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A b s t r a c t

IInnttrroodduuccttiioonn::  To compare the reference curves and mean values of anthropometric
indices and lipid profiles of a population-based sample of Asian and European children.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The data of 2076 Iranian and 1721 German children, aged
6-11 years, were compared. For anthropometric indices, we considered weight,
height, body mass index (BMI), waist circumference (WC), hip circumference and
waist-to-hip ratio. Fasting serum lipid profile including triglycerides, total, LDL and
HDL cholesterol, and total cholesterol/HDL ratio were compared between the two
populations studied. Smoothed age-specific percentiles for anthropometric indices
and serum lipid profile were constructed by using the software package LMS
Chart Maker.
RReessuullttss:: The mean of anthropometric indices was higher in Iranian than in German
children. The mean triglycerides (TG) and total/HDL cholesterol ratio were higher,
and the mean total, LDL and HDL cholesterol were lower in Iranian than in German
children. The reference curves for BMI and WC were higher and had a sharper
increase in Iranian than in German children. The reference curves of TG were
higher, and those of total and HDL cholesterol were lower, in Iranian than in
German children, whereas LDL cholesterol curves had no significant difference.
CCoonncclluussiioonnss:: Reference curves and cut-off values should be provided for anthro-
pometric indices and lipid profile of children with different ethnicities. Differences
in lipid profiles in various populations, and the higher values of the components
of the metabolic syndrome (high WC and TG as well as low HDL-C) in young Asian
children, should be considered in the current guidelines for screening lipid
disorders in the paediatric age group.

KKeeyy  wwoorrddss::  ethnicity, reference curve, anthropometric indices, lipid profile, metabolic
syndrome.

Introduction

Nutritional disorders including malnutrition and obesity are health problems
with medical, psychological and public health consequences for children and
adolescents; such disorders may last through life. The body mass index (BMI)
is routinely used to evaluate the weight status in children [1]. Population-
based studies have documented that in children, as in adults, abdominal or
upper body fat carries an increased risk for cardio-metabolic complications
[2]. Given that fat distribution varies with age, sex, maturation rate, as well
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as hormonal and nutritional status [3], and taking into
account that ethnic differences are documented in
several aspects of body size and proportions [4],
population-specific reference curves should be
provided for different anthropometric indices.

Primary lesions of atherosclerosis begin in early
life [5] and are associated with serum lipid and
lipoprotein concentrations [6]. Lipid profile is modu-
lated by genetic, environmental and lifestyle factors
[7]. Ethnic differences in lipid profile could be
explained in part by the higher prevalence of some
genes in certain populations [8]. Furthermore, there
are differences in genetic response to diet in some
populations, and it is well documented that Asians
have an ethnic predisposition to abdominal fat
deposition and metabolic syndrome [9]. Usually for
clinical practice and epidemiological studies on serum
lipid levels, the age- and gender-specific 95th percentiles
of Lipid Research Clinic (LRC) standards provided in 
a US population of youths are used [10]. However, 
it remains unclear whether they are appropriate 
for various ethnic groups with different genetic
backgrounds and lifestyle habits. Previous studies have
documented higher mean and percentiles of serum
triglycerides (TG), as well as lower mean and percen-
tiles of total, low-density and high-density cholesterol
(TC, LDL-C and HDL-C) in Iranian than in American
children [11-13].

To the best of our knowledge, no previous study
has compared the population-based reference curves
of anthropometric indices and lipid profile between
Asian and European children. Consequently, this study
aimed to compare these reference curves between
representative samples of Iranian and German
children aged 6-11 years.

Material and methods

This study used the data obtained from two
population-based studies; their full methodological
details have been published previously [14-17]. 
The German data were obtained from the Prevention
Education Program (PEP), a prospective study con-
ducted in children aged 3-11 years in Nuremberg,
Germany [14, 15]. The current paper reports on 

the data obtained during 1994-1995 (1st survey) and
2003-2004 (10th survey) from 6-11-year-old German
children; there was no significant difference between
the yearly mean values of variables studied in these
children during the recruitment period. The Iranian
data were obtained from the CChildhood and
AAdolescence SSurveillance and PPreventIIon of AAdult
NNon-communicable disease (CASPIAN – Caspian is
the name of the world’s largest lake, located in
northern Iran) study conducted in the 6-18 years age
group [16, 17]. Both studies followed standard
protocols for anthropometric measurements by
using calibrated instruments. For comparison of data
in the lower age of children, we used the data of the
6-11 years age groups in both studies.

SSttaattiissttiiccaall  aannaallyyssiiss  

Statistical analyses were performed using SPSS for
Windows software (version 14:0; SPSS, Chicago, IL),
and P<0.05 was considered as significant. Data 
are presented as mean ± standard deviation (SD).
Smoothed age- and gender-specific percentiles for
anthropometric indices and serum lipid profile were
constructed from the raw data and were entered into
a spreadsheet separately for boys and girls and
imported into the software package LMS Chart Maker
Pro, version 2.3, April 2006. The LMS method assumes
that the data can be normalized using power
transformation. The percentile curves are the result
of smoothing the age-specific curves: L for skewness,
M for median and S for coefficient of variation [18].
As the reference curves had no significant difference
in terms of gender, here we present the age-specific
reference curves of the whole population studied in
each country.

Results

The study population comprised 1721 German
children (870 girls, 851 boys) and 2076 Iranian children
(1085 girls, 991 boys) aged 6-11 years. The mean (SD)
values of anthropometric indices in Iranian and
German children are presented in Table I. In general,
except height, Iranian children had higher anthropo-

Roya Kelishadi, Peter Schwandt, Gerda-Maria Haas, Mohsen Hosseini, Parisa Mirmoghtadaee

TTaabbllee  II..  Mean (SD) values of anthropometric indices in Iranian and German children

GGiirrllss BBooyyss

IIrraanniiaann GGeerrmmaann IIrraanniiaann GGeerrmmaann

HHeeiigghhtt  [[ccmm]] 123.15±10.45 124.90±11.35 124.57±11.54 125.62±11.48

WWeeiigghhtt  [[kkgg]] 26.81±7.64 25.29±7.29 27.08±7.12 25.51±7.03

BBooddyy  mmaassss  iinnddeexx  [[kkgg//mm22]] 17.28±2.81 15.93±2.28 17.35±2.84 15.89±2.08

WWaaiisstt  cciirrccuummffeerreennccee  [[ccmm]] 58.14±8.32 56.55±6.19 58.72±8.34 57.46±6.20

HHiipp  cciirrccuummffeerreennccee  [[ccmm]] 69.25±9.12 66.17±7.78 68.81±9.8 65.53±7.30

WWaaiisstt--ttoo--hhiipp  rraattiioo 0.86±0.05 0.72±0.06 0.88±0.07 0.71± 0.006

All differences are significant between Iranian and German children in each gender, except the difference of height
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metric measures than German children did. Table II
shows the mean (SD) of serum lipid profile in the two
populations studied. The mean TG and the total/HDL
cholesterol ratio were higher, and the mean total and
HDL cholesterol were lower in Iranian than in German
children.

The reference curves for anthropometric indices
in the two populations studied are demonstrated in
Figure 1. It shows that the reference curves for BMI
and WC were higher and had a sharper increase in
Iranian than in German children. 

The reference curves of TG were higher, and those
of total and HDL cholesterol were lower, in Iranian
than in German children, whereas LDL cholesterol had
no significant difference (Figure 2).

Discussion

This study comparing the age-specific reference
curves for anthropometric measures and lipid profiles
of population-based samples of Iranian and German
children revealed that the mean and reference curves
of BMI, WC and TG were higher in Iranian than in
German children, whereas the mean and reference
curves of total and HDL cholesterol were lower in
Iranian than in German children. These differences
are in line with the comparison of serum lipid profile
in Iranian and American children [11, 12]. These
differences may be because of genetic-environment
interactions.

In both populations studied, the mean BMI
increased with age but this rise had a sharper slope
in Iranian than in German children. Our findings are
consistent with a previous study that compared the
BMI of Iranian and American children [1]; such
variations might be because of differences in genetic
background and lifestyle factors. A WHO expert
consultation suggests that Asian populations have
different associations between BMI, percentage body
fat, and associated health risks than do European
populations. The consultation concluded that Asian
populations have high risks of type 2 diabetes and
cardiovascular diseases at relatively lower BMI, which
might be attributable to the higher proportion of body
fat in this ethnic group. Therefore, it has been
suggested that lower BMI cut-off points for obesity

appropriate for Asian populations should be adopted
among adults [19]. Similarly, as the growth rate and
fat patterning vary greatly between different
populations [3], the current cut-offs used for childhood
overweight might not be generalizable to different
ethnic groups. This emphasizes the necessity of
developing population-specific percentiles and cut-
off values.

Although BMI is the most easily measured index
for obesity, there is now considerable evidence that
markers of abdominal obesity are better predictors
of outcome than BMI. It is documented that com-
pared with the European population, Asians have
increased abdominal visceral fat and greater insulin
resistance levels of BMI, which suggests that reliance
on BMI alone may underestimate the true risk in
Asians [20]. In our study, the mean WC increased with
age in both populations, but in general, Iranian
children had higher WC than their German coun-
terparts. This difference was documented in all
percentile curves of German children. The mean hip
circumference was higher in Iranian children than in
German children aged 9-11 years. The mean WHR
decreased with increasing age in both populations
but the mean WHR was higher in early ages in Iranian
children and in older ages in German children. 
A previous study compared Iranian WC reference
curves with British ones, and showed that in boys,
the 5th and 50th percentile curves were similar in both
populations, but the 95th percentile curve of Iranian
children was higher than the British curves. For girls,
the 5th percentile curves of both studies were similar,
but the 50th and 95th percentile curves of our study
were higher than the British ones [16].

There are many differences between various ethnic
groups, e.g. biological, cultural and social differences.
These may be a result of differences in skeletal
dimensions, particularly of the pelvis [2]. Furthermore,
the anthropometric differences found in this study
are suggested to be because of an earlier age of
rebound adiposity, as well as the ethnic predisposition
of Asians to abdominal obesity.

Of special interest in the context of this study is
our finding about the higher levels of components
of the metabolic syndrome, i.e. high WC and TG

TTaabbllee  IIII..  Mean (SD) values of serum lipid profile in Iranian and German children

GGiirrllss BBooyyss

IIrraanniiaann GGeerrmmaann IIrraanniiaann GGeerrmmaann

TToottaall  cchhoolleesstteerrooll  [[mmgg//ddll]] 149.87±34.78 176.95±30.48 153.13±34.30 172.33±28.86

LLDDLL--CC  [[mmgg//ddll]] 87.60±32.3 106.44±27.71 90.02±29.86 100.51±25.12

HHDDLL--CC  [[mmgg//ddll]] 44.03±12.27 56.92±14.09 44.10±12.35 59.57±13.64

TTrriiggllyycceerriiddeess  [[mmgg//ddll]] 94.15±32.43 67.96±28.08 93.29±31.53 60.15±25.04

TToottaall  cchhoolleesstteerrooll//HHDDLL--CC 3.56±1.16 3.26±0.92 3.57±1.23 3.01±0.81

All differences are significant between Iranian and German children in each gender
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FFiigguurree  11..  Comparison of age-specific reference curves for anthropometric indices in Iranian and German children
aged 6-11 years
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with low HDL-C, in Iranian than in German children.
An underlying genetic tendency or adverse events
in early life, such as low birth weight, may con-
tribute to metabolic syndrome and its related
complications, notably in non-European populations
[21, 22].

The prevalence of the metabolic syndrome is high
among Iranian children and adults, which confirms
the supposed ethnic predisposition to this type of
dyslipidaemia among Asians [9, 17, 23]. In a previous
study, we found that birth weight, family history of
chronic disease, educational level of parents, as well
as dietary and physical activity habits, had a diverse
association with the risk of metabolic syndrome in
children and adolescents [22]. Iran has undergone 
a rapidly occurring nutritional transition. Fast food
restaurants have increased in number and the
consumption of fat rich in saturated and trans-fatty
acids has become a very popular component of
everyday life. This transition is suggested to be
secondary to the rapid change in fertility and
mortality patterns and to urbanization, which have
led to a considerable imbalance in food consumption,
with low nutrient density characterizing diets and
over-consumption evident among more than a third
of households [24].

Dyslipidaemia in terms of high TG and low 
HDL-C is prevalent in Iranian children and adults,
even in normal-weight children [25]. Diets high in
trans-unsaturated fat may lower HDL-C, increase TG
levels, and interfere with fatty metabolism [22]. In
addition, higher TG levels in Iranian children than in
Western populations are suggested to be in part an
effect of their high carbohydrate intake. Inadequate
activity is also an important contributor to the
differences in lipid profile of Iranian children [22, 25].
A genetic-environment interaction might explain the
higher values of components of the metabolic
syndrome in young Iranian children compared to
their Western counterparts. The exact explanation
of such differences between populations remains to
be determined in longitudinal studies. Furthermore,
children should be encouraged to maintain healthy
lifestyle habits, especially healthy nutrition and
physical activity.

Our results should be seen in the light of their
strengths and weaknesses. The main limitation of the
study is its cross-sectional nature; in addition we did
not assess the factors influencing the anthropometric
measures and lipid profile, e.g. pubertal stage and
nutritional and physical activity habits. However, it is
the first study comparing components of the
metabolic syndrome between young Asian and
European children, and as data collection in both
countries followed the same methodology it can
provide a basis for future international comparisons.

In conlusion, age- and gender-specific reference
curves as well as cut-off values should be provided

for anthropometric indices and lipid profile of children
with different ethnicities. Differences in lipid profiles
in various populations should be considered in the
current guidelines for screening lipid disorders in
children.
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