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Practical Assessment of
Body Composition

Andrew S. Jackson, PED
Michael L.. Pollock, PhD

In brief: The assessment of body composi-
tion has become an important method for de-
termining a desirable body weight of adults
and athletes, Hydrostatic weighing is & pop-
utar and valid method, but it is often not fea-
sibie for the clinical setting or for mass test-
ing, thus, anthropometry has become the
preferred method. This article reviews the sci-
entific basis for generalized body composi-
tion prediction equations and provides meth-
ods for evaluating body composition. The
authors recommend using a sum of three
skinfolds (triceps, chest, and subscapula for
men and triceps, abdomen. and suprailium
for women) and give detailed instructions for
securing accurate measurements of body fat.

ith the growing body of hHtera-
ture supporung the value of reg-
ular physical activity for health
and fitness, the evaluation of
body Lomposm(}n has become an important
aspect of adult fitness and medically super-
vised rehabilitation programs. A major goal of
adult fitness and rehabilitation programs is 10
control hody weight and fat with regular ex-
ercise and proper nuinition, so accurate mea-
surernents of body composition are needed to
develop sound weight reduction and preven-
tive health programs, Suitable body compo-
sition is important not only for heaith but also
for athletes interested in maximizing their per-
formance. Being overweight has been shown
1o be associated with medical problems such

D, Jackson is a professor in the department of health,
physical education, and recreation at the University of
Houston. Dr. Poliock is director of cardiac rehabilitation
and sports medicine for Universal Service. Rehabilita-
tion, and Development inc in Houston and is affitiate sci-
antist of the Texas Hear! Institute in Houston, Dr. Jack-
son is a fellow and Dr. Poliock is & life feliow of the
American Cotlege of Sports Medicine.
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“Table 1. Linear Correlations Between
Body Density and Amhrapometnc

Vaﬁables for Adults
i - Me:z’

- Variables A 402}
Haght =0 03'
Weight —063
Body mass | =088

Skinfolds

Chest , i .

pxila o 082 o

- Triceps.. =079
Subscapula =07
Abdomen —083

=Supramum —D75 - -
Thigh ~078
Sum of seven e
Circumferences : it
Waist . - ~0 805 -

Gluteal w08
Thigh o084

‘Biceps .. . —05L
Forearm - - - —035

—085 -

-~ 088 :

: Women*

{n = 283y

L0
e B3
o070

“wi/ht where weight is in kg and hc:qh' B0 meters

Figure 1. Dr. Pollock is shown using an underwater weighing tank to determing body compaosition.

as hypertension, diabetes mellitus, and heart
disease.’ Athletes must move their body mass
quickly and efficiently in most sports. Exces-
sive accumulation of body fat decreases jump-
ing ability, reduces running speed, and lowers
the endurance of athletes. There is a growing
body of data supporting desirable body com-
position levels for various groups of athletes.”

Several methods are available for measuring
bady composition.’ The methods most often
used are laboratory lechniques, of which hy-
drostatic weighing is the most popular (figure
1), and anthropometric techniques, which in-
clude height-weight indexes, skinfold fat, body
circumferences, and bone diameters. The lab-
oratory methods are accurate but expensive in
terms of time, equipment, and trained tech-
nicians. Tor these reasons, the hydrostatic
methods are usually not used in the clinical
setting or for mass lesting Various height-
weight ratios have been used most often to
evaluate hody fatness. However, research has
shown that skinfold variables provide more
accurate estimates of hvdrostatically measured

Vol 13 N % e May 85 F THEPHYSICIAN AND SPORTEMERHCINE




Table 2. Descnpz;ve Statlstscs and Stattstaca! mffarences tor Merf’ artd Wumen*

: Men {n 402) : Women (n*-’z&‘&}
Variables o Mean  SD Range Mean -_SD Flange : fratio
'Generalcharacteristlcs:- L : S CEE
AGefy it s R g 18—6; 818 115 Bss s
Height(emy 0 0 o0 el B4 1632010 1688 5B {BzaES L 217E
Weight kg) 782 17 B3P STS 7A 3588 ZRgw
Body mass index {wt,'ht)-; S efAA B2 BT e B0 R R T g
Labaratow deiermmed__ S R L e R R G
Hody density {gm/mf} - 0 1DBB 0018 TOIBTI00 . 1044 0OIB 10221001 1046
Percentfat (%) 7@ BE L7 o440 72 e Langys
Leanweight (kgh i B3R TR ATA00 s 48y 42 agsd AR AR
Fat welght g)oo TG T8 142 D 3 BT 236 BB
Skinfoids{mm) T S min S
Chest = G . 482 - BO 341 . 126 48 326 aBy
Axilla : i L1730 B7 438 .. 130 Bl 333 L 7a7
Triceps i 142 81 33 7 182 . Bg 541 —~ 857"
Subscapula e ABG L T BB e 4D B By 190
CAbidomern R B BB BB AR G G
Suprailirm L LT G R B G BB8 T a3 G 3asn
Tgh 88 77 4 25 B0 7S 146
'Sum af skinfolds imm} i E R e L
Al seven cil 12200008200 31272 258 420 B6P66 =pre
Chest, abdémen thigh S BBE L BAR IR T R
Triceps, chest, subscapm i S AR TR 0s L e
Iriceps, supfaifium, thigh - T ' S S BTB 180 181260
‘?nceps sugraiium, abdomen ' 63 210 s

body density than height-weight ratios™ A
popular method 18 to use 4 regression equation
and predict body density from various com-
binations of anthropometric variables.
Lohman® discussed the practical application
and accuracy of body composition prediction
equations. The purpose of this paper is o pre-
sent valid and practical field methods to use
with adults who vary considerably in age and
hody fatness.

Prediction of Body Density

Many researchers have published regression
equations with functions to predict hyvdrostat-
ically measured body density from various
coanbinations of anthropometric variables,
and more than 100 equations appear in the
literature. Early researchers developed equa-
tions for relatively homogeneous populations.
In 1951 Brozek and Keys® published the first
valid equations for voung and middie-aged
men, Thirty years of research on estimating
bady density from anthropometric variables
has shown that skinfold measurements are
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more accurate predictors of body density than
other anthropometric variables. Table 1 shows
the linear correlations between body density
and selected variables using data from a large
sample of men’ and women.* As these data
show, the poorest predictors of body density
are with height-weight variables. The highest
correlations are between skinfolds and body
density, with the sum of all seven skinfolds
vielding the highest correlations. Selected bodv
circumference measurements are substantially
correlated with body density. This is especially
true for gluteal and waist circumference for
women and waist circumference for men.
Three major research trends have emerged
in the prediction of body density from an-
thropometric vanables. First, skinfold fat is
distributed differently in men and women.’
Table 2 gives the descriptive statistics for men’
and women.? There was no sex difference for
the sum of all seven skinfolds, but the skinfolds
for women were larger in the limbs, while the
men had more skinfold fat at the chest, axilia,
and suprailium sites. These data show that to-




00 RS T talskinfold thicknesses of men and women are
fe e : similar, but individual site distributions are
different. Even though the sum of seven skin-
folds of men and women were nearly identical,
hydrostatically determined percent body fat is
substantially different and can be traced to dif-
ferences in sex-specific essential fat.” Second,
as shown in figure 2, the reiationship between
body density and skinfold fat is nonlinear.™*'*
A Hinear regression equation provides accurate
predictions for the middle of the bivanate dis-
Lo , tribution, but the prediction errors are larger
trdaraaaaa et et el at the extremes. With a nonlinear regression
_'59 80 100,120 140 160 180 200 220 240 260 2801 model, consistent prediction accuracy is main-
: tained through the varying range of body fat-
ness (figure 3). Third, age has been shown 1o

Figure 2. Bivariate distribution of hydrostatically determined body density’ - be independently related to body composi-
and sum of seven skinfeltds with the linear and guadratic regression lines tion. 5 To iHlustrate, for 2 sum of seven skin-
of adult men aged 18 to 61 years. Reprinted with permission from Jackson fol £130 h S = body densitv of
AS, Poltock ML: Generalized equations for predicting body density of men. olds of | mm, the average body density o
Br J Nutr 1978,40:497-504. 20-vear-old men is 1.039 gni-mi-' (17.4% fat),

but for 50-year-old men itis 1L.050 (21.3% fa1).”
Body composition prediction equalions are
termed either population specific or general-
ized. Population-specific equations were de-
- T T ™ veloped from relatively small, homogeneous
. Qu_a_tif.atic Model = - - g samples. and their application is limited to that
. R i subsample. The more recent approach has

1070
1.080
1050
1040
1.030
1.020
1010

- Body Density (gm'mi)

K |
40

. Sumot Seven Skinfolds (mm)

HHH2H

‘ 11113.3%t04% 111 been to develop generalized equations that can
S— T —— = { be used with samples varying greatly in age
LinearModel .~ - TWMgel and body fatness. The generalized equa-
: - tions " were developed on large heteroge-

Figure 3. The figure diagrammatically iilustrates the differences of the neous samples using regression maodels that ac-

standard error of measurement for predicting percent body fat {body count for age and the nonlinear relationship

density) using the linear and quadratic regression models. Note that the - - iiee,
standard errors of the mean are similar at the population means buf vary between S)‘-fnfold fat and body de nsiy (figure
significantly away from the mean for the linear model. The linear mode! 2). The main advantage of the generalized ap-
fends fo underestimate 'bc}dy densily in lean sub;’ects aqd avere;tirﬁafe it in proach is that one equation replaces several
fatter-than-average subjects (s8¢ figure 1). Reprinted with permission from

Jackson AS, Pollock 8L Steps toward the development of generalized without a loss in prediction accuracy. A de-

equations for predicting body composition of adults. Can J App! Sperts Sci tailed discussion of population-specific and

1882:7(September) 187-196. generalized equations can be found in other
sources.

; Tables 3 and 4 show three generalized body

Table 3. Three Ganerahzed MY 99“5“? E‘i'-‘at“ms . density prediction equations,”* Separate equa-

for Men” e - tions are provided for men and women 1o ac-

'-Regressian Equat;un i _:; e :' ' SE - count for sex differe_nces. A quadratic com-

o ponentis used to adjust for the nonlinearity,

BD(M =1 i120000{) 0%@43499 (X} .- D90 0008  and age is an independent variable 1o account

. + 0.00000085 (X.)' - 0.00028826 fxa) -~ . foraging The sum of three and seven skinfolds

.BD(M 2) = - 199380{) 00008267 (%) : . (}91 Gﬂ(}& are highly correlated (r=0.97), which demon-

e 00{300016 (X ) 0.0002574 ()(4) "7 strates that different combinations of the sum

.. ofskinfolds can be used with minimal loss of

BO(M-3) = 1. 1125025 09013125 (x,) 0;39.'. 0008  accuracy. The use of the sum of three instead

+ 00000055 {X.s) -9000244@ } © o o of the sum of seven enhances feasibility. We

) . ' ~ " found that adding body circumference

b" P measurement 10 age and the guadratic form

age in years of skinfold fat produced statistically significant
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T‘abie 4. Three Benerahzed Bedy Density Equatmns for Women* o

Regressmn Equation S

BODIF-1) = 10970 - 000046071 {x*a + ems&a{x;“] .

=4, GOO“% 2828 {XJJ

89?—2} o 1{)99421 £ {}0609929 fX) i OGGOG@ZS (X )"_

i 0’300?392 (X3

BD(G) = 1089733 - 00009245 txz + d;aspfﬁffzgﬁ_.(xs)z:"

ik G {}0009?9 {Xd}
e urm of seven skindolds. X, == sum of triceps, thigh,
SL im, andd abdominal skinfolds, X, = age n years

higher muitiple correlations. The increase in
the multiple correlations was from 05010 0.92
for men and from 8.83 o 8.87 for women, ™

In ocur caperignce abdominal skinfold in
men and thigh skinfold for women are difficult
for some technictans to measure. Additionally,
the best sum of three skinfold eguations,
shown as BDOV-2) and BI(F-2) in ables 3
andd 4, requires the remaoval of clothing, which
can be awkward 1n some testing situations. For
these reasons, equations BD(M-3) and BID(F-
3) itables 3 and 4} were developed. The mul-
tiple correlations for these eqguations are
shghtly lower, but the standard errors of pre-
diction, rounded to the nearest 0,001 gm-mb,
are identical 1o the best sum of three equa-
tions.

The multiple correlattons and standard er-
rors of measurement for the generalized equa-
tions are well within the range reported for
equations developed on homogeneous sam-
ples. These findings demonstrate that gener-
alized equations can be used to replace several
different population-specific equations and are
valid for adulis varving greatly in age and body
fainess, However, an important caution should
be raised when using the generalized equa-
tions: The equations were developed on men
and women who ranged from 18 to 61 years
of age, so the accuracy of the equations bevond
this age range is not known, For this reason,
the equations should be used cautiously with
subjects outside this age range. For these ex-
tremne age-groups, body water and bone density
vary, which could affect an equation’s accu-
racy.” Another concern should be raised with

o oo
..9.13 4 - 526{_19__
and suprailium skinfolds. x = gL -af..mse;)s.

extremely obese individuals. Percent body fat
estimates for persons with sums of skinfold fat
exceeding the ranges provided in table 2 must
be interpreted with caution. Prediction errors
larger than normal can be expected with this
tvpe of person; the more the sum exceeds the
upper value listed in table 2, the larger pre-
diction errors will become.

The accuracy of the generalized eguations
with adults similar to the descriptive statistics
presented in table 2 has been cross-validated. ™
The accuracy of the generalized equations with
unique populations {eg. professional football
plavers} has not been adeguately defined.
Thorland et al*® cross-vahidated the generalized
equations on samples of adolescent male and
female athletes and found the generalized
equations could be accurately used with these
populations. More cross-validation research is
needed.

Suggested Methods

Just weight, age, and the sum of three skin-
folds are needed to evaluate an adult’s body
composition. We recommend two different
sums of three skinfolds for men and women.
For men 1t is the sum of chest, abdomen, and
thigh skinfolds, and for women it is the sum
of tnceps, suprathum, and thigh skinfolds.
These two sums of three skinfolds were se-
lected because they provided a good represen-
tation of the 1o1al body and were highly cor-
refated with the sum of seven. The memory
jogger 1 (figures 4 through 10) gives detailed
mstructions for measuring body fat,

We think that i 1s more practical o use the
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_Measunng Skmfeld Fat

The ac;curac;y of bedy denszty
estimates from regression equatrons :
depends on securing accurate .~
-mieasures of skinfold fat. Accuracy is .
~enhariced by using a suitable caliper
and having a trained technician =
measiure skinfold fat af the prog;er
Ipeations improper site selectionis
~probably the most common reason.;
COF errorin measurmg skinfoid '

AL ange Gal iper {Cambrsuge
Soientific industies, Cambridge;
“Maryland) was used 10 messure .
skinfoid fat of the subjects who were
used to develop the generalized .
equations. Several gomipanies have
producad inexpensive plastic.
calipers that correlate highty with the
xpensive caliper, bul a recent
+¢i% showed thatl other calibers
yseided somewhat higher readings
thanthe Lange caliper: This
suggests that the inexpensive .
catipers will yield somewhat lower
astimates of rye body falness, but
the ranking of individuals within the -
testad group will be consistent with:
the ranking using the Lange catiper.
A Lange caliper wili give the most
accurate estimate of trué body
dengity with the'genergiized
equaticng it another catiper. is usezz
it should he demanstrated 1o yeld
fesilits consistent thh the Langs:
cahper. ;
The'skinfold siteg and rethads are
“Hsted below. Al medsuréments were
iaken on the right side of the body.
Figures 4 through 10 iflustrate the
measurament-methods. 8
1. Chest: 2 diagonal fold faken, haH :
of the distance between he arderior
axillary line and nipple for men ar;_d ;
ohe third of the Gistance from the

wornen {figure 4).
2. Axilla: & vertical fold on 1he
midaxillary line at the tevel of the-
xiphoid process of the stemum
(figure 5. -

memory logaer | |

' Figure 4 Tes: srte for men and women and pfacement of ca!fpers for chest
o skinfold. . . :

anterior axillary line fo the mpple fes i

Figure 5/ Tesz site and placement of calzpers for axilia skmfoid Tha ax;!!& skinfold

Site Is shown.in reiaaon i the men’s chast site,

Figure 6 Test site ang placement of calfpers for triceps skmfold The fnceps

ant‘rzued ‘skinfold sité is shown m re{armn ta :he sabscapuiar skrnfo!ﬁ s:te

Chip and copy for a useful guide.
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Sttt v Ay ot

“hetween The actomion and Slecranar

Agre 7Y

“tesisr should go onto the next site’
and return to the trouble spot after

3 Triceps: & vertical fold 6n iha '
posterior midine of the Uppet arm’
fover the riceps muscle}, halfway:

processes: the elbow should be
exiénded and relaxed (hgure 5)
4, Subscapuiar  fold takenon &
diagonal ling coming from the
veriebral border 1o'1 1o 2'6m from
the inferior angle of ihe sca;:mla

5 Abdommal' a vermal foi{} take

al & lateral distance of approxirmatel ¥

2 om from the umbilicus {figure 8}
6. Suprailium: a diagonal foid
above the crest of the #umat _ihe .
spot whete an imaginaty fine would

come down from the anterior axiilary:

fine {figure Oy Many recommiend that

al the antdrior axiltary ling
7 Thighs 4 verhicalfold on'ihe
antetior gspectotihe thigh midway
between hip and knge omts (fzguﬁa
105,
Grasp the skan‘fsd fsrmly b; ihe

thumts and index figer. The caliper. -

s perpendicular to the foid 8t

spproximately 1om {?fzi i fromthe

thumiy and forefinger. Then release

the caliper gripso. that full-lension s

exarted on the skinfold: Use the
pads alithe ipof thumb and finger
to grasp the skinfeld, Testersimay

et 10 trim their rails. Bead the dial
o the nigarest 0.5 mim ap;zraxamdfeiy.

one o two secohds g
has beenreleased. A m

two measyrements should be taken '

ateach site. f the repeated
measurernents vary by more than 1.
mifr1; & third should be taken.
if consecutive fa measazreme s
hecore srallerand smailer the. fai
is being compressed. 1hi5 0CCLS
‘mainty with fiashy” people The |

-ftishing the othel measiiements;

the: final Value will be the average of

tha two that shem fo best represent
the skinfaid fat site) Typicall v %?ze

edter shouid Somplete g

meastyrement atong gite before
rioving o another. It is bettar to
make measmements wheh %he skm

g dryi becausa when thigkin 8

themisasure be taken more ?a*eraiiy b

g
subscapwar skinfold. The propet s;ts :
Hocetion is shownin figure 6

Figura g Tesf sitg an ;;Iacemem af caliners for abdomiral Ekinfold. The

v Flgure 8. Caliper placement for o0
BupraLnY skinfole. The proper site .

focation s shoven in figure 8.

“moistorweal thatester may grasp
e skinc(faty and get larger values,
‘Measurerments should not be taken

inimethately alter exersise or when'a |

subectis overhealad, becatige the,

shiftof body fiud to the skan will

increase skinfold size, Practice g

- necessary 1o grasp the same size of

; abdemma! §ite is Shiown in relaion’ za the: supramum Site,

Figure 10 Caliper piacement for thigh
“skintold. :

skinfold consigtontly'at the sams
location-every Hme, Gonsistency can
be ensured by having several
techriciany take the same
messirements and comparing
results; Proficiency In measuring
skinfolds may take practice sessions

CARRELUD to 5010100 subjects

Eirvie vy !mc;wv AR SFORTSMEDICINE 1985 ?’ef"'\ ss:or i Faannt sgraning b Binpe s{ix-caiacmal BFPOSEE,
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Tab!e 5 Percent Fat Estsmate for Men* Sum of Chest, Abdomen, and ngh Skmfalds

sum of triceps, chest, and subscapula for men
and triceps, abdomen, and supratlium for
women. The accuracy of the two sums of three
skinfolds is similar, which provides the option
of using either combination. All equations are
provided in tables 3 and 4. Tables 5 through
§ are provided to expedite the calculation of
percent body fat from the sum of three skin-

THE PHTHICTAN ARD SPORTEMEINGINE & Voi 13 No 8- May 80

o -'_Age tn Last Yaar cenra
Sumcf : WL R -Gver
: Skmfcﬁds {mm) 42  43-47  48-52 . 53-57 57
810 L3070 450 B0 BE
1113 33 48+ - B5 .80 BB
SEGLE B9 64 70 75
i7ag . 69 74 - 80 . 85
EgR2 B2 797 84 B9 - 95
2apnann g A ga g g8y
PGP GRL 030 it d
2B 0713 e 2a
323400 {66 g2 g 133
3537 100 126 a3 a3yl
3840 28 135 41 946 1B2
4143 13, 144 150 185 161
A44B - T 14 159 164 170
4749 - 5 15 13178
BB 16, ot 182 - 188
- B355 -.179".:_;'}85 L L
5658 2 188 0 194 200 205
5961 _ 7.9 31 - 197 ¢ 202 208 214
g2bs 0 o 8 9 205 21t oo2n7 o 222
BABT. . L2080 L PYE 21225 0 231
68707 204 216 222 227 233 238
7173 212 P24 230 286 24y 247
TA4T6 - e ipag o p3g 244 280 255
I 21 7 '222' 228 .;:234 o240 248 252 268 263
80-82 Sop4. 230 0 236 . 242 248 254 B9 285 21
8385 932 238 pa4 P50 - 255 261 267 213 278
86-88 240 245 P51 . 257 263 . 289 275 281 287
89-91 eAT 953 . 259 . 285 . 271 276 282 288 294
9294 4 26D 266 @12 278 284 200 296 402
Q297 261 esy . 273 278, 2BE . 291 207 303 308
SE800 289 PTA o 2Bh PRSI ZRE 288 304 L3110 318
1091080 D75 2R 2By 293t pyg B0 d Y7523
\04408 0 g2 8B 294 B0D S R06  Bi2 @& 24 330
1074090 0 2BS e85 309 307 313 0 3180 325 - 334 337
Y12 cPee . A02 0 308 g4 320 E260 0 B3E 338 444
93415 00 apz 308 34 3200 386 332 338 34538
116118 305 - 315 3248270 333 339 5 31 357
119-121 816 321 827 0 333 339 - 345 31 357 364
122-124 321 37 333 3L 5381 /B 364 0
125-127 327 33 339 845  3B1 BB W4 FDO IS

folds and age. The tables were computer-gen-
erated using the regression eguations, and
body density was transformed to percent body
fat using the Siri formula.’* Similar equations
and tables using different combinations of
skinfolds may be found in the revision of The
Y’s Way to Physical Fitness.”

If computer facilities are available, the body




'_Tabie 5. Percem Fat Estimate ’tar Men: Sum of C:hest, Abdameﬁ, and Thlgh Skmfo!ds

3 _l&ge to Las’t Year

_$umof i _Us'sder G Lo i

< Bkinfolds {mm) L 23423_’. 2&32. CASA37 0 B8-420 4347

B0 S e B a

A L@ g ey ag

i 820038 48 58

4719 42 47 B3 BS T

2022 D BT B2 T
2325 Bt BB T2 CB8 84 99 105 -
- 2628 700 TB . B1 98 103 109 114
2931 80 . 85 ... 91 -;_-j 107 5113 118 124
32:34 ‘g9 94 - 100 Y118 122 128 - 133
3537 o8 . 104 1080 L1280 13 137 143
3840 107 113 118 - 124 135 141 148 - 152
414 R GE R el 44 AB 0 RS 16
Agasi 12503 0 188 42 SRR Rg e T
474G ARA 13800 145 0 1B L o R PACE B
5052 14500 14800 154 AT AT s e BE 188
5365 Sah 870182 168 (0 g B 1o ST Lo R RS R O
seEs 150 165 A7 77 182 BB 194 200 205
5961 CHBG 1740 178 18R 1Gd BT 2020 208 o214
6264 {78 182 1BB 194 180 205 2t4o 217 22z
6567 15 490 9B 202 0B 2130 21g . 22E 230
BRTD 193 1000 2040 210 2B 0222 op2ds 2330 238
Firasy S04 207 212 ozi8 0 PRa. 230236 - 24t 247
AT 208 el gbpn o PeB P32 23 244 2RO 255
P9 ogyyooppe prB DR4 240 246 2R20 288 263
8082 o4 G 23B 0 242 2AR T BB4C 260265 2T
83:85 P32 LZaB 0 gad 250 0 25500 264 SRYUPTE 2T
8688 ZED . PA5 . BBY . 087 -0 0BR 28O 276 281 287
5991 pA7 D53 258 PB5 2Tl 7B 2RE 0 DBB. 294
jerae e SRAL. L PBD . P86 272 78 E8a a8l 296 302
9297 81 eer . 273 gy ooaBs 204 SO7ILB0S B0
98100 269 274 280 P8/ 22 298 304 310 36
101103 275 281 o287 293 298 305 3t 3T 33
104:106 282 288 . 294 300 308 312 318 34 330
107108 - - 9 95 30100307 313 e RS 31 337
10112 . 206 302 308 . 314 3P0 R6 332 318 N4
143415 - 302 308 314 820 328 332 A8 B4R 351
HsE 080 arE c A2 3p7 a3 3300 @A s 86 357
R Al 315 0321 827 0 3330 @5 %45 @Bt 357 oG4
122104 el 307 0333339 0 8453570 3580 364 370
125:127. 337 033300339 845035100 38 34 370 3786

sum of triceps, chest, and subscapula for men
and triceps, abdomen, and suprailium for
women. The accuracy of the two sums of three
skinfolds is similar, which provides the option
of using either combination. All equations are
provided in tables 3 and 4. Tables 3 through
% are provided to expedite the calculation of
percent body fat from the sum of three skin-
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folds and age. The tables were computer-gen-
erated using the regresston equations, and
body density was transformed to percent body
fat using the Siri formula.’* Similar equations
and tables using different combinations of
skinfolds may be found in the revision of The
Vs Way fo Physical Fitness.”’

if computer facilities are available, the body




Table E Percem Fat Estimate for Wmnen
Skinfolds

. ZAge 1o Last ?ear

':-_.'vnder .
2w

ey se
o ne
s
80 B

Sum of
Skmfaids (mm}

2325 :
2628
2831
2
AT
AT
44.45 b
id7ag
50-52
CB3EE
'5963 e
6567
oeg
T3
7476
779
80-82 7
H38s
8688 -
B3gt -
9204
9597
98100
101103

':322 124.
2507

composition values can be easily calculated.
An example of a simple program using the
transformation capabilities of a standard sta-
tistical package {Statistical Package of Social
Sciences) is shown in another source.* A sec-
ond method is with microcomputers. Using
the eguations provided in tables 4 and 5, we
have developed a program® for the Apple mi-
crocomputer.

sum of Trit:epsg Sui:_railiuri;, and Thigh

Over
43»47 48 52 53-5? .
0e "7
- 123
.13
o148

*1‘! 2 3 _'__134 g
125 17
138 140 -
1500 B3
b S 183 188
LR R G
Tchar btk d D e s
i ks 20 aze
28 @1 w3 9
»as m1 @
239 . 242 0 24
o 2k0 0T 252 _.:'25.5- =
2B 287 284l
%9 272 274
278 W1 284
. 288 290 283
297 0 289 302
305 308
314 316
a2 4
329 - 332
337
344
By
364
, ,’371

Caiculation of Desirable Weight

What is a desirable level of body fatness?
This is difficult to determine with certainty,
but normative data have provided some guide-
lines. Although some have suggested more
stringent guidelines for general health,
Lohman® considered that levels of 10% 1o 22%
fat content in men and 20% to 32% fat content
in women were suitable. Whatever the stan-
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Table 7. Percent Fat Estimate for Men sum of Trlceps, Chest, ami Subscapula
-Skinfclds : -
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dard used, recent data from the Framingham
heart study' show that increased weight after
age 25 vears increased the risk of coronary
heart disease for both men and women. Losing
excess weight reduced risk. The body fat values
for average adults would be too high for ath-
letes. Wilmore® has published a comprehen-
sive summary of data of athletes. The average
levels are about 12% for men and 8% for
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women. For events that emphasize effictent
body movement {distance running, football,
gymnastics, eic), the body fat levels tend to
range from 4% to 10% for men and 13% to
18% for women. These ranges can be used as
guidelines, and people doing extensive work
with athletes should examine the data sum-
marized by Wilmore.” More research is needed
to accurately determine desirable body fat val-
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ues for proper health and optimal athletic per-

. formance.
| : - S Once percent fat is known, the weight of an
For exampie the caicuiaiions fora deswed . individual for desired percent body fat level
weight for 15% and 20% fatare:  © 0 doooe can be calcudated. This can help an individual
s o =" establish a weight reduction goal or a suitable
Dw 35% = 290 X [200 (28] 100}} S . competitive weight. Desired weight is calcu-
S e S o lated by: [weight x (% fat/100))/1 — X, where
bw 20% = 200 X [200 - (28 /10{})} e o X is tk}e desired percent body fe_u fevel in dec-
: 1o20 : ' o imal form. We recommend using a range of
: desirable weights to account for the measure-
Figure 11. Formula and examples of determining desirable weight. ment error associated with estimating body
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density. For adult fitness, we recommend that
15% to 20% for men and 22% to 28% for
wormen be used for weight reduction goals. To
{ilustrate, assume a 200-1b man was found to
be 28% fat. The desired weight range (15% to
20%) would be 169 to 180 1b (figure 11). For
use with athletes, lower desired percent body
fat levels would be used and the fevels would
depend on an athiete’s sex and event,

Conclusion

Body composition evaluation by the skin-
fold method described in this paper is valid
and feasible for mass testing. The skinfold
method is not as accurate as the laboratory

method of hydrostatic weighing but consid-
erably more accurate than the traditional
method of using height and weight. The mul-
tiple regression equations used 10 precict body
density from the quadratic function of the sum
of skinfold fat and age provide accurate esti-
mates of body density that can be used for a
varied population. The provided tables and
use of microcomputers simplify the calcula-
tions and cnhance the feasibility of evaluating
body composition in the field setting.

Address correspondence 1o Andrew S Jackson, PEE
Dept of Heahh, Physicat Education. and Regreation. Ung-
versity of Housion. Houston 77004
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