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ABSTRACT

JACKSON, ANDREW S., MICHAEL L. POLLOCK and ANN
WARD. Generalized equations for predicting body. density of
women. Med. Sci. Sports Exercise. Vol. 12, No. 3, pp. 175-182,
1980. Previous research with women has shown that body com-
position regression equations derived from anthropometric vari-
ables were population specific. This study sought to derive gen-
eralized equations for women differing in age and body compo-
sition. The hydrostatic method was used to determine body
density (BD) and percent fat (%F) on 249 women 18 to 55 years
(X = 314 + 10.8 yrs) and 4 to 44 %F (X = 24.1 + 7.2 %F).
Skinfold fat (S), gluteal circumference (C) and age were inde-
pendent variables. The quadratic form of the sum of three, four
and seven § in combination with age and gluteal C produced
multiple correlations that ranged from 0.842 to 0.867 with stand-
ard errors of 3.6 to 3.8 %F. The equations were cross-validated on
a different sample of 82 women with similar age and %F charac-
teristics. The correlations between predicted and hydrostatically
determined %F ranged from 0.815 to 0.820 with standard errors
of 3.7 to 4.0 %F. This study showed that valid generalized body
composition equations could be derived for women varying in
age and body composition, but care need to be exercised with
women over an age of forty.

&

BODY COMPOSITION, BODY DENSITY, PERCENT FAT,
ANTHROPOMETRIC VARIABLES, REGRESSION ANALYSIS

Anthropometry is a common field method for measuring
body density (3). Multiple regression analysis has been
used extensively to derive equations with functions of es-
timating laboratory determined body density (BD), lean
body weight (LBW) or total body volume from combina-
tions of skinfold fat (S), body circumference (C) and bone
diameter (D) measurements. It has been shown that the
distributions of body composition and anthropometric
measures vary with age and sex (5,9-12,23,26,27,30,33,
39,41) and have resulted in the publication of regression
equations for men (4,10,16,20,28,29,31,35,38,40,42‘) and
women (10,19,20,30,32,36,38,41,43,45,46). E

It has been shown with samples of men (10,29,31) and
women (10,12,30) that body composition equations tend to
be population specific. When these equations are applied
to samples who differ in age and body composition, the
prediction errors are inflated. This can be attributed to
both the lack of homogeneity of regression slopes and in-
tercepts (10,12,30,31). It appears that the population spec-
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ificity of regression equations may be largely due to three
factors. First, linear regression models have been used to
derive prediction equations when research has shown that
relationship between skinfold fat and BD is curvilinear
(1,6,7,10,16). Second, age has been shown to account for
BD variation beyond that accounted for by skinfold fat
(10,16). And finally, sample sizes of most studies have
tended to be quite small, normally less than 75 subjects.
Cooley and Lohnes (8:56-57) have warned that regression
equations derived on sample sizes of under 200 subjects
need to be viewed with caution. The smaller the sample
size in relation to the number of variables used in the
regression analysis, the more likely the true multivariate
relationship will be overestimated (8,14,29).

It was shown that generalized BD equations could be
developed for men varying greatly in age and body com-
position (16). Using quadratic and logarithmically trans-
formed sum of skinfolds in combination with age and se-
lected C measurements, multiple correlations above 0.90
(SE = 0.0078 g/ml) were found. When these equations
were cross-validated on a second sample, the correlation

between predicted and hydrostatically determined BD ex-

ceeded 0.90. The purpose of this study was to derive gen-
eralized regression equations that would provide unbiased
BD estimates for women varying in age and body compo-
sition. The research concentrated on the curvilinearity of
the relationship and the function of age on BD.

METHODS

A total of 331 adult women between 18 and 55 years of
age volunteered as subjects. The sample represented a
wide range of women who varied considerably in body
structure, body composition, and exercise habits. The sub-
jects were tested in one of three laboratories over a period
of six years. Except for slight differences in the measure-
ment of residual volume, methods of data collection did
not vary over the six year period. The total sample was ran-
domly divided into a validation sample consisting of 249
women and a cross-validation sample of 82 subjects. The
validation sample was used to derive generalized regres-
sion equations which were cross-validated with the second
sample. This procedure has been recommended by Lord

and Novick (24). The physical characteristics of the two-

samples are presented in Table 1.
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TABLE 1. Physical characteristics of the validation and cross-validation samples and correlation with percent fat.

Validation Sample (N=249)

Cross-Validation Sample (N=82)

Variable X+SD Range Ty X+SD Range le
Percent Fat (%) 2408 £ 7.20 444 1.00 2483 + 643 5.37 1.00
Body Density (g/ml) 1.044 £ 0.016 1.002-1.091 -1.00 1.043+ 0.014 1.016-1.088 -1.00
Age (year) 3144 £10.80 18-55 0.35 29.94 +£11.20 18-53 0.05
Height (cm) 165.02 + 6.00 146-181 0.08 162.67 + 6.1 148-178 0.18
Weight (kg) 57.15+ 7.59 36-87 0.64 57.95 + 6.97 45-77 0.55
Lean Weight (kg) 43.04 + 435 30-56 -0.15 4331 + 434 36-54 -0.16
Fat Weight (kg) 1411 £ 575 2-35 0.95 1463 + 4.82 2-26 0.94
Gluteal C (cm) 9298 + 6.12 79-117 0.74 9344 + 552 82-106 0.69
Skinfold (mm)

Chest 1266 + 4.78 4-26 0.66 1283 + 5.03 3-24 0.64
Axilla 1259 + 5.75 433 0.76 13.76 + 6.33 3-31 0.69
Triceps 1763 £ 571 6-41 0.77 19.14 = 5.67 5-33 0.80
Subscapula 13.76 + 6.05 4-39 0.69 1499 + 6.64 5-41 0.63
Abdomen 2339 + 9.43 4-56 0.77 2393 £+ 9.01 4.51 0.67
Suprailium 13.49 + 6.89 3-40 0.78 1450 + 6.75 3-33 0.70
Thigh . 29.18 + 7.89 7-53 0.73 29.87 + 7.56 11-46 0.73
Sum of Seven 122.70 +40.65 35-266 0.85 129.02 +40.75 39-231 0.80
Log Seven 476 + 034 3.5-5.6 0.84 480 + 036 3.7-54 0.80
Sum of Foura 83.69 +26.34 20-182 0.85 87.44 +25.66 26-157 0.81
Log Four2 438 + 0.33 3.0-5.2 0.84 442 + 034 3.3-5.1 0.81
Sum of Three® 60.30 +18.50 16-126 0.84 63.51 +18.02 19-106 0.81
Log Threeb 405 + 031 2.8-4.8 0.83 411 £ 032 2.9-4.7 0.82

aSum of triceps, suprailium, abdomen and thigh skinfolds.
bSum of triceps, suprailium and thigh skinfolds.

The subjects reported to the laboratory at least six hours
post prandial for a minimum of three hours prior to testing
and refrained from smoking. To avoid the problem of fluid
retention which occurs during menstruation, all subjects
were evaluated at least 7 days prior to or after their cycle.

Upon arrival at the laboratory, the subjects changed into
a two-piece, light weight bathing suit. Standing height was
measured to the nearest 0.6 cm on a standard physician
scale, and body weight recorded to the nearest 10 g. Skin-
fold fat was measured at the chest, axilla, triceps, subscap-
ula, abdomen, suprailium and thigh with a Lange skinfold
fat caliper. The caliper had a constant pressure of 10 g/
mm and measures were taken on the right side. Recom-
mendations published by the Committee on Nutritional
Anthropometry of the Food and Nutrition Board of the
National Research Council were followed in obtaining
skinfold fat data (22). Gluteal C was measured to the near-

est 0.1 cm with a Lufkin steel tape by the procedures rec-
ommended by Behnke and Wilmore (3). Although other C

and diameter measures were collected on these women
(30) because of their lower correlations with the depen-
dent variable, they were not used in the final data analysis.
Cup size was also measured on all women. For analysis,
cup sizes A,B,C, and D were transformed into.the numer-
ical values of 1,2,3, and 4. One of the investigators (MLP)
collected all anthropometric data and supervised the hy-
drostatic weighing of all subjects.

The hydrostatic method was used to determine body
density. Underwater weighing was conducted in a water
tank in which a chair was suspended from a Chatillon 15
kg scale. The hydrostatic weighing procedure was re-

peated six to ten times until three similar readings to the
nearest 20 g were obtained. Water temperature was re-
corded after each trial. Residual volume (RV) was deter-
mined by either the nitrogen washout or helium dilution
technique. Although RV and hydrostatic weighing deter-
minations were administered separately, the same postural
positions, (sitting) were used for both. The procedure for
determining body density followed the method outlined

by Goldman and Buskirk (13). Body density was calculated

from the formula of Brozek et al. (5) and fat percentage
according to the formula of Siri (32). The Siri formula is
based on the assumption of a fat-free body density of 1.10
gm/cc throughout all age groups.

In a factor analysis study (15) it was shown that all S var-
iables measured the same body fat factor; therefore, the S
were summed to provide a more stable estimate of S fat.
The sum of all seven S, the sum of four S (triceps, suprail-
ium, abdomen and thigh) and sum of three S (triceps, su-
prailium and thigh) were used. The sum of three and four
S were used to provide a more feasible field test. The sum
of S measurements was also logarithmically transformed so
these results could be compared to the work of Durnin and
Wormersley (10). Gluteal C was shown to measure a body
fat factor independent of the factor measured by S mea-
surements (15), and for this reason. was used as an inde-
pendent variable. :

Multiple regression analysis (21) was used to derive the
generalized equations. The dependent variable was hy-
drostatically determined BD. The independent variables
were the quadratic form of the sum of S in combination
with age and gluteal C. A second set of equations was de-
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TABLE 2. Means and standard deviations for body density, percent body fat and sum of seven skinfolds of women classified in age-groups.

AGE GROUPS
Variable 17-19 20-29 30-39 40-49 50-59
Validation Sample (N=249)

Body Density 1.043+0.013 1.049+0.014 1.047 £ 0.015 1.037+£0.015 1.027+0.016
(N=25) (N=102) (N=57) (N=48) (N=17)

Percent Fat 24.8+6.0 21.8+6.4 227468 27.3+6.7 321175
(N=25) (N=102) (N=57) (N=48) (N=17)

Sum of Seven 128.4+ 304 110.4+ 341 1147+ 39.1 137.1+£41.7 1725+ 435
(N=25) (N=102) (N=57) (N=48) (N=17)

Cross Validation Sample (N=382)

Body Density 1.038 £0.009 1.045+ 0.016 1.046 £0.019 1.040+0.012 1.041+0.003
(N=13) (N=36) (N=11) (N=19) (N=3)

Percent Fat 27.0+4.2 237171 234483 262453 255+1.2
(N=13) (N=36) (N=11) (N=19) N=3)

Sum of Seven 142.2+34.2 122.8+ 409 11411449 141.1+£4256 12374131
(N=3) (N=36) (N=11) (N=19) (N=3)

TABLE 3. Standardized regression coefficients and associated f-ratios for test of
significance of regression analysis.

) Sum of Seven Sum of Four Sum of Three
Variable SRC t SRC t SRC t
Raw Score Skinfolds
Sum of § -103 - 6442 -104 - 6552  -102 -6132
Sum of $2 0.39 2.44v 0.39 2.44v 0.39 2.33v
Age -007 - 201> -0.04 - 118 -0.08 - 2.25»

- Gluteal C -024 - 508  -023 - 4572 022 - 422

Log Transformed Skinfolds
Sum of Log S -0.64 -13.892  -0.64 -1320= -0.62 -12.402
Age -008 - 230> -0.05 - 159 -009 - 248>
Gluteal C -025 - 5482 025 -530a -025 - 493
aP<<0.01
bP < (.05

rived replacing the quadratic form of S with log trans-
formed sum of S. The multiple regression coeficients were
tested to determine if each independent variable was re-
lated to the dependent variable with the effects of all other
variables statistically controlled (21:66-70). The cross-val-
idation procedures recommended by Lord and Novick (24)
were followed to determine if the equations derived on the
validation sample accurately predicted %F of the cross-
validation sample.

RESULTS

Presented in Table 1 are descriptive statistics for the
validation and cross-validation samples. The means, and
standard deviations show that both samples were hetero-
geneous in age and body composition. The product-mo-
ment correlation between each variable and hydrostati-
cally determined BD is provided. With the exception of
age for the cross-validation sample, all anthropometric
variables selected for regression analysis were significantly

" related to hydrostatically determined BD. Of interest, the
sums of S were more highly correlated than any of the in-
dividual S measurements. The higher correlations were ex-
pected because it has been shown that S variables measure
the same source of common variance (15). The means and
standard deviations for skinfold fat, BD and %F classified

by age groups are presented in Table 2. These means for
the validation sample exhibited a non-linear trend by age-
groups (P<<0.01). Durnin and Wormersley (1974) have
published similar data with women of the same age groups.
The average %F of the Durnin and Wormersley sample
was higher for all age groups, with the largest differences
in the four older age groups. An inspection of the %F
means for the Durnin-Wormersley data showed a near
perfect linear trend with age which is in variance with the
trend found with these data of the validation sample.

Presented in Table 3 are the standardized regression
coefficients and the associated t-ratios which test if the
coefficient is significantly different from zero. BD was the
dependent variable for this analysis. The coefficients are
orthogonal to each other and the magnitude of the regres-
sion coefficient reflects the independent variable’s relative
contribution with the effects of all other variables statisti--
cally removed. With the exception of age in combination
with the sum of four S and gluteal C, all coefficients were
significantly different from zero. The zero order correla-
tion between age and the sum of four skinfolds was slightly
higher (r = 0.37) than the correlation found between age
and the sum of seven S (r = 0.33) and sum of three S (r =
0.32). It appeared that this higher relationship produced
the non-significant t-ratio for the analysis of the sum of four
S. An examination of the standardized regression coeffi-
cients shows that age was the least important independent
variable studied.

Presented in Tables 4 are raw score equations with func-
tions to predict BD. The standard errors are presented as
both BD and %F. The intercorrelations among the sum of
three, four and seven S were high (r<<0.966); therefore, the
multiple correlations for the BD equations ranged from
0.838 to 0.867 with standard errors that varied from 3.6 to
4.0%F. The multiple correlations for the log-transformed
equations tended to be slightly lower than the quadratic
equations. The regression analysis in Table 3 showed that
gluteal C had a higher standardized regression coefficient
than age. For this reason, equations were formed with all
possible S, age and gluteal C combinations.
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TABLE 4. Generalized regression equations for predicting body density of adult women.
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Standard Error

Variables Regression Equation™ R BD %F
Sum of Seven Skinfolds
$,52, Age BD(1)=1.0970-0.00046971 (X,)+0.00000056 (X,)2 0.852 0.0083 3.8
-0.00012828 (Xy)
Log S, Age BD(2)=1.23173-0.03841 (log X;)-0.00015 (Xs) 0.850 0.0084 38
352, C BD(3)=1.1470-0.00042359 (X;)+0.00000061 (X;)2 0.865 0.0080 3.6
-0.00065200 (X5)
log S, C BD(4)=1.25475-0.03100 (log X;)-0.00068 (X5) 0.864 0.0080 3.6
$,52, Age, C BD(5)=1.1470-0.00042930 (X,)+0.00000065 (X,)2 0.867 0.0079 36
-0.00009975 (X4)-0.00062415 (Xs)
log S, Age, C BD(6)=1.25186-0.03048 (log X;)-0.00011 (X4) 0.867 0.0079 3.6
-0.00064 (Xs)
Sum of Four Skinfolds
$,52, Age BD(7)=1.0960950-0.0006952 (X2)+0.0000011 (X)2 0.849 0.0084 3.8
-0.0000714 (X4)
Log S, Age BD(8)=1.21993-0.03936 (log X2)-0.00011 (X4) 0.845 0.0085 39
$,32,C BD(9)=1.1443913-0.0006523 (X»)+0.0000014 (X)2 0.861 0.0081 3.7
-0.0006053 (X5)
log S, C BD(10)=1.24374-0.03162 (log X2)-0.00066 (Xs) 0.859 0.0081 3.7
5,32, Age, C BD(11)=1.1454464-0.0006558 (X2)+0.0000015 (X2)? 0.862 0.0081 3.7
~0.0000604 (X4)-0.0005981 (X5)
log S, age, C BD(12)=1.241721-0.031069 (log X2)-0.000077 (X4) 0.861 0.0081 3.7
-0.000635 (X5)
Sum of Three Skinfolds
$,52, Age BD(13)=1.0994921-0.0009929 (X3)+0.0000023 (X3)? 0.842 0.0086 39
-0.0001392 (X4) :
Log S, Age BD(14)=1.21389-0.04057 (log X3)-0.00016 (X4) 0.838 0.0087 4.0
$52,C BD(15)=1.1466399-0.0009300 (X3)+0.0000028 (X3)2 0.851 0.0084 38
-0.0006171 (X5)
Log S, C BD(16)=1.23824-0.03248 (log X3)-0.00067 (Xs5) 0.849 0.0084 3.8
$.52, Age, C BD(17)=1.1470292-0.0009376 (X3)+0.0000030 (X3)2 0.854 0.0083 3.8
-0.0001156 (X4)-0.0005839 (X5)
Log S, Age, C BD(18)=1.23530-0.03192 (log X3)-0.00013 (X4) 0.853 0.0083 3.8

-0.00062 (Xs)

*Key: Xy =Sum of all seven skinfolds, mm; Xz=Sum of triceps, abdomen, suprailium and thigh skinfolds, mm; X3=sum of triceps, thigh and suprailium skinfolds, mm; Xs=age,

yrs; Xs=gluteal circumference, cm.

TABLE 5. Cross-validation of generalized equations on cross-validation sample (N=82).

Range of SE
Variables Equation Number - X+8D Iyy'2 SEb Agec %Fatd
Sum of Seven Skinfolds
S.52, Age BD(1) 25.0+6.1 303 39 34-40 34-43
Log S, Age BD(2) 208+6.3 799 4.0 34-45 33-49
S, 82,C BD(3) 25.0+ 6.2 817 38 36-44 35-40
Log s, C BD(4) 249+64 814 39 35-46 34-45
S, S2, Age, C BD(5) 24.9+6.1 815 38 35-45 35-4.0
Log S, Age, C BD(6) 248+6.3 811 39 35-456 35-44
Sum of Four Skinfolds
S, 52, Age BD(7) 25.0+59 813 3.8 33-46 37-43
Log$, Age BD(8) 24.8+6.1 .801 39 33-49 33-47
S,82,C BD(9) 249+6.1 821 37 3.4-43 33-41
LogS, C BD(10) 25.0£6.0 814 38 34-45 33-46
S, 52, Age, C BD(11) 24946.0 819 3.7 34-44 34-41
Log S, Age, C BD(12) 24.816.1 811 3.7 34-45 35-45
Sum of Three Skinfolds
S, S2, Age BD(13) 251458 .820 3.7 33-46 35-41
Log S, Age BD(14) 25060 814 38 3.2-48 35-46
$,82,C BD(15) 25.1£6.0 827 37 34.44 34-39
Log$, C BD(16) 25.0+6.1 .824 37 39-44 34-41
S, 2, Age, C BD(17) 25.0+5.9 .825 3.7 34:44 35-38
Log S, Age, C BD(18) 249+6.0 .820 38 34-45 36-4.1

azero order correlation between laboratory determined %F and %F predicted from the regression equation in Table 4

BSE = /(Y - Y)2/N
cAge Categories: 29.9, 30-39.9 40.
4%F Categories: 19.9, 20.0-27.9 28.0
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The BD equations were applied to the data of the cross-
validation sample and this analysis is presented in Table 5.
The product-moment correlations between laboratory de-
termined and estimated BD were slightly lower than the
multiple coefficients and ranged from 0.799 to 0.827 with
standard errors expressed as %F that ranged from 3.7 to
4.0%. The means and standard deviations for %F estimated
by the BD equations were similar to the laboratory deter-
" mined %F values (i.e., X = 24.8 + 6.4). The largest mean
difference between predicted and laboratory determined
%F was only 0.3 %F, and most standard deviations for the
distributions of estimated %F exceeded 6.0 %F.

The cross-validation sample was then reduced first, to
three age categories and next, to levels of body fat content
by three percent fat categories. The range of standard er-
rors (%F) for these different categories are also presented
in Table 5. Since these standard errors were based on
smaller sample sizes that ranged from 11 to 49 cases, more
random variation was expected. With six categories and 18
equations, 108 standard errors were calculated and only six
standard errors exceeded 4.4 percent fat. The analysis of
categories did provide some interesting trends; the highest

standard errors were found for the age category of 40 years
- and above, and the percent category of below 20 percent
body fat. The variance in standard errors suggests that the
equations might be more accurate when applied to women
who are under 40 years of age and above 20 percent body
fat. In all instances, the log transformed equations pro-
duced higher standard errors. Because of the smaller sizes
used for this analysis, however; these results need to be
viewed with caution.

A second method used to cross-validate the generalized
equation was to apply the equation to data reported in the
literature. Equation BD(13) was applied to the average
values reported by other investigators, and the predicted
BD and %F means were compared to the reported labo-
ratory means. These means are provided in Table 6. Katch
and Michael (19) and Durnin-Wormersley (10) did not

TABLE 6. Body density and percent fat means predicted from generalized equations
and laboratory determined means reported in the literature.

: Predicted Lab Determined
~ Investigator BD  %Fe BD  %Fe
Katch and Michael (1968) 1.0500 214 1.0490 - 219
Katch and McArdle (1973) 1.0426 248 1.0394 26.2
Sinning (1978) 1.0612 16.4 1.0635 - 154
Sloan et al. (1962) 1.0442 24.0 1.0467 228
Wilmore and Behnke (1969) 1.0439 242 1.0406 25.7
Young et al. (1961) 1.0325 294 1.0342 26.6
Durnin and Wormersley (1974)»
(16-19 yrs) 1.0545 23.5 1.040 26.0
(20-29 yrs) 1.0358 27.9 1.034 28.7
(30-39 yrs) 1.0254 32.7 1.025 329
(40-49 yrs) 1.0267 32.1 1.020 35.3
(50-68 yrs) 1.0188 35.9 1.013 38.6

2%F =[(4.95/BD)-4.50] 100.
®Durnin and Wormersley split their total sample into five age groups. The sample
size ranged from 29 to 100 women.
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measure thigh skinfold; therefore, a second quadratic
equation consisting of the sum of triceps, subscapula, and
suprailium skinfolds in combination with age was derived
with the validation data. This second sum of three equa-
tion exhibited concurrent validity similar to that of equa-
tion BD(13) (R = 0.832; SE = 0.0088 g/ml and 3.9%F).
The Katch-Michael and Durnin-Wormersley studies did
not report mean age, but did provide an age range. The
mid-point of the age range was used, and this could intro-
duce an error of about 0.5 to 1%F. The generalized equa-
tions provided accurate mean predictions. Of eleven val-
ues, seven means differed by 1.5%F or less and only one
mean difference exceeded 3%F. All predicted means were
within one standard error of prediction (i.e., 3.9%F) of the
reported laboratory determined mean. “

DISCUSSION

The multiple correlations found for the generalized
equations are high and compare favorably with the results
reported in the literature. The high multiple correlations
are due partially to the heterogenous subjects studied;
however, the standard errors are well within the values re-
ported by other investigators (10,19,20,30,32,36,38,41,
43,45,46) who used more homogeneous samples of women.
Multiple correlations based on data from an original sam-
ple tend to overestimate the true relationship. While the
cross-validation standard errors of this study (Table 5) are
slightly higher than the values derived for the regression
equations (Table 3), the cross-validation standard errors
are well within the range reported in the literature. One of
the more extensive studies with women was published by
Durnin and Wormersley (9). They reported BD standard
errors for log transformed S equations which ranged from
0.0082 to 0.0125 g/ml which represents a range of 3.72 to
5.65 percent body fat and demonstrates less accuracy than
the cross-validation statistics presented in Table 5.

The most common statistical method used to select the
variables to be included in body composition regression
equations has been the forward step-wise regression model
(12,15,17,20,29-31,32,40-46). The step-wise method will
yield the highest multiple correlation for the data set stud-
ied, but tends to overestimate the true multivariate rela-
tionship (8:57,14,21:282). Rather than using a stepwise
method, the strategy used in this study was to select the
variables that research has shown were related to body
composition. For the subjects studied, the testing proce-
dure included securing seven S, thirteen C, and seven body
diameter measures, age, height, weight, and breast cup
size. The variables and methods are described in another
source (30). To determine if any of these additional varia-
bles accounted for more variation, an equation consisting
of the sum of seven S in combination with the thirteen C,
seven D and cup size was derived. The multiple correla-
tion for this 22-variable equation was 0.884 which is
slightly higher than the equation with the highest multiple
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correlation presented in Table 3. The multiple correlation
0.884 was found not to be significantly higher than the
multiple of 0.868 found for equation BD(5) Table 4 (F
(18,226) = 1.59; P> 0.05) which showed that the addi-
tional variance accounted for by the 22 variable equation
was random.

The non-significant difference between the multiple
correlations of equation BD(5), Table 4 and the 22-varia-
ble equation is supported by the results of a factor analyt-
ical study (15). A factor analysis of 25 anthropometric var-
iables with hydrostatically determined lean and fat weight
on women isolated four common factors which accounted
for 80 percent of the total variance measured by the 27
variables. The best independent variables to use with
regression equations are those unrelated with each other,
but correlated with the dependent variable. Since anthro-
pometric variables were shown to measure only four dif-
ferent sources of common variance, prediction accuracy is
not increased by using a large set of anthropometric vari-
ables. The substantial contribution of gluteal C was ex-
pected because it was shown to measure a fat factor inde-
pendent of the more general fat factor isolated with S
measures. ,

The findings of several studies (10,12,17,29-31) showed
that regression equations were population specific. The
application of regression equations derived on one sample
but applied to a second sample produces bias body com-
position estimates. Flint and associates (12) showed that
published equations varied in their accuracy to predict
‘laboratory determined %F with subsamples of women who
varied in age, physical fitness level and body composition.
Prediction errors have been shown to be due to the lack of
homogeneity and regression slopes (29) and intercepts
(17,31). The findings of this study showed that some of this
prediction bias may be attributed to the use of linear
regression models because the relationship between S fat
and hydrostatistically determined %F is curvilinear (1,
6,7,10,16). The significant contribution of age beyond that
accounted for by S fat is a second reason for population
specific equations. The results of this study are in agree-
ment with a similar study conducted with a sample of adult
men (16).

It has been shown that regression equations derived
from women differing greatly in age do not accurately pre-
dict body composition for subjects of different age groups
(9,10,12). Durnin and Wormersley (10) adjusted for age
differences by developing log transformed S equations
with the same slopes by different intercepts to adjust for
age differences. In the development of generalized equa-
tions for men (16), age was used as an independent variable
because it was found to account for a significant propor-
tion of BD variance beyond that accounted for by the
quadratic or log form of S fat. The results of this study are
in agreement with these results, but an examination of the
standardized regression weights showed that age was less
important for women than men. With men, the standard-
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ized regression weights ranged from —0.11 to -0.15 and all
were significantly different from zero (P<<0.01). Whereas,
with these women, the standardized regression weights
were less than -0.10 and not significantly different from
zero with the equation of the sum of four skinfolds. The
average age of the men was one year older than the
women. It is suspected that this difference in age distribu-
tion may account for some of the differences in regression
coefficients.

The cross-validation analysis by age categories provided
evidence that the equations may be less accurate for
women above 40 years of age. The BD and %F means pro-
vided in Table 2 were found to be non-linear and it was
suspected that the higher standard errors found for the
older women may have been due to the use of linear
regression weights in the generalized equations. Polynom-
inal regression analysis showed that the relationship be-
tween age and %F was quadratic (F,246) = 19.51;
p<<0.01); however, when the quadratic form of age was
tested with the quadratic form of the sum of seven S, the
quadratic component for age was found to be non-signifi-
cant (F1244y = 0.85; p=>0.05). The regression analysis
showed that the quadratic relationship found for age was
due to the common variance between age and the sum of
seven S. Durnin and Wormersley (10) published equations
for women of different age groups. They reported that the
standard errors for women in age categories of 40 to 49
years and 50 to 68 years were lower than the younger age
group of 20 to 29 years and 30 to 39 years. The Durnin and
Wormersley findings do not agree with the cross-valida-
tion findings for the older subjects of our sample. Of inter-
est, the largest mean differences reported in Table 6 were
found in the Durnin and Wormersley subjects who were
over 40 years of age. It is suspected that this difference
may not be due to age, but body composition. The subjects
studied by Durnin and Wormersley were classified as se-
dentary; whereas, many of the subjects of this sample were
engaged in exercise programs and were on the average,
about 6 to 8%F less than the Durnin and Wormersley sub-
jects. These findings suggest the need for further research
with older subjects of different body composition. a

The results of this study and a similar study with men
(16) support the concept of generalized body composition
regression equations for adults varying in age and body
composition. During recent years, the research strategy
has been to develop specific equations with application to
unique populations (4,19,20,28-31,32,35,36,40-46). Spe-
cific equations will provide valid estimates with subjects
representative of the specific population, but the more
specific the population, the less general application an
equation will have. The approach taken in this study was
to use a sample representative of a heterogeneous popu-
lation and develop a regression model to account for the
important sources of variability of the population. The use
of the heterogeneous population was the approach used by
Kannel and associates (18) to develop a generalized equa-
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tion for the prediction of cardiovascular disease. The gen-
eralized equation replaced several equations valid for spe-
cific age groups (37). The development of generalized
equations is dependent upon having a representative sam-
ple with a sufficient number of cases. Cooley and Lohnes
(8:56) maintain that regression equations based on samples
of less than 200 subjects need to be viewed with caution. A
major limitation of published body composition regression

* equations is the sample sizes tend to be small, typically

with less than 75 subjects. The development of specific
equations encourages the use of small samples because one
has less subjects from which to select.

The accuracy of the generalized equations of this study
when applied to subjects representative of unique popu-
lations- can only be documented by cross-validation re-
search. The intent of this study was to develop equations
applicable to a wide range of adult females. The results of
this study support the conclusion that the equations are
valid within a defined degree of accuracy when applied to
samples of adult women varying in age and body compo-
sition. Care needs to be taken with women over age 40.
Body composition equations may be less accurate with
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