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ABSTRACT 
 

Background: Circulating oxidized LDL is associated with obesity, insulin resistance, metabolic syndrome, 
and cardiovascular disease in adults. Little is known about these relations in children. Aim: to assess the 
association of oxidized LDL, as a marker of oxidative stress, with fat distribution and insulin resistance in a 
group of obese Egyptian children. Subjects and Methods: The study group consisted of 68 obese children (32 
boys and 36 girls), mean age 9.96 ± 1.32 (range 6 -11 years). They were derived and recruited from a cross-
sectional survey, from 2 primary public schools, situated in Giza governorate, Egypt. Each child underwent a 
complete physical examination; including blood pressure and anthropometric measurements (weight, height, 
BMI, waist circumference, hip circumference, waist/hip ratio). Venous blood samples were obtained from each 
child; after 12 hours fasting; for biochemical screening tests of plasma glucose, plasma insulin levels, lipid 
profile and oxidized LDL. Insulin resistance (IR) was calculated by the homeostasis model assessment (HOMA) 
using specific equation. The sample was classified according to WHR into 2 groups, group with central obesity 
and group without visceral obesity.  Results: Serum ox-LDL showed significant positive correlation with serum 
LDL and also with serum TC in all groups of obesity (p < 0.05). After adjustment for age and sex, significant 
positive correlation was detected between serum ox-LDL with SBP, DBP, serum TC, serum LDL, serum 
insulin, and HOMA IR in those without central obesity (p < 0.05). While in central obese children, significant 
positive correlation was found between ox-LDL and both serum TC and FBS (p < 0.05). Insignificant 
association was detected between ox-LDL and other anthropometric parameters including BMI in any group of 
obese children (p > 0.05). Conclusions: Oxidized LDL, as a marker of oxidative stress is not correlated with 
BMI among all studied obese children (aged 6-12 years). Increased oxidative stress has causal effects on insulin 
resistance in obese children without central obesity and on fasting blood sugar in obese children with central 
obesity. These findings emphasize the importance of obesity during childhood and suggest that the metabolic 
complications of obesity and body fat distribution are detectable early in life. 
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Introduction  

 
Obesity is a condition of excess body fat often associated with a large number of debilitating and life-

threatening disorders (Han et al., 2010). Prevalence rates of childhood obesity have doubled over the last three 
decades, and approximately 170 million children (< 18 years) worldwide are now estimated to be overweight of 
which 35 millions are obese (WHO, 2013).  With nearly 70% of its adult population overweight or obese, Egypt 
is the fattest African country. It is also the 14th fattest country in the world according to the most recent WHO 
statistic. The prevalence of overweight in Egypt is over 25% in pre-school children and in the age range of 11-
14 years the prevalence of overweight including obesity is 14% for boys and 21% for girls (De Onis et al., 
2010). Genetic and environmental factors, lifestyle preferences, and cultural factors seem to play major role in 
the rising prevalence of obesity worldwide (Hendriks et al., 2013). Eighty percent of overweight 10-14 year old 
adolescents are at risk of becoming overweight adults compared to 25% of overweight preschool children (< 5 
years old) and 50% of 6-9 year old overweight children (Ahmad et al., 2010).  

Childhood obesity is one of many public health concerns nowadays as it has been identified to increase the 
risk of getting other diseases in adulthood, including cardiovascular disease (CVD), type- 2 diabetes, 
hypertension and some cancers (Stewart, 2011). The prevalence of metabolic syndrome is higher in prepubertal 
than pubertal children (Hassan et al., 2011). Two mechanisms are of current interest in the link between obesity 
and CVD: inflammation and increased oxidative stress. Both can play a role in promoting CVD, such as 
increased endothelial dysfunction, an early predictor of cardiovascular injury in obese individuals.  Notably, 
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both mechanisms are associated with the accumulation of fat that occurs in obesity. Abnormal fat accumulation 
is associated with inflammatory changes, including recruitment of macrophages and activation of endothelial 
cells which promotes vascular disease (Blüher, 2013 ). Central obesity is a key feature of the metabolic 
syndrome (metS), a multiplex risk factor for subsequent development of type 2 diabetes and CVD. Many 
metabolic alterations closely related to this condition exert effects on platelets and vascular cells. A 
procoagulant and hypofibrinolytic state has been identified, mainly underlain by inflammation, oxidative stress, 
dyslipidaemia, and ectopic fat that accompany central obesity (Morange, 2013). 

Oxidized LDL (ox-LDL), a biomarker of oxidative stress, is formed when the ApoB protein on LDL 
particles in the endothelial cells reacts with free radicals. It is recognized by scavenger receptors on 
macrophages which engulf ox-LDL, leading to foam cell formation which in turn initiates atherosclerosis and 
enhances vascular inflammation (Kaplan et al., 2012). Ox-LDL has been implicated in the development of 
atherosclerosis and plaque rupture by promoting lipid accumulation, proinflammatory responses, release of 
metalloproteinases, and apoptotic cell death of endothelial cells, and autophagy of mitochondrial DNA  (Li and 
Mehta, 2000; Ding, 2013). Ox-LDL also increases endothelial expression of adhesion molecules, which recruit 
inflammatory cells that adhere to and migrate through the endothelial barrier. These processes are followed by 
endothelial dysfunction and loss of expression of antiapoptotic proteins, which in turn causes endothelial cells to 
become apoptotic ( Itabe et al., 2011). 

The purpose of this study was to assess the association of oxidized LDL, as a marker of oxidative stress, 
with fat distribution and insulin resistance in a group of obese Egyptian children. 
 
Materials and Methods 

 
The study group consisted of 68 obese children (32 boys and 36 girls), mean age 9.96 ± 1.32 (range 6 -11 

years). They were derived from a cross-sectional survey, conducted on 2083 child (874 boys and 1209 girls), 
from 2 primary public schools, randomly selected, situated in Giza governorate, Egypt. These children were 
required to meet the following inclusion criteria: age, 6-11 years and BMI greater than the 95th percentile for 
age and sex based on the Egyptian Growth Reference Charts (Ghali et al., 2008). Pupils were excluded if they 
had a prior major illness, including type 1 or 2 diabetes, received medications or had a condition known to 
influence body composition, insulin action or insulin secretion (e.g. glucocorticoid therapy, hypothyroidism and 
Cushing’s disease).  

Prior to enrollment, permission to perform the study was granted by the Ministry of Education, and the 
directors of the school included in the research. Parents were fully informed about the purpose and methods of 
the study and signed a written consent. The children provided their verbal assent. Approval to conduct this 
survey was granted by the "Ethical Committee" of the “National Research Centre”. All information and blood 
samples were collected by a well-trained staff during morning visits to the schools.  
 

Anthropometric assessment: Each child underwent a complete physical examination; to exclude organic and 
genetic disorders that might interfere with normal growth; including blood pressure and anthropometric 
measures. Blood pressure was measured with a standard mercury sphygmomanometer after the subjects had 
rested atleast for 10 minutes. Height, weight, waist and hip circumferences were measured following the 
recommendations of the International Biological program (Hiernaux and-Tanner, 1969). Height was measured 
to the nearest 0.1 cm on a Holtain portable anthropometer, and weight was determined to the nearest 0.01 kg 
using Seca Scale Balance, with the subject wearing minimal clothing and no shoes. Waist circumference was 
measured at the level of the umbilicus with the subject standing and breathing normally, hip circumference at 
the level of the iliac crest, using non-stretchable plastic tape to the nearest 0.1 cm. The following adiposity 
indices were calculated:  

 Body mass index (BMI): as weight (kg) divided by height (m)2. BMI was used for subject’s 
classification as normal weight [<85th percentile], overweight [> 85th percentile], and obese[> 95th 
percentile]. BMI was also expressed in terms of standard deviation scores (z-scores) and percentiles, 
using the Egyptian Growth Reference Charts (Ghali et al, 2008)  

 Waist/ Hip ratio (cm/cm) (WHR). Using waist/ hip ratio, the subjects were classified into 2 groups of 
obesity: children with visceral obesity (> 0.95 for males and > 0.80 for females), and children without 
visceral obesity; who were below these cut off points ( WHO, 2011). 

 
Biochemical assessment: Early morning forearm venous blood samples (10 ml) were obtained from each 

child; before breakfast; for biochemical screening tests of plasma glucose, plasma insulin levels and lipid 
profile; 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 -80 ºC until assays. 
Serum concentrations of total cholesterol (TC), triglycerides (TG) and high-density lipoprotein-cholesterol 
(HDL-C) were measured using commercially available kits provided by STANBIO Laboratory Inc. (1261 North 
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Main Street Boerne Texas 78006 USA). LDL-C was calculated according to an equation developed by 
Friedewald et al., 1972 as follows: LDL-C= Total cholesterol –Triglycerides/5+ HDL-C. Fasting glucose level 
was measured using a quantitative enzymatic colorimetric commercial kit provided by Stanbio according to the 
glucose oxidase method. Insulin level was measured using commercially available enzyme immunoassay 
(ELISA) kit provided by DRG Instruments GmbH, Germany. Insulin resistance (IR) was calculated by the 
homeostasis model assessment (HOMA) using the following equation:  
HOMA-IR = [fasting insulin (µ IU/ml) × fasting glucose (mg/dl)] / 405. 
Plasma or Serum oxidized LDL (ox-LDL) was measured using an enzyme immunoassay (ELISA) kit provided 
by Biomedica group, Biomedica Medizin product GmbH. 
 
Statistical analysis: 
 

Data were expressed as mean +S.D. The sex differences between data were studied using the student's t-
test.Due to the absence of significant  sex differences in all the parameters under study table 1 except weight and 
BMI: the analysis was carried without sex differentiation.using waist/hip ratio(WHR), the subjects were 
classified into 2 groups of obesity : children with visceral obesity(greater than 0.95 for males and greater than 
0.80 for females) ,and children without visceral obesity: who were below these cut off points (Lean et al 1995, 
Janssen et al 2004) Differences between the 2 groups were studied using the student's test . Pearson's correlation 
tests and then partial correlation tests , to exclude the effect of age: were used to examine the association 
between ox-LDL and all the parameters under study for both groups and the total obese sample .All Statistical 
analyses were performed using the statistical package for social sciences (SPSS/Windows Version 9.05,SPSS 
Inc, Chicago,IL USA) 
 
Results: 

This study included 68 obese children (age range 6-11 years + 6 months, and mean age 9.96 ± 1.32). Of 
them 47.1% were males and 52.9% were females. In female children, those with high waist circumference (WC 
≥ 90 centiles) were 69.4%, while 30.6% of them were with normal WC. In males, 78.5% were with high WC 
and 12.5% with normal WC. As regard to the WHR for all children, 54.4% had no central obesity while 45.6% 
had central obesity. 

On comparing different anthropometric measurements, clinical and laboratory data between males and 
females (table 1), significant higher weight, BMI, BMI percentiles were found in females than in males (p< 
0.05). Insignificant differences were found between male and female as regard to any of the clinical and 
laboratory data (p > 0.05). Insignificant sex difference was found as regard to waist circumference and WHR. 
So, the all subjects were considered as one group. 

On classifying the obese children into two groups according to WHR, the different anthropometric 
measurements, blood pressure and laboratory data were compared between those obese with central obesity and 
those without (table 2). Children with central obesity had significant higher BMI percentile than those without 
central obesity (p < 0.05). While, children without central obesity had significant higher HIPC percentile than 
those with central obesity (p < 0.05) . Insignificant differences were detected between both groups as regard to 
the blood pressure and laboratory data (p > 0.05). 

On studying the association between ox-LDL and the different anthropometric, blood pressure and 
laboratory data in all obese children as well as in the 2 groups with and without central obesity in table (3), 
serum ox-LDL showed significant positive correlation with serum LDL and also with serum TC in all groups of 
obesity (p < 0.05). Furthermore, in those without central obesity, there was significant positive correlation 
between serum ox-LDL with diastolic blood pressure and HOMAIR (p < 0.05). However, insignificant 
association was detected between ox-LDL and other parameters in both the all obese and the central obese 
children (p < 0.05). After adjustment for age and sex (table 4), significant positive correlation was detected 
between serum ox-LDL with SBP, DBP, serum TC, serum LDL, serum insulin, and HOMAIR in those without 
central obesity (p < 0.05). While in central obese children, significant positive correlation was found between 
ox-LDL and both serum TC and FBS (p < 0.05). 
 
Table 1: Comparison of different anthropometric measurements, blood pressure and laboratory data between male and female children 

 Male  Female   
t 

 
p Mean ± SD Mean ± SD 

Weight (kg) 53.75 ± 12.50  61.00 ± 13.57 - 2.283 0.026* 
Height (cm) 140.40 ± 9.82 145.17 ± 10.84 - 1.893 0.063 
BMI (kg/m2) 26.84 ± 2.49 28.54 ± 3.15 - 2.451 0.017* 
BMI percentile 96.70 ± 1.47 97.72 ± 1.26 - 3.074 0.003* 
BMI z score 2.51 ± 0.41 2.66 ± 0.57 - 1.210 0.231 
WC (cm) 78.91 ± 8.34 82.76 ± 14.12 - 1.348 0.182 
WC percentile 93.66 ± 13.52 92.35 ± 6.94 0.509 0.612 
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HIPC (cm) 91.93 ± 8.40 95.64 ± 9.16 -1.734 0.088 
HIPC percentile 95.38 ± 9.21 91.58 ± 12.96 1.376 0.174 
WHR 0.86 ± 0.003 0.87 ± 0.20 - 0.442 0.660 
Fat % 43.39 ± 15.24 39.10 ± 4.67 1.399 0.168 
SBP (mmHg) 112.50 ± 15.86 111.50 ± 14.55 0.271 0.787 
DBP (mmHg) 68.75 ± 12.89 74.86 ± 13.65 - 1.891 0.063 
Serum TG (mg/dL) 125.86 ± 33.99 136.66 ± 37.83 - 1.232 0.222 
Serum TC (mg/dL) 195.13 ± 60.95 182.23 ± 57.93  0.895 0.374 
Serum HDL (mg/dL) 37.77 ± 15.26 42.31 ± 19.64 - 1.049 0.298 
Serum LDL (mg/dL) 132.09 ± 61.16 113.21 ± 59.62 1.279 0.205 
FBS (mg/dl) 98.79 ± 13.61 94.87 ± 17.80 1.011 0.316 
Serum insulin (mU/L) 7.25 ± 4.84 8.04 ± 5.00 - O.661 0.511 
HOMA-IR 1.68 ± 1.00 1.89 ± 1.19 - 0.768 0.445 
Ox-LDL (nmol/mg) 757.50 ± 414.53 686.67 ± 536.29 0.604 0.548 
P < 0.05 is significant  
 
BMI = Body mass index 
WC = Waist circumference 
HIPC = Hip circumference 
WHR = Waist hip ratio 
SBP = Systolic blood pressure 
DBP = Diastolic blood pressure 
TG = Triglyceride 
 

 
TC = Total Cholesterol  
HDL = High Density lipoprotein 
LDL = Low density lipoprotein 
FBS = Fasting blood sugar 
Ox-LDL = Oxidized low density lipoprotein 
HOMA-IR = homeostasis model 

assessment of insulin resistance  

 
Table 2: Comparison of different anthropometric measurements and laboratory data between obese children with and without central 

obesity 
 Obese with Central obesity  Obese without Central 

obesity 
t P 

Mean ± SD Mean ± SD 
Weight (kg) 58.58 ± 13.78 55.49 ± 12.88  0.927 0.357 
Height (cm) 143.43 ± 11.36  141.61 ± 9.88 0.689 0.493 
BMI (kg/m2) 28.05 ± 3.20 27.23 ± 2.63  1.136 0.260 
BMI percentile 97.64 ± 1.34  96.88 ± 1.48  2.142 0.036* 
BMI z score 2.63 ± 0.60 2.54 ± 0.41  0.789 0.433 
WC (cm) 83.42 ± 15.84 78.89 ± 7.92 1.511 0.136 
WC percentile 93.05 ± 7.16  92.98 ± 12.87 0.026 0.979 
HIPC (cm) 93.29 ± 8.72 93.43 ± 8.96 - 0.060 0.952 
HIPC percentile 89.88 ± 14.26 95.67 ± 8.60 - 2.033 0.046* 
Fat % 38.81 ± 4.67 42.84 ± 14.19 - 1.253 0.216 
SBP (mmHg) 109.96 ± 15.29 113.11 ± 15.47 -0 .815 0 .418 
DBP (mmHg) 73.93 ± 14.93 69.60 ± 12.38  1.279 0 .20 
Serum TG (mg/dL) 129.67 ± 36.14 131.47 ± 37.09 -0.195 0 .846 
Serum TC (mg/dL) 182.57 ± 51.34 189.49 ± 60.13 -0 .488 0 .627 
Serum HDL (mg/dL) 43.24 ± 21.26 37.91 ± 15.25 1.167 0 .248 
Serum LDL 9mg/dL) 113.46 ± 51.12 125.80 ± 60.90 -0 .855 0 .396 
FBS (mg/dl) 95.04 ± 19.12 98.14 ± 13.79 -0 .759 0.451 
Serum insulin (mU/L) 7.71 ± 4.78 7.55 ± 4.71 0.136 0 .892 
HOMA-IR 1.81 ± 1.11 1.74 ± 0.97 0.282 0 .779 
Ox-LDL (nmol/mg) 710.36 ± 542.04 715.41 ± 404.77 -0 .043 0 .966 

P < 0.05 is significant 
BMI = Body mass index 
WC = Waist circumference 
HIPC = Hip circumference 
WHR = Waist hip ratio 
SBP = Systolic blood pressure 
DBP = Diastolic blood pressure 
TG = Triglyceride 
 

TC = Total Cholesterol 
 HDL = High Density lipoprotein 
LDL = Low density lipoprotein 
FBS = Fasting blood sugar 
Ox-LDL = Oxidized low density lipoprotein  
HOMA-IR = Homeostasis model assessment of         insulin 

resistance  
 

 
Table 3: Correlation between Ox-LDL and different anthropometric measurements blood pressure and laboratory data according to central 

obesity 
                      
OX-LDL 

All obese Obese with Central obesity Obese without Central obesity 
r p r p r P 

BMI 0.050 0.686 0.129 0.514 - 0.146 0.389 
WC 0.032 0.794 - 0.028 0.887 0.153 0.367 
HIPC - 0.053 0.668 - 0.081 0.681 - 0.082 0.631 
Fat % 0.078 0.571 - 0.412 0.063 0.261 0.142 
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SBP 0.093 0.448 - 0.037 0.853 0.272 0.104 
DBP 0.189 0.124 - 0.022 0.913 0.491 0.002* 
Serum TG 0.122 0.323 0.096 0.628 0.243 0.147 
Serum TC 0.640 0,000* 0.631 0.000* 0.589 0.000* 
Serum HDL 0.107 0.389 0.229 0.250 0.017 0.923 
Serum LDL 0.596 0.000* 0.579 0.002* 0.541 0.001* 
FBS 0.171 0.164 0.304 0.116 0.083 0.624 
Serum insulin 0.018 0.887 - 0.162 0.409 0.302 0.069 
HOMA-IR 0.061 0.621 - 0.114 0.563 0.407 0.012* 

P < 0.05 is significant 
OX-LDL = Oxidized low density lipoprotein 
BMI = Body mass index 
WC = Waist circumference 
HIPC = Hip circumference 
SBP = Systolic blood pressure 
DBP = Diastolic blood pressure 
  
 

TG = Triglyceride 
TC = Total cholesterol 
HDL = High density lipoprotein 
LDL = Low density lipoprotein 
FBS = Fasting blood sugar 
HOMA-IR = Homeostasis model assessment of          insulin 

resistance 

 
Table 4: Partial correlation between Ox-LDL and different anthropometric measurements and laboratory data according to central obesity 

after adjustment for age and sex 
 
OX-LDL 

Obese with Central obesity Obese without Central obesity 
r p r P 

BMI 0.279 0.263 - 0.131 0.475 
WC - 0.003 0.991 0.203 0.266 
HIPC 0.044 0.862 - 0.037 0.843 
Fat % - 0.380 0.120 0.323 0.071 
SBP 0.073 0.774 0.407 0.021* 
DBP 0.064 0.801 0.601 0.000* 
Serum TG 0.101 0.690 0.333 0.063 
Serum TC 0.704 0.001* 0.719 0.000* 
Serum HDL 0.214 0.393 0.091 0.621 
Serum LDL 0.684 0.002* 0.686 0.000* 
FBS 0.517 0.028* 0.086 0.640 
Serum insulin - 0.310 0.211 0.425 0.015* 
HOMA-IR - 0.260 0.297 0.530 0.002* 

P < 0.05 is significant 
OX-LDL = Oxidized low density lipoprotein 
BMI = Body mass index 
WC = Waist circumference 
HIPC = Hip circumference 
SBP = Systolic blood pressure 
DBP = Diastolic blood pressure 

TG = Triglyceride 
TC = Total cholesterol 
HDL = High density lipoprotein 
LDL = Low density lipoprotein 
FBS = Fasting blood sugar 
HOMA-IR = Homeostasis model assessment of insulin resistance  

 
Discussion: 

Biomarkers associated with obesity may prove useful for early identification of susceptible individuals, and 
they may add more value to the attributable risk of developing overt CVD. In adults, circulating oxidized LDL 
is associated with obesity, insulin resistance, metabolic syndrome, and cardiovascular disease, but little is 
known about its relation to insulin resistance and cardiovascular risk factors in children. 

This study showed significant associations between oxidative stress measured by ox-LDL and components 
of metabolic syndrome (as SBP and DBP) and insulin resistance among a group of obese children without 
central obesity. In those with central obesity an association between ox-LDL and fasting blood sugar was 
detected which can be considered as an early indicator for insulin resistance and complication of central obesity 
later in life including CVD. Liability for central obesity increases as BMI percentile increases. There was a 
tendency for peripheral fat distribution in those without central obesity indicated by hip circumference. 
Insignificant association was detected between ox-LDL and BMI in all groups of obesity in this studied age 
group. 

One of the rare studies done in the child age group was by Kelishadi et al. in 2007. They conducted a 
population-based study of children, aged 10–18 years to determine the association of serum C-reactive protein 
(CRP) with generalized and abdominal obesity, body fat composition, the metabolic syndrome, and oxidative 
stress markers among those groups. In compatible with current results, they found a significant positive 
association between CRP and oxidative stress markers, represented by malondialdehyde (MDA), and conjugated 
diene (CDE), in healthy children, as well as an increase in these markers in the upper quartiles of waist 
circumference, but not BMI. In spite of the difference between this study and ours in the population group 
(obese subjects aged 6-12 years in the present study) and also in the markers of oxidative stress, both results are 
consistent.  
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To investigate a possible causal relationship between ox-LDL and the onset of insulin resistance, 
Scazzocchio et al. in 2009 evaluated the response to insulin of 3T3-L1 adipocytes treated with ox-LDL. In 
agreement with the present results, they concluded that ox-LDL might participate in the development of insulin 
resistance.  

Another rare study of the young age group (age 6-12 years), done by Kelly et al. 2010, found significant 
association between oxidized LDL and adiposity and insulin resistance, independent of body fatness. Oxidative 
stress may be independently related to the development of insulin resistance (in agreement with the current 
study) early in life. Also, Norris et al. in 2011, showed significant increased ox-LDL (normal weight NW: 40.8 
± 9.0 U/l, overweight/obese OW/OB: 45.7 ± 12.1 U/l, extreme obese EO: 63.5 ± 13.8 U/l) and CRP (NW: 0.5 ± 
1.0 mg/l, OW/OB: 1.4 ± 2.9 mg/l, EO: 5.6 ± 4.9 mg/l) across BMI groups (all groups differed with P < 0.01). 
Extreme pediatric obesity, compared to milder forms of adiposity and NW, is associated with higher levels of 
oxidative stress and inflammation, suggesting that markers of early cardiovascular disease and type 2 diabetes 
mellitus are already present in this young population. The main conclusions of the previous two studies are in 
concordance with our study in the association of ox-LDL with insulin resistance. However, they differ in the 
association between oxidative stress and BMI. 

 Codoñer-Franch et al., 2012 studied 40 obese children with a body mass index (BMI) Z-score ≥ 2, divided 
them into two groups using the median obtained for the homeostasis model assessment of IR (HOMA-IR). They 
found that children with high values of HOMA-IR were more likely to have high body fat percentage and waist 
circumferences. However, the BMI Z-score did not correlate to the level of IR. Children with higher values of 
HOMA-IR presented increased levels of markers of oxidative stress. In concordance with our results, they 
concluded that oxidative stress increases in obese children according to the severity of IR, which could be linked 
to the development of co morbidities. 

In contrast to the current study, Hassan et al., 2010, detected a positive correlation (P<0.01) between ox-
LDL, SOD, GPx with the body mass index and waist circumference in a cross sectional study included obese 
adolescents (age 13-18 years). This difference in the association between BMI and ox-LDL may be due to the 
age group difference in both studies in addition to the type of participants in their study who are obese with 
dyslipidemia.  

Furthermore, in 2013, Okur et al. investigated the circulating oxidized low-density lipoprotein (ox-LDL) 
concentrations and the carotid intimae media thickness ( IMT) of carotid arteries in prepubertal obese children, 
and also searched for its possible association with carotid atherosclerosis. Their findings revealed that the 
oxidation of LDL starts early in obese children but the carotid IMT is not significantly affected. Also, oxidized 
LDL levels are more strongly associated with obesity than the carotid IMT in prepubertal children which is in 
contrast with the current study results which showed no association between BMI and ox-LDL in obese 
children.  

In conclusion, the current data does not support the association between circulating oxidized LDL, as a 
marker of oxidative stress and BMI among all obese children of current sample. However, they showed that, 
increased oxidative stress is associated with evolution of insulin resistance in obese children without central 
obesity and associated also with fasting blood sugar in obese children with central obesity which can be 
considered as an early indicator for insulin resistance and complication of central obesity later in life including 
CVD. These findings emphasize the importance of obesity during childhood and suggest that the metabolic 
complications of obesity and body fat distribution are detectable early in life. 

Further longitudinal studies are needed to elucidate the underlying etiological relationships between 
adiposity and oxidative stress in the genesis and progression of insulin resistance by various biomarkers of 
oxidative stress and body fat measurements in a larger scale of childhood populations. 
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