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There is little information on the application of general-
ized prediction equations to ethnic groups other than
Europeans and groups of European descent. The purpose
of this study was to crossvalidate conventional equations
on a group of 56 Chinese adults. Body density was
assessed by underwater weighing and also predicted by
equations which use a combination of selected skinfolds -
biceps, triceps, pectoral, subscapular, abdominal, supra-
iliac, thigh and calf. There were significant correlations
(P< 0.01) between the various methods of predicting
percentage fat. However, analysis of variance revealed
significant differences (P< 0.01) between mean values. In
the men, the Jackson and Pollock equation underesti-
mated, and the Durnin and Womersley equation overesti-
mated, the percentage fat predicted by underwater
weighing. The best predictor site in this group was the
medial calf skinfold (r = 0.81), which is not included in
either equation. In the women, the best predictor sites
were the triceps, suprailiac and thigh. As these sites are
also used in the Jackson et al. equation, it is not surprising
that there was no difference between the prediction of
percentage fat by this equation and underwater weight. It
is concluded that the Durnin and Womersley and Jackson
and Pollock equations tend to overestimate and underesti-
mate, respectively, the percentage fat in Chinese men.
Alternative equations which use the calf skinfold may be
more appropriate for this ethnic group. In Chinese
women, there appears to be good agreement between
Jackson and Pollock and hydrodensitometric estimations
of percentage fat.

Keywords: Chinese, hydrodensitometry, skinfolds, per-
centage fat prediction

Simple anthropometric indices are frequently used to
assess the body composition of selected populations.
Perhaps the most frequently used equations are the
skinfold equations of Durnin and Womersley1, Jack-
son and Pollock2 and Jackson, Pollock and Ward3.
The equation of Durnin and Womersley uses the log
sum of the biceps, triceps, subscapular and suprailiac
folds and is based on a large sample of the Scottish

population. The accuracy of the equation (standard
error of estimate (s.e.e.)) is reported to be about 3.5%
for women and 4.0% for men. These equations
appear to be satisfactory when cross-validated on
average men , average women3, male athletes4 and
female athletes5. Cadaver data, such as that derived
from the Brussels study6 has revealed the importance
of including observations from the lower limb (for
example, the front of the thigh, medial calf etc) in
prediction equations. Mueller and Stallones7 reached
a similar conclusion on the basis of principle
component analysis. The quadratic equations of
Jackson and Pollock2 and Jackson et al.3 are based on
the sum of three readings from the chest, abdomen
and thigh for men and the triceps, suprailiac and
thigh for women. The quadratic approach, like the
logarithmic transformation, avoids the problem of an
increase in variance at the extremes of the distribu-
tion, and is thus an effective method of estimating fat
content in specialized groups such as athletes, when
the average member of the sample has a low
percentage body fat8.
The above equations are described as 'generalized'

as they can be applied to other groups with similar
characteristics without bias or marked error in the
estimation. There is, however, little information on
their application to ethnic groups other than Euro-
peans and groups of European origin. Asian popula-
tions make up a substantial proportion of the world's
population yet there is less body composition data on
these than on any other major population group. The
purpose of this study was to crossvalidate the
'generalized' skinfold equations of Durnin and
Womersley', Jackson and Pollock2 and Jackson et al.3
on a group of healthy Chinese men and women.

Subjects and methods
Fifty-six healthy Chinese subjects (47 men and nine
women) volunteered to participate in this investiga-
tion. The subjects were middle class, Hong Kong
Chinese urban dwellers. All subjects were practising
physical education teachers. Descriptive statistics of
the group are shown in Table 1.
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Table 1. Descriptive statistics of subjects

Men Women

Age (years) 34.9(4.6) 24.0-43.0 30.3(2.0) 27.0-33.0
Height (cm) 170.0(4.6) 162.0-179.0 156.3(4.1) 152.0-164.0
Weight (kg) 66.1(8.0) 52.0-86.0 50.9(8.2) 42.6-67.5

Values are mean(s.d.) range

Procedures
Measures of height (to the nearest 0.1 cm) and weight
(to the nearest 0.1 kg) were obtained using a Detecto
stadiometer and beam balance scale. The subjects
were instructed to stand with an erect posture,
centred on the platform with heels together and
looking forward. Whole body density was assessed
by the hydrodensitometry procedure. All subjects
were weighed in a specially designed tank using a
pathological scale (Chatillon, 0-5kg) to determine
underwater weight. The highest consistent reading
from a total of five trials was taken as underwater
weight. Subjects were instructed to submerse their
bodies completely in the sitting position, while
exhaling the total vital capacity from the lungs.
Residual volume was predicted from the equations of
DaCosta9 which were derived from Chinese subjects.
Body fat, expressed as a percentage of total body
weight, was calculated from the equation of Brozek et
al.10
Measurements of subcutaneous adipose and skin

thickness were made on the right side of the body at
the following sites with the subjects in a relaxed
standing position, unless otherwise stated: biceps,
midpoint of the muscle belly on the anterior aspect of
the arm; triceps, midpoint between the acromion and
olecranon processes on the posterior aspect of the
arm; subscapular, a fold taken on a diagonal line
coming from the vertebral border to 1 to 2cm from
the inferior angle of the scapula; suprailiac, midaxil-
lary line just above the iliac crest; abdominal, a
vertical fold taken at a lateral distance of 2cm from
the umbilicus; thigh, a vertical fold on the anterior
aspect of the thigh midway between the inguinal
crease and the proximal border of the patella; calf, a
vertical fold on the medial aspect of the calf at the
level of the greatest circumference with knee flexed
and supported at an angle of 90°; pectoral (men only),
a diagonal fold taken at a point halfway between the
nipple and the anterior axillary fold. All skinfolds
were taken using Holtain (Crosswell, Crymych, UK)
skinfold calipers. Two measurements were taken at
each site and if a difference of greater than 2mm was
observed, a third measure was taken. The mean of
the two measurements was used as the representa-
tive value for each site. Whole body density and
percentage fatl0 were also predicted from the skinfold
equations of Durnin and Womersley1, Jackson and
Pollock2 and Jackson et al.3 (see Table 2).

Circumferences were also taken at the upper arm
(at the level of the triceps skinfold); waist, the
narrowest part of the torso as seen from the anterior
aspect; buttocks, at the level of maximum circum-

Table 2. Body composition formulae

Jackson and Pollock (Men)2
D = 1.10938 - 0.0008267 (X1) + 0.0000016 (X1)2 - 0.0002574 (age)

Jackson, Pollock and Ward (Women)3
D = 1.0994921 - 0.0009929 (X2) + 0.0000023 (X2)2 - 0.0001392 (age)
where:
X1 = sum of chest, abdomen and thigh
X2 = sum of triceps, suprailiac and thigh

Durnin and Womersley'
Density = a + b (X4)

where:
X4 = log sum of triceps, biceps, suprailiac and subscapular

Age (years)

20-29 30-39 40-49

Men
a 1.1631 1.1422 1.1620
b 0.0632 0.0544 0.070
Women
a 1.1599 1.1423 1.1333
b 0.0717 0.0632 0.0612

ference; thigh, at the level of the thigh skinfold
measurement; calf, at the level of the calf skinfold
measurement. All circumferences were measured
with a Gulick anthropometric tape.

Results
Percentage fat estimated by hydrodensitometry cor-
related significantly with both skinfold techniques,
with acceptable levels of accuracy, i.e. around 2% for
the women and 3% for the men (Table 3). Correlations
for both anthropometric techniques were higher for
women than for men, particularly for the Jackson et
al.3 regression equation. However, analysis of
variance indicated that there were significant differ-
ences (P< 0.01) between all three methods for men
and between hydrodensitometry and Durnin and
Womersley for women (Table 4). As expected, in all
cases, the percentage fat estimate for men was lower
than the corresponding value for women.
Means; standard deviations and ranges for skin-

folds and circumferences are shown in Table 5.
Correlations between the various anthropometric
measures and hydrodensitometry are shown in

Table 3. Relationship between skinfold technique and
hydrodensitometry in Chinese men and women

Hydrodensitometry

Technique Men Women
(n = 47) (n = 9)

Jackson etal.3 0.67(3.1) 0.93(2.0)
Durnin and Womersley' 0.73(2.9) 0.89(2.5)

Values are r(s.e.e.)

Br J Sp Med 1995; 29(1) 53
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Table 6. All skinfolds correlated significantly with
percentage fat estimates by hydrodensitometry in
both groups. However, there were differences in the
size of correlations between skinfolds. In the men's
group, the best skinfolds were the calf, biceps and
thigh. Circumferences were poor predictors in men.

Table 4. Comparison of percentage body fat in Chinese men and
women by hydrodensitometry and conventional skinfold
techniques

Technique Men Women
(n = 47) (n = 9)

Hydrodensitometry 15.9(0.61) 20.0(1.8)
Jackson and Pollock2 11.7(0.61)
Jackson etal.3 18.5(2.0)
Durnin and Womersley1 17.9(0.58) 25.9(1.5)

Values are mean(s.e.m.)

Table 5. Descriptive statistics of skinfolds and circumferences in
Chinese men and women

Men (n = 47) Women (n = 9)

Skinfolds
Biceps 4.6(1.3) 2.6-8.0 6.0(3.4) 3.4-13.2
Triceps 8.3(2.6) 4.4-15.0 13.3(4.6) 9.2-21.0
Subscapular 13.9(5.2) 6.6-30.0 17.3(7.9) 10.2-35.8
Suprailiac 9.5(5.1) 3.5-26.0 12.5(6.4) 6.0-24.0
Abdominal 17.2(7.8) 5.3-39.0 20.0(8.0) 13.0-37.0
Thigh 11.0(4.0) 5.2-24.0 19.5(5.1) 10.2-28.2
Calf 7.5(2.2) 3.7-14.8 10.4(3.6) 5.4-15.4
Pectoral 8.0(3.5) 3.0-17.4

Circumferences
Upper arm 27.6(2.5) 22.5-32.5 23.2(3.1) 19.0-30.0
Abdomen 76.9(7.6) 48.0-90.5 67.0(8.1) 58.0-82.0
Buttocks 91.8(4.6) 85.5-101.5 89.0(5.7) 83.0-97.5
Thigh 52.4(3.9) 45.0-60.5 45.4(4.7) 40.5-52.0
Calf 36.5(2.5) 32.0-43.0 34.2(2.7) 29.5-38.0

Values are mean(s.d.) range

Table 6. Correlations of skinfolds and circumferences with
percentage fat estimates from hydrodensitometry in Chinese men
and women

Men (n = 47) Women (n =9)

Skinfolds
Biceps 0.68 0.74
Triceps 0.56 0.90
Suprailiac 0.57 0.72
Subscapular 0.53 0.88
Abdominal 0.64 0.79
Thigh 0.66 0.89
Calf 0.81 0.88
Pectoral 0.65

Circumferences
Upper arm 0.31 0.63
Abdomen 0.24 0.82
Buttocks 0.53 0.95
Thigh 0.32 0.82
Calf 0.13 0.86

In the women's group, the best four predictors were
the triceps, thigh, calf and suprailiac, respectively.
Circumferences, particularly buttocks and calf, corre-
lated significantly in this group.

Discussion
Chien et al." used densitometry to determine the
body composition of 27 Taiwanese men and six
women, mean age 31 years, and on a second occasion
12 years later. The correlation of sum of ten skinfolds
with adipose tissue mass for all 66 data points was
0.93. However, they did not attempt to develop an
estimation equation nor to test those in the literature.
Wang and Kou12 reported a regression equation for
estimating percentage fat from triceps and subscapu-
lar skinfolds based on densitometrically determined
percentage fat in 49 Taiwanese athletes. The correla-
tion was 0.88. Earlier, Nagamine and Suzuki13 had
produced equations for estimating body density from
single untransformed skinfolds of 208 Japanese
college men and women with correlations up to 0.80.
In addition, Parizkova14 has reported that the
regressions of density and the sum of ten skinfolds in
the Taiwanese subjects of Allen et al.'5 were not
significantly different from those of Czechoslovakian
adults.
The above is the extent and scope of the data on

Asian populations, restricted as it is to a few studies
of small numbers of young men and women
performed 20 years ago. However, it does demons-
trate the possibility of estimating body composition
from anthropometric measurements in Chinese and
other Asian groups, and the possibility that equations
derived on Europeans may be applicable to Asians.
However, in the present study, although the

relationship between the predicted percentage fat by
hydrodensitometry, Durnin and Womersley, and
Jackson and Pollock techniques were significant in
the men, there were significant differences between
the three methods. The data indicated that the
Jackson and Pollock equation underestimated and the
Durnin and Womersley equation overestimated the
percentage fat when compared with hydrodensi-
tometry. It is perhaps pertinent to note that the best
predictor of percentage fat in the men's group was
the calf skinfold and that this site is not used by the
equations of Jackson and Pollock and Durnin and
Womersley. This may account for the discrepancies
in percentage fat estimations. It was considered
appropriate to sum various combinations of skin-
folds, to square skinfolds and to transform the
combinations to logarithmic equivalents to obtain the
highest correlation coefficient. In all cases, the calf
was retained. The best combination was the sum of
raw scores of the calf and biceps, with a correlation of
0.82 and s.e.e. of 2.4%. It should be noted, however,
that the addition of the biceps increased r by only
0.01. One factor which contributes to high correla-
tions between variables is the degree of heterogeneity
or range of values associated with the variables. It is
worth noting that the calf and biceps had the lowest
degree of heterogeneity among the men's group. This
provides evidence that the calf skinfold may be a
good discriminator of percentage fat in Chinese men.

54 Br J Sp Med 1995; 29(1)
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For the calf alone, the equation produced was:

%16fat = 4.88 + 1.48 (calf)
r = 0.81, s.e.e. = 2.4%.
As the calf skinfold was indicated as the best

predictor of percentage fat for the men in this study,
we undertook a further analysis on the dataset.
Stepwise multiple regression analysis was applied to
the skinfold data on a subsample of 32 randomly
selected men, with percentage fat as predicted by
hydrodensitometry as the dependent variable. The
calf skinfold was selected as the best predictor in this
subsample, and produced the regression equation:

%16fat = 5.87 + 1.37 (calf)
r = 0.84, s.e.e. = 2.1%.
The predictive accuracy of this equation was then

tested on the remaining 15 men by comparing the
values from this equation with the values obtained by
hydrodensitometry. Mean(s.e.e.) percentage fat pre-
dicted by the calf equation and by hydrodensitometry
on this subsample was 15.6(2.5) and 14.8(4.3),
respectively. A related t test indicated that there was
no significant difference between the means
(t = 1.08). The t test correlation between the two
predictions was r = 0.76 (P < 0.01). This provided
further evidence that the medial calf site was a
particularly useful predictor of percentage fat in the
men from this study.

In the women's group, correlations for both
Jackson, Pollock and Ward, Durnin and Womersley
and hydrodensitometry were highly significant,
although the number of women in this sample was
substantially lower, due to a reluctance of the women
to enter the tank. Results should therefore be
regarded appropriately. Nevertheless, the skinfolds
which were the best predictors in the women's group
were the triceps, thigh, calf and suprailiac, respec-
tively, with correlations being equal to or exceeding
0.88. Both the Jackson et al. and Durnin and
Womersley equations use at least two of these
skinfold sites, and it is perhaps therefore not
surprising that the predictive ability of these equa-
tions is better in Chinese women. In fact, it would
appear that the Jackson et al. equation is ideally suited
for Chinese women. The three best predictor sites
were the same three sites used in this equation. It is
notable that there was no significant difference
between percentage fat estimated by this equation
and that estimated by hydrodensitometry.
Although the general application of this study may

be limited due to the relatively small number of
subjects used, it does provide some interesting
evidence that the calf site could be a particularly
useful predictor of percentage fat in healthy Chinese
men. Although this may be attributed to the
relatively small number of subjects used in this study,
Martin et al.6 have also observed that this site is one of
the best predictors of total subcutaneous adipose
tissue mass. It is concluded that the Durnin and
Womersley and Jackson and Pollock equations tend
to overestimate and underestimate, respectively, the
percentage fat in Chinese men. Alternative equations
which use the calf skinfold may be more appropriate
for this ethnic group. In Chinese women, there

appears to be good agreement between Jackson and
Pollock and hydrodensitometric estimations of
percentage fat.

It is perhaps pertinent to include a note of caution
about the use of hydrodensitometry to estimate body
composition. It is acknowledged that the assump-
tions underlying this technique may not be absolutely
correct and appropriate for different ethnic groups.
The assumption that the mean density (1.1gmh-')
and proportion of the lean compartment is constant is
not tenable. The density and proportion of tissues
that contribute to the lean mass (predominantly
muscle and bone but also including other forms of
connective tissue, nervous and epithelial tissue) must
be known in order to derive a single value for
density. The proportion of muscle tissue will vary
from individual to individual. In one study, the
density of bone tissue varied from 1.18 to 1.33 gml-1
and represented a range of 16.3 to 25.7% of the
adipose tissue free mass6 . Thus the assumptions
with respect to the fat-free mass cannot be accepted
without severe limitations. Adjustments have there-
fore been proposed for subgroups of the population.
For example, Schutte et al.17 have suggested a value
of 1.113 g ml- for the North American Black popula-
tion. As far as we know, there are no such figures for
the Chinese population, but there may well be
differences which are equally attributable to ethnic-
ity. It is therefore likely that the reliability of this
method may be different for different ethnic groups.
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