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ABSTRACT

Five hundred twenty-eight male athletes participating
in 26 Olympic events and 298 female athletes partici-
pating in 15 Olympic events underwent determination
of body fat percentage (% fat) and lean body mass
(LBM) via hydrostatic weighing and/or anthropometric
methods. All groups of athletes were below the average
values for % fat of college age men and women of 15%
and 25%, respectively. In general, athletes involved in
a sport where their body weight is supported, such as
canoe and kayak (males, 13.0 &plusmn; 2.5%; females, 22.2
&plusmn; 4.6%) and swimming (males, 12.4 &plusmn; 3.7%; females
19.5 &plusmn; 2.8%), tended to have higher % fat values.
Athletes involved in sports where a weight class has to
be made to compete, such as boxing (males, 6.9 &plusmn;

1.6%) and wrestling (male, Junior World Freestyle 7.9
&plusmn; 2.7%), events such as the 100, 200, and 400 meters
in athletes (male 100 and 200 meters, 6.5 &plusmn; 1.2%;
female 100, 200 and 400 meters, 13.7 &plusmn; 3.6%) that
are very anaerobic in nature and extremely aerobic
events such as the marathon (males, 6.4 &plusmn; 1.3%)
demonstrated lower % fat values. Athletes involved in
sports where body size is a definite advantage, such
as basketball (males, 84.1 &plusmn; 6.2 kg; females, 55.3 &plusmn;
4.9 kg) and volleyball (males, 75.0 &plusmn; 6.6 kg; females,
58.4 &plusmn; 4.5 kg) tended to have a larger LBM.

Percentage of body fat (% fat) and lean body mass (LBM)
have become very popular terms among athletes and coaches
in recent years. The body composition of athletes, especially
elite athletes, has also received a great deal of attention
from the scientific community. Tables 1 and 2 represent a
brief overview of selected studies concerning the body com-
position of elite male and female athletes.

The two most popular methods of determining body com-
position are anthropometric equations and hydrostatic or
underwater weighing. The purposes of this study are to
present body composition data of various groups of elite
American athletes, determined either anthropometrically or
via hydrostatic weighing methods, and to compare % fat
values of groups of athletes determined both anthropometr-
ically and hydrostatically.

MATERIALS AND METHODS

Five hundred twenty-eight elite male athletes, participating
in 26 Olympic sports, and 298 elite female athletes, partici-
pating in 15 Olympic sports, underwent determination of
body composition via hydrostatic and/or anthropometric
means at the U.S. Olympic Training Center, Colorado
Springs, CO. All of the athletes participating in this study
were selected by their sport’s national governing body to
participate in a training camp conducted at the training
center. These athletes, therefore, can be assumed to be elite
American athletes for their particular sports and/or age
group.

Percent fat of 10 and 8 groups of female and male athletes,
respectively, was determined both hydrostatically and an-
thropometrically. A dependent t-test was utilized to deter-
mine if a significant difference (P < 0.05) existed between
the % fat values determined via hydrostatic and anthropo-
metric means.

Hydrostatic weighing

The Brozek’ equations were used to predict % fat and LBM
from body density determined hydrostatically. Residual vol-
ume was predicted from the vital capacity of the subject.58
Vital capacity and actual body weight were determined
immediately prior to the hydrostatic weighing procedure.
Six hydrostatic weighings were performed on each subject,
with the mean of the highest two trials being considered the
actual hydrostatic weight in the calculation of % fat and
LBM.
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TABLE 1

Male athletes’ body composition from selected studies

° Hydrostatic weighing.
b Anthropometric.
‘ Range.
d Calculated from given data.
e Calculated from given body density with Brozek equation.
f Total body water.
g Calculated from given LBM and total body weight.
’‘ N less than 29.
’ Calculated from given data with Sloan equations.
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TABLE 2
Female athletes’ body composition from selected studies

° Hydrostatic weighing.
b Anthropometric.
c Calculated from given figures.

The following series’ of equations was utilized to deter-
mine the % fat and LBM via hydrostatic weighing:

where LMB = AB - (AB x % fat), BD = body density, AB
= actual body weight, HB = hydrostatically weighted body
weight, WD = water density, and RV = residual lung volume.

Anthropometnc determination

The Sloan49 equations were utilized in the determination of
body density for both males and females. Percent fat was
then calculated utilizing the Brozek’ equations. Experienced
testers utilized a Lange skin fold caliper in the determination
of all skin fold values. In men the skin fold sites measured
were upper thigh and subscapular, and in women the su-

prailiac and triceps skin folds were determined. All skin
folds were measured on the right side of the body and were
determined as described by Behnke and Wilmore.2
The Sloan equation for men is: BD = 1.1043 - (0.00133

x thigh skin fold in mm) - (0.00131 x subscapular skin fold
in mm). The Sloan Weir equation for women is BD = 1.0764
- (0.00081 x suprailiac skin fold in mm) - (0.00088 x
triceps skin fold in mm).

RESULTS

The % fat and LBM values determined via hydrostatic and
anthropometric methods of the groups of male and female
athletes are presented in Figures 1 through 4.

Percent fat values determined both hydrostatically and
anthropometrically on groups of athletes are presented in
Table 3. In 6 out of 10 groups of female athletes, there was
a significant difference (P < 0.05) between the % fat values
determined anthropometrically and hydrostatically. The
Sloan anthropometric equation in all cases of female athletes
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Figure 1. Males’ hydrostatic weighing percent body fat.

Figure 2. Males’ anthropometric percent body fat.

Figure 3. Females’ hydrostatic weighing percent body fat.

over-predicted the % fat values in relation to the hydrostat-
ically determined % fat values. This over-estimation ranged
from 0.4% fat in swimmers to 5.9% in long jumpers, and
averaged for the various groups 3.2% fat (SD = 2.1). In six
out of eight groups of male athletes, a significant difference
(P < 0.05) between the hydrostatically and anthropometri-
cally determined % fat values was demonstrated. In all but
one group of male athletes, the Sloan anthropometric equa-
tion underestimated the % fat in relation to the hydrostati-
cally determined % fat values. This underestimation ranged

from 0.95% fat in the Junior World Wrestlers to 6.07% fat
in marathoners, and averaged for all groups 3.0% fat (SD =
1.8).

DISCUSSION

No group of athletes reported here equals or exceeds the
average college age male and female % fat values of
1521,38,49,59,60 and 25%26.48.57 fat, respectively. Several groups

Figure 4. Females’ anthropometric percent body fat.

TABLE 3

Comparison of % of body fat hydrostatically and
anthropometrically determined

* Significant difference between hydrostatic and anthropometric
%o fat (P < 0.05).
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of athletes do, however, approach the average college age
male and female % fat values: male elite canoe and kayak,
13% fat; male elite swimming, 12.4%; male Midwest cross
country ski team, 12.3%; female elite canoe and kayak,
22.2% fat; female elite swimming, 19.5%; and female na-
tional handball team, 19.0% fat. In general, the athletes that
tend to have a higher % fat are involved in sports where the
body weight is not supported by the athlete directly (canoe
and kayak, swimming).

Essential fat in males is approximately 6%45,5’ and in
females values ranging from 1311 to 22% 17 fat have been
reported. Many groups of athletes reported here are near or
even below their sex’s essential fat levels. In general, the
athletes with low % fat values are involved in sports where
the athlete must make a weight class to compete (boxing,
wrestling), events that are very anaerobic in nature (100,
200 and 400 meters in athletics), and events that are ex-
tremely aerobic in nature (marathoners).

In general, athletes that tend to have large LBM are found
in sports where body size is a definite advantage (basketball,
volleyball, rowing), while extremely aerobic type athletes
tend to have a low LBM (marathoners, race walkers).
Comparisons between the data presented here and pre-

vious studies are difficult. This is due in part to the use of
the Sloan anthropometric equations here and various other
anthropometric equations in previous studies, the use of the
Brozek’ equation in the present study, and the use of the
various other equations (Siri,47 Keys and Brozek29) to cal-
culate the % fat from body density in previous studies and
the questionability of comparing anthropometrically derived
body composition variables to hydrostatically derived body
composition variables. If such comparisons are made, how-
ever, in general the % fat values presented here for particular
groups of athletes are of the same magnitude or slightly less
than previously presented values. The LBM values pre-
sented here for a particular group of athletes are of the same
magnitude or greater than previously presented values.

In 6 out of 10 groups of female athletes and 6 out of 8

groups of male athletes, where % fat was determined both
via hydrostatic and anthropometric means, a significant
difference (P < 0.05) existed between the two methods %
fat values. This indicates that the Sloan anthropometric
equations are population specific as has been previously
demonstrated for various other anthropometric equa-
tions. 15,16,26,57,58

It is of interest to note that in all groups of female athletes
where % fat was determined both via hydrostatic means and
via the Sloan equation, the Sloan equation over-predicted
the % fat value in relation to the hydrostatic value. This
over-prediction ranged from 0.4% fat in swimmers to 5.9%
fat in long jumpers. In all but one group of male athletes
where both hydrostatic methods and the Sloan equations
were utilized to predict % fat, the Sloan equation underes-
timated the % fat values in relation to the hydrostatically
determined % fat values. This underestimation ranged from
0.95% fat in Junior World Wrestlers to 6.0% fat in mara-
thoners.

CONCLUSIONS

Extremely low % fat values, although theoretically an ad-
vantage in many sports, are not a necessity for success in
many sports. In general, athletes involved in sports where
their body weight is supported in some manner tend to have
higher % fat values than athletes involved in extreme aerobic
or extreme anaerobic type sports. The Sloan equations for
prediction of body density are population specific and this
must be taken into consideration when interpreting % fat
values obtained via these equations.
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