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Abstract

Background: For growth monitoring of brain, head circumference (HdC) reference data are needed. Rapid increase in the HdC is
usually seen within first few years of life which marks histological changes in the brain. However, in Pakistan, there is a dearth of
research on the potential use of HdC measurements.
Objectives: We aimed to develop the age and gender specific smoothed HdC growth reference charts for the Pakistani children,
aged 2 to 5 years.
Methods: A representative cross-sectional sample of 1474 Pakistani children, aged 2 - 5 years, was studied. Age and gender specific
smoothed HdC growth reference values and their charts were obtained using the lambda-mu-sigma (LMS) statistical method. The
smoothed HdC percentiles (3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 97th) were calculated and their charts were drawn.
Results: The percentile values of HdC increased with age in both sexes. The boys had more increase in HdC percentiles than the girls
had, except for the 95th and 97th percentiles. Comparison of 50th percentiles of HdC with those of the other countries demonstrated
that the Pakistani children had substantially lower HdC percentiles than their counterparts in the other populations.
Conclusions: The results showed that reference values for the HdC were smaller than the corresponding reference values provided
by the World Health Organization. Therefore, it is suggested that each country should produce its own HdC growth charts because
the use of the charts of other countries as standards may provide misleading information of the children population under study.
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1. Background

Anthropometric parameters and their derived indices
are commonly used by pediatricians in order to define the
nutritional status and to assess the growth and develop-
ment of children. Among these parameters, measurement
of head circumference (HdC) has a crucial role in the pe-
diatric clinical examination. The HdC is used for growth
monitoring of the brain because cognitive functions, in-
tra cranial volume and brain volume all are closely related
to the magnitude of HdC (1-3). Rapid increase in the HdC
is usually observed within the first few years of life which
marks histological changes in the brain. Thus, it is sug-
gested that the HdC measurement in children should be
performed with care and should be recorded regularly.

The use of standard HdC charts is of paramount im-

portance for any country. Over the last few decades, nu-
merous studies with different populations have reported
these charts e.g., Centers for Disease Control and Preven-
tion (CDC) (4) and Rollins et al. (5) developed the HdC
growth charts for the US population. Similarly, Kara et al.
(6) and Elmali et al. (7) developed the HdC growth charts
for the Turkish population and Ishikawa et al. (8) did for
the Japanese children etc.

2. Objectives

In Pakistan, there is no local study that provides the
HdC reference values. For clinical evaluations of the Pak-
istani children, such kind of data are needed. We therefore,
designed the present study. Major purpose of the study is
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to develop the HdC growth references charts of the Pak-
istani children, aged 2 to 5 years. These reference values
would be particularly useful for the child neurologists in
Pakistan.

3. Methods

3.1. Study Population and Design

The present cross-sectional study of 1474 children, aged
2 - 5 years, was performed in the most populated province
Punjab, Pakistan. Three major cities Lahore (a capital city of
the Punjab), Multan (located in south of Punjab and is also
identified at central point of Pakistan’s map), Rawalpindi
and Islamabad (the capital city of Pakistan) were purpo-
sively selected. Because of good health care, educational
facilities and job opportunities related to industrialization
and public sector, the residents of Punjab are mostly mi-
grants from the other regions of Pakistan. Therefore, the
population pattern in Punjab is considered to be a good
representative of the entire population of Pakistan.

Briefly, the studied children (under age of three years)
were sampled from different public places like, markets,
parks and transport stands etc. However, children of age 4
and 5 years were sampled from different public and private
primary schools of the respective cities. The complete list
of primary schools was taken from Punjab and Federal De-
partment of Education (schools). A date for an educational
institute visit was scheduled. The permission was granted
from the school’s head, if any school’s administration re-
fused to participate, next school was selected from the re-
spective list. We also tried to ensure that our study sample
could cover all the socio-demographic (economic) class of
people and ethnicities of Pakistan. Some other details for
the participants’ selection can be found in Asif et al. (9).

3.2. Ethical Concerns

After complete explanation of the objectives of the
study to the schools’ heads and children’s parents or
guardians, a written consent from each school’s head and
a verbal consent was taken from each child’s parents or
guardians. They had the right to voluntarily participate
in or withdraw from the study. The study was approved
by the Departmental Ethics Committee of Bahauddin Za-
kariya University, Multan, Pakistan.

3.3. Data Collection

The data collection activity was completed during
March to June, 2016 by three well-trained data collection
teams, supervised by the principal investigator. The re-
quired information was taken through a self-administered
questionnaire. The demographic information like gender

status (boys/girls) and age (rounded to next year) of chil-
dren were recorded from school register with the assis-
tance of class teacher. The ages of the children whose mea-
surements were taken from public places, were confirmed
from their parents or guardians at the time of interview.
Following the available standard techniques (10), the mea-
surement of HdC (to the nearest 0.1 cm) was made using
a non-stretch tape. The tape was carefully wrapped on a
line passing over the glabella to the area near the top of the
occipital bone as to get maximum circumference. During
these measurements, the participated child was in stand-
ing position and was asked to look straight ahead with
shoulders in normal position.

3.4. Inclusion Criteria

All the normal children 2 - 5 years old, who were not
taking any medicines and having no physical disability or
fever were included in the study. All the children who did
not meet these criteria were excluded.

3.5. Statistical Analysis

For the descriptive analysis, mean ± standard devia-
tion (SD) of HdC were computed for each sex, varying at
different ages. Two-sample independent t-test was used to
test the mean HdC difference between boys and girls. For
computation of the reference values of HdC, internation-
ally accepted statistical method, called “the LMS method”
developed by Cole (11, 12), was used. This method uses
three quantities; the power (L), median (M) and co-efficient
of variation (S) calculated for each age and the method
is based on the assumption that after applying the Box-
Cox transformation, the data at each age are normally dis-
tributed. After getting the smoothed values of L, M, and S
by using a cubic spline function for each age, a required
percentile value (C) was calculated by using the equation C
= M (1 + LSZ)1/L. where Z is the Z-score of the normalized dis-
tribution e.g., for the 3rd, 50th and 97th percentile values, Z
was substituted as -1.88, 0.00 and 1.88, respectively (11). The
software, “Statistical Package for Social Sciences (SPSS)” ver-
sion 21.0 was used for computing the descriptive statistics
and for applying t-test. However, R-language version 3.4.0
was used for estimating L, M and S values. A P value < 0.05
was considered as statistically significant in the analyses.

4. Results

In the present study, a total of 1474 children (38.5% boys
and 61.5% girls), aged 2 to 5 years, were participated. The
mean ± 1SD HdC of the total subjects was 48.51 ± 1.79 cm
and the mean values were significantly higher for the boys
(P < 0.01) than for the girls at each age. The mean, SD and
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smoothed percentile values of HdC for the Pakistani boys
and girls are presented in Table 1 and their curves are pre-
sented in Figure 1A and B, respectively. There were some no-
table differences in shapes of the HdC curves for both sexes.
For the boys, the upper percentile values start with sharp
increase from the starting age of 2 years and with little in-
crease after 3 years age. For the girls, these upper values
tend to be more increasing after the age of 3 years. We also
compared the 50th percentile of our cross-sectional data
with data from the World Health Organization (WHO) (13)
and Neyzi et al. (14) in Figure 2A and B. The HdC for the Pak-
istani children for both boys and girls, was lower than the
reference values from the latter stated studies.

5. Discussion

Child growth monitoring during early ages, especially
from birth to 5 years, is very crucial. The HdC in this age-
group is potentially considered as one of the most signif-
icant markers of normal growth and development and a
powerful predictor of total brain volume in children (15).
Some pediatric investigators (16, 17) also used HdC mea-
surement for screening the nutritional status of children
under five years of age. Therefore, some suitable knowl-
edge of normal growth of HdC is essential to detecting
and preventing pathological conditions. We designed this
cross-sectional study for the Pakistani children to evalu-
ate HdC growth using a standardized measurement tech-
nique.

To the best of our knowledge, there are no data avail-
able about the reference values of HdC for under five year
aged children in the developing countries including Pak-
istan. We therefore, try to compare the obtained results
with some foreign researches (6, 7, 13, 14, 18). Our study re-
sults showed that the mean HdC values of the boys were
significantly higher than those of the girls at all ages. The
most recent study with the Turkish children (6) also ob-
served the similar results for the mean values of HdC.

In the present study, the percentile values (3rd to 97th)
of HdC were moving upward in both sexes with age. The
boys had more increase in HdC for the 3rd, 5th, and
50th percentiles than the girls had and for the upper per-
centiles, the similar patterns were also observed except for
the 95th and 97th percentiles. These findings were consis-
tent with a study (7) of the Turkish children, aged 0 - 84
months.

A study about the US children (18) showed that for the
age of 2 to 5 years, the total increase in boys’ HdC for the
5th, 50th and 95th percentiles were 1.71 cm, 1.8 cm and 1.75
cm, respectively and in girls’ HdC were 2.0 cm, 2.03 cm
and 2.34 cm, respectively. In our study, the total increase
in boys’ HdC for the same percentiles were higher (except

for the 5th percentile) i.e., 1.39 cm, 2.06 cm and 2.32 cm, re-
spectively and in girls’ HdC were lower i.e., 0.75 cm, 1.29 cm
and 2.05 cm, respectively.

The 50th percentile values for the HdC were also com-
pared with the data from WHO (13) and with a Turkish study
(14). The results indicated that the HdC reference values
for the Pakistani children were greatly smaller than the
corresponding international values. A study by Mushtaq
et al. (19) also gave the comparison of height, weight and
BMI percentiles with the WHO sample (13) and reported
the major disparity in somatic growth of the Pakistani chil-
dren. These low HdC percentile values are of great concern
and it is mandatory to discuss such large difference here.
Firstly, over the globe, children grow differently due to
the differences in genetics and environmental factors (20).
Therefore, the HdC growth in children may differ consid-
erably, from country to country. Several studies (21, 22) also
demonstrated the differences in the HdC among countries
and between different ethnic groups of the same country.
Present difference in the HdC values of our study may due
to these visible factors. Secondly, Pakistan is also an impro-
vised and underdeveloped country. Children in Pakistan
are not growing satisfactorily due to poverty and lack of
education in females. In addition, among various fami-
lies in Pakistan, mothers do not have any knowledge about
the importance of breast feeding, weaning diet, proper
age of weaning or concept of balance diet and basic con-
cepts of hygiene and prevention of diseases. Consequently,
their children do not approach the normal growth level.
These might be the reasons for the Pakistani children in
this study for not meeting the same growth of HdC as men-
tioned in the WHO reference data.

5.1. Study Limitations

Firstly, the current study did not include the HdC data
of children under the age of two years and the results of
this study suggest that this gap might be filled. Secondly,
the age of the children in this study was recorded in years.
On the other hand, three months interval in early ages
has great importance for growth monitoring in children.
Therefore, age should be recorded and reported in months
in future studies.

5.2. Conclusions

In this research, we presented HdC reference values
and growth charts, based on a cross-sectional sample of
1474 Pakistani children, aged 2 - 5 years. It was reported that
the boys had significantly larger mean HdC values as the
girls had. The results showed that the reference values for
HdC were smaller than the corresponding reference values
provided by WHO. It is suggested that each country should
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Figure 1. Growth curves for head circumference percentiles for both boys and girls using the LMS method
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Table 1. Mean ± SD and Smoothed Percentile Values (3rd to 97th Percentiles) of the HdC (cm)

Age, y Smoothed Percentiles Mean ± SD

3rd 5th 10th 25th 50th 75th 90th 95th 97th

Male

2 44.90 45.17 45.60 46.36 47.24 48.18 49.08 49.65 50.03 47.40 ± 1.36

3 45.21 45.61 46.22 47.27 48.45 49.65 50.76 51.43 51.86 48.47 ± 1.77

4 45.84 46.20 46.75 47.68 48.75 49.84 50.84 51.45 51.86 48.78 ± 1.60

5 46.16 46.56 47.17 48.18 49.30 50.40 51.39 51.97 52.35 49.28 ± 1.64

Female

2 44.74 45.11 45.67 46.50 47.27 48.15 49.07 49.70 50.15 47.38 ± 1.23

3 45.15 45.47 45.89 46.63 47.68 48.73 49.69 50.25 50.62 47.68 ± 1.56

4 45.35 45.56 46.00 46.94 48.10 49.40 50.72 51.58 52.19 48.25 ± 1.90

5 45.51 45.86 46.42 47.40 48.56 49.80 51.00 51.75 52.26 48.65 ± 1.80
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Figure 2. Comparison of HdC 50th percentile of boys and girls among WHO (13), Neyzi et al. (14) and this study

produce its own HdC growth charts because the charts of
other countries, used as standards may provide mislead-
ing information of the children population under study.
Furthermore, due to the some inconsistencies between the
present results with the other studies, we recommend that
some more extensive and longitudinally studies covering a
wider age range should be designed for the Pakistani chil-
dren in order to determine the standard HdC charts.
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