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Low-grade inflammation, metabolism, and oxidative stress are the core underlying mechanisms of 
pathogenesis in obesity. The aim of this study was to assess the role of oxidative stress and inflammatory 
markers in obese children and to identify their role in obesity-related complications. A case-control study 
enrolled 100 obese and 80 controls with mean age of (10.1 ±2.3) and (9.6 ±1.7) respectively, obese 
children were sub classified into two groups according to the clinic-metabolic parameters of metabolic 
syndrome (MetS). Parameters investigated were anthropometric measurements, blood pressure (BP), 
total Cholesterol (TC), Triglycerides (TG), and high-density lipoprotein (HDL), Low-density lipoprotein 
(LDL), Fasting serum glucose (FSG), fasting serum insulin (FSI), homeostasis model assessment- IR 
(HOMA-IR), lipid peroxide and Catalase (CAT), interleukin-6 (IL-6) and interleukin-10 (IL-10). Diastolic 
blood pressure (DBP) Z-Score, TC, TG, LDL, FBG, HOMA-IR, and IL-6 were significantly higher in obese 
children than controls group (p < 0.01) and in those with (MetS) compared to obese children without 
(MetS) (p < 0.05). Lipid peroxide was significantly higher, while catalase and IL-10 were significantly 
lower in obese children (p < 0.05). There was positive correlation between BMI-Z score and each of TG, 
HOMA-IR, DBP Z-Score and IL-6 (p < 0.05). Positive significant correlation seemed between lipid 
peroxide and both DBP Z-score and HOMA-IR (P<0.01). IL-6, lipid peroxide parameters have great utility 
as markers of metabolic risk in obese children. 
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INTRODUCTION 

Childhood obesity is considered one of the 
emerging and serious health issues worldwide, it is 
a main causative risk factor in the development of 
numerous diseases, such as dyslipidemia, 
atherosclerosis, cardiovascular and others, and 
increases the risk of early illness and death later in 
life (El-kassas et al., 2018), (Albuali, 2014). 
Oxidative stress is a state related to changes in the 
balanced scale between oxidant and antioxidant 
systems in favor of the oxidative system resulting 
in releasing reactive oxygen radicals with 
antioxidants defenses, causing oxidative damage 

of lipids, proteins and DNA and might be a major 
mechanism underlying complications related to 
obesity (El Wakeel et al., 2017), (Sies, 2015). 
Malondialdehyde (MDA) is considered one of the 
most sensitive lipid peroxidation biomarkers that 
reflect the whole body oxidative stress. The levels 
of MDA were significantly higher in obese children 
in comparison to normal children (Faienza et al., 
2012). The antioxidant pathway involved 
dismutation of superoxide anion (O2

-) to hydrogen 
peroxide (H2O2), the conversion of H2O2 to H2O by 
glutathione peroxidase or catalase (CAT) which are 
used to assess the antioxidant capacity power to 
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oxidative stress (Sfar et al., 2013). 
Inflammation plays a key role in the 

pathophysiology of obesity (Geraldo & Alfenas, 
2008). Excessive adipose tissue produces and 
secretes various adipokines and pro-inflammatory 
factors (Takumansang et al., 2013). The most 
important of these mediators are interleukin-6 (IL-
6), tumor necrosis factor alpha (TNF-alpha), and 
adiponectin. C-reactive protein and interleukin-10 
(IL-10) are not products of adipose tissue, but their 
circulating concentrations are under the control of 
adipokines (Arslan et al., 2010). 

The features and definite definition of 
metabolic syndrome in children less than 10 years 
old are still confusing, however, many efforts 
converged around the followings; Individuals with 
the presence of ≥3 criteria: (I) central obesity or 
waist circumference >90th percentile, (II) Fasting 
triglycerides >110 mg/dL, (III) HDL <40 mg/Dl, (IV) 
blood pressure >90th percentile for age, gender 
and height, and (V) fasting glucose >100 mg/dL 
(Cook et al., 2003). 

The purpose of this study was to assess the 
role of oxidative stress and inflammatory markers 
in obese children and to investigate their diagnostic 
profile in identifying obesity-related complications. 
 
MATERIALS AND METHODS 

This is a case-control study enrolled 100 obese 
children, and 80 non-obese control children of 
matched age and sex, their ages ranged between 
5-15 years. The study carried out from October 
2015 till October 2017 at child health Clinic in 
Medical and Scientific Centre of Excellence, 
National Research Center (NRC). It was a part of 
ongoing in-house project funded by NRC with 
ethical approval number 16348.  All participants 
were informed about the objectives of the study 
and volunteered to participate and a written 
informed consent was taken from parents of all 
participants. Inclusion criteria involved children 
with simple obesity, excluding children with genetic 
or endocrinal causes of obesity, children receive 
drugs that affect blood pressure, lipid profile or 
glucose level or children had chronic diseases.  

The obese children group is subdivided into 
two groups:  

Obese with metabolic syndrome and obese 
without metabolic syndrome. Patients were 
classified as having metabolic syndrome if they met 
three or more of the following criteria for age and 
sex: (1) waist circumference: ≥90 cm for boys and 
≥80 cm for girls; (2) triglyceride (TG): ≥110 mg/dL; 
(3) fasting plasma glucose (FPG): ≥100 mg/dL; (4) 

high density lipoprotein cholesterol (HDL): <40 
mg/dL for boys and < 50 mg/dL for girls; and (5) 
systolic blood pressure (SBP)≥130 mmHg or 
diastolic blood pressure (DBP)≥85 mmHg. That 
was according to the modified International 
Diabetes Federation (IDF) criteria for 10-16 aged 
children and adolescents (Zimmet et al., 2007) and 
(Al-Hamad and Raman, 2017). 

All participants were subjected to the following;  

Full history taking; 
Emphasis on family history of obesity, chronic 

illness such as diabetes mellitus and hypertension 
and drug intake.  

Anthropometric measurements and blood 
pressure;  

Weight using a calibrated Seca scale to the 
nearest 0.1 kg (Seca, Hamburg, Germany), Height 
using Seca 225 stadiometer to the nearest 0.1cm 
(Tanner et al., 1969). Body mass index (BMI) was 
calculated [weight (kg)/height2 (meter)] according 
to WHO standards using AnthroPlus software for 
personal computers (WHO, 2007). Weight for age, 
height for age and BMI Z-score were determined 
using the new WHO reference (Matthews et al., 
1985). waist circumference was measured at its 
smallest point between the iliac crest and the rib 
cage, Hip circumference was measured at its 
largest width over the greater trochanters (widest 
diameter around the buttocks), both were 
measured with a non-elastic flexible tape and 
recorded to the nearest 0.1 cm, waist/ Hip ratio 
(W/H R), triceps skinfold SFT was measured 
parallel to the long axis of the arm midway between 
the acromion and the olecranon, with the arm 
slightly flexed using Holtain skinfold calipers, Blood 
pressure was assessed by a proper pediatric cuff 
sized sphygmomanometer for all participants. 

Laboratory investigations;  
A venous blood sample was taken after fasting 

for 10-12 hours and left to clot. Sera were 
separated from the blood samples that were 
centrifuged and were stored at –20 ° C until assay. 
Fasting serum glucose, fasting serum insulin, 
Cholesterol, Triglycerides (TG), and high-density 
lipoprotein (HDL)-cholesterol were measured by 
calorimetric method using Bio-diagnostic kit 
(Egypt) (Narasimha et al., 2013). Serum LDL-C 
levels were calculated using the Friedewald 
formula [LDL-C =Total cholesterol - HDL-C- 
(Triglyceride/5)] (Friedewald et al., 1972). Serum 
glucose and insulin were used for calculation of the 
homeostasis model assessment- IR (HOMA-IR) as 
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follows: fasting insulin (mIU/ml) × fasting glucose 
(mg/dl)/405 (Keskin et al., 2005). Lipid peroxides 
and Catalase concentration were determined 
spectrophotometrically (Biosystems BTS-302 
photometer) using the biodiagnostic kit (Egypt) 
(Narasimha et al., 2013). Serum interleukin-6 and 
interleukin-10 level measuring using the 
quantitative Enzyme-Linked Immune-Sorbent 
Assay (ELISA) with a commercial kit provided by 
Elabscience Biotechnology Co., Ltd, WuHan, 
China, detection range was 7.81—500 pg/mL for 
both kits. 

 
Statistical analysis: 

Data were collected, verified, coded and 
analyzed using the Statistical Package for Social 
Science (SPSS) version 22. Independent t-test was 
used to compare between two groups regarding 
quantitative data. Pearson correlation analysis was 
used to assess the relation between two 
quantitative parameters in the same group. The p-

value was considered significant <0.05. 
 
RESULTS 

The study involved 100 obese children and 80 
non-obese control children of matched age and 
sex, with mean age of 10.1 ± 2.3 and 9.6± 1.7 
respectively with no significant difference between 
them. There was a significant difference in weight 
Z-score, BMI-Z score, SFT, MAC, waist 
circumference and hip circumference, W/H ratio 
between obese children and non-obese control 
group, whereas the height showed no significant 
difference (table 1).  

Diastolic blood pressure (DBP) Z-Score was 
significantly higher in obese group compared to 
controls (P value < 0.05). On contrary, both systolic 
blood pressure (SBP) Z-score and DBP Z-score 
were significantly higher in obese children with 
metabolic syndrome as compared to obese 
children without metabolic syndrome (P value < 
0.05) (table 1&3).  

 
Table (1): Comparison between obese children and controls regarding anthropometric and clinical 

findings: 

Anthropometric/ clinical 
Data 

Obese children 
(n=100) 

Control 
(n=80) P- value 

Mean ± SD Mean ± SD 

Age (years) 10.12 ± 2.34 9.62 ± 1.67 0.175 

Weight (Wt) Z-score 2.64 ± 0.93 0.97 ± 0.22 0.000* 

Height (Ht) Z-score - 0.31 ± 0.69 - 0.70 ± 0.72 0.656 

BMI Z-score 2.67 ± 0.82 1.10 ± 0.47 0.000* 

Skin fold thickness (mm) 20.6 ± 4.78 10.10 ± 2.58 0.000* 

Waist circumference (cm) 101.47 ± 19.56 66.8 ± 11.10 0.000* 

Hip circumference (cm) 111.24 ± 20.61 82.50 ± 14.40 0.000* 

Waist / hip ratio (W/H) 0.89 ± 0.1 0.76 ± 0.20 0.040* 

Mid arm circumference (cm) 36.4 ± 8.71 20.30 ± 4.10 0.000* 

SBP Z-score 0.42 ± 1.08 0.13 ± 0.88 0.178 

DBP Z-score 0.71 ± 0.81 0.33 ± 0.53 0.013* 

* Significant difference (P ≤ 0.05)  
 

 
 
 
 

Table (2): Comparison between obese children and controls regarding laboratory findings: 
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Laboratory Data 

Obese children 
(n=100) 

Control 
(n=80) P- value 

Mean ± SD Mean ± SD 

Cholesterol (mg/dl) 189.74 ± 47.98 89.52 ± 17.10 0.000* 

TG (mg/dl) 131.63 ± 34.36 81.68 ± 24.76 0.000* 

HDL (mg/dl) 49.28 ± 11.60 58.26 ± 11.21 0.000* 

LDL (mg/dl) 129.4 ± 28.42 47.94 ± 10.62 0.000* 

Fasting blood Glucose (mg/dl) 102.86 ± 18.44 79.29 ± 17.96 0.000* 

Fasting serum Insulin (mIU/L) 17.18 ± 4.75 9.89 ± 2.93 0.038* 

HOMA-IR 5.12 ± 1.34 1.848 ± 0.60 0.001* 

Catalase (U/L) 785.36 ± 74.20 844.71 ± 94.22 0.002* 

Lipid Peroxide (nmol/ml) 26.73 ± 5.50 20.17 ± 4.46 0.045* 

IL6 (pg/mL) 8.12 ± 2.21 4.79 ± 1.22 0.000* 

IL10 (pg/mL) 4.45 ± 1.51 8.18 ± 2.16 0.000* 

* Significant difference (P ≤ 0.05) 
 

Table (3): comparison between obese children with metabolic syndrome and those without 
metabolic syndrome as regards Anthropometric, clinical, and laboratory findings: 

 
Obese with Metabolic 

 Syndrome (mean ±SD) 
Obese without Metabolic  

Syndrome (mean ±SD) 
P value 

 

Age 10.6 ±2.7 10.2 ±2.4 0.6 

Wt. Z-score 2.8 ±0.8 2.6 ±0.7 0.2 

Ht. Z-scor -0.2 ±0.5 -0.3 ±0.4 0.3 

BMI Z-score 2.8 ±0.9 2.6 ±0.1 0.4 

SBP Z-score 0.7 ±0.6 0.3 ±0.1 0.04* 

DBP Z-score 1.4 ±0.6 0.6 ±0.5 0.01* 

Cholesterol 207.4 ±65.8 164.6 ±47.2 0.04* 

TG 165.6 ±45.7 110.9 ±31.2 0.01* 

HDL 43.5 ±10.6 51.4 ±12.4 0.02* 

LDL 137.6 ±31.1 122.4 ±27.8 0.04* 

Glucose 110.7 ±12.4 96.7 ±10.1 0.03* 

Insulin 22.8 ±4.5 13.1 ±3.1 0.06 

HOMA.IR 7.2 ±1.8 3.1 ±1.3 0.01* 

Catalase 688.7 ±98.2 810 ±101.8 0.01* 

Lipid Peroxide 28.3 ±6.8 24.7 ±5.9 0.08 

IL6 11.7 ±2.8 6.6 ±1.9 0.02* 

IL10 4.2 ±1.1 5.3 ±1.7 0.09 

* Significant difference (P ≤ 0.05) 
 

 
 
 
 
DBP Z-Score showed highly significant 

positive correlation with BMI Z-score, fasting blood 
glucose and HOMA-IR (P-value < 0.01), and 
significant positive correlation with weight Z-score 
and fasting serum insulin and IL-6 (P-value < 0.05). 
While, no significant correlation was found with the 
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lipid profile. 
Serum cholesterol, triglycerides, LDL showed 

a highly significant increase in obese children 
compared to non-obese control group; on the 
contrary HDL was lower in obese children. FBG, 
HOMA-IR, lipid peroxides, IL-6 showed higher 
levels in obese group in comparison to controls, 
while reduced levels of catalase and IL-10 were 
found (table 2). Moreover, the correlation between 
the inflammatory markers and anthropometric 
measurements showed positive significant 
correlations between IL6 and each of BMI-Z score 
(P-value ˂ 0.01) (Fig 1), Weight Z-score, Hip 
circumference, and Waist / hip ratio (P value˂ 0.05. 
However significant negative correlation between 
IL10 and Waist / hip ratio (P-value ˂ 0.05) was 
present. There was also positive significant 

correlation between IL6 and cholesterol, fasting 
blood Glucose, fasting serum Insulin, HOMA-IR (P-
value ˂ 0.05). 

In addition, our result found positive significant 
correlation between lipid peroxides and HOMA-IR 
(P-value ˂ 0.01) (Fig. 2), fasting blood glucose and 
fasting serum Insulin (P-value ˂ 0.05). 

According to the criteria of metabolic syndrome 
the obese children group was further sub classified 
into: obese with metabolic syndrome group (70 
children) and obese without metabolic syndrome 
(30 children). There was significant increase in 
systolic and diastolic blood pressure, triglycerides, 
cholesterol, HDL, LDL, glucose, HOMA IR, 
catalase, IL6 in obese children with metabolic 
syndrome more than obese without metabolic 
syndrome (P-value ˂ 0.05 (Table 3). 

 

 
 

Figure 1: positive correlation between IL-6 and BMI Z-score 
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Figure 2: positive correlation between Lipid peroxide and HOMA-IR 

 
 
DISCUSSION 

Childhood obesity is epidemic overwhelming 
health issue that rises increasingly exposing the 
bad face of its morbid complications. Children who 
are obese are above the normal weight for their 
age and height (El Wakeel et al., 2018), (Kilic et al., 
2016). 

There are several potential contributors in 
obesity; including hyperglycemia, increased 
muscular activity to carry excessive weight, 
elevated tissue lipid levels, oxidative stress, 
inadequate antioxidant defenses, chronic 
inflammation, and endothelial reactive oxygen 
species production. Not all of these factors are 
equally involved; one contributor may exert a 
synergistic main effect than the others (Vincent and 
Taylor, 2006). 

The anthropometric parameters results of 
obese children in this study were markedly 
increased as compared to non-obese control 
children. No significant difference found regarding 
height, as the studied subjects were children and 
their final heights have not completed yet. 

As regards the lipid profile; there was 
significant increase in triglycerides, cholesterol and 
LDL of obese children compared to non-obese 
control group, while there was highly significant 

decrease in HDL of obese children in comparison 
with control group which is consistent with other 
many studies (Ebeid et al., 2018), (Kilic et al., 
2016). 

Furthermore, studying the glucose metabolism 
profile revealed that significant increase in fasting 
serum Insulin, fasting blood glucose and HOMA-IR 
in obese children in relation to control group, which 
is similar to other studies (Zaki et al., 2012) and 
(Ghomari-Boukhatem et al., 2017). 

Studying the correlation between 
anthropometric measurements and both lipid 
profile and glucose-insulin metabolism revealed 
that there were positive significant correlations 
between triglycerides and both of BMI Z score and 
hip circumference. Also positive significant 
correlations between Fasting serum Insulin and 
each of weight Z score, BMI Z score, and hip 
circumference were found. In addition there was 
positive significant association between HOMA-IR 
and BMI Z score. 

Oxidative stress is one of the main principle 
molecular mechanisms involved in the 
development of obesity associated complications. 
Depending on that many biomarkers of oxidative 
stress are being recognized as predictors and 
indicators of diabetes and cardiovascular 
complications (Lechuga-Sancho et al., 2018). 
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In this study plasma lipid peroxide was 
significantly increased, while catalase antioxidants 
were significantly lower in obese group children in 
comparison to controls. The depletion of Catalase 
antioxidant enzyme in obese children might be due 
to its function to counteract the effect of oxidative 
stress generated by reactive oxygen species, or 
high production of reactive oxygen species which 
may destroy these antioxidant enzymes. In 
addition, excess production of lipid peroxide has 
additional toxic effects for antioxidant enzymes 
(Doğruer et al., 2004). The results of this study 
regarding lipid peroxide and Catalase antioxidant 
enzyme were consisted and documented by others 
(Albuali, 2014) and Ebeid et al., 2018). Other 
studies had studied the level of lipid peroxide in 
obese children categorizing them according to the 
BMI into normal, overweight, obese, and very 
obese children, they found that levels of lipid 
peroxide were significantly higher in the severely 
obese than in obese subjects, and overweight 
subjects (Pertiwi and Sidiartha, 2017).  

Lipid peroxide also showed positive 
association with fasting blood Glucose, fasting 
serum Insulin and HOMA-IR in our results. These 
findings came in consistent with those of Ebeid et 
al. at 2018 who documented positive significant 
relation between lipid peroxide  and both of fasting 
serum Insulin and HOMA-IR. Moreover Al-Dalaeen 
and Al-Domi, at 2016 revealed that obese children 
with higher values of HOMA-IR presented 
significant increased levels of oxidative stress 
malondialdhyde, suggesting that lipid peroxidation 
increases as HOMA-IR worsens. 

In the present study we observed highly 
significant increase in IL-6 level in obese children 
when compared to non- obese control group, on 
the other hand there was higher levels of IL-10 in 
non- obese group. There were also positive 
correlations between IL6 and BMI Z score, 
cholesterol, Fasting blood Glucose, HOMA-IR (P-
value ˂0.05). An elevated level of IL-6 has been 
commonly described in obese diabetic patients or 
just obese individuals (Andrews et.al, 2015). A 
similar result carried out by Parish et al., at 2016, 
as they assessed the level of IL6 and IL10 and 
other cytokines in two groups of children; obese 
and non-obese aged 13 -18 years, revealed that IL 
6 was significantly higher in obese group compared 
to the non-obese group while no significant 
difference was found between the two groups as 
regard IL10. Also, Khaodhiar et.al at 2004 
previously reported a positive correlation of IL-6 
with BMI and blood glucose level in adults. These 
results could be explained by that, IL-6 and other 

inflammatory mediator creates a state of low grade 
chronic inflammation that has been associated with 
affection of lipid and glucose metabolism resulting 
in insulin resistance, type II diabetes mellitus, 
atherosclerosis and metabolic syndrome (Jain et 
al., 2017). Also, previous results connected low 
IL10 to obesity and metabolic syndrome. IL10 
assumes a major role in regulating immune 
response and restricting inflammation. It limits 
inflammation through various mechanisms 
including hindrance of the production of pro-
inflammatory cytokines such as IL12 and TNFα 
(Chang et al., 2013). 

According to the criteria of metabolic syndrome 
the obese children group was further sub classified 
into: obese with metabolic syndrome group (70 
children) and obese without metabolic syndrome 
(30 children). The comparison between both 
subgroups revealed significant positive increase in 
systolic and diastolic blood pressure, triglycerides, 
cholesterol, HDL, LDL, glucose, HOMA IR, IL6 of 
obese with metabolic syndrome compared with 
those without metabolic syndrome, however 
catalase was significantly lower in obese children 
with metabolic syndrome. 

Our results were totally in agree with another 
study carried on 7-9 years aged children comparing 
between controls, obese with metabolic syndrome 
and obese without metabolic syndrome (Zaki et al., 
2012). other findings were consistent with those of 
Kaya et al., 2017 who found that metabolic 
syndrome is associated with higher levels of pro-
inflammatory cytokines such as interleukin-6 (IL-6) 
and with lower values of anti-inflammatory factors, 
which are both capable of affecting insulin 
sensitivity and endothelial function. They also 
support the hypothesis that inflammation plays a 
role in the development of metabolic syndrome.  

CONCLUSION 
This study elucidated the role of inflammatory 

and oxidative stress markers in obesity process 
revealed by elevated level of lipid peroxide and IL6 
in obese children and obese children with 
metabolic syndrome criteria, added to their positive 
correlation with the glucose- insulin metabolism 
profile. That clears up the utility of these 
parameters as markers of metabolic risk in obese 
children. 
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