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Growth Patterns in Saudi Arabian Children

SIMIN SAEDI WONG, M.P.H.,Ph.D.“and ABDUL RAHMAN AL-FRAYH, FACHART+

ABSTRACT

THE MEASUREMENTS of head and chest circumferences of
6623 Saudi Arabian pre-school children are presented
for the first time. The data were collected through a
large scale cross-sectional growth study carried out in
Riyadh, the capital of the Kingdom of Saudi Arabia.
The results indicate that the average head and chest
circumference measurements of the girls were smaller
than the boys in all age groups. The analysis of variance
results confirmed that these differences were statisti-
cally significant. ;

The date indicated that among the average-build (the
50th centile) pre-schoolers, the head circumference
measurements of the newborns were larger than the
chest circumference measurement by 4.5%. By one
year of age, these measurements were equal. After one
year, the chest circumference grew larger than the head
circumference. However, among the small-build pre-
schoolers (the 3rd centile), the chest circumference
measurements did not reach the head circumference
measurements until nearly 30 months after birth.

INTRODUCTION

INCE NEURAL tissue grows rapidly in intra-
Suterine life and in the first six months after birth,

the head of the newborn baby is relatively big
compared to an older child, and the head circumfer-
ence is larger than chest circumference until the age of
one year, when they are equal’. In a well nourished and
normally developed children, the chest circumference
becomes larger than head circumference after one year
due to normal development of the thoracic cage.

As part of a series of anthropometric investigations
of Saudi pre-school children, in this paper, for the first
time, we present head and chest cir¢umference dis-
tributions of Saudi pre-school children. The data used
in this analysis are based on a large cross-sectional
growth survey which we carried out in Riyadh, drawn
from a defined and reproducible sample of 6623
well-nourished Saudi pre-schoolers. The sampling pro-
cedures are only briefly discussed here. Detailed
discussion of the survey design, and _variou§ methodo-
logical issues are presented in another paper=.

MATERIALS AND METHODS

A GROWTH survey of Saudi pre-school children was
carried out in Riyadh, the capital city of Saudi Arabia
in 1985. This was the first large scale cross-sectional
growth study carried out in this part of the world and
from the basis on which ‘the first set of Saudi growth
standards are to be developed.

The sampling design and sample selection was
essentially based on quota sampling, using two inter-
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locked quota control age and sex. In order to have an
adequate and representative coverage of all socio-
economic and demographic group of the Saudi popu-
lation in Riyadh, an element of randomness was
introduced by dividing Riyadh into 93 administrative
areas. These areas were further divided into six strata
according to socio-economic homogeneity. In each
stratum, the number of areas were identified and
one-fifth of areas in each stratum were chosen ran-
domly to be included in the study.

Each of the randomly selected areas was further
subdivided into roads. Althgether, there were 1376
roads in the 17 randomly selected areas. So as to obtain
an overall sampling fraction about 1.30, one-sixth of
the roads in each of the 17 areas selected for the first
state were chosen randomly. Finally, 224 roads were
randomly selected and considered for the study. Each
road was subsequently divided into smaller manageable
blocks of approximately equal size and a sample of such
blocks were randomly selected.

A sample of 40 effective interviews combined with
taking anthropometric measurements were allocated to
each randomly selected block in order to provide an
adequate geographical coverage of the city and conse-
quently all socio-economic family backgrounds. For
each child included in the survey, five anthropometric
measurements were recorded. These were height,
weight, head and chest circumference, and triceps
skinfold. Also, date of birth, age, birth order, race,
family socio-demographic and economic background,
family size, fertility and mortality pattern and housing
condition were recorded on a standard questionnaire.

All the anthropometric measurements were taken
using procedures recommended by Jelliffe*. Standing
height was measured using a stadiometer (Harpenden),
and weight using a beam balance (Seca). For children
below two years of age, Harpenden measuring board
was used to measure the supine length, and the weight
was measured on a baby scale. Weights were measured
with the children in their under-wear. Head and chest
circumferences were measured using Harpenden Cloth
Tape-measure and skinfold thickness using Harpenden
Calliper. Height, head and chest circumferences were
measured to the nearest millimeter. Weight was
measured to the nearest 0.1 kg and skinfold thickness
to the nearest 0.1 mm.

In this paper, we present the head and chest
circumference distribution of the Saudi boys and girls.
The rest of the measurements are discussed in another

paper°.

RESULTS
ALTHOGETHER 6,623 Saudi pre-school children were
measured. The number of boys and girls in the sample
was almost even — there were 49.9% of boys and
50.1% of girls. The age distributions of the sample is
shown in Table 1. The data are presented in the age
groups recommended by Waterlow et al®.

Tables 2 and 3 indicate the means and standard
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Table 1: Age Distribution of the Sampled Saudi Pre-School Children.

; Bovs Girls
Age in Months =
No. %o No. %

Birth — 00.99 122 (03.7) 97 (02.9)
01 —02.99 309 (09.4) 310 (09.3)
03 —05.99 763 {23.:1) 784 (23.6)
06 — 08.99 573 (17.4) 303 (17.9)
09 —11.99 622 (18.8) 619 (18.6)
12— 17.99 146 (04.4) 164 ((4.9)
18 —23.99 114 (03.5) 140 (04.2)
24 —29.99 114 (03.5) 103 (03.1)
30—35.99 109 (03.3) 97 {02.9)
36—41.99 128 (03.9) 104 (03.1)
42 —47.99 88 (02.7) 91 (02.7)
48 —53.99 110 (03.3) 98 (03.0)
54 —60 103 (03.1) 118 (03.6)
Total 3.303 (100.0)% 3320 (100.0)"

(*The percentage may not add up to 100.0 in total because of
rounding).

Table 2: The Means and Standard Deviations of Head Circumference
(cm) Measurements of Saudi Pre-School Children.

Boys Girls
e in Months .
.!‘ﬁ Means S.D. Means S.D.
%
Birth—00.99 T —_— —_
01 —02.99 38.30 L.5T ~37.30 1.80
03 —05.99 40.70 L. 71 39.71 1.70
03 —08.99 42.96 1.72 42.08 1.58
09—11.99 44.62 1.63 43.54 1.55
12—17.99 46.13 1.45 44.72 2.22
18 —23.99 46.68 2.11 46.16 153
24 —29.99 47.65 1.49 46.70 1.59
30—35.99 48.00 .55 47.29 1.56
36—41.99 48.68 1.65 47.56 1.59
42 —47.99 48.74 1.48 47.92 1.54
48 —53.99 49.15 1.64 48.36 151
54—60 49.32 1.55 4R8.84 1.68

("Statistical information of the age group is not available).

Table 3: The Means and Standard Deviations of Chest Circumference
(cm) Measurements of Saudi Pre-School Children.

Age in Months

Boys Girls

Means S.D. Means S.D

Birth — 00.99 —_— —_— —

N —02.99 371 2.27 36.05 212
> — 05.00 36.05 2.19 38.64 2.23
06 — 08.99 42.11 232 41.17 2.02

09 —11.99 44.00 2.16 42.99 2.28

12—17.99 46.40 2.21 44.84 2.96

18 —23.99 47.44 2.70 46.52 2.57

24—29.99 48.40 2.05 47.47 2.01

30—35.99 49 4] 2.19 48.02 1.74

36—41.99 49.61 4.38 48.47 2.13

42 —47.99 50.43 2.37 49.65 2.90

48 — 53.99 51.03 2.41 50.26 2.39

54 — 60 51.89 2.45 50.79 2.68

deviations for the head circumference and chest cir-
cumferences of the Saudi pre-school children. Tables 4
and 5 show the 3rd, 50th and 97th centiles distributions
of these measurements of the sampled children; while
Table 6 presents the comparisons of the two anthro-
pometric measurements between the Saudi boys and
the girls. Table 7 presents results of the analysis of
variance between boys and girls with respect to their
head circumference and chest circumference measure-
ments. Finally, Table 8 illustrates the comparisons
between head circumference and chest circumference
measurements of the sampled pre-school children.
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Tabie 4: Percentiles of Head Circumference Measurements (cm) of
Saudi Pre-School Children.

Boy’s Percentiles Girl’s Percentiles

Age in Months

3rd 50th 97th 3rd 50th 97th
Birth — 00.99 — 33.0 38.0 30.5 31
01 —02.99 35.0 38.0 41.0 35.0 375 40.0
03 —05.99 37.5 40.8 43.6 37.0 39.8 425
06 —08.99 39.8 43.0 46.0 39.0 42.0 45.0
09 —11.99 42.0 448 47.2 41.0 435 46.0
12—17.99 43.5 46.0 45.0 40.0 450 49.0
18—23.99 42.5 47.0 51.0 43.0 46.5 49.0
24—29.99 45.0 48.0 50.5 40 470 50.0
30—35.99 45.5 48.0 511 44.0 47.2 50.0
36—41.99 45.5 49.0 SET 445 48.0 50.2
42 —47.99 46.0 48.5 52.0 450 48.0 51.0
48 —53.99 46.0 49.0 52.0 45.5 48.5 510
34—060 46.5 49.1 32.5 46.0 49.0 51.6

Table 5: Percentiles of Chest Circumference Measurements (cm) of
Saudi Pre-School Children.

Boy's Percentiles Girl’s Percentiles

Age in Months

3rd 50th  97th 3rd 50th  97th
Birth—00.99 —_— 315 37.0 e 30.5 370
01 —02.99 3.0 370" 415 315 360 40.0
03 —05.99 36.0 39.6 44.0 35.0 38.5 43.0
06 —08.99 38.0 42.0 46.5 37.0 41.0 45.0
09—11.99 " 40.0 440 480 39.0 43.0 475
12—17.99 42.0 46.2 51.0 40.0 45.0 50.2
18 —23.99 420 475 530 420 470 . 505
24—29.99 445 485 520 40 470 50
30—35.99 46.0 49.0 54.0 45.0 48.0 51.0
36—41.99 46.0 50.0 54.0 45.0 48.5 54.0
42—47.99 47.0 50.0 57.0 45.5 49.0 56.0
48 —53.99 0 - 510 563 4700 500 550
54 —60 48.1 52.0 570 46.5 50.8 B30

Table 6: Comparisons of Head Circumference and Chest Circumfer-
ence Measurements between Pre-School Saudi Boys and Girls.
(Figures indicate the Girl's measurement as a percentage of the boy’s).

Chest Circumference
3rd 50th 97th 3rd 50th 97th

Head Circumference
Age in Months

Birth —00.99 —_— 92 98 — 95 100
01 —02.99 100 99 98 95 97 96
03 —05.99 99 98 97 7 2T 98
06— 08.99 98 98 98 97 98 97
09 —11.99 98 97 91 98 98 )
12—17.99 92 98 100 95 97 98
18—23.99 101 99 96 100 99 95
24—29.99 98 98 99 99 97 100
30—35.99 97 98 98 98 98 94
36—41.99 98 98 97 98 97 100
42 —47.99 98 99 98 97 98 98
48 —53.99 99 99 98 100 98 98
54 —60 28 100 98 or . 98 97

(a) Head Circumference. The average head circum-
ference measurements of the Saudi pre-school girls
were relatively smaller than the boys in each age
groups, with a difference of about 1 to 3% (see Table
2). Further comparisons also indicated that the differ-
ences in head circumference were consistently smaller
among the girls than the boys for the average, small and
large children (see Table 4). Among the average-size
children (the 50th centile group), the head circumfer-
ence of the girls at birth were about 2% larger than the
boys. Afterwards, however, the girls’ head circumfer-
ences were about 1 to 3% smaller than the boys in all
the older age groups from 1 to 53.99 months. The
oldest age group in the sample (between 34 to 60
months) showed that the boys and the girls were about
equal in the head circumference measurements.
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Table 7: Analysis of variance between Saudi Pre-School Boys and
Girls Head Circumference and Chest Circumference Measurements.

Age in Months Head Circumference Chest Circumference

Birth —00.99 =

01 —02.99 7.319° I
03 —05.99 11.319* 9.000*
06 —08.99 9.081" 7.416*
09—11.99 12.046* 8.030*
12—17.99 6.559* 5.208"
18 —23.99 205" 2.765*
24—20.99 4.576* 3.401*
30 —35.99 3.307" 5.011*
36 —41.99 5.249° 2.433"*
42 —47.99 3.606* 1.985°
48 —33.99 3.598* 2.3 7"
54—60 2.154* 3.164%

(NOTE: The above results were calculated using the pooled T-test;
where [ *] refers to significant at 95 per cant level).

Table 8: Comparisons between Head Circumference and Chest
Circumference Measurements of the Pre-School Saudi Boys and Girls.
(Figures indicate the chest circumference as a percentage of the head
circumference measurement).

Bay's Girl's

Age/Months -

drd  30th 97th Mean 3rd S0th 97th  Mean
Birth—00.9 — %5 974 — — B4 W] —
01—-2% M3 914 1012, %9 900 90 1000 %6
053—05.9 %0 971 1009 974 M6 - %7 1012 973
06—08.9 9.5 977 1011 980 %49 976 1000 978
¥—11.9 952 982 W7 %o Bl B B3I BT
12—-1799 98.6 1004 1041 1006 100 1000 1024 1003
18—23.9 9883 101.1 1059 106 977 1011 1031 1008
4299 989 101.0 103.0 1016 100.0 1000 140 1016
0—359 101.1 1021 1057 1029 1023 1017 1020 10L5
=419 101.1 1020 144 1019 10L1 1010 1076 1019
2—47.9 1022 103.1 1096 1035 101 1021 1098 1036
8-359 1022 141 10835 1038 1033 1031 1078 1039
4—60 103.4 1059 1086 1052 10L1 1037 1076 1040

Among the third centile group of children, the girls
at the age of 1 to 2.99 months were about even with the
boys in their head circumference measurements. How-
ever, from the age of 3 months and above, the girls
were about 1 to 2% smaller than the boys — the only
exceptions were the 12 to 17.99 months old and the 18
to 23.99 months old groups where the girls’ head
circumferences were about 8% smaller and 1% larger
than the boys respectively.

The bigger-built boys (the 97th centile group) had
slightly larger head circumferences than the girls in all
age groups — the differences were between 1 to 3%.
The only exception was between the 12 to 17.99 months
old group where both the boys and the girls had the
same head circumference measurements.

Finally, results from the analysis of variance con-
firmed that the differences of head circumferences
between the pre-school Saudi boys and the girls were
statistically significant in all age groups (see Table 7).

(b) Chest Circumference. The average chest circum-
ference measurements of the Saudi pre-school girls
were consistently smaller than the boys by about 2 to
3% in all age groups (see Table 3). Further analysis of
the chest circumference measurements between the
boys and the girls among the average, small and large
sizes of the sample confirmed the above finding (see
Table 5). Among the average-built children (the 50th
centile group), the girls, at birth, had chest circumfer-
ence about 3% smaller than the boys. Afterward, the
girls’ chest circumferences were about 1 to 3% smaller
than the boys in all the age groups.

Among the third centile group of children. the girls

were generally smaller by 1 to 5% than the boys in their
chest circumference for the age of | month and above,
While in the age groups of 18 to 23.99 months and 48 to
53.99 months, the bovs and girls had about the same
chest circumference measurement.

As for the large-built children the newborn boys and
the girls had the same measurements of chest circum-
ference. From the age group of 1 to 2.99 and those
above. the boys showed larger measurements of chest
circumference than the girls by about 1 to 6% — except
in the age groups of 24 to 29.99 months and 36 to 41.99
months when the measurements were about equal.

Finally, results of the analysis of variance showed
that the chest circumference between the boys and girls
in all age groups were significantly different (see Table
7)s

DISCUSSION

THE RESULTS of other anthropometric studies in Colom-
bia, Pakistan, Syria and Egypt indicate that in general
for all intervals, boys measurements are larger as
compared to girls regardless of geographical and social
status’. For example, Egyptian boys are taller than girls
in the age groups under 1 year of age and 4-5 year
However, in the remaining age groups, no consist i
pattern is observed. On the other hand, Egyptian boy$
were heavier than girls at all ages, with the exception of
urban girls who were slightly heavier than boys at 2 and
3 years of age. As far as the head and chest circumfer-
ence measurements are concerned, such data have not
been reported in the above studies.

As for the Saudi pre-schoolers. the average head
circumference measurements of the Saudi girls were
relatively smaller than the boys, whereas, results of the
analysis of variance confirmed that the differences were
statistically significant in all age groups. On the other
hand. the average chest circumference measurements
of the Saudi girls were also consistently smaller than the
boys by about 2 to 3% in all age groups. Furthermore,
the analysis of variance results confirmed that the
differences were statistically significant.

Further comparisons between the head circumfer-
ence and chest circumference measurements of the
Saudi pre-school children revealed some significant
findings (Table 8).

Among the average-build boys (the 50th centile
group), the head circumferences of the newborns we
larger than the chest circumference by about 4.598 %
This difference was gradually reduced until the boys
reached one year of age, when both measurements
were about equal. Afterwards, the chest circumference
grew larger than the head circumference by 1% in the
age group of 18 to 23.99 months up to nearly 6% in the
54 to 60 months old age group (see Table 8).

However, among the smalF—buiIt boys (the 3rd centile
group). the chest circumference did not match the head
circumference measurements until the boys reached
nearly 30 months old. On the contrary. among the
large-built boys (the 97th centile group). The chest

circumference measurements already exceeded the .-

head circumference one month after birth.

The difference between the head and chest circum-
ference among the Saudi pre-school girls were similar
to the boys specially with respect to the average-built
girls (50th centiles).
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