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Nutritional evaluation of adolescents: usefulness
of anthropometric indicators in the diagnosis of
obesity

Anne Suarez, JM Argualles

Institute of Nutrition and Food Hygiene, Infanta 1168, Ciudad de la Habana 3, Cuba

The results of body measurements and several anthropometric indices
in the detection of obesity of 351 adolescents aged 15 to 19 years attending
the preuniversities in Havana are presented. Body weight and height values
were between the 50th and 76th percentiles of the Cuban national norms
while those of the triceps and subscapular skinfolds were between the 90th
and 97th percentiles. The high correlation between the two relative body
weight indices and the sum of the three skinfolds evidenced the value of
these indices in field studies. The study showed that determining the inci-
dence of obesity remained a problem as it depended on the anthropometric
indicators and the cutoff points that were used and which resulted in values

ranging from 9.6% to 53.7%.

Adolescence is a stage of growth
and development accompanied by
complex morphological and physio-
logical changes in which nutrition
plays an important role. Physical
activity also has a profound influence
on body dimensions and is an impor-
tant factor in the accumulation of
excess adipose tissue when energy out-
put is less than energy input. The
comparison of body dimensions using
national references in order to assess
the nutritional status of a given po-
pulation, is more appropriate than
when compared to international refer-
ences as the former reflects the inter-
action between genetic and environ-
mental factors.

The measurement of fat folds, espe-
cially the triceps skinfold, has been
used repeatedly in nutritional studies;
values considered “normal” suggest

an adequate energy intake [3, 9].
Other authors [8, 11], however, re-
ported that the subscapular skinfold
was a better indicator of nutritional
status. The use of the triceps skin-
fold is not adequate because it is
supposedly under genetic control
while the subscapular skinfold is more
responsive to nutritional factors and
consistently shows a higher correla-
tion with weight [7]. The need to
relate body measurements or an in-
dex of relative weight to medical
problems has been the purpose of
many investigations [2, 18]. Various
indices of relative body weight have
been used in the past years among
which the body mass index proposed
by Quetelet in 1832 continues to be
used in epidemiological studies [14,
15, 16]. Comparison of actual weight
with that expected for age and height,

Acta Paediatrica Hungarica 27, 1986
Akadémiai Kiadd, Budapest



304

using national or international refer-
ences, has also been used in these
studies. In this paper body measure-
ments and the use of several anthropo-
metric indices in the detection of
obesity in a group of adolescent boys
and girls are presented.

Materials and Methods

From two preuniversities in the City
of Havana 438 students were randomly
selected. Of these, 132 boys and 219 girls
aged 15 to 19 years volunteered for the
study. Weight, height, triceps, subscapu-
lar and suprailiac skinfolds were measured
following the techniques described by the
International Biological Program [25]. The
Harpenden caliper was used and the mea-
surements recorded to the nearest 0.1 mm
on the left side of the body. The Cuban
national norms [13] were used as reference
for height, weight and skinfolds, and to
calculate an index of relative weight by
comparing actual weight with that ex-
pected for age and height. The percentage
of body weight (%W) was calculated as
follows [22].
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Log transformation of weight and skin-
folds were used for comparison and simple
linear correlations. Student’s i-test was
used for comparison between sexes and
the chi square test to determine significant
difference for the indices used to define
obesity. The level of statistical significance
was chosen at p of less than 0.05.

Results

Body weight, height, and skinfold
measurements in boys and girls are
presented in Tables | and Il. As ex-
pected the boys were significantly tal-
ler and heavier than the girls (P <
< 0.05) and in both sexes these val-
ues were between the 50th and 75th
percentiles of the Cuban national
norms, whereas the triceps and sub-
scapular skinfolds were between the
90th and 97th percentiles. The sub-
scapular skinfold showed a tendency
to increase with age in both sexes.

Figure 1presents the distribution of
heights, weights and three skinfolds
compared to the antional norms with

Actual weight (Kg) of subject at present age

Actual length (cm) of subject at presentage

50th P expected weight (Kg) for corresponding age n
50th P expected length (cm) for corresponding age

A/B X 100 = Index for surveyed subject.

A percentage equal or greater than 120
indicates obesity, 110—119 overweight,
90—109 normal weight and less than 90
underweight.

The body mass index (W: H2 was also
used as another index of relative weight.
The 97th percentile of the national norms
for skinfolds was defined as obesity, as
well as the value proposed by Seltzer and
Mayer [21] for the triceps skinfold.
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a greater skewness to the right of all
the body measurements, particularly
the suprailiac skinfold.

The linear coefficient correlations
between height, weight and the sum
of the three skinfolds with the relative
weight indices are shown in Table I1I.
The body mass index showed a low
correlation with height while the



Age

15.0—16.9

16.0—16.9

17.0—17.9

18.0—19.9

37

46

36

13
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Table |

Height and weight (mean = S.D.)

Boys
BZ T Weight-»

168.6* 1.748*
+7.1 +0.062
170.1* 1.774*
+6.7 +0.067

172.6* 1.793*
+6.7 +0.063
172.4* 1.782*
+6.7 +0.052

W Log,, transformed data
The numbers in parentheses indicate the antilogarithm of weight.
*Values significantly greater than the mean for girls p < 0.05.

Age

16.0—16.9

16.0—16.9

17.0—17.9

18.0—19.9

37

46

36

13

(Kg)
(66.0)
(69.5)

(02.1)
(60.2)

Tabre Il

Triceps*1) Subscapolar*1)
0.993 0.983
+0.162 +0.231
(9.8) (9.6)
0.996 0.992
+0.162 +0.144
(9.9) (9.8)
0.988 1.026
+0.146 +0.112
9.7) (10.6)
0.976 1.068
+0.145 +0.141
(9.5) (11.4)

() Log,, transformed data
The numbers in parentheses indicate the antilogarithm of skinfold.

Age
15.0— 16.9
16.0— 16.9
17.0— 17.9
18.0— 19.9

63

93

48

26

Triceps*1) Subscapular*1)
1.269 1.168
+0.168 +0.167
(18.1) (14.7)
1.291 1.233
+0.131 +0.126
(19.5) (17.1)
1.267 1.205
+0.092 +0.136
(18.6) (16.0)
1.273 1.212
+0.916 +0.011
(18.7) (16.3)

Skinfold thicknesses (mean

No.

63

93

48

25

Girls

Height
(cm)

169.6
+6.4
160.6
+6.1

168.0
+6.9
160.6
+6.3

S.D))

Suprailiac'l)

1.126
+0.218
(13.3)
1.167
+0.228
(14.3)
1.206
+0.201
(16.1)
1.102
+0.217
(12.6)

Suprailiao*1)

1.419
+0.148
(26.2)

1.439
+0.172
(27.6)

1.416
+0.161
(26.1)
1.432
+0.161
(27.0)

Weight*1)

1.716
+0.078
1.737
+0.060

1.727
+0.062
1.730
+0.042

306

(Kg)
(52.0)
(64.6)

(63.4)
(63.7)

Total*1)
Skinfold

1.676
+0.169
(37.6)
1.605
+0.161
(40.3)
1.626
+0.138
(42.2)
1.689
+0.146
(38.8)

TotanV
Skinfold

1.843
+0.129
(69.7)
1.877
+0.138
(76.4)
1.869
+0.109
(72.3)
1.863
+0.106
(72.91)
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percentage of body weight was sig-
nificantly high (p < 0.05), which in-
dicates a degree of dependency with
respect to height. The rest of the cor-
relation coefficients was high (p <
< 0.05).

Table 1V provides the linear coef-
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Triceps skinfold

3 3710

ficient correlations describing the re-
lationship between weight, three skin-
fold thicknesses, and the sum of two
and three skinfolds. The correlation
coefficients between weight and sub-
scapular skinfolds were the highest
while the sum of two and three skin-

25 50 75 '90 >97
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Table Il

Correlation coefficients for height, weight!l) and total skinfolds!l) vs
relative weight indices

307

ow wH
Boys Girls Boys Girls

Height 0.29* 0.29* 0.05 0.04

Weight 0.85* 0.85* 0.79* 0.85*

Summed

fat folds 0.67* 0.70* 0.68* 0.73*
<Y Logl0transformed data
*p < 0.05
Table TV

Correlation coefficients between weight (a) and skinfolds (a)

Skinfold Boys Girls
Triceps 0.47 0.61
Subscapular 0.64 0.65
Suprailiac 0.58 0.54
Triceps -f- subscapular 0.59 0.70
Triceps -|- subscapular  suprailiac 0.63 0.54

Logl0transformed data
Table V

Comparison of incidence of obesity using several indices

No.
%W ~ 120 40
Suprailiac skinfold (1) 67
Triceps skinfold (1) 22
Triceps skinfold (2) 19
Subscapular skinfold (1) 12

Boys Girls

per cent No. per cent
30.3 a 45 205 a
50.7 b 118 53.7 b
16.7 ¢ 37 16.9 ¢
144 ¢ 36 16.5 ¢
9.6 d 32 145 ¢

Different letters differ significantly p < 0.05
(1) 97th percentile based on Cuban national norms.

(2) Based on Seltzer and Mayer (21)

folds did not contribute to a higher
correlation with weight than just the
subscapular skinfold.

Table V presents the incidence of
overweight using different criteria.
The percentages of relative weight
and suprailiac skinfold evidenced the

highest incidence of obesity and were
statistically different from each other
and from the other skinfold percent-
ages. The incidence of obesity be-
tween boys and girls derived from
the various indices was not signifi-
cantly different.
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Discussion

Body weight and height values
were between the 50th and 75th per-
centiles of the Cuban national norms
and similar to those reported in
another school in the City of Havana
[23]. The three skinfold’s values were
also in the higher percentiles. The
national norm’s include urban and
rural children from all the provinces
some of which are less developed.
This probably explains the higher
values, although the percentage of
boys and girls with skinfold thick-
nesses, especially the suprailiac in the
97th percentile, suggests an excess
amount of adipose tissue. The triceps
and subscapular values are slightly
higher than those reported by Jenicek
and Demerjian in Franco-Canadian
adolescents [10] and by the Health
Examination Survey [11]. The tri-
ceps skinfolds were similar to those
reported by Clarke et al. [1] in high-
school children from Vermont. The
technique involved when measuring
the suprailiac skinfold is difficult [11]
and should only be undertaken in
specific studies. Nevertheless we were
interested in this skinfold because of
the tendency to deposit excess adipose
tissue in this area. Two decades ago,
Laska-Mierzejwska [17] reported in a
study done in the schools of the City
of Havana that the abdominal skin-
fold was large in both sexes regardless
of race. We are faced with the prob-
lem of deciding which skinfold or
combination of skinfolds would best
assess the nutritional status of various
population groups.
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Garn et al. [7] found that the sub-
scapular skinfold was more adequate
in this assessment because it uni-
formly showed higher correlations
with weight in Michigan children and
adolescents aged 3 to 19 years. The
sum of the subscapular plus triceps
skinfold did not improve the predic-
tive efficiency. In our study the re-
sults were similar not only with the
sum of two folds but with the sum
of three folds (triceps, subscapular
plus suprailiac) as well. The problem
of which anthropometric indicator
should be used in the assessment of
obesity became apparent (Table V).
The incidence of obesity as deter-
mined by percentage of relative weight
and the three skinfolds ranged from
9.6%—53.7%. The highest percent-
ages corresponded to the suprailiac
skinfold, which were significantly dif-
ferent from the other indices. The use
of one skinfold by itself, does not take
into account the individual differ-
ences in fat distribution aswell as those
due to age, sex and ethnic factors.

The exceptionally large accumula-
tion of adipose tissue in the suprailiac
area warrants more further studies of
the possible factors that contribute
to it. The other question is whether
or not these adolescents are obese.
Evidently the value of a single skin-
fold is not sufficient for the diagnosis
[6]. Probably more than one skin-
fold should be taken which would be
more representative of the fat distri-
bution at different ages, and which
would also take into account sex and
ethnic factors. Jolliffe [12] advocated
the sum of three skinfold thicknesses



A Suarez, JM Argieles: Obesity

giving values of 60 mm and over in
men, and 75 mm and over in women
as indicative of obesity. It seemed
that more precision could be obtained
if a selection of skinfolds were made
on the basis of correlations not with
weight but with total body fat, as
determined by 40K or other tech-
niques [8, 24]. Actually this is what is
done when regression equations are
derived from anthropometry. Roche
[20] in a review concerning the mea-
surement of skinfold thickness and the
difficulties posed by the selection of
sites, the validity of the data ob-
tained, and its transformation to
estimated areas of adipose tissues,
concluded that there was still much
to be done, including the answer as
to the normal level of fatness in terms
of function and survival.

The results of our study have con-
firmed these difficulties. The supra-
iliac fold seemed to overestimate the
incidence of obesity, whereas the tri-
ceps and subscapular skinfolds may
have underestimated it. The results
of the linear correlations between the
relative body weight indices (percent-
age of weight for height and body
mass index) and the sum of the three
skinfolds were high, 0.67 and 0.70
respectively, which indicates their
usefulness as a measure of obesity.
Womersley and Durnin [25] especially
recommended the W: H2which in our
study showed a high correlation with
weight and the sum of the three skin-
fold thicknesses, but a low correlation
with height; this was not the case for
the percentage of weight for height
index which showed a positive corre-
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lation with height. Still, the use of the
W :H2index as an indicator to be ap-
plied in population studies of different
ethnic origins assumes that the rela-
tion between weight and height re-
mains invariable. This probably is not
completely true as these proportions
vary with age, sex and with ethnic
origin. The latter has great signifi-
cance in the American populations
due to the high percentage of racial
mixture. Jordan [13] reported on a
greater length of the lower extremi-
ties and a shorter length of the trunk
in the Cuban population as compared
to the English population of the same
height. Also, the biacromial and bi-
trochanteric diameters are smaller in
the Cuban than in the English popula-
tion. This would mean that the dif-
ference in weight for each body seg-
ment would entail a change in the
proportion between height and total
body weight which probably should
be taken into account when values
for the diagnosis of obesity are to be
established with different popula-
tions. The above facts point to the
necessity of values for the body mass
index which are specific for specific
populations if epidemiological studies
of obesity are to be performed with
this index.
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