AMERICAN JOURNAL OF HUMAN BIOLOGY 1:97-101 (1989}

Validity of Anthropometric Regression Equations for
Predicting Changes in Body Fat of Obese Females

DOUGLAS L. BALLOR anbp VICTOR L. KATCH

Behnke Laboratory for Body Composition Research, Department of
Kinesiology, Division of Physical Education, The University of Michigan,
Ann Arbor, Michigan 48109-2214

ABSTRACT

The validity of ten popular anthropometric percent fat pre-

diction equations for estimating changes in percentage of body fat for obese
females was studied. Thirty-one obese females (mean + SEM, %fat = 36.7 +
1.1%, body mass = 75.6 + 1.7 kg, age = 32.8 + 1.1 years) participated in a
diet-only, diet-plus-exercise, or exercise-only program. Subjects lost 2.7 + 0.3
fat percentage points and 3.0 = 0.3 kg body mass during the 8-week study.
While many of the equations had acceptable validity before and after body
mass loss, when applied to the prediction of changes in body fat none of the
equations was acceptable. It was concluded that use of anthropometric pre-
diction equations to estimate individual percent fat change scores results in

large errors and is not recommended.

Anthropometric prediction equations are
routinely used in clinical settings to esti-
mate body density (D), percent body fat
(%BF), and fat-free mass (FFM). The accu-
racy of these equations is dependent on
many factors including age, gender, body
composition status, and statistical consid-
erations (Lohman, 1981). In general, predic-
tive accuracy is reduced when populations
differ in age, body mass, fitness level, and
%BF from those used to derive the original
equation (Katch and McArdle, 1973; Katch
and Katch, 1980; Lohman, 1981; Pollock
et al., 1975).

Most of the published prediction equa-
tions have not been adequately cross-vali-
dated, and only one has been applied to the
prediction of changes in body composition.
The purpose of the present study, therefore,
was to determine the validity of ten popular
body composition prediction equations for
estimating changes in body fat of obese
females.

MATERIALS AND METHODS
Subjects

Thirty-one women (body mass =75.6 £ 1.7
kg, %BF = 36.7 + 1.1 fat percent units, age =
32.8 £ 1.1 years) volunteered to participate
in an 8-week diet and/or exercise program.
Details regarding the diet and exercise inter-
ventions are published elsewhere (Ballor
et al., 1988). Briefly, subjects participated in
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one of three programs: Weight training exer-
cise only (n = 10), caloric restriction only (n
= 10), or weight training and caloric restric-
tion (n = 11). For the purpose of this paper
we report data on the above 31 subjects who
underwent an average 3.0 + 0.3 kg body
mass reduction over 8 weeks. The body mass
loss varied as follows between the groups:
Exercise-only X = —0.5 * 0.6 kg, caloric-re-
striction-only X = —4.5 + 0.5 kg, calorie-
restriction, and exercise X = —3.9 + kg.

Body Composition

Body density was determined by using
underwater weighing with a residual lung
volume (RLV) correction, as described by
Katch et al. (1967). Twelve repeat under-
water weighings were made with the subject
in the same bent-over seated position used
in the determination of RLV. The last five
trials were averaged and used to represent
the “true” underwater weight (Katch, 1971).
RLV was taken as the average of three
determinations by using the closed-circuit
nitrogen washout method of Wilmore (1969).
Body density was converted to %BF by
using the Siri equation (Siri, 1961).

Anthropometry

Six skinfold (tricep, subscapula, supra-
iliac, thigh, bicep, and abdominal) and five
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girth measurements (two abdominal—nat-
ural and umbilicus; flexed bicep; forearm;
and thigh) were taken, as described by
Behnke and Wilmore (1974). All measure-
ments were made in duplicate by the same
investigator (V.L.K.) and the average was
used in all analyses. To establish reliability,
separate replicate measurements were made
on ten subjects. All test-retest reliability
coefficients were greater than r = .92, with
the exception of the thigh skinfold, where r
= .81. None of the standard error of mea-
surements exceeded + 1-3% of the mean
value.

Percent Fat Prediction Equations

Table 1 presents the ten prediction equa-
tions. The iliac skinfold site differed between
studies. However, a slightly different iliac
skinfold introduces a small but systematic
error that is less than the error of the
method (Sinning and Hackney, 1986). In the
present study, the iliac skinfold was taken
slightly superior to the iliac crest along the
natural oblique stress lines (Behnke and
Wilmore, 1974).

Statistics

A pairwise t-test was used to determine
statistical differences between %BF deter-
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mined by underwater weighing (criterion)
and %BF obtained by using the different
prediction equations (predicted). Linear re-
gression and the standard error of estimate
(SEE) were computed between the criterion
and predicted %BF estimates. SEE was
computed by using the following formula:
SEE = (ST. DEV. X[1 — r2]'/?). Total predic-
tion error (TE) was determined as described
by Jackson (1984), where TE = (sum of [Y —
Y']2/N)¥/2 and Y is the predicted body dens-
ity and Y’ is the measured body density. All
values are reported as mean + standard
error of the mean (SEM).

RESULTS

Table 2 presents the results for the ana-
lyses prior to body mass loss including the
mean %BF (criterion and predicted), the
mean percent fat difference (predicted minus
criterion), r (criterion %BF vs. predicted
%BF), and total prediction error. The slope,
intercept, and SEE are also presented.

Five of the ten mean predicted %BF (JP
Sum 4SF, Sloan, Katch SF 4 C, Durnin, Pol-
lock) were statistically different from the
criterion %BF. The mean differences ranged
from a 2.7% underestimation (Sloan) to a
1.8% overprediction (Pollock).

The r’s and TE’s for the cross validation

TABLE 1. Validated Prediction Equations!

SEE?
Investigator R (% faty® Published Equations

1. Jackson et al. (1980) 0.85 3.8 BD = 1.096095 — 0.0006952 X Sum 4SF + 0.0000011 X
(JP Sum 4SF) (Sum 4SF)2 — 0.0000714 X age

2. Jackson et al. (1980) 0.86 3.1 BD = 1.1454464 — 0.0006558 X Sum 4SF + 0.0000015 X
(JP 4SF + C) (Sum 4SF)2 — 0.0005839 X G

3. Jackson et al. (1980) 0.84 3.9 BD = 1.0994921 — 0.0009929 X Sum 3SF + 0.0000023 X
(JP Sum 3SF) (Sum 3SF)2 — 0.0001392 X age

4. Jackson et al. (1980) 0.85 3.8 BD = 1.1470292 — 0.0009376 X Sum 3SF + 0.000003 X
(JP 3SF + C) (Sum 3SF)Z — 0.0001156 X age — 0.0005839 X G

5. (Ssli)an et al. (1962) 0.74 4.1 BD = 1.0764 — 0.00084 X Si — 0.00088 X Tr

oan)
6. (KKatc}il% Ilgl)chrd]e (1973) 0.77 3.7 BD = 1.08347 + 0.0006 X Tr — 0.00151 X Sc — 0.00097 X Th
ate

7. Katch & McArdle (1973) 0.80 4.3 BD = 1.14465 — 0.00150 X Arm — 0.00105 X Abd + 0.00448
(Katch C) X Fore — 0.00168 X Thigh

8. Katch & McArdle (1973) 0.78 4.5 BD = 1.14389 —~ 0.00114 X Sc — 0.00149 X Thigh
(Katch SF + C)

9. Durnin & Womersley (1974) — 5.7 BD = 1.1423 — 0.0632 X Log 4SF
(Durnin)

10. Pollock et al. (1975) 0.78 4.1 BD = 1.0852 — 0.0008 X Si — 0.0011 X Th

(Pollock)

1Statistics from original studies; R = multiple correlation, SEE = standard error of estimate. Sum 4SF = sum of tricep, abdomen, supra-
iliac, and thigh skinfold thicknesses; Sum 3SF = sum of tricep, thigh, and suprailiac skinfold thicknesses; G = gluteal circumference; Si=
suprailiac skinfold; Tr = triceps skinfold; Sc = scapula skinfold; Th = thigh skinfold; Arm = upper-arm extended circumference; Abd =
ave. of natural and umbilicus circumferences; Fore = forearm circumference; Thigh = thigh circumference; Log 4SF = natural log of the
sum of the tricep, subscapula, suprailiac and bicep skinfold thicknesses.

28EE calculated from density values when not supplied as percent fat in the original paper.

3Percent fat by hydrostatic weighing.
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TABLE 2. Pretest Validity Between Percent Fat Determined Hydrostatically and by
Using Anthropometric Prediction Equations
% Difference Totall
Equation fat (est. — H20) r error Slope Int. SEE?
Hydrostatic 36.7 — — — — — —
Weighing
1. JP Sum 4SF 38.1 1.4* 0.88 3.3 1.118 - 5.39 3.0
2. JP4SF+C 37.4 0.7 0.89 3.1 1.259 —10.38 2.9
3. JP Sum 3SF 36.8 0.1 0.85 32 1.096 — 3.63 3.3
4. JP3SF+C 37.3 0.6 0.88 3.1 1.215 — 8.70 3.0
5. Sloan 34.0 —2, 7% 0.79 4.6 0.906 5.86 3.8
6. Katch SF 36.7 0.0 0.77 5.4 0.551 16.42 3.9
7. Katch C 37.9 1.2 0.67 5.1 0.643 12.27 4.6
8. Katch SF+C 38.3 1.6* 0.77 4.8 0.664 11.21 3.9
9. Durnin 38.0 1.3*% 0.84 4.1 1.684 -27.26 34
10. Pollock 38.5 1.8* 0.89 5.0 0.642 11.98 4.1

LError of anthropometric equation in predicting percent fat.

2Standard error of estimate and is the error of estimation following regression analysis.
*Mean predicted significantly different from hydrostatic weighing, P < .05.

are remarkably similar to the original R’s
and SEE’s. This attests to the “relative”
accuracy of the equations for a one-time
assessment of %BF.

Table 3 presents the results of the anal-
yses following intervention and subsequent
body mass loss. Seven of the ten predicted
%BF were statistically different from the
criterion %BF. Only the JP Sum 3SF, Katch
SF, and Pollock equations yielded nonsig-
nificant differences between predicted and
criterion %BF. Even though there was an
average 3.0 kg body mass loss, and a 2.7%
reduction in %BF, the r’s and TE’s between
predicted and criterion %BF are very similar
to the pretest validity data.

Table 4 presents the validity of the differ-
ent prediction equations for estimating
changes in body composition. Presented are
comparisons of the post-minus-pre predicted

%BF vs the post-minus-pre criterion %BF.
These values are designated predicted %BF
change and criterion %BF change. Seven of
the predicted %BF changes were statisti-
cally different from the criterion %BF
change. The Katch SF formula predicted the
mean changes in %BF with no error. The
correlations between predicted %BF change
and criterion %BF change ranged from r =
40 to r = .67. All of these coefficients are
statistically significant. The TE’s ranged
from 1.5 (JF Sum 3 SF) to 4.5 (Pollock) fat
percent units. The SEE’s ranged from 1.3
(five equations) to 1.6 (Katch SF) fat percent
units.

DISCUSSION

Prior to the start of the study, five of the
ten prediction equations yielded %BF esti-
mates that were statistically different from

TABLE 3. Posttest Validity Between Percent Fat Determined Hydrostatically and
by Using Anthropometric Prediction Equations

% Difference Total! ;
Equation fat (est. — HoO) r error Slope Int. SEE?
Hydrostatic 34.0 — — — —
Weighing
1. JP Sum 4SF 35.2 1.2% 0.86 3.5 1.015 — 1.86 3.3
2. JPASF +C 35.1 1.1* 0.86 34 1.123 - 553 3.3
3. JP Sum 3SF 34.5 0.5 0.89 3.0 1.146 — 5.69 29
4. JP3SF+C 35.4 1.4*% 0.89 3.3 1.179 - 7.82 3.0
5. Sloan 31.5 —2.5% 0.81 4.5 0.864 6.69 3.8
6. Katch SF 34.0 0.0 0.82 4.3 0.669 11.17 3.6
7. Katch C 37.0 3.0* 0.72 5.7 0.711 7.56 4.4
8. Katch SF+C 36.7 2.7% 0.82 49 0.714 7.78 3.6
9. Durnin 36.2 2.2% 0.85 4.4 1.524 —21.32 3.3
10. Pollock 34.8 0.8 0.83 3.7 0.88 3.32 3.6

1Error of anthropometric equation in predicting percent fat.
2G8tandard error of estimate in percent hody fat units.

*Predicted mean significantly different from hydrostatic mean, P < .05.
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TABLE 4. Validity of Predicting Changes in Percent Body Fat

Predicted Criterion
% BF! % BF2 Total®
Equation change change Difference? rd error SEE®
1. JP Sum 4SF —2.9 —2.7 0.2 0.64 21 1.3
2. JP4SF+C —-2.3 —2.7 -0.4* 0.58 1.6 1.4
3. JP Sum 3SF —-2.3 2.7 —0.4* 0.61 1.5 1.3
4. JP3SF+C -1.9 -2.7 ~0.8* 0.62 1.7 13
5. Sloan -2.5 —2.7 ~0.2 0.67 2.0 1.3
6. Katch SF -2.7 2.7 0.0 0.40 3.6 1.6
7. Katch C -0.9 —2.7 ~1.8* 0.62 2.8 1.4
8. KatchSF+C -1.6 2.7 —1.1* 0.64 2.5 13
9. Durnin -18 -2.7 -0.9* 0.65 1.7 1.3
10. Pollock —3.7 —2.7 ~1.0% 0.45 4.5 15

1Mean post-minus-pre predicted percent fat.
2Mean post-minus-pre criterion percent fat.

3Mean (post-minus-pre predicted percent fat) — (post-minus-pre criterion percent fat).
4Correlation between post-minus-pre predicted percent fat vs. post-minus-pre criterion percent fat.

5Error of anthropometric equation in predicting percent fat.
6Standard ervor of estimate in percent fat units.
*Criterion significantly different from predicted, P < .05.

the criterion %BF. This increased to seven of
ten equations following body mass loss.

While several authors have shown reduced
prediction validity with the obese (Barrows
and Snook, 1987), formerly obese (Barrows
and Snook, 1987; Scherf et al., 1986), and
female athletes (Sinning and Wilson, 1984),
only one other study has reported the valid-
ity of percent body fat prediction before and
after body mass loss (Barrows and Snook,
1987). Barrows and Snook (1987) reported
the validity of nine different regression
equations on 15 obese females who lost an
average of 20.5 kg over a 4-6-month dura-
tion. They reported preintervention correla-
tions between predicted and criterion %BF
which ranged from r = .22 to r = .69. After
body mass loss seven of the nine correla-
tions were lower. Our data are similar. How-
ever, they based their conclusion that regres-
sion equations were not valid for measuring
changes in %BF without analyzing the %BF
change correlations, as we have done. Also,
since they did not measure residual lung
volume, their data must be interpreted with
caution since the error associated with pre-
dicting residual lung volume reduces the
validity of the criterion %BF and thus low-
ers the correlations between the criterion
and predicted values (Katch and Katch,
1980).

While on a mean basis it is possible with
some degree of accuracy to predict changes
in body fat with prediction equations by
using skinfolds and/or girths, on an indi-
vidual basis none of the prediction equa-
tions is acceptable. This conclusion is based

upon the low correlations and high TE’s for
the change scores (Table 4).

There are several reasons for the lack of
validity in predicting body composition
changes by using anthropometric measures.
Measurement error exists in both the deter-
mination of skinfold thickness and girths
(Katch and Katch, 1980) as well as in the
ascertainment of body density (Lohman,
1981). These measurement errors reduce the
correlation between the criterion %BF
change and predicted %BF change leading
to an increased TE (Table 4).

Furthermore, changes in fat-free mass are
not necessarily associated with concomitant
changes in skinfold or circumference mea-
sures. For example, the biceps flexed cir-
cumference of the caloric-restriction-plus-
exercise and exercise-only groups increased
by 0.2 + 0.2 and 1.6 * 0.2 cm and decreased
by 1.0 &+ 0.3 em for the caloric-restriction-
only group. Prediction equations which use
the biceps flexed circumference as an esti-
mate of upper-arm muscle mass would yield
an increase in muscle mass for the exercise-
only group, no change for the caloric-restric-
tion-plus-exercise group, and a decrease for
the caloric-restriction-only group. In actual-
ity, quantifying the muscle area of the upper
arm via X-ray (Ballor et al., 1988) revealed
no change in upper-arm muscle area for the
caloric-restriction-only group and equiva-
lent increases for the exercise-only and cal-
oric-restriction-plus-exercise group. Circum-
ference measurements are a summation of
skinfold thicknesses and muscle masses,
and changes in circumference may be a
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result of changes in skinfold thickness
and/or muscle mass. Similarly, skinfold
thicknesses, while yielding an estimate of
subcutaneous fat, do not necessarily reflect
alterations in the underlying muscle struc-
ture. For example, the sum of five skinfolds
(subscapula, triceps, thigh, abdomen, and
suprailiac) increased by less than 0.3% (0.5
mm) following training for the exercise-only
group, suggesting (as determined via skin-
fold estimation) no change in %BF. How-
ever, this group increased their fat-free mass
by 1.1 £+ 0.3 kg and decreased their %BF by
1.2 + 0.4 fat percent units (hydrostatic
weighing). Thus, the type of intervention
may affect the ability of anthropometric
prediction equations to predict %BF change.

As had been previously pointed out (Katch
and Katch, 1980), the practice of predicting
%BF from anthropometric data is a dubious
procedure and attempting to predict changes
in body fat is even more hazardous, as the
present data clearly indicate. The clinician
confronted with the need to monitor %BF
changes in subjects undergoing interven-
tion has a particular dilemma. It is our opin-
ion, based on the data, that individuals who
are losing body mass would be better served
by monitoring changes over time for such
variables as fatfolds, girths, and girth
derivatives such as the recently introduced
ponderal somatogram (Katch et al., 1987)
than by using anthropometric prediction
equations to estimate changes in %BF. We
are convinced that the preoccupation with
predicting changes in %BF is scientifically
not justified and must await newer meth-
odology or better-validated methods to war-
rant use.

In conclusion, the results of Barrow and
Snook (1987) and the present study suggest
that prediction methodology, using skin-
folds, girths, or a combination of girths and
skinfolds should not be used to predict indi-
vidual changes in %BF.
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