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Anthropometric measurements in one hundred girls and one hundred
boys from 4.6 to 6.6 years of age were carried out in order to study the
correspondence between the criteria of obesity according to weight for
stature (BW-HT) and according to the magnitude of fat body mass (FM
calculated of two different regression equations, one developed starting from
body weight (BW), height (HT) and two skinfolds, and another one, using
only BW and HT.

Employing the criterion of obesity based upon BW-HT above 120%,
a number of heavy but not fatty subjects (mainly boys) were included as
obese, and three of the girls studied were fatty but not overweight. Con-
versely, if we calculate FM using the regression equation based on BW and
HT, and the criterion of obesity based upon body fat percent, the incidence
of obesity could be underestimated. The best results were given by regression
equations which include BW, HT and two skinfolds (triceps and subscap-
ular).

Though the usefulness of BW and HT in nutritional assessment is
not discussed, the diagnostic limitations of these measurements used alone
or in combination are evident and therefore it is necessary to include skinfold
measurements if we wish to obtain a correct diagnosis of obesity.

Since body weight (BW) can signif-
icantly be influenced by body length
or stature (HT), the use of weight
for age for the assessment of the
nutritional status in children has been
progressively substituted by indices
which combine BW and HT in differ-
ent manners [21, 23, 34].

The most commonly used indices
are weight for length or stature (BW -
HT), which is expressed as the per-
centual value of expected weight for
actual length [7, 9, 11, 21, 23, 34];
the ratio BW/HT [1, 26], or quantity
of body mass per unit of linear di-
mension; the Pondéral Index, which

converts BW in linear dimension [1,
32]; and those indices which estab-
lish an age independent relation be-
tween BW and height, like Rao’s [30]
and Dugdale’s [12] indices.
Though all these indices are based
upon simple measurements, some of
them introduce mathematical pro-
cedures which complicate the deter-
minations without a significant in-
crease of diagnostic accuracy. None
of these methods is capable to express
the variations in body composition;
they only show the changes in whole
body mass, that in a strict sense is
not enough to appraise the magnitude
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of malnutrition and often leads to
confusion and misunderstanding of
the actual nutritional status [5].

Obesity is the type of malnutrition
characterized by an increase of fat
body mass (PM) [24], though in most
children with hyperplastic forms of
obesity there is also an increase of
fat-free mass (FFM) [16]. Exogenous
obesity is characterized by a ten-
dency of the stature to be in the upper
percentile fields [19].

The increase of FM and to a lesser
extent of FFM determines the in-
crease of BW in obese subjects, but
the increase of BW not always means
an increase of FM, especially when
the overweight is slight or moderate.
Hence, the study of body composition
is indispensable for differentiating
obese subjects from those who are
constitutionally heavy because of
their better developed FFM.

In many but by no means in all
people a moderately satisfactory esti-
mate of the body fat content can be
obtained from BW and HT. For a
more precise evaluation several meth-
ods are available which give a reason-
ably accurate measure of FM both
in normal subjects and in individuals
of unusual body build [14].

Body composition can be assessed
by determining FM by linear regres-
sion equations developed for the pur-
pose. Dugdale and Griffiths [13] deter-
mined several ofthese equations start-
ing from combinations of anthropo-
metric measurements: BW, HT and
skinfolds, and have proved that com-
bining BW, HT and two fatfolds,
triceps fatfold (T) and subscapular
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fatfold (SS), the degree of accuracy
compared with the methods using K40
is higher than when one or two skin-

folds are used alone or combined with
BW.

The correspondence between the
criteria of obesity according to BW -
HT and to the magnitude of FM
calculated on the basis of regression
equations which use only BW and
HT has not been studied. The purpose
of the present paper was to examine
whether, if only those two measure-
ments are at disposal, it is advanta-
geous to use in the diagnosis of obesity
the regression equation instead of
BW-HT.

Matekials and Methods

One hundred girls and one hundred
boys aged from 4.6 to 5.5 years were
studied. This sample of two hundred
children was selected from among those who
attended to polyclinics for periodic health
surveillance. None of them had symptoms
or a history of chronic disease or malfor-
mation.

Data of identity and measurements were
obtained by skilled personnel trained at
the Department of Physical Development
of the Institute of Sports Medicine. These
data were:

- Name of the subject,

- Sex,

- Date of birth and date of recording,

- Body weight (BW) in kg, to the nearest

0.1 kg,

- Stature

0.1 cm,
- Triceps skinfold (T)
nearest 0.1 mm,
- Subscapular skinfold (SS) in mm, to
the nearest 0.1 mm.

Anthropometric measurements were ob-

tained employing the instruments and

(HT) in cm, to the nearest

in mm, to the
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following the procedure recommended by
the International Biologic Program (36)
as described in a previous paper (2).

Decimal age was obtained from the date
of birth and the date of recording, follow-
ing Tanner (36).

Body weight for stature (BW-HT)
was calculated according to Ounsted and
Simons (27) as follows

BW-HT-= —é—XlOO

where
actual weight (kg)
actual stature (cm)
and

g 50th % expected BW for age (kg)
50th % expected HT for age (cm)

Expected values for weight and stature
corresponded to the 50th percentile of the
Cuban National Child Growth Study (22)
for the sex and the age of the subject.

Fat body weight (FM) was obtained
from the linear regression equations devel-
oped by Dugdale and Griffiths (11).
We employed two groups of equations:
one, which uses BW, HT and two skinfolds
(T and SS) as follows:

For boys: FM, (in kg)= 1.753+0.304BW —
— 0.064HT+0.187T+0.140SS
For girls: FM, (in kg)= 7.259+ 0.647BW —
- 0.150HT—0.027T+0161SS

The other equations use only BW and

HT according to the expressions:
For boys: FM2(in kg) = 5.244+ 0.380BW —
—0.085HT
For girls: FM2(in kg)= 7.869+0.650BW —
—0.151HT

Body fat percent (or relative fat body
weight) (%BF) was obtained from FM
by the equation

FM X 100

%BF BM

Criteria of obesity were established
according to BW-HT if the actual BW
was 20% or more above the expected BW
for stature. According to %BF, obesity
was considered if relative fat body weight
was 25% or more or 30% or more in boys

and in girls,
Bray (8).

Mean values and standard deviations
for FM, and FM2in each sex, and for BW -
HT were obtained. Means were compared
by Student’s t test. Correlations between
%BF, and BW-HT %BF2and BW-HT,
FM, and BW-HT and FM2and BW-HT
and between FM, and FM2were calculated
and linear regression equations were
drawn.

All the subjects considered obese by
the BW-HT criterion were cross-classified
as obese and non-obese according to their
relative fat body weight (%BF) deter-
mined by the two previously described re-
gression equations (%BF, and %BF2).
A McNemar test was then carried out with
the purpose of establishing whether the
two methods led to the same conclusion
concerning obesity or non-obesity. This
test was performed for both boys and
girls.

A paired-sample test was performed to
compare both methods of determination of
%BF for both boys and girls.

Finally, a simple linear regression model
was fitted by the least square procedure
to the value of %BF, and %BF2in boys
as well as in girls. The statistical hypothesis
that 6 (the slope) was one and that a
(the intercept) was zero, was also tested

respectively, according to

Results

Mean values for each variable were
obtained as shown in Table 1. No
significant differences were found
between FM, and FM2in boys, while
in girls differences were slightly above
the significance level (a = 0.05). FM,
as well as FM2 values were signifi-
cantly higher in girls, but while in
females a slight difference between
means could be found, in boys no
significant differences were obtained.
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Tabte |

Mean +£SD weight for stature and fat body weight in 100 boys and 100 girls aged

6 years
Mean * S.D. Student’s T test

Boye

5.310 (p < 0.001)*
FM,, kg 3.06+ 1.22

1.929 (p < 0.05)**
fm 2 kg 3.05+ 0.90

3.539 (p < 0.001)*
BW-HT 103.91+12.57 0.134 (n.s.)*
Girls
FMj, kg 4.16+ 1-66
fm 2 kg 3.71+ 1.62 0.066 (n.s.)**
BW-HT 106.31+ 12.59

FMX= Fat body weight obtained by regression equations using body weight,

stature and two skinfolds.

FM2= Fat body weight obtained by regression equations using body weight and

stature.

BW-HT = Body weight for stature.
* Differences in females.

** Differences between FM,

Values for BW-HT were similar
in both sexes.

Correlation studies are summarized
in Table Il. All combinations proved
to be highly significant, with the r
values were higher in girls.

Figures 1and 2 show the dispersion
diagram, correlation study and re-
gression line between BFXand BW-
HT in boys and girls respectively. Cut-
off points were drawn defining the
limits for the criteria of obesity accord-
ing to BW-HT (120% of expected
weight for stature) and according to
%BF (25% for boys and 30% for
girls). In Fig. 1it is possible to observe
that, though in 14 subjects BW-HT
was above 120 %, only 4 of them showed

and FM2

a proportion of body fat exceeding
the limit established for the employed
criterion of obesity. In girls, the dis-
crepancy was not so manifest, and
from 14 overweights (above 120%

BW-HT), eleven were also fatty
(more than 30% BF), as shown in
Fig. 2.

Table 111 shows the cross-classifica-

tion of male and female children as
obese and non-obese according to
both methods of determination of
relative fat body weight (% BF1 and
% BF2). The results of the McNemar
test also appear in Table II1.

Table IV contains the mean d"S.D.
percentage of fat body weight by the
two methods and the value of the
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Tabte Il

Correlations between anthropometric indices of fatness of overweight in 100 boys and
100 girls aged 5 years

Regression eiuation Correlation
X y=bsa+a coefficient r*
Boys
FM, y = 884a:+ 70.87 0.859
fm?2 BW-HT y._. 1278a; + 64.92 0.917
FM, FM?2 y= 0.65a;+ 1.06 0.878
%BF, BW-HT y= 2.02a + 70.48 0.730
%b f2 BW-HT y= 193 + 5822 0.757
Girls
FM, BW-HT = 6.30 + 80.71 0.878
fm?2 BW-HT . 837x+ 7541 0.967
FM, fm2 . 0.85a:-f- 0.16 071
%BF, BW-HT y= 187a+ 6357 0.930
%BF2 BW-HT y= 2.08a + 6043 0.823

* All correlation coefficients were significant at the level of a = 0.001.
FM, and %BF,: Fat body weight and body fat percent obtained by regression
equations using body weight, stature and two skinfolds.
FM2and %BF2: Fat body weight and body fat percent obtained by regression
equations using body weight and stature.
BW-HT: Body weight for stature.

60 100 KO 180 220 26.0 30.0 34.0
Body fat percent

Fig. 1. Correlation between body fat percent obtained from fat body mass calculated

from body weight, stature and two skinfolds and weight for stature in 100 five-year old

boys. Note that from 14 overweight (above 120% BW-HT) children, only 4 show
overfatness
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paired sample test in boys and of the parameters and the correlation

girls. coefficient corresponding to the fitted
Finally, Table V shows the values linear regression model for each sex.

Body fat percent

Fig. 2. Correlation between body fat percent obtained from fat body mass calculated

from body weight, stature and two skinfolds, and weight for stature in 100 five-year

old girls. Note that from 14 overweight (above 120% BW-HT) children, 11 are actually
fat and another three fat girls are not overweight

Tabtie Il

Cross-classification of 14 boys and 14 girls with weight for stature above 120% according
to their relative fat body weight (%0BF) obtained by two different regression

equations
Relative fat body weight (%BF,,)
Boys
<25% > 25%
Relative fat body <25% 10
weight (% BF2) >25% 0

McNemar test = 2.25 (n. s.)

Relative fat body weight (%BFt)

Girls
<30% 2%
Relative fat body <30% 3 5
weight (%0BF2) >30% 0 6

McNemar test = 3.20 (n. s.)

%BFj: Relative fat body weight calculated from body weight, stature and two
skinfolds.

% BF2: Relative fat body weight calculated from body weight and stature.
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Table

Paired sample test: Mean +

387

v

SD body fat percent obtained by two different methods

in 6-year old children

%BP,
Sex
Mean + SD.
Girls
(n = 100) 22.79+6.25
Boys
(n = 100) 16.57+4.56
%BFp

stature and two skinfolds.
%BF2:
and stature.

%BF, .
Paired sample test
Mean + S.D.
20.34+5.49 11.216 (p < 0.001)
16.57+2.60 0.004 (n.s.)

Relative fat body weight (Body fat percent) calculated from body weight,

Relative fat body weight (body fat percent) calculated from body weight

Table V

Parameters of the fitted linear regressions to the values of body fat percent obtained by
two different regression equations in 6-year old children

Parameter

Slope (9)

Intercept (a)

Correlation Coefficient r
Test value for slope (6=1)

Confidence interval for a

Discussion

Because BW and HT are easily
obtainable measurements, many au-
thors stress the importance ofthese an-
thropometric indicators in nutrition-
al assessment [31], and many differ-
ent definitions, equations and formu-
las for weight for height have been
employed [25, 29, 33, 35]. Poskitt
and Cole [29] used both the weight/

height ratio and the weight-for-
height standards to assess obesity in
children, arriving at contradictory

Boys Girls
(n « "100) (n = 100)
1.30 1.07
-5.07 1.04
0.74 0.94
2.54 (p < 0.05) 1.78 (n.s.)
from: from:
-9.03 to —1.13 - 0.43 to 0.43
conclusions when comparing both

methods. Hermelo et al. [20] corre-
lated weight for height with weight/
height in 184 healthy infants and
children, finding a highly significant
correlation coefficient (0.931) for the
differences between both methods
apparent for underweight children,
but not for overweight ones. Weight/
height has been widely used in
adults for assessing obesity [10].
According to Dugdale and Griffiths
[11], the estimation of FM based on
BW and HT produces highly signif-
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icant correlations in both sexes.
The addition of triceps skinfold to
the regression equation meant only
a slight improvement that did not
reach statistical significance, while
the inclusion of further skinfolds to
these equations made almost no
difference in the percentage of vari-
ance. Finally, these authors concluded
that the addition of triceps skinfold
reduced the number of large errors in
the estimates, especially in children
who are unusually stocky or *“long
and lean”.

If we take into account the values
of FMland FM2obtained in boys and
in girls, we should assume that, as
the differences are very slight or do
not exist, and the correlation coeffi-
cients are so highly significant, the
calculation of fat body mass does not
need skinfold measurements and for
practical purposes can be done easily
by regression equations including
only BW and HT. Still, as fat body

mass increases, the correspondence
between the two methods de-
creases (Amador et ah, unpublished
data).

It has been widely demonstrated
that, using weight for stature above
120% as the criterion of obesity, the
number of “obese” subjects is overes-
timated, becauseitincludes overweight
subjects who are not fat. Regarding
the methods for calculating body fat
by regression equations, the results
of the McNemar test show no signif-
icant difference between both methods
of determination as regards the classi-
fication of obese and non-obese. The
discrepancy appears to be high es-

pecially in girls, but is not sufficiently
so for significance. However, the
mean values of the two methods differ
significantly in girls, being higher
for the method taking into account
the skinfolds.

The fitted regression models show
very strong correlations between the
two methods for %BF1 and %BF2
as we found between FMXand FM2
This correlation is higher in girls
where the two parameters do not
differ significantly from 1 and 0O,
respectively. In boys, however, the
regression line shows that for values of
%BF2 above roughly 17 (in fact,
16.842) % BF1tends to be higher than
% BF2 while the relation is reversed
for values below 17.

These results led us to assume that
the two methods are not indistinguish-
able even in girls in spite of the fact
that band a do not differ significantly
from 1and 0, respectively. The values
of b and a however show that % BFX
tends to be systematically higher
than those of % BF2for any value of
the latter and this is reflected in the
significant differences obtained by
the test for comparison of means.

Taking into account the above
considerations, we could assume that
the use of BW and HT for assessing
obesity leads to an overdiagnosis if
we use the weight for height criterion,
and probably leads to underdiagnosis
if we apply the regression equations
for calculating FM without including
skinfolds.

According to our findings, if we
wish to assess fatness, we must
include some fat measurement to
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increase the sensitivity and reliability
of the method employed, and the
higher the number of fatfolds we
include, the higher the accuracy of
the method, though for practical
purposes two skinfolds seem reliable
enough [13, 25].

Though the quantity of subcuta-
neous fat related to the total body
fat [17] is lower in girls than in boys,
the r coefficients obtained when
correlating FM or %BF with BW-
HT were higher in females, the
opposite to what we had expected.
One explanation of this controversial
finding could be that boys are more
likely to exhibit an overweight due
to the increase of fat-free mass, while
in girls the increase in BW s
frequently related to fatness. In
three of our girls %BF1 was above
30% and BW-HT was under 120%
(Fig. 2), a fact that supports our
opinion that it is necessary to include
fatfold measurements in the assess-
ment of obesity, because in some cases
body tissues can be replaced by fat
and obesity may be present without
any significant change in body mass
[18].

Although we arrived at the conclu-
sion that the definition of childhood
obesity is a difficult task [6], we
believe that the main fact is to keep
in mind the limitations of the methods
[4]. The diagnostic limitations of
using BW and HT grow with the age
of the child, and if we are dealing
with a moderately overweight patient
it is very important to define precisely
how fat in fact he or she is before
making a hasty diagnosis of obesity.

For this purpose, it is evident that
we cannot trust parameters like body
weight and height alone.
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