tu a l f a t  w eig h t 
c s ta n d a rd  d e v ia t io n  o f  sam ple m ean s

Table 4

Mean error of predicted fat weight by city3

C ity  o f xbR esid en ce

Males
Philadelphia 121 -0 .489 2.919
Minneapolis 48 +  1.232c 3.330

Females
Philadelphia 25 -0 .568 2.552
Minneapolis 41 +  0.346 2.056

a f a t  w e ig h ts  p red ic ted  fro m  eq u a tio n s  o f  T ab le  2 
b m ean  p red ic te d -a c tu a l f a t  w e ig h t in  k g | 
c s ig n if ic a n tly  d iffe ren t f ro m  z e ro , p  =  .02

sid e rab ly  h igher th a n  for th e  com bined  sam ple. In  th re e  o f th e  fou r sex /c ity  
g roups, these  errors c lu s te r  a ro u n d  o ne-ha lf k ilogram , th o u g h  these  th ree  
m ean  are  n o t s ig n ifican tly  d ifferen t from  zero. H ow ever, in  th e  case o f M in
neapolis m ales, th e  m ean  e rro r  of p red ic ted  fa t  w eight is + 1 .2 3 2  kg , a value 
w hich  is s ig n ifican tly  d iffe ren t from  zero a t  a p ro b ab ility  o f  0.02. T he s ta n d a rd  
d ev ia tio n s o f th e  errors o f e s tim a te , ca lcu la ted  b y  c ity  (T able  4), d id  n o t differ 
from  th e  SD ’s for th e  sam ple  as a w hole (Table 3).
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Discussion

The re su lts  of th is  analysis w ould  seem  to  in d ica te  th a t  su itab le  e s tim a tes  
of w hole bo d y  com position  m ay  be m ade from  th e  equations p re sen ted  here, 
for y o u th  in  th e  12 to  17 y ea r age ran g e . T his is suggested  by  th e  v a lid a tio n  
d a ta  o f T ab le  3, w hich in d ica ted  q u ite  low  m ean  errors o f p red ic tio n .

H ow ever, a closer ex am in a tio n  o f  th e  analyses suggests th a t  th e re  m ay  be 
problem s in  th e  use o f p red ic tio n  equ a tio n s for adolescents. T he f ir s t  such 
prob lem  is in d ica ted  b y  th e  va lu es  o f th e  s ta n d a rd  d ev ia tions o f  th e  errors 
o f e s tim a te . In  m ales, th e  S D ’s ap p ro x im a te  3 kg an d  in  fem ales, 2.3 kg. 
In  o th e r  w ords, an  estim a te  o f f a t  w eigh t in  an  in d iv id u a l su b jec t, using  these  
eq u a tio n s, can  be expected  to  be  accu ra te  to  w ith in  a ± 3  or ± 2 .3  kg.

W e m a y  express th e  erro r o f  e s tim a te  for in d iv idua ls in  a n o th e r w ay. I f  we 
com bine our sam ple, giving a m ax im u m  o f 235 sub jec ts , we fin d  th a t  th e  s ta n 
d a rd  d ev ia tio n  o f th e  erro r o f  e s tim a te  is 2.966 kg. For all sub jec ts , sexes com 
b ined , th e  m ean  fa t  w eight d e te rm in ed  b y  d en sito m etry  w as 11.075 kg. I f  we 
use tb e  one s ta n d a rd  d ev ia tio n  va lu e  as a reference, th e  erro r o f p red ic tion  
of fa t  w eight in  an  in d iv id u a l is 2.966/11.075, o r ± 2 7 % .  C learly, an  erro r o f 
27%  is unaccep tab le  in h u m a n  biological research . W e m u st th e re fo re  conclude 
th a t  i t  is n o t possible to  derive  p red ic tio n  equa tions for in d iv id u a ls  o f th is  
age ran g e  w hich allow  us to  e s tim a te  th e ir  b o d y  com position  w ith  a su itab le  
degree o f accuracy .

O n th e  o th e r h an d , one m a y  a rgue  th a t ,  even i f  p red ic tions in  in d iv idua ls 
are  n o t  ju s tif ied , th a t  i t  m a y  be possible to  m ake p red ic tions fo r groups, i.e ., 
to  p re d ic t th e  m ean  fa t w eigh t o f  a sam ple from  th e ir  b o d y  m easu rem en ts. 
W hile  i t  is tru e  th a t  th e  m ean  errors from  th e  v a lid a tio n  p rocedure  (Table 3) 
w ere qu ite  low , th e  errors w ere h igher w hen th e  sam ple w as subd iv id ed  by  
c ity . A nd, in  fa c t, in  one o f  th e  fo u r subgroups, th e  m ean  erro r w as sign ifican tly  
g re a te r  th a n  zero.

I t  is som ew hat su rp rising  th a t  th e  m ean  errors w ere so m u ch  h igher w hen 
th e  sam ple w as subd iv ided  b y  c ity  o f residence. W hile M inneapolis an d  P h ila 
d e lph ia  are hund red s o f k ilom eters from  each o th e r, an d  occupy d ifferen t 
c lim atic  zones, th e  su b jec ts  o f b o th  sub-groups are  o f p red o m in an t E u ro p ean  
a n c e s try  an d  b e tte r  re su lts  m ig h t have  been expected  in tu itiv e ly . Two reasons 
fo r th is  difference are im m ed ia te ly  a p p a re n t. F irs t, th e  tw o groups (P h ilad e l
p h ia  and  M inneapolis sub jec ts) m igh t differ enough bio logically  due to  e thn ic  
a n d  env iro n m en ta l fac to rs  to  d isp lay  differences in  th e  re la tio n sh ip s  betw een  
a n th ro p o m e try  and  bo d y  com position . Second, desp ite  our effo rts, th e re  m ay  
h a v e  been enough sy stem atic  d ifference in  th e  d e te rm in a tio n  o f  bo d y  d en sity  
o r  in  th e  m easu rem en t o f  th e  an th ro p o m e tric  v ariab les to  cause a difference. 
W h atev er th e  case, th is  argues th a t  p red ic tion  eq u a tio n s derived  from  one 
g roup  m ay  be applied , w ith  an y  confidence, only  to  th a t  specific p o pu la tion  
from  w hich th e y  w ere derived . To ap p ly  th em  to  an y  o th e r p o p u la tio n , no 
m a tte r  how  biologically close th e y  m ig h t be th o u g h t to  be, ru n s  th e  risk  o f 
sy stem atica lly  b iasing th e  re su lts  o f one’s research .

O ther investig a to rs  h av e  com m en ted  on th e  specific ity  o f equ a tio n s for 
p red ic ting  bo d y  com position . H ug h es  e t al. (1981) ap p lied  th ese  equa tions 
to  a sam ple o f 45 12 —14 y e a r old M exican-A m erican boys, on w hom  densities 
h ad  been ca lcu la ted  b y  u n d e rw a te r  w eighing. T h ey  found th a t  th e  equ a tio n s 
o v erestim ated  th e  p e rc e n t b o d y  fa t  b y  21%  an d  th e  fa t  w eigh t b y  8.9 kg .
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F l in t  e t al. (1977) concluded  th a t  i t  m ay  be im possib le  to  generalize p re 
d ic tion  eq u a tio n s from  one group to  a n o th e r. In  a n o th e r  s tu d y , Sa tw a n ti 
e t al. (1977) ap p lied  12 se p a ra te  fo rm ulae, o b ta in ed  from  th e  l i te ra tu re , to  d a ta  
from  65 young  a d u lt  In d ia n  fem ales. T hey  fo u n d  th a t ,  in  each  case, th e  form ulae  
sy stem atica lly  u n d e re s tim a te d  body  d en sity  an d  none could  be used to  g enera te  
u sab ly -accu ra te  e s tim a tes  o f fa tness in  th e ir  su b jec ts .

I t  seem s c e r ta in  th a t  th e  problem s discussed here  a re  especially  acu te  in  
ado lescen ts. B o d y  com position  is know n to  be chang ing  rap id ly  d u rin g  th is  
tim e  an d  in te r- in d iv id u a l v a r ia b ility  is increased  b y  o th e r fac to rs , such  as th e  
ra te  o f biological m a tu ra tio n  ( J ohnston  an d  Ma lin a  1966). In  a d d itio n , 
w here th e re  is s ign ifican t under- or o v e rn u tr itio n , illnes an d  disease, an d  
v a r ia tio n  in  daily  levels o f  energy  ex p en d itu re , e s tim a tes  w ould be expec ted  
to  be m ore b iased.

T hus, i t  seem s in ad v isab le  to  a tte m p t to  u tilize  p red ic tio n  equ a tio n s for 
e s tim a tin g  body  fa tn ess  in  adolescents from  th e ir  a n th ro p o m e try . To be sure , 
such  estim ates are  inadm issib le  for ind iv id u a ls  in  v iew  o f  th e  v e ry  h igh  errors 
associa ted  w ith  in d iv id u a l p red ic tions. T he n a tu re  o f  th e  p o p u la tio n  specific ity  
o f an y  equa tions in d ica tes  th a t  s ig n ifican t sy s tem a tic  erro rs m ay  also be 
ex p ec ted  w hen such  equ a tio n s are  used to  p red ic t m ean  values for body  com 
positio n  v ariab les. A t th is  tim e , i t  w ould seem  b e t te r  fo r in v estig a to rs  to  con
tin u e  to  u tilize th e  an th ro p o m e tric  dim ensions them selves. E v en  th o u g h  b o d y  
m easu rem en ts a re  in d irec t, th e ir  jud icious use will re su lt in  few er errors th a n  
th e  u tiliza tio n  o f p red ic tio n  equations.
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