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Abstract

Background: Child body mass index (BMI) is an internationally accepted indicator to assess
child health status. International BMI reference curves are available but their suitability for
Iranian children in not known.

Aims: This study aimed to produce BMI-for-age growth curves for northern Iranian
schoolchildren aged 7—11 years and compare them with the World Health Organization (WHO
2006) and Centers for Disease Control and Prevention (CDC 2000) reference curves.

Methods: Stratified multistage cluster sampling was used to select schoolchildren from urban
and rural areas of Babol. Height and weight were measured and BMI calculated. Smoothed
BMI-for-age growth curves were constructed for both sexes and compared with the WHO and
CDC reference curves.

Results: A total of 4 083 children aged 7—11 years were included; 48.8% were boys and 56.7%
were urban residents The major significant differences between the Iranian curves in this study
and the CDC2000 and WHO 2006 growth charts were in the upper centiles. The 5th centile is
close to the 5th centiles of the reference curves.
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Conclusions: BMI centiles for 7—-11 years schoolchildren in Babol differed significantly from the
international growth reference curves. Therefore, local and population-specific BMI curves
should be developed to assess physical growth of children.
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Introduction

Anthropometric measurements including weight, height, waist circumference and body mass
index (BMI) are simple and reliable indicators that provide useful information about physical
growth, body composition, nutrition status and the risk of noncommunicable diseases (1,2).
Although BMI has some limitations, especially in growing children, it is an internationally
accepted indicator and is used widely for screening and monitoring body fat (3,4). Moreover, it is
an important component of primary care in paediatrics and is a useful public health tool to
assess child health status (5).

Two BMI reference curves—the World Health Organization (WHO 2006) and the Centers for
Disease Control and Prevention (CDC 2000)—have been widely applied to calculate the
anthropometric indicators of growth (6,7). WHO (2006) was developed using children’s data
from 6 countries [Brazil, Ghana, India, Norway, Oman and United States of America (USA)],
while CDC (2000) criteria are based on US children and adolescents aged 0—20 years. Some
studies in different countries have found differences between their own child growth charts and
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these 2 international reference curves (8—10). Therefore, for BMI to be applicable in practice in
the paediatric age group, standards should better be defined by age and gender based on local
data (11,12). Now, many countries have their own BMI curves according to their child
population; however, limited national data exist for Asian children, notably from children in
Middle Eastern countries (12—16).

This study aimed to produce BMI-for-age curves for northern Iranian children aged 7—11 years
and compare them with the WHO and CDC reference curves.

Methods
Study setting

Mazandaran province is located in the north of the Islamic Republic of Iran between the Caspian
Sea and Alborz mountains. It consists of 15 counties. The total population of the province in
2011 was estimated to be 3.074 million. Babol county is the biggest county of Mazandaran and
is located in the middle of the province. Babol city is the third largest city in the north of the
Islamic Republic of Iran. At the 2012 census, the population of Babol county was 495 472, in
149 363 families.

Study design and population

This was a cross-sectional survey conducted in 2012. A stratified multistage cluster sampling
method was used to select children from urban and rural areas of Babol. All primary schools
were stratified into urban/rural, and then into girls’/boys’ schools. Then 5 rural and 6 urban girls’
schools and 5 rural and 6 urban boys’ schools were randomly selected. In each selected school,
all students in 5 age groups (ages 7—11 years) were listed and 20 children were randomly
selected for each age group in each school. The sample size was calculated to be about 200
children in each urban/rural area from both sexes and different age groups (7—11 years). From 4
400 schoolchildren recruited in the study, 317 were excluded because of incomplete data.
Therefore, 4 083 children were included in the final analysis (1 993 boys and 2 090 girls) from
urban and rural areas of Babol. The detailed sampling methodology has been described
previously (17) and is shown in Figure 1 . Students with a history of any chronic disease or
disability and those taking medication or on special diets (based on their school health records)
were excluded from the study before collecting data.

Anthropometric measurements

All anthropometric indices were measured by a trained research team. Weight was measured in
the morning before eating breakfast (students were asked to come to school without eating
breakfast) and in light clothing using an Omron digital scale (model BF-511) with a precision of
0.1 kg. A Seca stadiometer (precision of 0.1 cm) was used to measure height, standing erect
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without shoes. BMI was calculated as weight (kg)/[height (m)]2.

Statistical analysis

All data were analysed using SPSS, version 21. The Kolmogorov—Smirnov test was used to
determine normal distribution (P = 0.8). Data were analysed using descriptive statistics to report
general characteristics of the schoolchildren, and the independent sample t-test was used to
assess mean differences between the sexes. One way ANOVA was used to examine the
differences between BMI and age. A P-value

The Box-Cox power transformation was used to transform data to select the best model. To
develop age-related centiles for both sexes and to smooth and fit the curves, the Cole LMS
method with the maximum penalized likelihood was used, where L = skewness, M = median
and S = coefficient of variation. LMSchartmaker Pro, version 2.3 software, was provided by the
Medical Research Council, United Kingdom and used according to the method proposed by
Cole and colleagues (18).The chi-squared test was used to determine normality and goodness
of fit.

Ethical considerations

The study protocol was approved by the Ethics Committee of Babol University of Medical
Sciences, Babol, Islamic Republic of Iran.

The children’s agreement to participate and the written informed consent of the parents were
obtained before enrolment.

Results

The participants in this cross-sectional study were 4 083 students, aged 7 to 11 years (1 993
boys and 2 090 girls) from urban and rural areas of Babol, Mazandaran Province, Northern
Islamic republic of Iran.

The mean (SD) age of the students was 9.46 (1.27) years. The sample consisted of 48.8% boys
and 51.2% girls: 56.7% were from urban and 43.3% from rural residences. Mean (SD) for
weight, height and BMI were 32.91 (10.12) kg, 133.76 (9.73) cm and 18.08 (3.68) kg/m2
respectively. Table 1 shows the mean (SD) anthropometric measures by sex and age. All
differences between the ages were statistically significant (P

The BMI centile values in primary-school children are shown in Table 2. The mean BMI 50th
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centile in boys increased gradually from 7 to 9 years (15.80—-16.82 kg/m2) and then increased
substantially. A different pattern was seen in girls, with a gradual and constant increase in BMI
from 7 to 9 years (15.68—-17.50 kg/m2) and a very slight increase from 9 to 10 years
(17.50-17.72 kg/m2) and a notable increase from 10 to 11 years (17.72—19.21 kg/m2).

The mean differences in BMI centiles between our data and the WHO and CDC reference
values for both girls and boys are shown in Table 3 . BMI centiles in our northern Iranian
population were slightly greater than in the 2 reference populations, except for the 85th and
95th centiles where the differences were greater.

Smoothed BMI curves for boys and girls were constructed. Figure 2 shows the 5th, 10th, 25th,
50th, 75th and 95th smooth centiles for both boys and girls. In both boys and girls, BMI centiles
increased with age but with different patterns. The 5th and 50th centile curves had a slight
increase, while in both sexes a sharp increase was seen from 10 to 11 years in the higher
centiles.

The BMI centile curves (5th, 50th, 85th and 95th) of our schoolchildren compared with the CDC
and WHO centiles are shown in Figures 2 and 3. The 5th centile of BMI for boys was very
similar to the WHO 5th centile with a marginal increase after age 10 years. In girls up to age 10
years, the WHO 5th centile curve was slightly lower than Iranian girls, while it closely matched
the WHO curve between 10 and 11 years. The 5th centile for Iranian boys was close to the 5th
percentile of the CDC curve, while it was higher in Iranian girls.

Figure 4 compares the 85th and 95th centiles of the WHO and CDC curves with the75th, 85th
and 95th centile curves for Iranian children. The 85th and 95th centiles for Iranian children were
much higher than in the WHO and CDC curves, especially after age 8 years. Furthermore, in
girls, the 75th BMI centile was higher than the 85th centile in the CDC and WHO reference
curves. It was close to the 95th centile of the WHO curve but lower than the CDC 95th centile. A
similar pattern was found in boys. The 85th centile curve for Iranian children (both boys and
girls) was very similar to the 95th centile of CDC (and increased almost identically) while it was
higher than the 95th percentile of the WHO curve.

Discussion
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Standardized BMI curves offer an opportunity to monitor and screen children’s physical growth
(4,6). WHO and CDC standards are used worldwide because of the absence of local data and
Iranian children are no exception (19-21).

We found differences between northern Iranian regional growth curves and the WHO and CDC
references curves, especially in the upper BMI-for-age curves. Some studies have
demonstrated the similarity in growth trends of pre-pubertal children and they believe
significance differences appear in pubertal and post-pubertal stages, but the OLAF study in
Poland showed some differences even in pre-pubertal children (22,23). Although, our study did
not assess pubertal stages, our growth curves show various difference compared with the
reference curves for 7—11-year-olds in the upper centiles. These differences may be a result of
genetic, demographic and nutritional factors. In the current study, the 5th centiles of northern
Iranian children overlapped with the WHO and CDC values with only slight differences. This
indicates the growth trends are similar for both Iranian children and the 2 reference populations.

However, for Iranian children, the 85th and 95th BMI centiles were considerably higher than the
WHO and CDC reference curves in ages 7—11 years. Generally, the 85th and 95th BMI centiles
are used to define overweight and obesity respectively (11). Therefore, our study suggests that
for Iranian children, the 75th—85th and > 85th centiles in the CDC and WHO references should
be considered as overweight and obesity respectively. In contrast, national growth curves for
Pakistani children were significantly lower than the WHO and CDC references in the upper
centiles (24). Other studies in different regions and countries have reported significant
differences between their national growth curves for children and the WHO and CDC reference
curves (25-27).

These findings reflect imprecision of the WHO and CDC reference curves in estimating physical
growth for all populations. However, the influence of external conditions on growth might explain
the difference to some degree. In addition, because of differences in genetic, pubertal stage,
race and environmental and demographic factors in different parts of the Islamic Republic of
Iran, the use of these standard curves can be imprecise and misleading (28,29).

Several reasons can explain the shift in BMI in northern Iranian schoolchildren. Urbanization,
nutrition transition and consumption of fats and sugar-rich foods, technological transformation
(using motorized transport instead of walking, watching television/using the computer instead of
playing), and low levels of physical activity are factors contributing to the rise in BMI (30,31).
Therefore, the need for national BMI centile reference curves for children and adolescents has
been increasingly recognized by countries in order to identify overweight and obesity (7,29). To
the best of our knowledge, this study is the first to provide BMI centile curves for schoolchildren

6/12



WHO EMRO | Northern Iranian growth charts for children aged 7-11 years: comparison with international

in northern Islamic Republic of Iran using a large sample and to compare them with international
references.

The main limitations of this study were the fact that the BMI centile curves obtained were based
on cross-sectional data not longitudinal data and that pubertal status was not considered and
examined in children, especially in girls.

In conclusion, data gathered from 4 083, children aged 7 to 11 years from Babol (northern
Islamic Republic of Iran) were used to develop BMI centile curves by age and sex. The study
provides baseline data for time trend analysis and for comparisons with international data. The
differences in these centiles between the CDC 2000 and WHO 2006 references were
significant. Therefore, for BMI to be useful in practice, standards should better be defined and
based on local data. Our findings cannot be generalized to other areas of the Islamic Republic
of Iran because of differences between regions of the country (32). Therefore, further studies
are needed to develop more accurate and appropriate BMI reference curves for evaluation of
physical growth, and the magnitude of underweight, overweight and obesity in children in the
Islamic Republic of Iran and the Middle East region.
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Comparaison des courbes de croissance d’enfants de 7 a 110 ans du nord
de la République islamique d’lranl avec les courbes de référence
internationales

Résumé

Contextel: L’indice de masse corporelle (IMC) des enfants est un indicateur reconnu
internationalement pour évaluer I'état de santé des enfants. Des courbes d'IMC de référence
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internationales sont disponibles, mais leur adéquation a la réalité des enfants iraniens est
encore méconnue.

Objectifsl: La présente étude visait a produire des courbes de croissance représentant
I'IMC-pour-I'age d’écoliers de 7 a 11 ans du nord de la République islamique d’lran et a les
comparer avec les courbes de référence de 'TOMS (2006) et des Centers for Disease Control
and Prevention (2000).

Méthodes(: Un échantillonnage stratifié en grappe a plusieurs niveaux a été utilisé pour
sélectionner des écoliers dans des zones rurales et urbaines de Babol. La taille et le poids ont
été mesurés et I'IMC a été calculé. Des courbes de croissance lisses de croissance montrant
I'IMC-pour-I'age ont été créées pour les deux sexes et comparées avec les courbes de
référence de 'OMS et des CDC.

Résultatsl: Au total, 4083 enfants de 7 a 11 ans ont été inclus dans 'étude : 48,8 % étaient
des gargons et 56,7 % résidaient en zones urbaines. Les difféerences majeures observées entre
les courbes iraniennes produites dans le cadre de cette étude et les courbes de croissance des
CDC (2000) et de 'OMS (2006) concernaient les centiles supérieurs. Le cinquieme centile des
courbes iraniennes était proche du cinquieme centile des courbes de référence.

Conclusionsl: Les courbes des centiles d’'IMC des écoliers de 7 a 11 ans de Babol différaient
significativement des courbes de croissance de référence internationales. Des courbes d'IMC
propres a la population et au lieu devraient donc étre créées pour évaluer la croissance
physique des enfants.
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