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ABSTRACT Data from a cross-sectional study of 27 826 healthy children in Cairo, Egypt, were used 
to construct standard growth charts of head circumference and reference values of relative head cir-
cumference to length/height for each sex. The sample was collected during the Egyptian Growth Curve 
Project for children and adolescents in 2002. Values were obtained for each month cohort for children 
aged 1–24 months, then for each year cohort until age 18 years. The values were compared with those 
of other populations. The constructed growth standards are suitable for growth monitoring programmes 
throughout Egypt. 

Périmètre crânien – Données biométriques de référence pour les enfants et adolescents 
égyptiens
RÉSUMÉ Les données collectées dans le cadre d’une étude transversale menée au Caire, en Égypte, 
et portant sur 27 826 enfants en bonne santé ont été utilisées pour construire les courbes de croissance 
normalisées du périmètre crânien et les valeurs de référence du périmètre crânien par rapport à la lon-
gueur/taille pour les deux sexes. L’échantillon de mesures a été collecté en 2002 dans le cadre du pro-
jet Egyptian Growth Curve Project for children and adolescents (projet pour l’établissement de courbes 
de croissance pour les enfants et adolescents égyptiens). Les valeurs ont été déterminées par cohorte 
mensuelle pour les enfants âgés de 1 à 24 mois, puis par cohorte annuelle jusqu’à l’âge de 18 ans. Ces 
valeurs ont été comparées à celles d’autres populations. Les normes de croissance ainsi construites 
sont pertinentes pour les programmes de surveillance de la croissance dans toute l’Égypte.
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Introduction

Head circumference is one of the most sig-
nificant findings in physical examination 
of children, especially in the evaluation 
of the development and early diagnosis 
of neurological disorders [1,2]. There is a 
rapid increase in head circumference and 
marked histological changes in the brain in 
early infancy [3,4]. Therefore, early recog-
nition of deviations from normal growth is 
important. 

Reference data for a large age range 
allow the follow-up of children and rec-
ognition of the catch-up growth in head 
circumference that can occur up to about 
5 years, when the cranial sutures interlock 
[5–7]. Head circumference of school-aged 
children may prove a useful anthropometric 
tool in deciding early nutritional history 
[8,9]. Any significant reductions in head 
circumference found in malnourished chil-
dren may have serious implications for their 
future performance and achievement [10].

In Egypt, there are no standard values for 
head circumference of children and adoles-
cents that can be used as one of the standard 
charts for developmental evaluation. Our 
objective was to construct standard head 
circumference and relative head circumfer-
ence references for each sex of Egyptian 
children and adolescents, from 1 month to 
18 years of age, and compare our data with 
that of other populations. 

Methods

Data were derived from head circumference 
measurements taken from Egyptian chil-
dren and adolescents in a 2002 study in the 
Greater Cairo area to establish the Egyptian 
growth curve [11]. 

Sample
This was a cross-sectional study, including 
27 826 healthy subjects (14 048 boys and 

13 778 girls) grouped by age every month 
during the first 24 months of life, then every 
year until the age of 18 years for each sex 
separately. 

Ideally, national growth curves would 
be based on a sample representing all areas 
of Egypt. The great majority of Egyptians 
live in the Nile river valley and a geo-
graphical gradient supposedly exists in the 
genetic constitution of Egyptians. However, 
the population of Cairo amounts to about 
one-fifth of the Egyptian population and 
most Cairo settlers have originated from all 
parts of Egypt. For this reason the Greater 
Cairo area represents much of the Egyptian 
population in a single site.

To establish a growth curve from which 
comparisons to normal can be made, it is 
necessary to obtain data from subjects with 
optimum growth opportunities. Therefore, 
the sample selection was confined to chil-
dren from the higher socioeconomic groups 
who were assumed to provide optimum 
anthropometric data due to the low like-
lihood of their suffering malnutrition or 
overcrowding at home. 

The sample was collected as part of the 
2002 Egyptian National Standard Growth 
Curve Project [11] from children living in 
Greater Cairo: infants and preschool chil-
dren attending 2 maternal and child welfare 
centres and 72 private kindergartens; and 
older children and adolescents attending 13 
fee-paying primary, preparatory and sec-
ondary grade schools and 4 private sports 
clubs. All infants and children aged from 1 
month to 18 years, who participated in the 
project were included in this study (i.e. se-
lection was mainly based on age). Inclusion 
criteria included normal health in children 
who had a normal delivery after a normal 
pregnancy and with normal birth weight. 
Exclusion criteria included major genetic or 
organic diseases, which are known to affect 
normal growth patterns. 
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Data collection
The co-investigators in the project were 
professional doctors, well-trained in anthro-
pometry. They provided training and par-
ticipated in the data collection. Each team 
received 20 hours of classroom instructions 
over a 10-day period, which was followed 
by practical training for 4 hours per day for 
2 weeks. The accuracy of the team measure-
ments was evaluated during the training and 
during the field study by their respective 
supervisors. Quality control was accom-
plished on teams sequentially withdrawn 
from the field for re-evaluation. Intra-
observer and inter-observer differences 
were periodically checked during field-
work. 

For each child in the sample, the follow-
ing were performed: 
1. Questionnaire to parents, including per-

sonal data, socioeconomic data and the 
medical history of the child with special 
emphasis on chronic disease or long-
term systemic treatment.

2. Complete clinical examination to ex-
clude organic or genetic disorders that 
might interfere with normal growth. 

3. Measurement of maximum head cir-
cumference using a non-stretchable tape 
and measurement of body length using 
an infantometer (children ≤ 3 years) or 
body height using a stadiometer (chil-
dren 3+ years). Heights were measured 
to the nearest 0.1 cm, following the rec-
ommendations of the International Bio-
logical Program [12] and were recorded 
as the mean of 3 consecutive readings.

4. The relative head circumference val-
ues were calculated as: [{head circum-
ference (cm)/height or length (cm)} × 
100].

Statistical analysis
Means and standard deviation (SD) of head 
circumference and relative head circumfer-

ence were calculated for each age group 
and for each sex separately. The independ-
ent t-test was used in assessment of sex 
differences. Head circumferences at 3rd, 
5th, 10th, 25th, 50th, 75th, 90th, 95th and 
97th percentiles were determined for each 
sex and were graphically smoothed using 
a polynomial fitting equation. SPSS/PC 
software, version 8, was used for statistical 
analysis.

Results 

Egyptian values
Means and SD of the head circumference 
values from 1 month to 18 years of age 
are presented in Table 1 for each sex sepa-
rately. The means were significantly higher 
for boys than girls at each age (P < 0.001). 
They showed a progressive increase in head 
circumference values in all age intervals for 
both sexes. The highest increase was during 
the first 2 years of life with a large SD for 
both sexes: 6 cm during the first 6 months, 
2 cm during the second half of the first year 
and 2 cm during the second year of life. The 
increase started to slow down (1.5 cm dur-
ing the third year and about 0.5 cm at each 
year of life), until the age of 16 years for 
boys and 15 years for girls, with mean head 
circumference of 55 cm for boys and 54 cm 
for girls. 

The mean height of boys was slightly 
greater than girls during the first 10 years 
of life; the differences were significant only 
at ages 4, 5 and 7 years. During ages 11 and 
12 years, girls were significantly taller than 
boys (P < 0.05). Then boys became much 
taller than girls (P < 0.001) until the age of 
18 years, where boys were 173 cm tall and 
girls were 159 cm tall. 

Means and SD of the relative head cir-
cumference values are shown in Table 2 
for ages 1 month to 18 years for each sex 
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Table 1 Mean and SD of head circumference values for Egyptian 
children

  Boys Girls P–value
Age No. Mean (SD) No. Mean (SD)
   (cm)   (cm)

1 month 136 37.07 (1.44) 116 36.13 (1.56) < 0.001

2 months 156 38.95 (1.27) 118 37.95 (1.07) < 0.001

3 months 76 40.27 (1.32) 42 39.19 (1.24) < 0.001

4 months 138 41.58 (1.14) 100 40.27 (1.44) < 0.001

5 months 89 42.26 (1.37) 74 40.97 (1.26) < 0.001

6 months 133 43.28 (1.30) 95 42.02 (1.26) < 0.001

7 months 95 44.06 (1.64) 88 42.96 (1.36) < 0.001

8 months 77 44.45 (1.58) 54 43.23 (1.41) < 0.001

9 months 144 44.81 (1.31) 105 43.74 (1.26) < 0.001

10 months 75 45.10 (1.27) 87 44.20 (1.41) < 0.001

11 months 229 45.96 (1.33) 199 44.93 (1.42) 0.001

12 months 66 45.90 (1.45) 48 44.71 (1.19) < 0.001

15 months 36 46.50 (1.23) 44 45.39 (1.08) < 0.001

18 months 86 47.48 (1.33) 76 45.71 (1.37) < 0.001

24 months 56 48.04 (1.34) 43 46.90 (1.51) < 0.001

3 years 604 49.36 (1.34) 490 48.28 (1.23) < 0.001

4 years 639 49.87 (1.35) 552 48.89 (1.36) < 0.001

5 years 662 50.31 (1.35) 661 49.48 (1.40) < 0.001

6 years 682 50.58 (1.30) 728 49.96 (1.42) < 0.001

7 years 679 51.37 (1.43) 603 50.57 (1.32) < 0.001

8 years 723 51.79 (1.40) 634 51.02 (1.42) < 0.001

9 years 634 52.09 (1.30) 680 51.46 (1.42) < 0.001

10 years 676 52.24 (1.38) 675 51.85 (1.38) < 0.001

11 years 725 52.73 (1.50) 671 52.41 (1.54) < 0.001

12 years 618 53.02 (1.47) 1093 52.73 (1.41) < 0.001

13 years 568 53.46 (1.53) 978 53.09 (1.48) < 0.001

14 years 871 54.10 (1.56) 784 53.44 (1.46) < 0.001

15 years 1503 54.42 (1.54) 992 53.71 (1.37) < 0.001

16 years 1052 54.76 (1.62) 868 53.71 (1.39) < 0.001

17 years 727 55.03 (1.40) 945 53.58 (1.37) < 0.001

18 years 427 54.92 (1.44) 568 53.56 (1.41) < 0.001
SD = standard deviation.



Eastern Mediterranean Health Journal, Vol. 14, No. 1, 2008 73

املجلة الصحية لشرق املتوسط، منظمة الصحة العاملية، املجلد الرابع عشر، العدد ١، ٢٠٠٨ 

Table 2 Mean and SD of relative head circumference values for 
Egyptian children 

  Boys Girls P-value
Age No. Mean (SD) No. Mean (SD)
   (cm)   (cm)

1 month 123 68.58 (2.61) 107 67.91 (2.15) 0.040

2 months 150 67.13 (2.45) 115 67.26 (2.44) 0.658

3 months 48 66.78 (2.30) 36 66.93 (2.64) 0.779

4 months 130 65.98 (2.55) 87 65.33 (2.18) 0.053

5 months 79 65.04 (2.59) 69 65.07 (2.53) 0.917

6 months 119 64.42 (2.73) 87 63.96 (2.71) 0.237

7 months 78 63.56 (2.48) 65 64.24 (1.93) 0.074

8 months 68 62.77 (2.35) 48 62.93 (2.55) 0.731

9 months 125 62.46 (2.24) 102 61.87 (2.61) 0.071

10 months 71 62.34 (2.06) 79 61.80 (2.19) 0.120

11 months 58 60.31 (2.59) 48 60.50 (2.92) 0.736

12 months 59 61.18 (2.25) 47 59.78 (2.16) 0.001

15 months 34 58.69 (1.82) 39 58.02 (2.33) 0.183

18 months 79 58.37 (2.57) 66 57.14 (2.27) 0.003

24 months 53 55.93 (2.10) 40 55.00 (2.05) 0.036

3 years 529 52.22 (2.32) 429 51.39 (2.10) < 0.001

4 years 603 48.85 (2.06) 520 48.45 (2.07) 0.001

5 years 640 46.29 (1.93) 642 45.89 (1.97) < 0.001

6 years 672 44.06 (1.95) 712 43.61 (1.70) < 0.001

7 years 657 42.27 (1.75) 595 41.94 (1.73) 0.001

8 years 710 40.80 (1.64) 627 40.38 (1.68) < 0.001

9 years 619 39.43 (1.51) 672 39.09 (1.69) < 0.001

10 years 663 37.87 (1.64) 668 37.74 (1.72) 0.163

11 years 711 36.88 (1.50) 659 36.22 (1.66) < 0.001

12 years 563 35.76 (1.43) 1057 35.23 (1.50) < 0.001

13 years 473 34.37 (1.40) 949 34.41 (1.33) 0.587

14 years 841 33.35 (1.48) 770 33.97 (1.26) < 0.001

15 years 1466 32.75 (1.35) 983 33.88 (1.23) < 0.001

16 years 1018 32.15 (1.20) 844 33.77 (1.18) < 0.001

17 years 709 32.03 (1.15) 925 33.62 (1.14) < 0.001

18 years 391 31.85 (1.17) 554 33.64 (1.26) < 0.001
SD = standard deviation.
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separately. During infancy, a significant 
difference was noticed during the first 
month of life, with boys having higher 
values. This difference disappeared up until 
the age of 11 months. However, during the 
second year of life, boys had significantly 
higher values than girls (P < 0.05), and this 
trend continued up to the age of 12 years 
(P < 0.001), except age 10 years when the 
difference was not significant (P > 0.05). 
From the age of 13 to 18 years, girls had 
significantly higher values than boys (P 
< 0.001), except at age 13 years when the 
difference was not significant (P > 0.05). 
The smoothed means of the relative head 
circumference values showed a progressive 
decline in all age intervals for both sexes, 
until age 16 years for boys and 13 years 
for girls, when relative head circumference 
values started to be fixed (32 cm for boys 
and 34 cm for girls).

The smoothed percentiles of head cir-
cumference for Egyptian boys and girls 
aged from 1 to 24 months, and from 3 to 
18 years, are presented in Figures 1 to 4 
respectively.

International comparisons
The smoothed means of the head circumfer-
ence values from the present data for the age 
range 1 to 24 months of life were compared 
with the data of Wikland et al. on infants in 
Sweden [13], Roche et al. on the population 
of the United States of America (USA) [14] 
and Attallah on infants in Saudi Arabia [15] 
(Figures 5 and 6). Comparing current data 
with that of Swedish and American infants, 
Egyptian boys and girls recorded lower val-
ues. However, compared with Saudi infants, 
Egyptian boys had higher values during the 
first 2 years of life. Egyptian girls recorded 
higher values during the first 6 months of 
life, then similar values until the age of 17 
months, after which they had lower values 
at ages 18 and 24 months. 

The data from 3 to 18 years of age were 
also compared with the American population 
data [14] and the Saudi Arabian population 
data [15] (Figures 7 and 8). Compared with 
American children, Egyptian boys and girls 
recorded lower values of head circumfer-
ence (ranging between 1 to 2 cm for boys 
and about 1 cm for girls). Compared with 
Saudi children, Egyptian boys and girls had 
higher values, except at ages 6, 10 and 18 
years for boys, and age 16 for girls, when 
they became equal. However at ages 17 and 
18 years, Egyptian girls had lower values 
than Saudi or American girls. 

Discussion

The growth supervision of children using 
growth curves is a widespread and useful 
tool in general paediatric practice [16]. 
Head circumference reference data is need-
ed by health care professionals because this 
measurement is important in the assessment 
of growth and in screening for abnormal 
head size, which is related to the brain size 
and neurological status of infants and young 
children [17,18]. During infancy, the meas-
urement and interpretation of head circum-
ference has an important place in screening 
for conditions in which head size is abnor-
mal, e.g. hydrocephalus and microcephaly. 
This measurement is less important during 
childhood and adolescence, but it is related 
to the extended observation of children 
whose head circumferences were unusual 
during infancy. After infancy, reference 
data can assist judgement of the normality 
of recorded measurements [14]. 

Since the head circumference standards 
show differences among races and genera-
tions, many researches have obtained nor-
mal values for their own populations, and 
recommend periodic re-evaluation of these 
standards [1,7,13,15,18]. The present head 
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Figure 2 Smoothed percentiles of head circumference for Egyptian girl infants aged 1 to 24 
months
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90th
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Figure 1 Smoothed percentiles of head circumference for Egyptian boy infants aged 1 to 24 
months
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Figure 4 Smoothed percentiles of head circumference for Egyptian girls aged 3 to 18 years
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Figure 3 Smoothed percentiles of head circumference for Egyptian boys aged 3 to 18 years
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Figure 6 Smoothed mean of HC of Egyptian girls aged from 1 to 24 months in comparison with 
American [16], Saudi Arabian [17] and Swedish [18] populations 

Figure 5 Smoothed mean of HC of Egyptian boys aged from 1 to 24 months in comparison with 
American [16], Saudi Arabian [17] and Swedish [18] populations 
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Figure 7 Smoothed mean of HC of Egyptian boys aged from 3 to 18 years in comparison with 
American [16] and Saudi Arabian [17] populations 

Figure 8 Smoothed mean of HC of Egyptian girls aged from 3 to 18 years in comparison with 
American [16] and Saudi Arabian [17] populations
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circumference data on Egyptian children 
and adolescents (aged from 1 month to 18 
years) were collected in a cross-sectional 
study, which is a practical study design 
found widely acceptable to statisticians, as 
it is of high quality and quantity [19–21]. In 
addition, the head circumference measure-
ment was recorded by well-trained and 
experienced professionals using standard 
and reliable equipment. Some specific fea-
tures were included in the development of 
these updated reference values. The ref-
erence values are given not only for the 
measurement values, but also for the age-
interpolated values and smoothed values. 
As children are rarely measured at exactly 
the same age in any growth study, this age 
interpolation and smoothing was felt to be 
necessary. This study provides the first ref-
erence standard of head circumference for 
Egyptian children aged 1 month to 18 years 
in a sample that was likely to represent all 
areas of Egypt.

The finding that head circumference was 
significantly larger in boys than in girls is in 
agreement with earlier reports [22,23] and 
with the general theory of the Y chromo-
some message [24].

There are possible international and in-
ter-racial differences in head circumferences 
of children [25]. These could be observed 
by comparing the Egyptian data with that of 
Swedish infants [13], USA white children 
[14] and Saudi children [15]. Generally, 

comparing current data with that of Swedes 
and Americans, Egyptian boys and girls 
recorded lower values. However, compared 
with Saudi Arabians, Egyptians had higher 
values, except for girls during the second 
year of life and after 16 years of age. These 
differences can be explained in terms of the 
different population characteristics, genetic 
and nutritional, compared to the standards 
used in other populations. Tsuzaki et al. 
suspected that the relative head size would 
become similar in various populations if the 
nutrition and health of each population were 
optimal [25].

During infancy there was no significant 
difference between boys and girls in relative 
head circumference values. From the second 
year of life, boys had significantly higher 
values than girls and this trend continued 
up to the age of 12 years (except at age 10 
years). Girls started to have significantly 
higher values than boys from the age of 14 
years. This can be explained by the earlier 
pubertal spurt of girls, as boys are slightly 
taller than girls during the first 10 years 
of life whereas girls are significantly taller 
than boys during ages 11 and 12 years. Then 
boys become much taller than girls. 

The present data will allow interpre-
tation of head circumference values for 
adults, using the values of 16-year-old boys 
and 15-year-old girls as reference data, 
and for children older than 36 months, that 
could lead to the recognition of interfamilial 
clustering of unusual values. 
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The WHO Child Growth Standards
The new World Health Organization (WHO) Child Growth Standards 
confirm that children born anywhere in the world and given the op-
timum start in life have the potential to develop to within the same 
range of height and weight. The new standards prove that differences 
in children’s growth to age 5 are more influenced by nutrition, feeding 
practices, environment, and healthcare than genetics or ethnicity. The 
WHO Child Growth Standards website (http://www.who.int/childgrowth/
en/index.html) presents documentation on how the physical growth 
curves and motor milestone windows of achievement were devel-
oped as well as application tools to support implementation of the 
standards.


