
Abstract Most in vivo body composition methods rely on
assumptions that may vary among different population
groups as well as within the same population group. The
assumptions are based on in vitro body composition (car-
cass) analyses. The majority of body composition studies
were performed on Caucasians and much of the information
on validity methods and assumptions were available only
for this ethnic group. It is assumed that these assumptions
are also valid for other ethnic groups. However, if apparent
differences across ethnic groups in body composition ‘con-
stants’ and body composition ‘rules’ are not taken into
account, biased information on body composition will be the
result. This in turn may lead to misclassification of obesity
or underweight at an individual as well as a population level.
There is a need for more cross-ethnic population studies on

body composition. Those studies should be carried out care-
fully, with adequate methodology and standardization for
the obtained information to be valuable.
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Introduction

Body composition can be measured at different levels, rang-
ing from atomic, molecular, cellular, tissue, to whole body
levels [1]. Information obtained at one level can be trans-
formed into other levels, using, for example, chemical con-
stants (as for the calculation of body protein from body
nitrogen) or using experimentally or statistically derived
constants or relationships. Body composition methods can
be divided into direct, indirect, and doubly indirect methods
[2]. Direct methods measure directly the component of
interest, and examples are chemical carcass analysis or in
vivo neutron activation analysis. Indirect methods use con-
stants and rules based on direct methods. For example, den-
sitometry assumes a constant density for fat-free mass
(FFM) of 1.100 kg/l, which is based on the chemical com-
position of fat-free mass as obtained from carcass analyses.
Doubly indirect methods are based mainly on a statistical
relationship between easily measurable body parameters
and a body composition component as measured by an indi-
rect method. An example is the prediction of body fat per-
cent (BF%) from skinfold thickness. Most fundamental
body composition studies have been conducted in Europe
and the USA, thus most rules and assumptions are based on
data obtained from Caucasians. Assumptions and developed
prediction equations have been applied to other ethnic
groups, a priori assuming their validity. In recent years,
much information has become available that seriously ques-
tion the general validity of many common assumptions and
prediction formulas in all ethnic groups.
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This paper gives some examples of methods that require
ethnic-specific assumptions and prediction formulas.

Validity of constant density and hydration of fat-free
mass across ethnic groups

Data on carcass analyses showed that the density of the FFM
is 1.10 kg/l and the density of the fat mass (FM) is 0.90 kg/l.
Thus, body density measurements, for example by under-
water weighing or by air displacement, allow the calculation
of body fat content. The use of chemical multi-compartment
models [3] enables the independent assessment of the vari-
ous components of FFM (i.e., minerals, protein, and water).
The composition and density of FFM varies slightly with
age and sex, and several studies have shown significant dif-
ferences in composition and density among ethnic groups.
As an example, Table 1 gives the composition and calculat-
ed density of FFM of age-matched females of different eth-
nic background [4]. Failing to adapt the calculation formula
for BF% to account for differences in FFM density may
result in systematic biases of up to 3% in estimates.

The hydration of FFM is relatively constant at about 73%,
but is slightly age- and perhaps also body fatness-dependent
(the latter in cases of extreme obesity) [5, 6]. The amount of
body water can be determined by dilution techniques, for
example using deuterium oxide [2, 5]. If a constant hydration
of FFM is assumed, the latter can be calculated. Body fat is
then calculated as the difference between weight and FFM.

In most comparative studies, no differences are reported
in hydration of FFM between black and white Americans
[7]. Wang et al. reported a lower hydration of FFM in Asians
[8], but in another study they question the accuracy of den-
sity measurements (that are needed in the calculations) in
Asians [9]. Recently we studied the hydration of FFM of
Dutch Caucasians and Singapore Chinese, Malays and
Indians [10, 11]. Although some statistically significant dif-
ferences were found, it was concluded that these differences
are too small to be biologically relevant.

The cross-ethnic validity of densitometry and hydrome-
try is extremely important, since they are often used as ref-
erence methods for predictive methods. A bias in the refer-
ence method will automatically result in biased predicted
values.

Validity of predictive methods across ethnic groups

The skinfold methodology assumes that (within age and
gender groups): (1) the thickness of the subcutaneous fat
layer is representative of the total amount of body fat; (2) the
sites where the skinfolds are measured are representative of
the total subcutaneous fat layer; and (3) there are no differ-
ences in subcutaneous fat patterning.

From a comparative study in black and white Americans
[12], it can be concluded that generalized skinfold predic-
tion equations have different validity among ethnic groups.
Of note is the different subcutaneous fat distribution (i.e., fat
patterning) between blacks and whites, blacks having gener-
ally less subcutaneous fat in the extremities and more sub-
cutaneous fat in the trunk. This is obvious, for example,
from the (subscapular+suprailiac)/(biceps+triceps) skinfold
ratio [12, 13]. Norgan [14] concluded that differences in
subcutaneous fat patterning could be a reason for the differ-
ent validity of various prediction equations across ethnic
groups. Also in a comparative study among Singaporean
Chinese, Malays, and Indians, we found differences in sub-
cutaneous fat distribution. In addition, the age-related
increase in body fatness was much lower in Singaporeans
than in Caucasians (unpublished data).

Many scientific reports showed that the relationship
between BF% and body mass index (BMI) is not only age-
and gender-dependent, but also ethnic-dependent [7,
14–19]. In children and adolescents, too, the relationship
between weight/height and BF% differs among ethnic
groups. These differences in the BMI/BF% relationship
have urged the World Health Organisation to redefine BMI
action points (unpublished data).

Table 1 Composition and density of fat-free mass in age-matched females of different ethnic background and bias using Siri’s formula for
calculation of body fat percent from density

fwater fmineral fprotein Density (kg/l) Bias

Blacks 0.735 0.076 0.189 1.1034 -1.1

Whites 0.741 0.071 0.188 1.0988 +0.4

Chinese 0.728 0.079 0.193 1.1072 -3.0

Malays 0.734 0.081 0.185 1.1064 -2.6

Indians 0.729 0.080 0.190 1.1086 -2.8

fwater, fraction water in fat-free mass; fmineral, fraction mineral in fat-free mass; fprotein, fraction protein in fat-free mass; Density, density of
fat-free mass; Bias, percent points error if Siri’s formula is used; negative value, under-estimation; positive value, overestimation
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There are differences between ethnic groups in relative
leg lengths; for example, blacks have generally longer legs
than whites. Chinese and Malays are known to have relative-
ly short legs. In addition, some ethnic groups tend to have
smaller frames. It has been shown that relative leg lengths
[14, 19] and frame size [19] are factors responsible for eth-
nic differences in the BMI/BF% relationship. Figure 1 shows
the effect of relative leg length and frame size on the predic-
tive validity of BF% from BMI in Beijing Chinese and
Singaporean Chinese compared with Dutch Caucasians [20].

Earlier reports showed that total body impedance is
largely determined by impedance of the legs and arms.
Thus, in subjects with relatively long limbs, impedance val-
ues will be high compared to the amount of body water. This
means that in subjects or groups of subjects with relatively
long limbs, predicted BF% using bioelectrical impedance is

likely to be overestimated if the formula used was developed
in a population with relatively short limbs. By comparing the
validity of predicted BF% from hand-held impedance between
female Singapore Chinese and Singapore Indians (Chinese
having relatively shorter arms than Indians), it was found that
the difference in bias decreased from 1.1% to 0.2%  after cor-
recting for the difference in relative arm length between the
groups. The effects in males were similar [21]. Figure 2 shows
the relationship between bias in predicted BF% from hand-
held impedance and relative arm length (arm span).

Studies comparing ethnic groups concluded that there are
differences between anthropometric indices of visceral fat and
the actual amount of visceral fat as measured by computed
tomography or magnetic resonance imaging. Albu et al. [22]
showed that for the same amount of body FM, obese black
women had significantly less visceral fat and a lower visceral

Fig. 1 Bias of predicted body fat per-
cent  (BF%) from hand-held impedance
in relation to relative arm span in
Singapore Chinese and Indians. Bias:
measured minus predicted BF%; hand-
held impedance: body fat measured
with OMRON BF306. (Data from [21])

Fig. 2 Bias of predicted body fat percent (BF%) from
body mass index (BMI), age and sex, before and after
correction for body build parameters. A, No correction;
B, correction for relative sitting height (leg length); C,
correction for slenderness (frame size); D, corrections
for relative sitting height and slenderness; BF%measured,
body fat from reference method; BF%BMI, body fat pre-
dicted from body mass index [19]. Corrections by ana-
lysis of covariance (Dutch group as reference). (Data
from [20])
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fat-to-subcutaneous fat ratio for any given waist–hip circum-
ference ratio than white women. The relationship between
waist circumference and actual amount of visceral fat in chil-
dren was also different between blacks and whites [23].
Unfortunately, data for other ethnic groups are lacking, but it
is likely that these differences also exist across other groups.

In conclusion, indiscriminate and improper use of body
composition assumptions across ethnic groups may result in
systematic bias. As most information on ethnic differences
in body composition is restricted to American-blacks and 
-whites and sometimes -Asians, there is a need for carefully
designed and conducted studies, using appropriate methods,
in the Asian Pacific region.
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