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To assess suprailiac ultrasonography, mid upper arm circumference and Arm/height Ratio  in diagnosis 
of child obesity. The study included 50 obese children and 50 healthy control with age and sex matched. 
All patients and control were subjected to history tacking, dietary evaluation, general examination . 
Anthropometric measurement were done in the form of weight , height, waist, hip, mid arm 
circumference and Suprailiac skin fold thickness. Calculation of  body mass index (BMI), waist/ hip ratio, 
waist/ height ratio, mid arm , arm/height ratio were done. Abdominal ultrasound was performed  for 
measurement of subcutaneous suprailiac adipose tissue. BMI, waist/ height ratio, arm/ height ratio, 
ultrasound  and skin fold thickness measurements of supra iliac fat thickness were significantly higher in 
obese patients. Ultrasound Suprailiac fat thickness had a significant positive correlation with BMI, waist/ 
height ratio, arm/ height ratio, suprailiac skin fold thickness.  ROC curve of suprailiac skin fold thickness 
was found 99.2% at the cut off point of > 4.2 (cm) with sensitivity of 96% and specificity of 98% while the 
AUC of ultrasound suprailiac fat thickness was found 96.6% at the cut off point of > 3.4 with sensitivity 
94% and specificity 100% with no statistically significant difference between the two methods of 
measures.Midarm circumference and arm/height ratio, suprailiac fat thickness are accurate 
measurements of obese children. No statistically  differences of ultrasonographic measurements of 
supra-iliac fat sickness and supra iliac skin fold thickness in measuring supra iliac fat thickness. 
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INTRODUCTION 

Body mass index (BMI) is the most common 
criteria used to determine overweight and obesity. 
Waist circumference (WC) is the most commonly 
used index of central adiposity. However, the 
measurement of waist circumference is affected 
by respiratory movements and postprandial 
abdominal distension. The measurement of Mid-
upper-arm circumference is independent of these 
factors and may therefore be an alternative and 
reliable indicator of obesity in children (Çiçek et 
al., 2014). 

Regional deposition of fat, especially in the 
upper body segment, is a better predictor of some 
obesity related complications, such as 
hypertension, diabetes, hypertriglyceridemia and 
heart disease than is lower-body obesity 
(Mazicioglu et al., 2010). 

Mid-upper-arm circumference (MUAC) and 
arm-to-height ratio (AHtR) are simple, 
inexpensive, and accurate measurements that 
could be used to identify overweight and obese 
children. Compared with MUAC, AHtR is a non 
age-dependent index with higher applicability to 
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screen for overweight and obese children 
(Yabanci et al., 2010). 

Subcutaneous fat thickness has been widely 
used as a simple body composition assessment 
method to determine body fat distribution or body 
density.There are two common methods of 
subcutaneous fat thickness measurement: ultra-
sound and skinfold caliper. Ultrasound (US) has 
been assessed as a non invasive estimate of 
body fat distribution. Suprailiac skin folds 
thickness is a useful tool that could accurately 
estimate body density, compared with the existing 
method (Demura and Sato., 2007). 

We are aiming to evaluate different 
anthropometric measurement and suprailiac 
ultrasonography in diagnosis of child obesity. 

Study design and protocol:  
It is a cross-sectional observational study 

done after obtaining approval from the ethical 
committee of El Azhar University , Cairo, Egypt. 
Registration number is 11054.  Written informed 
consent was obtained from all patients or their 
parents and controls after full discussion about the 
aim of the study. The patients and control groups 
had the right to withdraw from the study at any 
time without giving any reasons. 
 
MATERIALS AND METHODS 

Patients: 
The current study was conducted on 100 

children divided into two groups: Group (1): 
included 50 obese children according to Centers 
for disease control and prevention growth charts 
(BMI ≥ 95%). Group (2): included 50 apparently 
healthy children age and sex matched taken as a 
control group. All Children were selected from in 
and outpatient clinic of Alzahraa University 
Hospital, Al-Azhar University, Cairo, Egypt.  

Inclusion criteria:  
Age ranged from 6-12 years old (male or 

female) that were obese according to Centers for 
disease control and prevention growth charts (BMI 
≥ 95%).  

Exclusion criteria:  
Age <6 or >12 years, children with genetic 

and chromosomal diseases, children with skeletal 
abnormalities and congenital malformations, 
children with chronic illness, children with 
endocrinal disorders, children on steroid therapy 
or other drugs cause salt and water retention or 
fat deposition.  

Methods: 
A dietetic history was taken for all diabetics 

including feeding during the first 6 months, taking 
fast food, consumption of nutritional food as 
vegetables and fruits and consumption of starchy 
and sweety food.  

Anthropometric measures: 
Anthropometric measurements including 

weight, height, mid arm circumference, waist 
circumference (WC), and hip circumference (HC) 
were taken for each participant. The weight and 
height of the participants were measured up to 
0.01 kg and 0.1 cm using a Seca Scale Standing 
Balance and a Holtain Portable Anthropometer 
(Holtain, Ltd, Crymmych, Wales, U.K.).  

Body mass index (BMI) was calculated as 
weight (in kilograms) divided by height (in meters) 
squared. Once BMI was calculated for the child, it 
was  plotted by age and sex on the sex-specific 
growth chart and classified into: obese (BMI ≥95th 
percentile for their age),overweight( BMI ≥85th 
percentile and below the 95th percentile) and  
normal weight (BMI ≥5th percentile and below the 
85th percentile ) . 

Mid Upper Arm Circumference was measured 
using a flexible tape at the midway between the 
olecranon and acromial process on the upper right 
arm (Lu  et al., 2007). The Arm-to-Height Ratio 
was calculated as arm circumference/height (Lu  
et al., 2007). Waist circumference was measured 
at the level of the umbilicus with the participant 
standing and breathing normally; hip 
circumference was measured at the level of the 
iliac crest, using non stretchable plastic tape to 
the nearest 0.1 cm. The waist / hip ratio and waist 
/ height ratio (cm/ cm) were calculated (Lu  et al., 
2007). Suprailiac skin fold thickness was 
measured just above the intersection of the 
anterior-axillary line with the anterior superior iliac 
spine. The skin and subcutaneous fat tissue was 
pinched with the thumb and forefinger, and lightly 
pulled away from the muscle tissue in alignment 
with the natural fold of skin for the measurements. 

Each measurement was taken as the mean of 
three consecutive measurements, using 
standardized equipment (6,7).  The landmarks, 
instruments used, and techniques followed were 
those recommended by the international biological 
program(Tanner et al., 1969; Cameron ., 1986). 

Abdominal ultrasound  
It was performed to all the studied children for 

measurement of subcutaneous suprailiac adipose 
tissue. Measurement was performed at a point 
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just above the left iliac crest. The transducer was 
placed in sagittal direction at the intersection with 
the mid-axillary line . 

Statistical Analysis:  
Statistical analysis was conducted using 

Statistical Package for Social Science (SPSS) 
program version 17.0 (Chicago, Illinois, USA). t –
test for independent quantitative  variables and  
Chi- square for qualitative data was done. 
Pearson’s correlation was also done. Receiver 
operating characteristic (ROC) curve for the 
comparison between suprailiac skin fold thickness 
and ultrasound supra iliac fat thickness as a 
diagnostic markers of obesity. 
 
RESULTS  

No significance difference was found in age or 

sex between obese children and controls (table 
1). Obese children had a significantly higher BMI, 
waist / height ratio,   mid arm circumference, mid 
arm/ height ratio, supra iliac skin fold thickness 
and ultrasound supra iliac fat thickness (table 2). 
There was a significant positive correlation 
between BMI and waist circumference, waist/ 
height, arm circumference and arm / height ratio 
(table 3). Ultrasonographic measurements of 
suprailiac fat thickness  of obese children (fig 1) 
and in control (fig 2).Correlation between supra 
iliac fat thickness and anthropometric 
measurements among obese children (table 4). 
Receiver operating characteristic (ROC) curve for 
the comparison between suprailiac skin fold 
thickness and ultrasound supra iliac fat thickness 
as a diagnostic markers of obesity (table 5, fig 3). 

 
Table 1 : Comparison between obese children and controls as regard demographic data 

 

Items 

Groups Sig. test 

p-value Obese Children 
No. =50 

control Children 
No. =50 

 

Age /year 
Mean ± SD 

9.1 ± 2.0 9.4 ± 1.9 
t-test 
0.91 

0.36 

Sex 
- Male 

- Female 

21 (42.0) 
29 (58.0) 

22 (44.0) 
28 (56.0) 

X2 test 
0.04 

0.84 

Socioeconomic status N (%) 
-Low 

- Intermediate 
- High 

29 (58.0) 
20 (40.0) 
1 (2.0) 

40 (80.0) 
10 ( 20.0) 

0 (0.0) 

X2 test 
6.0 

0.04* 

 
 

Table 2: Comparison between anthropometric measurements, suprailiac skin fold thickness and 
ultrasonographic suprailiac fat thickness of the obese children and controls 

  

Items 

Groups Sig.test 

 
p-value 

Obese Children 

Mean ± SD 
No. =50 

control Children 

Mean ± SD 
No. =50 

 

Weight (kg) 48.3 ± 17.6 32.5 ± 10.8 5.37 0.0001* 

Height (cm) 130.2 ± 13.9 133.5 ± 15.5 1.1 0.269 

BMI (k/m2) 27.6 ± 5.5 17.6 ± 2.3 11.7 0.0001* 

Waist circumference 
(cm) 

81.76 ± 13.6 60.8 ± 7.13 9.6 0.0001* 

Waist / height ratio (W/H) 0.62 ± 0.057 0.45 ± 0. 041 17.0 0.0001* 

Mid upper arm 
circumference (cm) 

 
25.9 ± 4.4 

 
19.1 ± 2.2 

 
9.8 

 
0.0001* 

Arm / height 
ratio (ATHR) 

 
0.19 ± 0.02 

 
0.143 ± 0.012 

 
15.7 

 
0.0001* 

Supra iliac fat 
thickness/ml 

8.57 ± 4.59 0.73 ± 0.65 11.83 0.0001* 

Supra iliac skin fold 
thickness/cm 

11.15±4.63 1.72±0.84 14.161 0.0001* 

 
 



Fayed et al,.                               Ultrasonographic suprailiac fat and  anthropometric measurements  in  obese children 

 

    Bioscience Research, 2018 volume 15(4): 4097-4105                                            4100 

 

 
 
 
 
Table 3: Correlation between body mass index and other anthropometric measurements in obese 

children. 
 

 

BMI 

Correlation coefficient 
r 

P-value 

Waist circumference ( cm) 0.906 0.0001** 

Waist /height ratio (W/H) 0.852 0.0001** 

Arm /height ratio(ATHR) 0.785 0.0001 

Mid upper arm(MUC)/cm 0.892 0.0001 

* P-valu e is significant at 0.01 level 
 
 
 
 

Table 4: Correlation between ultrasound supra iliac fat thickness and anthropometric 
measurements among obese children 

 

 

Supra iliac fat thickness 

Correlation coefficient 
r 

P-value 

Weight (kg) 0.622 0.0001** 

Height (cm) 0.533 0.0001** 

BMI (kg/m2) 0.560 0.0001** 

Waist circumference (cm) 0.607 0.0001** 

Waist / height ratio (W/H) 0.456 0.001** 

Mid upper arm circumference (MUC) 0.602 0.0001** 

Arm / height ratio (ATHR) 0.418 0.003** 

Suprailiac skin fold thickness (cm) 0.994** 0.0001** 

** P-value is significant at 0.01 level  
BMI : body mass index 

 
 
 

Table 5: Receiver operating characteristic (ROC) curve for the comparison between suprailiac skin 
fold thickness and ultrasound supra iliac fat thickness as a diagnostic markers of obesity 

 
 AUC Cut off point Sensitivity Specificity PPV NPV P-value 

Suprailiac  
skin fold thickness  

(cm) 

 
0.992 

 
>4.2 

 
96% 

 
98% 

 
98 

 
96.1 

 
0.150 

Ultra sound supra iliac fat 
 thickness (cm) 

 
0.966 

 
>3.4 

 
94% 

 
100% 

 
100 

 
94.3 
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Figure 1: Ultrasonographic measurements of suprailiac fat thickness  of obese children. 
 

  

 
 

Figure 2 : Ultrasonographic measurements of suprailiac fat thickness  of control children. 
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Figure (3): Receiver operating characteristic (ROC) curve for the comparison between suprailiac 
skin fold thickness and ultrasound supra iliac fat thickness as a diagnostic markers of obesity 

 
 
DISCUSSION 

 In our study we assessed the value of 
suprailiac ultrasonography, supra iliac skin fold 
thickness , mid upper arm circumference and 
midarm circumference /height ratio in evaluation 
of childhood obesity in a group of Egyptian 
children. 

Body mass index (BMI)  in childhood and 
adolescence is strongly associated with markers 
of cardio metabolic health and future incidence of 
type 2 diabetes and cardiovascular disease in 
adults, it may not be able to identify ethnic 
differences in either the levels or distribution of 
adiposity and hence distinguish risk between 
different ethnic groups at a population level (West 
et al., 2015). 

Increasing evidence suggests that central 
obesity is a more important cardio metabolic risk 
factor (Klein et al., 2012), and waist circumference 
(WC) measurement has been recommended as a 
method for central obesity assessment. However, 
partly due to a lack of agreement on a universal 
measurement protocol, its clinical usefulness and 
superiority over BMI in the prediction of cardio 
metabolic events has been questioned (Millar et 
al., 2013). Various transformations of WC have 
also been used, such as the waist/height ratio 
(WHtR) (Ashwell et al., 2012), and waist/hip ratio 

(WHR) (Welborn et al., 2003). Although extensive 
research has attempted to quantify relationships 
between different adiposity measures and 
morbidity (Millar et al., 2013), considerable 
controversy still exists as to which measurement 
site or index most accurately defines non-optimal 
body fat distribution (Huxley et al., 2009). 

Body mass index is a simple and convenient 
proxy measurement of obesity, which is now 
widely recommended for pediatric use (Prentice., 
1998). In the current study, there was a highly 
positive correlation between BMI and the 
ultrasound (US) supra-iliac fat thickness 
measurement in the obese group. This finding 
was in agreement with (Reinehr and Wunsch., 
2010) who revealed that BMI was significantly 
correlated to the ultrasonographic measurement 
of intra-abdominal fat mass. The major limitation 
with BMI is that it cannot distinguish fat mass from 
fat-free mass. In addition, it does not give any 
information about fat distribution because in 
individuals with equivalent percent body fat, those 
with more central obesity will have lower BMI 
compared with those with more peripheral obesity. 
BMI cannot differentiate between the intra-
abdominal and subcutaneous fat deposits 
(Maynard et al., 2001). Despite these limitations, 
among anthropometric parameters, BMI showed a 
significant correlation with US measurements. The 
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most significant relation, using visceral fat 
thickness as the dependent variable, was found to 
be with BMI among other proxy measures (Semiz 
et al., 2007). 

Our results showed that there was significant 
increase in waist circumference in obese than 
healthy children (P<0.0001), also we found that 
there was a positive correlation between waist 
circumference and both BMI and ultra-
songraphically measured supra iliac fat thickness.  

 Increasing evidence suggests that central 
obesity is a more important cardio metabolic risk 
factor (Klein et al., 2012). In clinical practice, the 
waist circumference (WC) and waist / hip ratio 
(WHR) are the commonly used anthropometric 
measures to diagnose abdominal obesity. These 
measures were found to correlate with the total 
amount of visceral fat measured by abdominal CT 
scanning. They also correlate with the risk factors 
for coronary heart disease like hyperglycemia, 
hypertension and dyslipidemia (Hamdy et al., 
2006).  

In the present study we found that there is a 
statistically significant higher waist /height ratio 
values in obese than control groups (P 
<0.0001),also we found that there was positive 
correlation between waist /height ratio and both 
BMI and ultra-songraphically measured supra iliac 
fat thickness.  

However, the measurement of waist 
circumference is affected by respiratory 
movements and postprandial abdominal 
distension. The measurement of mid upper arm 
circumference (MUAC) is independent of these 
factors and may therefore be an alternative and 
reliable index. When we assessed mid upper arm 
circumference (MUAC) in obese children we 
found statistically significant higher values in 
obese than control groups (P-<0.0001), also we 
found that there is positive correlation between 
MUAC and both BMI and ultra-songraphically 
measured supra iliac fat thickness. Supporting  to 
our findings,  Lu et al., (2014) found that the 
accuracy level of both MUAC or waist 
circumference was similar in both genders and 
across all age groups, indicating that these two 
measures have similar accuracy in identifying 
overweight and obesity in children and also they 
found that the accuracy levels of MUAC for 
identifying elevated BMI were over 0.85 in both 
genders and across all age groups.  

We found that there is a statistically significant 
higher values of measurements of arm /height 
ratio (ATHR) in obese than in control children (P 
<0.0001), also we found that there is a positive 

correlation between ATHR and both BMI and 
ultra-songraphically measured supra iliac fat 
thickness (P <0.003). 

An ideal measurement method for childhood 
obesity should meet the following criteria: the 
method should be simple, inexpensive, easy to 
use, and acceptable to the participants. While 
evaluating the obesity index, WHtR has several 
key advantages: it is easy to calculate, does not 
require gender- and age-specific percentiles, and 
can be easily understood by clinicians and 
families (Garnett et al., 2008).  Similar to WHtR, 
AHtR (Arm to height ratio) also has several 
advantages in practice for identifying overweight 
and obese children. First, AHtR is not correlated 
with age, which makes it possible to propose non 
age-dependent cut off points, which are easy and 
feasible to manipulate for both professionals and 
lay people. These results could be due to the fact 
that AHtR was already adjusted by height, which 
is strongly correlated with age. By contrast, the 
correlation with MUAC was less weak because 
MUAC was not adjusted by height. Second, height 
is simultaneously taken into account for the 
pediatric population (Yabanci et al., 2010). 

Growth is a very important factor for body 
composition change, and therefore, age and 
height should always be taken into account. In 
each gender and age group, MUAC showed a 
strong positive correlation with height. This result 
is consistent with Yabanci et al., (2010) who 
concluded that   referring to age- and gender-
specific references could prevent mislabeling tall 
children who are not overweight or missing a 
diagnosis of overweight or obesity in short 
children, as was the case when only a single 
value for MUAC was used for each age. The 
AHtR can prevent misdiagnosis, as the AHtR of 
children with the same gender, age, and MUAC 
was lower in tall children than in short children. 
Also AHtR is still associated with BMI with 
sensitivity and specificity of over 80% (85.4–
91.5%). In a study done by Lu et al., (2014), they 
found that the accuracy levels of AHtR for 
identifying elevated BMI were over 85%. 

 In contrast to anthropometry, the most 
prominent virtue of imaging technique is to 
distinguish subcutaneous from visceral fat. 
Although CT and MRI have been established as 
gold standard, radiation exposure. the cost, 
special equipment and field requirements make 
them less feasible (Siegel et al., 2007).  

In The current study , we found that there was 
statistically significant higher value of 
songraphically measured  supra-iliac skin fold 
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thickness in obese children than healthy children ( 
8.57 ± 4.59 vs. 0.73 ± 0.65)with (P <0.0001), also 
we found that there is a positive correlation 
between songraphically measured supra iliac fat 
thickness and all anthropometric measurements in 
obese children including weight, height, BMI, 
waist circumference, mid upper arm 
circumference and supra-iliac skin fold thickness 
(p <0.0001), waist to height ratio (p <0.001) and 
arm to height ratio (P <0.003). 

 Hassan et al.,(2008) found that a highly 
positive correlation was noticed between waist 
circumference and BMI, percentage body fat, 
subscapular skinfold thickness (as an indicator for 
upper trunk fat), suprailiac skinfold thickness (as 
an indicator for lower trunk fat), and the sum of 
subscapular and suprailiac skinfold thickness (as 
an indicator for central adiposity) for both sexes (P 
< 0.0001). After adjustment for age, BMI, 
percentage body fat, subscapular and suprailiac 
skinfold thickness, the sum of subscapular and 
supra-iliac skinfolds still had a high correlation 
with waist circumference in normal, overweight 
and obese pupils (R2 =0.43, 0.59 and 0.54 for 
boys and R2 = 0.45, 0.50 and 0.69 for girls, 
respectively). 

 When we measured supra iliac skin fold 
thickness we found that there was statistically 
significant higher values in obese than in control 
children 11.15±4.63 vs. 1.72±0.84 and on 
comparing these values with the values of 
songraphically measured supra-iliac fat thickness 
we found a highly positive correlation between the 
two values and also we found   that the values of 
skin fold thickness are higher than those of 
ultrasound. ROC curve of suprailiac skin fold 
thickness was found 99.2% at the cut off point of > 
4.2 (cm) with sensitivity of 96% and specificity of 
98% while the AUC of ultrasound suprailiac fat 
thickness was found 96.6% at the cut off point of > 
3.4 with sensitivity 94% and specificity 100% with 
no statistically significant difference between the 
two methods of measures. Supporting our results 
Akyer et al., (2014) found that: mean 
ultrasonographic measurements were smaller 
than those performed using a skinfold caliper at all 
areas (p<0.05). The measurements obtained 
using a caliber was higher than those obtained 
using ultrasound. The cause of this discrepancy is 
that in measurements conducted by ultrasound, 
only the thickness of subcutaneous fat tissue is 
evaluated, where as in measurements conducted 
by caliper a double layer of skin is also measured 
together with subcutaneous fat tissue (Akyer et 
al., 2014). 

CONCLUSION 
In conclusion , mid-upper-arm circumference 

and arm/height ratio are accurate measurements 
to  identify overweight and obese children. Ultra-
sonographic measurements of supra-iliac fat 
thickness and supra iliac skin fold thickness in 
measuring supra iliac fat thickness had the same 
sensitivity and specificity in obese children. 
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