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Introduction

Abstract

Objectives: Assess the association between the anthropometric measurements of obesity, body
composition with total and regional fat areas determined by CT in obese adolescents.

Patients and method: 33 obese adolescents and 20 control group were assessed using anthropometry
and body composition. CT measured total abdominal, subcutaneous and visceral fat areas.

Results: Anthropometric, body composition and CT findings of fat content were significantly higher in
obese adolescents. Visceral obesity estimated by CT in obese adolescents was significantly higher
than control group (66.7 % vs. 15 %,). In obese subjects, total abdominal and subcutaneous fat had a
significant positive correlation with BMI, waist, hip circumferences and Fat mass, while visceral fat had
a significant positive correlation with total abdominal fat and waist circumference. In control subjects,
total abdominal and subcutaneous fat had a significant positive correlation with BMI, waist, hip
measurements, waist/ hip ratio and fat free mass, while visceral fat had a significant positive correlation
with BMI, waist, hip measurements, waist/ hip ratio, FM, PBF and total abdominal fat.

Conclusion: CT is useful for diagnosis of visceral abdominal obesity in both obese and non obese
subjects. Waist circumference is a good predictor of total abdominal, subcutaneous and visceral fat in
obese adolescents.

time and shows high-level interrelationships with other

Anthropometry; such as body mass index (BMI)
and waist circumference (WC); is known to be less
reliable for making accurate muscle and fat mass
calculations than other more recent techniques ; such as
body composition analyzer and CT. BMI, however, has
provento be asimple method for evaluating the existence
of obesity by quickly providing results about body fat. At
the same time, it has the weaknesses of being unable to
distinguish between body fat and lean body mass [1].

Bioimpedance Analysis (BIA) is simple, saves

methods of obesity assessment. However, the accuracy
of BIA has yet to be proven in children and juveniles
because it was originally designed for adult
measurements [2].

Computed tomography (CT), magnetic
resonance imaging (MRI) and dual energy X-ray
absorptiometry (DEXA) are complicated and expensive
methods of analyzing body fat, and require expert skills,
so itis difficult to apply those methods to a wide range of
people. Their accuracy for assessing body composition
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has provento be superior to the results of anthropometry.
Overall, CT seems to be the best method used in body
fatresearchwithits ability to pin-point differences between
visceral fat and subcutaneous fat in the abdominal
region. It is known to be the most accurate among
obesity confirmation methods using direct bodily
measurements [2].

So, this study was aiming to assess the
association between the anthropometric measurements
of obesity, body composition with total and regional fat
areas determined by CT in obese adolescents.

Subjects and Methods

This cross sectional observational study was
performed after obtaining approval by the ethical
committee of the National Research Centre. Written
informed consent was obtained from all patients, their
parents and healthy non obese volunteers after full
discussion about the aim of the study.

The study included 33 obese adolescents (17
boys and 16 girls) (their BMI was > 95" percentile) and
20 age and sex matched non obese healthy volunteers
as control group (12 boys and 8 girls) (their BMI was
<85" percentile) [3]. The obese subjects were taken
from the Endocrinology Clinic of the National Research
Centre. The healthy non obese volunteers were taken
from the pediatrics clinicin the National Research Centre
who was coming for acute illness.

Inclusion criteria

1-Age more than 12 and less than 18 years.

2-Patients have exogenous obesity.

3-Weigh not more than 130 kg according to the
criteria of the used CT machine.

Exclusion criteria

1-Patients have any endocrinal disorders
confirmed by laboratory investigations and MRI done on
suprarenal and pituitary area.

2- Patients have any genetic disease.

3-Patients have any chronic illness.

Study Protocol

Protocol determinations, all carried out on the
same day for patients and controls, and included:

Thorough history taking including age, sex, history of
any chronic illness.

Anthropometric measurements

Include weight (kg) and height (cm). Weight was
measured using a standard clinical balance (weight was
approximated to the nearest 0.1 kg) and height was
measured using a fixed stadiometer (height was
approximated to the nearest millimeter) and body mass
index (BMI) (kg/m?) was calculated as the weight in kg
divided by the height squared (m?). Waist circumference
was measured at the level of the umbilicus with the
subject standing and breathing normally. Hip
circumference (Hip C) at the level of the iliac crest, using
non-stretchable plastic tape to the nearest 0.1 cm. Waist
/ hip ratio (WHR) was calculated [4,5].

Bioelectrical Impedance Analysis (BIA)

Whole body resistance and reactance
(capacitance) were measured using a Bioelectrical
Impedance Analyzer (HOLTAIN LIMITED). As specified
by the manufacturer, the unit was calibrated before
testing using 400-ohm resistor, and electrodes were
placed on right wrist and ankle with the participant
sleeping on his / her back and wearing light clothing
without socks. The presence of any metallic element
with or beside the participant should be avoided. By
using subject sex, age, weight and height approximated
to the nearest unit, the percentage body fat (PBF), fat
mass (FM) and fat free mass (FFM) were derived.

Computed Tomography (CT)

Abdominal, visceral and subcutaneous fat were
measured using the computerized single-layer scanner,
Somatom Sensation 16 (SIMENS Erlangen, Germany).
Five non-enhanced images were taken from the
abdominal CT scan: a scout view was taken for the
whole abdomen followed by anterior 3-4 cuts at the level
of the umbilicus and at the L 4-5 disc level posterior.
Tracing the subcutaneous fat contour at the level of the
umbilicus and calculating the attenuation range (in
Hounsfield units) for fat tissue. Then, a histogram for fat
tissue was computed on the basis of mean attenuation
plus or minus 2 SD. From each of the images, the Total
Abdominal Fat Area (TAF) and Subcutaneous Abdominal
fat area was named by tracing its contour on the scan.
Defining the intraperitoneal tissue by tracing its contour
on the scan. Within that region of interest, tissues with
attenuation values within the mean plus or minus 2 SD
will be considered to be the visceral fat area. Cut off point
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of 100 cm? of the visceral fat area estimated by CT for
adults [1, 6] was used to classify all the subjects under
study (obese and control) to know who of them had
visceral obesity (more than 100 cm?).This cut off point
was used for adults, however in this study it was used for
adolescents as it was the only available one .

Statistical analysis

Statistical package for social science (SPSS)
version 9.05 was used for analysis of data. Weight,
height and BMI were expressed in terms of standard
deviation scores (SDS) [3]. Data was tested for normal
distribution using one-sample Kolomongorov-Simirnov
test for total sample and subgroups, which revealed that
all the data was normally distributed. So, parametric
tests were used. T-test was used to compare two
independent quantitative variables, while Chi-square
was done to compare qualitative data. Pearson’s
Correlation was also done.

Results

CT findings reflected that 15% of the control
group who appears healthy and non obese; suffering
from visceral obesity (> 100 cm?), while 66.7% of the
obese group suffering from visceral obesity.
Anthropometric, body composition and CT findings
showed insignificant sex difference in both obese and
control groups (p>0.05). So, the analysis was completed
without sex differentiation.

Anthropometric (BMI, waist, hip and waist / hip
ratio), body composition (FM, FFM and PBF) and CT
finding (total abdominal, subcutaneous and visceral fat)

Table 1: Comparisons between anthropometric measurements,
body composition and CT findings of the obese and control
adolescents groups.

Obese (33) CONTROL (20)
MEAN s.D MEAN sD t P-value

Anthropometric measurements :

WEIGHT FOR AGE (SDS) 1.654 1.333 0.765 1.959 1.967 0.055

HEIGHT FOR AGE (SDS) -0.550 1.120 -0.215 1.025 -1.115 0.271

BMI (SDS) 2.559 2515 1.057 1.875 2.307 0.025

WAIST Circumference (cm) 101.06 12.22 745 10.06 8.18 0.000

HIP circumference (cm) 110.42 12.15 85.8 8.12 8.03 0.000

WAIST/HIP RATIO 0916 5.481 0.866 4.876 3.333 0.002
Body composition:

FM (Kg) 34.59 15.07 10.25 5.61 6.92 0.000

FFM (Kg) 46.02 11.45 40.00 8.37 2.04 0.047

PBF (%) 42.09 12.36 19.86 8.20 7.14 0.000
CT findings (Areas cm?):

TOTAL ABDOMINAL FAT 671.88 180.03 363.87 88.79 713 0.000

SUBCUTANEOUS FAT 404.75 159.40 164.09 100.90 6.05 0.000

VISCERAL FAT 120.53 33.98 56.52 46.37 578 0.000

T-test for independent variables was used for analysis of data; BMI = Body mass index; FM
= Fat mass; FFM = fat free mass; PBF = percentage body fat; CT = Computed tomography;
SD = Standard Deviation.

were significantly higher in obese adolescents than
controls (Tablel).

Table 2: Pearson’s correlation between CT findings and the
anthropometric measurements and body composition
parameters of obese adolescent group.

N CT findings
Variables
Total inal fat Sub fat Visceral fat
r 0.794* 0.722** 0.321
WEIGHT (SDS)
P - value 0.000 0.000 0.069
r 0.340 0.332 0.124
HEIGHT (SDS)
P - value 0.053 0.059 0.490
r 0.745** 0.662** 0.316
BMI (SDS)
P - value 0.000 0.000 0.073
r 0.870** 0.874** 0.347*
WAIST (cm)
P - value 0.000 0.000 0.048
r 0.887** 0.873** 0.336
HIP cm)
P - value 0.000 0.000 0.056
r 0.132 0171 0.052
WAIST/HIP Ratio
P - value 0.465 0.341 0.772
r 0.729** 0.634** 0.224
FM (kg)
P - value 0.000 0.000 0.210
FEM (kg) r 0.277 0.289 0.204
9 P - value 0.118 0.102 0.254
r 0.416* 0.332 0.105
PBF (%)
P - value 0.016 0.059 0.560
Total abdominal fat (cm?) r 04
P - value 0.01*
Subcutaneous fat (cm?) r 0.3
P - value 0.09

Pearson’s correlation was used for analysis of data. BMI = Body mass index; FM = Fat mass;
FFM = fat free mass; PBF = percentage body fat; CT = Computed tomography.

Total abdominal and subcutaneous fat areas
had a significant positive correlation with body weight,
BMI, waist, hip measurements and FM. Total abdominal
fat had a significant positive correlation with PBF while,
visceralfat had a significant positive correlation with total
abdominal fat and waist in obese group (Table 2).

Table 3: Pearson’s correlation between CT findings and the
anthropometric and body composition parameters of the control
adolescents group

Variables CT findings
Total abdominal fat b fat Visceral fat
r 0.826** 0.741** 0.505*
WEIGHT (SDS)
P - value 0.000 0.000 0.023
r 0.581** 0.586** 0.216
HEIGHT (SDS)
P - value 0.007 0.007 0.360
r 0.548* 0.416 0.477*
BMI (SDS)
P - value 0.012 0.068 0.034
.809"* .694** .543*
WAIST (cm) r 0.809 0 0.543
P - value 0.000 0.001 0.013
r 0.699* 0.594* 0.476*
HIP (cm)
P - value 0.001 0.006 0.034
. r 0.750* 0.662* 0.487*
WAIST/HIP Ratio
P - value 0.000 0.001 0.029
r 0.535* 0.266 0.600**
FM (kg)
P - value 0.015 0.257 0.005
r 0.730** 0.798** 0.263
FFM (kg)
P - value 0.000 0.000 0.262
r 0.272 -0.011 0.499*
PBF (%)
P - value 0.247 0.965 0.025
Total abdominal fat (cmz) r 0.7
P - value 0.001*
Subcutaneous fat (cmz) r 0.3
P - value 0.2

Pearson’s correlation was used for analysis of data. BMI = Body mass index; FM = Fat mass;
FFM = fat free mass; PBF = percentage body fat; CT = Computed tomography.
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On the other hand, total abdominal and
subcutaneous fat areas had a significant positive
correlation with body weight, BMI, waist, hip
measurements, waist/ hip ratioand FFM. Totalabdominal
fat had a significant positive correlation with FM while,
visceral fat had a significant positive correlation with
BMI, waist, hip measurements, waist/ hip ratio, FM, PBF
and total abdominal fat in controls (Table 3).

Discussion

Inthe present study, Anthropometric (BMI, waist,
hip and waist / hip ratio), body composition (FM, FFM
and PBF) and CT finding (total abdominal, subcutaneous
and visceral fat) were significantly higher in obese
adolescents than controls.

This coincides with the study of Kamel et al [7],
who found that waist circumference, WHR and fat mass
were higher in Egyptian prepubertal obese children than
in normal control.

Berker et al., [1] reported that people with >100
cm? CT-determined visceral fat area, which is called
visceral obesity, have higher rates of diabetes mellitus
and coronary artery disease. The present study revealed
that Visceral obesity estimated by CT in obese children
was significantly higher than control group (66.7 % vs 15
%, P value = 0.0001%).

Anthropometric measurements have been
widely used to assess obese children [8] being very
simple and cheap but they are not very accurate and the
reference values have varied a lot and they cannot
differentiate between subcutaneous and intra-abdominal
visceral fat [2]. BMI being one of the important
anthropometric indices reflects both fat and fat free
components of the body weight, without differentiation
betweenthem. Theincrease in BMlis eitheraccompanied
by increase in the fat mass and concomitant decrease in
the fat free mass or the reverse. Even within the normal
range of BMI, accumulation of visceral fat remains an
independent cardiovascularrisk factor. This observation
ledresearchers and clinicians alike to believe that clinical
diagnosis of visceral adiposity may be more important
than the current diagnosis of obesity using the BMI [9].

In this study, comparison between
anthropometric characteristics, body composition, and
CT findings of the obese and control groups by sex
revealedinsignificant sex differencesin all the parameters
inthis study. This coincides with the findings of Furukawa

et al. [10] in Japan and Berker et al. [1] in Turkey. In
Korea, Yuetal.[2] found that, although the average body
FM of overweight elementary school boys was higher
than that of girls and the average FFM of girls was higher
than that of boys, the differences were insignificant.

In the current study, total abdominal and
subcutaneous fat areas have a significant positive
correlation with BMI, WC, HC and FM in obese children
and have a significant positive correlation with WC, HC,
WHR and FFM in the controls.

In Southern Siri-Lanka; Weerarathna et al [11],
stated that total abdominal fat showed positive
correlations with BMI, WC, HC and WHR. While the
findings of Hsieh and Muto [12], indicated that utility of
WC as a marker of adiposity and cardiovascular risk
factor can be improved by relating it to height and not to
hip circumference.

These agree with several studies which show
that WC is strongly correlated with total abdominal fat,
subcutaneous abdominal fat and truncal fat estimated
by CT at the level of umbilicus [2, 11, 13, 14, 15].
Although there are many studies using CT for adults, the
studies for children are very little.

Inour study, visceral fat had a significant positive
correlation with WC and total abdominal fat in obese
children.

In clinical practice, the WC and WHR are the
commonly used anthropometric measures to diagnose
abdominal obesity. These measures were found to
correlate with total amount of visceral fat measured by
abdominal CT scanning [9]. Inadults, waist circumference
of equal or greater than 102 cm (> 40 inch) in men or 88
cm (> 35inch) in women was used as cut off. These
widely used cut-points were originally based on a
replacement of the classification of BMI, but other cut-
points have also been suggested on the basis of
relationships with visceral fat area [9]. However, there is
no universally accepted cut off points for the WC in
children.

The WC and WHR are important prognostic
indicators of the metabolic disease [11]. Because the
WC alone are more strongly correlated with visceral fat
than the WHR, guidelines tend to focus on WC to
estimate disease risk. Association of WC with
cardiovascular diseases is well recognized. In a major
diabetes prevention study, WC was the best predictor of
developmentof diabetes among individuals withimpaired
glucose tolerance [1]. In the WHO MONICA study, the
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degree of overweight was reflected by the WC and not
by the WHR. The WC has better sensitivity and utility
over WHR as an anthropometric measurement of obesity
[10].

Abdominal obesity is usually assessed by the
easily measured WC, WHR, or the less-commonly used
sagittal abdominal diameter (SAD). By the use of
sophisticated imaging techniques, such as MRl and CT,
different fat depots can be distinguished at the waist
level, in particular the visceral fat depot which is
associated with increased risk of cardio metabolic
complications [16]. CT scan is considered the most
accurate way to assess obesity and differentiate between
subcutaneous and intra-abdominal visceral fat [7,17].

In the contrary, Hamdy et al, [9] and Yu et al [2]
reported that visceral obesity by CT was not correlated
with the waist circumference, measured WHR and body
fat content estimated by BIA.

Berker et al, [1] concluded that Anthropometric
measurements and visceral fat tissue measurement
methods such as Ultrasound and BIA exhibit differences
with respect to compliance with CT results in visceral fat
tissue measurements by gender and BMI levels (obese
and non obese).

Inour study, visceral fat had a significant positive
correlation with BMI, WC, HC, WHR , FM, PBF and total
abdominal fat in controls. BMI together with WC and
WHR are anthropometric parameters commonly used
forthe prediction of intra-abdominal fat deposition. While
methods such as BMI and anthropometric parameters
can predict the amount of visceral adipose tissue, they
become inadequate as BMI increases [1].

Conclusion: That, CT is useful for diagnosis of
visceral abdominal obesity. Waist circumference is a
good predictor of total abdominal, subcutaneous and
visceral fat in obese adolescents. Visceral fat is
significantly higher in obese adolescents.

Recommendation: Measurement of visceral
obesity by CT at the level of the umbilicus; during
exclusion of the Cushing syndrome; may identify
adolescents at risk of metabolic complications who may
benefit from further assessment or interventions. A
standard cut off of WC in children and adolescents must
be done as it is a better indicator of visceral abdominal
fat than BMI.

Limitation of the study: 1) CT is expensive; 2)
Exposure to ionizing radiation of CT; 3) Difficulty of

administration of CT; 4) No cut off level of waist
circumference is available for children and adolescence;
5) Small number of cases.
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