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Abstract

Background: Childhood obesity increases risk for developing cardio-metabolic diseases.

Objectives: to investigate the relation of some anthropometric parameters with cardio-metabolic
disease risk factors in obese children and adolescents.

Subjects and Methods: Cross sectional study, comprised of 139 obese pupils; aged 8 to 16 years
(classified to 3 age groups). Each pupil underwent complete physical examination, anthropometric and
laboratory assessment (fasting blood sugar and lipid profile).

Results: Boys had significantly higher values of abdominal skin fold thickness in the age groups II and
III and in central adiposity, waist circumference, waist/hip ratio and sub scapular skin fold thickness
in adolescents. For boys, fasting blood sugar correlated with most of the anthropometric measurements
in young age, and with skinfold thickness in the three age groups. While lipid profile correlated with
skinfold thickness particularly at subscapular area in the age groups I and II. For girls, none of the
parameters under study showed any significant correlation except subscapular skinfold thickness
which had significant correlations with lipid profile in age groups I and II.

Conclusion: Skin fold thickness particularly subscapular; is important indicator for cardio-metabolic
complications in obese children of both sexes. Obese boys are more liable to cardio-metabolic
complications.
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OPENACCESS

Introduction
Obesity is a serious global public health problem

[1-3]. Concern for children and adolescents, data from
NHANEs survey (1976-1980 and 2003-2006) showed that
the prevalence of obesity has increased for children aged
6-11 years from 6.5% to 17%, and for those aged 12-19
years, the prevalence has increased from 5% to 17.6% [1,
4].

It has been widely accepted that obese children

and adolescents are at risk for health problems during their
youth and adults, i.e. they are more likely to have risk
factors associated with cardio-metabolic diseases such
as high blood pressure, high cholesterol, and type II
diabetes than other healthy, wellbeing children and
adolescents [3, 5-8].

Nowadays, obesity is not only of the major
causes of life threatening diseases in Western Societies,
but also, it has become one of the most important health
problems in developing countries [9].
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In 1998, The World Health Organization (WHO) defined
obesity as a condition with excessive fat accumulation in
the body, to the extent that health and wellbeing are
adversely affected [8].

However, some studies in adults and fewer in
children showed the associations between obesity with
cardio-metabolic risk factors, such as dyslipidaemia, high
blood sugar and high blood pressure [10]. Body mass
index (BMI) is usually used to detect obesity although it
can’t distinguish fat from muscle mass. Waist
Circumferences (WC) and waist-to-hip ratio (WHR) are
other indices to measure obesity, especially upper
abdominal fat distribution (visceral obesity). Despite several
publications on the relation between anthropometric
markers and lipid profile, the best anthropometric index of
fat location remains controversial [5, 11].

There is a large body of evidence that obesity
related diseases including its cardiovascular
consequences begins in childhood [4]. Thus identifying
high risk children for targeted interventions is needed.
Moreover, there is a large number of questions remain to
be answered.

This study focuses to investigate the relation of
some anthropometric parameters with cardio-metabolic
disease risk factors in obese children and adolescents.

Subjects and Methods
Data of this cross-sectional study was obtained

from 5798 children and adolescents (2655 boys and 3143
girls), aged from 7-18 years, affiliated to 6 public schools
in Giza Governorate (2 primary, 2 preparatory and 2
secondary schools) during the period of October, 2007 to
April 2009. Permission to perform the study was granted
by the “Ethical Committee” of the “National Research
Centre”, the Ministry of Education, and the directors of the
school included in the research. A local consultation with
the directors of schools was done for any concerns and
ethical issues of the research. Parents were informed
about the purpose of the study and their permission in the
form of written consent was obtained. Verbal assent was
obtained from children and adolescents to be involved in
this research.

Of the total sample, those with the complaint of
obesity were four hundred and sixty-two students only
(8.0%); 174 boys and 288 girls; their mean age was
13.43+2.65 years. Parental informed consent to do lab
investigations were obtained only from one hundred and

thirty nine pupils (70 boys and 69 girls), with the complaint
of obesity. These pupils were required to meet the following
inclusion criteria: age, 8-16 years and BMI, greater than
the 95th percentile for age and gender based on the
Egyptian Growth Reference Charts [12]. These charts
group the children every 6 months interval (e.g. 7.25, 7.75,
8.25 years) from 2 years up to 21 years of age. Subjects
were excluded from this study for any obvious mentally
retarded diseases or those cases suffering from chronic
diseases and drug use, or abnormal signs compatible with
syndrome obesity. The sample was divided into 3 groups
according to their age:

1. group (I): included 27 pupils (16 boys and 11
girls) aged 8-10 years + 6 months;

2. group (II): included 62 pupils (29 boys and 33
girls) aged 11 -13 years + 6 months; and

3. group (III): included 50 pupils (25 boys and 25
girls) aged 14 -16 years + 6 months.

Each pupil underwent a complete physical
examination; including anthropometric measurements
(body weight “Wt.”, body height “Ht.”, waist and hip
circumferences and skin fold thickness at triceps, biceps,
subscapular, abdominal and suprailiac areas.

Anthropometric measurements: Body height
was measured to the nearest 0.1 cm using a Holtain
portable anthropometer. Body weight was determined to
the nearest 0.01 kg using a Seca scale Balance with the
subject dressed minimum clothes and no shoes. Waist
circumference was measured at the level of the umbilicus
with pupil standing and breathing normally, hip
circumference at the level of the iliac crest, using
nonstretchable plastic tape to the nearest 0.1 cm. Skin
fold thickness at the five sites was measured at left side
of the body using Harpender Tanner-White house Holtain
skin fold caliper to the nearest 0.2mm. Each measurement
was taken; by well-trained researcher and another one
assisted to him; as the mean of three consecutive
measurements, using standardized equipments and
following the recommendations of International Biological
Program [13].

The following indices were calculated:

1. Body mass index (BMI): as weight (in kilograms)
divided by height (in meters) squared;

2. Waist/ Hip ratio (cm/ cm);

3. Peripheral obesity: as the sum of triceps and
biceps skinfold thickness;



3

Hassan et al. Anthropometric Parameters and Cardio-Metabolic Disease Risk Factors

Maced J Med Sci.

4. Central obesity: as the sum of sub scapular,
suprailiac and abdominal skinfold thickness.

Laboratory data: Venous blood samples were
obtained to measure plasma glucose level and lipid profile
in the morning by venipuncture after after 12-hours overnight
fasting. Professional staff performed venipuncture. The
blood samples were left to clot; sera were separated by
centrifugation for 10 minutes at 5000 rpm then stored at –
80ºC until assays. Plasma glucose was determined by
the glucose oxidase method. Plasma concentrations of
total cholesterol [14], triglycerides [15], and high-density
lipoprotein-cholesterol (HDL-C) [16] were measured using
commercially available kits provided by STANBIO
Laboratory Inc.(1261 North Main Street Boerne Texas
78006 USA). LDL-C was calculated according to an
equation developed by Friedewald et al., [17] as follows:

LDL-C= Total cholesterol –Triglycerides/5+ HDL-C.

Statistical Analysis: Data was examined for
normal distribution using “One-Sample Kolmogorov-
Smirnov Test”. All the anthropometric and laboratory
parameters were normally distributed (p< 0.05, and SD <
25% of the mean value) except waist circumference and
waist/hip ratio in age groups II and III (p>0.05). Statistical
evaluation of the results was performed with the SPSS
version 9.05 computer programs. All values are reported
as the mean ± SD. Sex differences were examined using
“Student’s t- test “in case of normal distributed data and
“Mann-Whitney Test” in case of data not normally
distributed. Pearson´s correlation coefficients were used
to measure the degree of association between
anthropometric parameters and lipid profile in both gender
and in all age groups in case of normally distributed data,
while Spearman’ s correlation coefficients were used in
case of data not normally distributed. The level of
significance was set at a probability of less than 5%
(p<0.05).

Results
The total sample included 139 pupils, 50.4% were

boys (n: 70) and 49.6% were girls (n: 69). Descriptive data
for the anthropometric parameters, fasting blood glucose
and lipid profile for boys and girls are shown in Tables 1-
3. Analyses of the pupils of group (I) aged 8 - 10 years ±
6 months (Table 1) revealed significant gender differences
in some anthropometric measurements and all lipid profile
parameters. Girls had significantly higher mean values of
body weight, BMI, hip circumference, sub scapular skinfold
thickness, high triglycrides and HDL-C within normal

range (p<0.05) than boys, while waist/ hip ratio, high LDL-
C and total cholesterol were significantly higher in boys.
While in group (II) aged 11-13 years ± 6 months (Table 2),
girls had significant gender differences for body weight,
height and BMI. While boys had significantly higher values
of abdominal skin fold thickness than girls. Group III aged

Table 1: Anthropometric characteristics and laboratory data
of the group (I) by sex (Age 8-10 ± 6 months).

Table 2: Anthropometric characteristics and laboratory data
of the group (II) by sex (Age 11 -13 ± 6 months).

N.B.: *p< 0.05= Significant differences. **p<0.01= highly significant differences. Comparisons
done using t-test as all the parameter are normally distributed.

N.B.:*p< 0.05= Significant differences. † Comparisons done using t-testt as the parameter is
normally distributed. ‡Comparisons done using Mann-Whitney Test as the parameter is not normally
distributed.

14-16 years ± 6 months (Table 3) showed significant
gender differences for body height, waist circumference,
waist/ hip ratio, suprailiac and abdominal skin fold
thicknesses, central adiposity and fasting blood sugar
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where boys had the higher values. While girls had significant
higher value of BMI and HDL-C. It was obvious that boys
had significant tendency for increase in the anthropometric
parameters indicating central obesity with increase in
age, inspite of having high LDL-C and low HDL-C in young
age only. While girls had significant higher values of BMI
in the three age groups.

Correlation of fasting blood sugar and lipid profiles
and the anthropometric measurements for all groups by
gender are presented in tables 4 and 5. For boys (Table 4),
fasting blood sugar showed significant strong positive
correlations with weight, BMI, waist circumference, hip
circumference, triceps and subscapular skinfold
thicknesses in group (I) aged 8-10 years . While in both
groups II and III, fasting blood sugar had significant

Table 3: Anthropometric characteristics and laboratory data
of the group (III) by sex (Age 14-16 ± 6 months).

N.B.:*p< 0.05= Significant differences. **p<0.01= highly significant differences. † Comparisons
done using t-testt as the parameter is normally distributed. ‡Comparisons done using Mann-Whitney
Test as the parameter is not normally distributed.

N.B.:*p< 0.05= Significant differences. **p<0.01= highly significant differences. † Pearson s correlation was used as the parameter is normally distributed. ‡Spearman correlation was used as the parameter
is not normally distributed.

Table 4: Correlations of anthropometric indices with laboratory data of obese boys.

negative correlations with biceps and suprailiac skinfold
thickness. Moreover, fasting blood sugar had significant
negative correlations with abdominal skinfold thickness in
second group, and with hip circumference, peripheral and
central fat in the third group. Triglycerides had significant
negative correlations with subscapular skinfold thickness
in the first group, and with biceps skinfold thickness in the
third group. Inspite of that, it had significant positive
correlations with triceps, subscapular, suprailiac skinfold
thickness and central fat in second group. Total cholesterol
had significant negative correlations with waist/hip ratio
and subscapular skinfold thickness in the first group, and
with triceps and suprailiac skinfold thickness in the
second group. HDL-C had significant negative correlations
with biceps and abdominal skinfold thickness and peripheral
and central fat in both first and second groups only. While
LDL-C had significant negative correlations with
subscapular skinfold thickness in first group, and positive
one in second group.

For girls (Table 5), in group I (8–10 years),
triglyceride had significant positive correlation with waist
circumference and subscapular skinfold thickness. For
group (II) aged 11-13 years ± 6 months, none of the
parameters under study showed any significant correlation
except HDL-C which had significant negative correlations
with subscapular skinfold thickness. Group III aged 14-16
years ± 6 months, fasting blood sugar only had significant
positive correlation with BMI.

It was obvious that for boys, fasting blood  sugar
correlated with most of the anthropometric measurements
in young age, and with skinfold thickness in the three age
groups. While lipid profile correlated with skinfold thickness
particularly at subscapular area in the age groups I and II
(8 -13 years). For girls, none of the parameters under study
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showed any significant correlation except subscapular
skinfold thickness which had significant correlations with
lipid profile in age groups I and II (8 -13 years).

Discussion
Childhood is an important period in individual’s life

and appears to be a critical period for the development of
obesity. Although the fundamental causes of epidemic
obesity are sedentary life style and high calorie energy
dense diet, yet, obesity participates in the pathway that
increases the risk for developing cardio-metabolic diseases.
However, obesity is associated with a broad range of
health issues ranging from specific diseases (type II
diabetes and hypertension) to impaired quality of life [18].

As far as we knew, most adipose tissue (~85% of
total adipose tissue mass) is located under the skin
(subcutaneous fat), and smaller (~15%) is located within
the abdomen (intra-abdominal fat) in lean and obese
persons [19]. The relative contribution of intra-abdominal
fat mass to total body fat is influenced by sex, age, race,
ethnicity, physical activity, and total adiposity [20].

The current results revealed prominent interactions
of age and sex on the development of obesity, as reflected
by the significant higher values of abdominal skin fold
thicknesses for boys in the age groups I, II ( 11 -16 years
old) and subsequently, in central obesity in adolescence
(14-16 years old). Inspite of existing of significant high
LDL-C and low HDL-C in young age only. Boys had higher
values of abdominal skinfold thickness in the 3 age
groups, which was significant only in older two age groups
(age from 11 to 16 years), and in central adiposity, waist
circumference, waist/hip ratio and subscapular skinfold

thickness in adolescents aged 14 -16 years, and also high
LDL-C and low HDL-C in young age. While girls had
significant higher values of BMI, high triglycrides levl and
high HDLC (significant in group I only) in the three age
groups. This is in agreement with results of many authors,
and it may be attributed to the separate threshold of sex
specific difference in pattern of fat distribution throughout
the body, as well as, to the stage of sexual maturation [6,
19-23]. Hashemipour et al., found that the prevalence of
high LDL-C and low HDL-C was higher in boys than in girls
aged 6-11 years [4].

The term “visceral fat” is commonly used to
describe intra-abdominal fat and it includes both
intraperitoneal fat (mesenteric and omental fat), which
drains directly into portal circulation, and retroperitoneal
fat, which drains into the systemic circulation. The relation
between visceral fat and plasma lipid-lipoprotein
concentration may be explained by the peculiar feature of
intra-abdominal adipocytes. This fat depot has a high
lipolytic rate resulting in an increased fatty acid flux
draining into the portal circulation. The consequent
enhanced expose of the liver to increased fatty acids and
insulin may be important in the pathogenesis of increased
TG in central obesity. Furthermore, the exposure of
peripheral tissue to high concentration of fatty acids may
lead to decreased tissue sensitivity to insulin [19]. The
current study addresses the link between anthropometric
parameters especially central (visceral) fat and cardio
metabolic disease risk in obese pediatric population.

Presence of childhood obesity determined a
greater chance of finding high level of LDL-C and triglyceride
(TG). Our findings are consistent with many previous
studies [6, 7, 18, 19, 24], where the anthropometric

Table 5: Correlations of anthropometric indices with laboratory data of obese girls.

N.B.:*p< 0.05= Significant differences. **p<0.01= highly significant differences. † Pearson s correlation was used as the parameter is normally distributed. ‡Spearman correlation was used as the parameter
is not normally distributed.
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variables exhibited diagnostic capacity for cardio metabolic
risk factors for younger boys aged from 8-16 years
provided by the presence of significant association where
fasting blood sugar correlated with most of the
anthropometric measurements in young age, and with
skinfold thickness in the three age groups. While lipid
profile correlated with skinfold thickness particularly at
subscapular area in the age groups I and II (8 -13
years).For girls, none of the parameters under study
showed any significant correlation except subscapular
skinfold thickness which had significant correlations with
lipid profile in age groups I and II (8 -13 years).

For adolescents, there is insignificant correlation
between any one of the lipid profile and most of the
anthropometric parameters in either gender. This finding
came in agree with that of Hashemipour et al.,[4] where
they concluded that no single anthropometric index was
found to be associated with risk factors in different sex and
age groups. However, study of Kelishadi et al., 2007, [25]
in Iran, documented that BMI, WC and WHR were the
most appropriate indices in predicting lipid profile among
youths.

In the current study, WHR was a good predictor
of lipid profile (cardio-metabolic risk factors) for young
boys (8-10 years old) and not in adolescents (11- 16 years
old); this might be because of the physiologic changes in
fat deposition during growth and subsequent puberty. Our
finding is consistent with a previous study which determined
the diagnostic accuracy for detecting excess body fatness,
measured by different anthropometric indices among
Swedish adolescents, using ROC analyses. In this study
significant correlation was observed between HDL-C and
anthropometric indexes. Similar studies among children
have reported significant correlation for such variables [26,
27].

Some researchers have suggested that defining
obesity by BMI has many disadvantages such as a lack
of consensus on the cutoff for distinguishing overweight
and obesity, and not presenting body fat distribution [1,
28]. However, we found that BMI had good correlation with
fasting blood sugar and lipid profile in younger boys aged
from 8-10 years.

These findings contradict those of Margolis et al.,
[29] who found high correlation between females’ lipid level
and body mass index, which may be attributed to the
differences of age and nutritional status in the respective
population.

This study has concluded that fat distribution
among obese children; using anthropometric assessment

in form of skinfold thickness particularly subscapular; is
important indicator for cardio-metabolic complications in
both sexes. Young obese boys are more liable to
cardiometabolic complications. This young age is critical
and need to give more attention to avoid obesity
complications in adult age.
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