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Comparison of body weight,
body height and body fatness

of Italian children aged 6-12 years
with American standards

A. DE LORENZO, A.  ANDREOLI, R. SORGE,
M. BONAMICO **, G. BEDOGNI *, N. BATTISTINI• and P. F. BARRA

World Health Organization has suggested
that American standards may be adopted for
use in countries where n o  local reference
data are available. Since no locally accepted
growth standard i s  available in Italy, this
study investigated if American growth curves
for weight, height and triceps skinfold (TSF)
provide reliable values for  Italian children.
Weight, height a n d  TSF were measured i n
1273 Italian children (boys: 656, girls: 617)
ranging in age from 6 to 12 years and their
percentiles were compared wi th  that provi-
ded by NCHS for American children. Despite
some minor differences, it  is shown t h a t
American standards can be used safely in
Italian children aged from 6 to 12 years.
Key words: Weight - Height - Triceps skinfold,
Growth - Child.

B o d y  weight and body height are essen-
tial parameters to follow growth and

development in children. I Normally, these
parameters are measured regularly from
birth, and in case of deviation from normal
values, e.g. a low height for age, indicating
growth retardation, or an high weight  for
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height, indicating overweight or  obesity,
adequate action can be taken. Many coun-
tries develop their own growth standards,
which have the advantage that differences
in stature and/or in weight for height, whi-
ch may have an ethnic basis, are taken
into account. However the development
of such standards requires a lot o f  work,
and thus, is very expensive. Besides, stan-
dards must be kept up to date, as in many
societies there is a secular growth in  the
population, which is ascribed to improved
levels of food quality, better environmental
conditions and improved medical treat-
ment o f  diseases. Growth standards are
available for many western countries, for
example i n  the USA, 2 in the United King-
dom, 3 4 and in Canada. 5 I t  is important
that such standards are developed in large
and representative samples a n d  that the
used methology is well described. All stan-
dards are in fact population-specific. That
specificity can be a disadvantage, as a
«normal« population can be judged too thin
by a standard which was developed in a
relatively fat population. In Italy, there are
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Parameters 6 7 8 9 10 11 12

N. cases 56 88 74 78 120 126 114
Weight (kg) 21.9±2.3 25.9±4.0 29.0±4.6 32.4±6.3 37.2±6.1 41.9±9.2 44.8±11.1
Height (cm) 118±4 124±5 129±5 135±6 141±6 147±7 151±8
BMI (kg/m2) 15.9±1.4 16.8±1.9 17.3±2.3 17.6±2.7 18.8±2.3' 19.3±3.y 19.5±3.7•
TSF (mm) 8.1±2.4 9.2±3.0 10.4±4.1 11.0±4.4 12.8±4.4' 13.9±6.6• 13.5±7.2•
%BF 16.7±2.8 17.3±2.9 17.8±4.1 18.0±4.4 19.3±3.8 19.4±5.2 18.0±5.5

Parameters 6 7 8 9 10 11 12

N. cases 53 81 81 72 108 124 98
Weight (kg) 23.0±3.1 25.0±3.6 27.9±4.5 32.5±4.8 36.5±8.1 40.9±8.7 45.7±8.8
Height (cm) 119±5 123±5 128±5 134±5 140±7 146±7 153±7
BMI (kg/m2) 16.2±1.6 16.4±2.0 16.9±2.2 18.1±2.2• 18.4±3.0• 19.0±3.1' 19.5±3.2'
TSF (mm) 9.6±2.7 11.2±3.7 12.4±3.7 14.3±4.8' 14.3±5.5' 14.4±5.6' 14.3±5.9'
%BF 17.5±3.2 19.1±4.2 19.7±4.1 21.8±4.7 21.1±5.3 21.6±5.5 21.1±5.1

AMERICAN GROWTH STANDARDS AND ITALIAN CHILDREN

TABLE 1.—Body wet ht, body height, body mass index (BMI), triceps skinfold (7SF) thickness and per-
cent body fat ( BF) in Italian male children aged 6-12 years (mean±SD).

• P<0.001 vs 6 years

TABLE II. Body weight, body height, body mass index (BMI), triceps skinfold (7SF) thickness and
percent body fat (%BF) in Italian female children aged 6-12 years (mean±SD).

• P<0.001 vs 6 years

no population specific standards, but only
few studies have been done in all popula-
tion. 6

However, the World Health Organization
suggests that American standards may be
adopted for use in countries where n o
local reference data are available. 7 8 The
aim of the present study was, therefore, to
assess whether the American growth cur-
ves provide reliable standards for Italian
children aged from 6 to 12 years.

Materials and methods

Body weight, body height and skinfold thick-
ness were measured in 1273 children aged 6-12
years. Three hundred and twenty nine children
came from the north of Italy (Modena city and its
surroundings) and 944 from the  south of Italy
(Cosenza and Foggia). For this purpose, primary
schools were visited, and after having obtained
permission from the parents of the children, body
weight (in underwear) and body height (without
shoes) were measured to the nearest 0.1 kg and
0.1 cm respectively. From body weight and body
height, body mass index (BMI) was calculated as
weight/height2 (kg/m2). Skinfold thickness was
measured using a Holtain caliper at the triceps,

biceps, subscapular and suprailiac sites, as descri-
bed by Durnin & Womerseley.9 The measure-
ments were taken in triplicate to the nearest 0.1
mm and the mean value of the measurements was
used for statistical analyses. From the sum of the
four skinfolds, percent body fat (%BF) was calcu-
lated using the formulas of Deurenberg et a1.10
Age was noted in whole years, 6 years being from
6.0 to 6.99 years, ecc. The SPSS program was used
for statistical analysis. Group means were compa-
red by statistics or by analysis of variance tech-
niques (ANOVA). Differences between ages within
each sex were tested with the Student-Neumann-
Keuls procedure. Percentile values were calcula-
ted and compared with the published data of the
reference population as published by the American
National Center of Health Statistics.2 "  The  level
of statistical significancy was set to a p<0.05.
Values are expressed as mean ± standard devia-
tion.

Results

Table I provides the values and their SD
of body weight, body height, BMI, triceps
skinfold (TSF) and %BF for the boys of
each age group. In Table II the same data
are given for girls. As exptected, weight
and height increased with age, but diffe-
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Parameters Boys
(n=656)

Girls
(n-617)

Weight (kg) 37.5 36.9
Height (cm) 140.6 140.0
BMI (kg/m2) 18.5 18.4
TSF (mm) 11.8 13.7'
%BF 18.2 20.7•

Age
Weight

(kg)
Height
(cm)

TSF
(mm)

p10 p50 p90 p10 p50 p90 p10 p50 p90

boys
6 18.8 21.8 24.4 112 118 122 5.5 7.5 12.0
7 21.1 25.1 31.4 117 124 132 5.8 8.7 13.6
8 23.4 28.5 35.5 123 129 137 6.0 9.6 16.2
9 25.3 30.5 42.2 128 135 144 5.4 10.0 17.5
10 30.0 36.5 47.2 132 140 149 7.6 12.0 20.0
11 31.4 39.7 55.8 138 147 156 6.7 12.7 23.4
12 32.0 42.5 62.9 142 150 163 6.4 10.4 24.7

girls
6 18.7 23.0 26.8 112 120 125 6.2 9.0 14.4
7 20.5 24.7 30.0 118 124 129 6.6 10.9 16.6
8 22.0 28.1 35.0 122 129 134 7.4 12.4 17.4

26.2 32.5 38.2 128 134 140 8.8 14.0 21.6
10 28.1 34.5 50.5 132 140 151 8.1 12.7 22.4
11 31.0 40.4 52.3 137 147 156 8.0 13.5 23.6
12 36.5 44.5 57.6 142 154 161 7.5 14.0 21.9
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Fig. 1.-Percent body fat of Italian boys and girls of dif-
ference ages.

TABLE II1.-Mean values (corrected for age) of
body weight, body height, body mass index
(BMI), triceps skinfold (TSF) thickness and
percent body fat (%BF) of Italian boys and
girls aged 6-12 years.

• P<0.001

rences between the age groups in  BMI,
TSF and BF are less clear. I n  boys ,  the
BMI a  age 10, 11 and 12 years differed
from the BMI at age 6 ,  in girls the BMI at
age 9, 10, 11 and 12 years differed from
the value a t  age 6  years. The tr iceps
skinfold in  boys was only from 10 years
on different from the value at age 6 years.
In girls the triceps was from 9 years on dif-
ferent from the value at age 6 years.

In Figure 1, %BF for boys a n d  girls at
different ages is given graphically. Table III
indicates that the differences between boys
and girls were only significant for triceps
skinfold and total body fat, not for weight,
height and BMI. In  Table IV the values for
the 10th (p10), 50 th (p50) and 90th (p90)
percentile o f  body weight, body height
and TSF for boys a n d  girls o f  each age
group are given. In Figures 2, 3  and 4
(A=boys, B=girls) the p10, p50 and p90 for
body weight, body height and TSF are
plotted together with the standard values
of the NCHS. Generally, body  weight,
body height and TSF in the Italian children
was higher compared t o  the standard
values, these differences were sl ightly
more pronounced in boys. However, these

TABLE IV.-Percentile (p.m, p50, p90) values of body weight, body height and triceps skinfold (TSF)
thickness in Italian boys and girls aged 6-12 years
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Fig. 2.—Comparison of  body weight o f  Italian children aged 6-12 years with American standards.
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Fig. 3.—Comparison of  body height of  Italian children aged 6-12 years with American standards.
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Fig. 4.—Comparison of triceps skinfold of Italian children aged 6-12 years with American standards.
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differences were small and not statistically
significant.

Discussion and conclusions

The children measured i n  the present
study were not representative sample o f
the Italian paediatric population o f  the
same age. Although, the children were
randomly recruited in primary schools i n
both north and south Italy, they were not
classified f o r  social economic class o r
other parameters which could influence
body we igh t  and  g r o w h t  i n  special.
However, no clear and systematic differen-
ces were seen between the boys and the
girls o f  each age group with reference to
their provenience from north or south Italy
(unpublished data). Thus, despite the fact
that the study sample may be not comple-
tely representative o f  the Italian popula-
tion, i t  may give a  good impression o f
body weight, body height, BMI and TSF of
the Italian children ranged in age between
6 and 12 years. The changes i n  body wei-
ght and body height show both in  boys
and girls a pattern that can be expected,
namely a steadily increase o f  these para-
meters with age. Also, BMI increases, con-
sequently to the larger increase in  body
weight compared to  body height. This
increase in  body mass index with age is
reported in the literature. 11 13 Furthermo-
re, TSF show a slight increase with age,
more pronunced in females than in males.
This is  also known from the literature. 11 13
From the sum o f  four skinfolds, body fat
was assessed, using age specific prediction
formulas. 10 The data show an equal per-
cent of body fat in boys and girls at age 6,
but after that age %BF becomes higher in
females. At  age 12, %BF decreases slightly
in both boys and girls, indicat ing the
growth spurt, f o r  wh ich  an excess o f
energy is needed, which is derived from
the energy (fat) stores o f  the body. 14 An
earlier growth spurt in  girls is reported
many times i n  the literature, 11 13 14 and
can also be observed in this population as
can be read from Table I  and II  for body

height i n  boys and girls respectively.
Also, the more pronounced increase i n
body weight in girls from age 11 indicates
an earlier start of the growth spurt. As the
growht spurt is not  occurring i n  every
subject at the same age, the variability in
body composition parameters increases at
the t ime the spurt begins. This can be
clearly seen in males a t  age 12 for body
weight, and for females from age 11 to 12
for weight and to a lesser extent for height
and body fat.

The percentiles (p10, p50, p90) for wei-
ght, height and triceps skinfold thickness
coincided well with the values of the ame-
rican standards. Generally, at  lower ages
the italian children tended to have a higher
body weight, a lower body height a n d  a
higher fa t  (based o n  TSF) than the i r
American counterparts. However, the diffe-
rences are minor, and they disappear after
the age o f  11, except  f o r  the tr iceps
skinfold thickness in  females, which re-
mains slightly higher than the standards.
From this study i t  can be concluded that
the American standards can be used safely
as growth standards in the Italian paedia-
tric population aged 6-12 years.
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