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Abstract  

Background:  Obesity is defined as a BMI at or above the  
95 th  percentile for children and teens of the same age and  
sex. Childhood obesity is associated with chronic low-grade  
inflammation and cardiovascular disease.  

Aim of Work:  Was to estimate serum endotoxin level in  
obese children and adolescents and to evaluate its relation  
with cardiovascular (CV) injury risk in these children.  

Subjects and Methods:  The current study included 30  
patients recruited from the Nutrition Clinic of Pediatric  
Department at Tanta University Hospital and 15 healthy  
children and adolescents of matched age and sex enrolled as  
controls. All studied children were subjected to complete  
history taking, thorough clinical examination including blood  
pressure, Anthropometric measures (Weight, height, Body  

mass index, Triceps skin fold thickness, Waist circumference,  
Waist/hip ratio, Waist/Height ratio), and laboratory investiga-
tions including: CBC, BUN, creatinine, SGOT, SGPT, Fasting  
glucose, Lipid profile, Serum Endotoxin, abdominal ultrasound.  

Results:  There were significant differences between pa-
tients and control group as regard Blood pressure levels and  
all anthropometric measures except height. Significantly  
higher levels of total cholesterol, LDH and significantly lower  
HDL were found in patients compared to control group. Serum  
Endotoxin was significantly higher in patients than controls.  
Significant positive correlation between Serum Endotoxin  
level and both Systolic, diastolic blood pressure, BMI, Waist  
circumference, Hip circumference, Waist /Height ratio, serum  
cholesterol, Serum Triglycerides) were found. Significant  
negative correlation between Serum Endotoxin and serum  
HDL was found.  

Conclusion:  Serum Endotoxin is higher in obese children  
and adolescents than none obese. Serum Endotoxin is reliable  

early marker for obesity related cardiovascular injury in obese  
children and adolescents.  
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Introduction  

OVERWEIGHT  and obesity are defined as "ab-
normal or excessive fat accumulation that presents  

a risk to health" [1] .  

The measurement of overweight and obesity  
in children and adolescents needs simple index for  
evaluation because their bodies undergo a number  

of physiological changes as they grow Depending  
on the age, different methods to measure a body's  

healthy weight are available [2] .  

Body mass index (BMI) is a measure used to  
determine childhood overweight and obesity. Over-
weight is defined as a BMI at or above the 85 th  

percentile and below the 95 th  percentile for children  
and teens of the same age and sex. Obesity is  
defined as a BMI at or above the 95 th  percentile  
for children and teens of the same age and sex [2] .  

Studies revealed that rapidly changing dietary  
practices and a sedentary lifestyle lead to increasing  
prevalence of childhood obesity in developing  
countries [3] .  

Important determinants of childhood obesity  
include high socioeconomic status, residence in  
metropolitan cities, female gender, unawareness  

and false beliefs about nutrition, marketing by  
transnational food companies, increasing academic  
stress, and poor facilities for physical activity [4] .  

Global research was done on 2010 showing  
that 43 million children (35 million in developing  

countries) were estimated to be overweight and  
obese. The worldwide prevalence of childhood  
overweight and obesity increased from 4.2% in  
1990 to 6.7% in 2010. This trend is expected to  
reach 9.1 %, or 60 million in 2020 [5] .  
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In Egypt, a research held by Egypt demographic  

health survey in 2014 revealed that in boys aged  
from 5 to 9 years, about 15% were obese and 39.6%  

were overweight, while in girls of the same age,  

11% were obese and 36.4% were overweight. In  

boys aged from 10 to 14 years, about 9.9% were  
obese and 34.4% were overweight, while in girls  
of the same age 8.5% were obese and 35.4% were  

overweight. In boys aged from 15 to 19 years 4.9%  

were obese and 29.4% were overweight, while in  
girls of the same age 8.7% were obese and 35.6%  
were overweight. About 70% of obese adolescents  
grow up to become obese adults [6] .  

Childhood obesity has been associated with  
type 2 diabetes mellitus, early-onset metabolic  
syndrome, subclinical inflammation, dyslipidemia,  

coronary artery diseases, renal damage and adult-
hood obesity [7] .  

Obesity is also strongly associated with several  
important comorbidities that often contribute to  

the development of cardiovascular disease (CVD).  
Most important among these are elevated blood  

pressure, insulin resistance, and dyslipidemia, 3  
key elements of the metabolic syndrome [8] .  

Childhood obesity is associated with chronic  

low-grade inflammation considered as a precursor  
to metabolic disease. However, the molecular  

mechanisms underlying this association remain  
largely unclear. Studies in adults have implicated  
gut derived gram-negative bacterial fragments  

known as lipopolysaccharide (LPS) or endotoxin,  

activating the inflammatory response [9] .  

In physiological conditions, the intestinal epi-
thelium acts as a continuous barrier to avoid LPS  
translocation; however, some endogenous or exog-
enous events may alter this protective function  

[10] .  

Weight gain has been associated with a higher  
gut permeability and subsequent systemic exposure  

to mildly increased LPS circulating levels. Studies  

demonstrated that a high-fat diet promotes LPS  

absorption across the intestinal barrier, increasing  

its plasma levels by two to three times, a threshold  

defined as Metabolic Endotoxemia (ME)  [10] .  

Subjects and Methods  

This study (Case Control study) was done after  
approval from ethical committee of research center  

of Tanta University and written consent from the  

parents of all children included in this study. The  

study was conducted on 30 obese children and  

adolescents, recruited from the Nutrition Clinic,  

Pediatric Department, Tanta University, in the  

period from June 2017 to May 2018 including 13  
males and 17 females with their age ranged from  

8 to 18 years and mean age value of 11.193 ±2.441.  
This study included also 15 healthy children as a  
control group including 7 males and 8 females  
with their age ranged from 8 to 18 years and mean  

age value of 12.233 ±2.796.  

Inclusion criteria:  Included Children and ado-
lescent with age ranging from 8 to 18 years and  

with body mass index (BMI) equal to or greater  

than the 95 th  percentile for gender and age.  

Exclusion criteria were:  Syndromatic obesity  
(Prader Willi, Laurence-Moon Biedle syndrome,  
etc), Endocrinal obesity causes such as Cushing's  

syndrome or hypothyroidism, Children with sys-
temic diseases including liver diseases, malignancy,  

drug use (corticosteroids, antithyroid drugs, anti-
psychotic), Children with cardiovascular disease.  

All the children in both groups were subjected  

to the following:  

1- Full history taking with special emphasis on:  
Past history for systemic diseases, Family his-
tory of obesity, hypertension and diabetes, Drug  

administration (corticosteroids, antithyroid  
drugs, anti-psychotic, use of other drugs), Die-
tary History.  

2- Clinical examination: Including Blood pressure  
(BP),Thorough medical examination (head &  

neck, chest, heart, abdomen, upper and lower  
limbs).  

3- Anthropometric measures and Z-score calcula-
tion for (Weight, Height, Body mass index  

(BMI), Triceps skin fold thickness, Waist cir-
cumference, Hip circumference, Waist/Hip ratio  
and Waist-to-height ratio).  

4- Investigations including: Complete blood count,  

Blood urea nitrogen and Serum creatinine, Se-
rum Glutamic Oxaloacetic Transaminase  
(SGOT) and Serum Glutamic Pyruvic Transam-
inase (SGPT), Fasting blood glucose, Lipid  
profile [Total cholesterol, Triglycerides, Low-
density lipoprotein (LDL), High-density lipo-
protein (HDL)], Serum Endotoxin level by  

ELISA.  

Statistical analysis of the present study was  

conducted, using the mean, standard deviation and  

chi-square test by SPSS Version 19. p-value ≤0.05  
Significant, p-value >0.05 not Significant, p-value  
<0.01 Highly Significant.  
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5- Abdominal ultrasound for detection of fatty  
liver.  

Results  

Table (1) shows no significant difference be-
tween obese patients and control group as regard  

age, sex, Height and Height z-score. But Anthro-
pometric measures including (weight, weight z-
score, BMI and BMI z- score, Waist/hip ratio, and  

Triceps skin fold thickness) and Fasting Blood  
glucose were significantly higher in patient group  
compared to control group.  

Table (2) shows that: Predictors for central  

obesity (waist circumference, hip circumference  
and waist height ratio), both systolic and diastolic  
blood pressure levels, Serum cholesterol, LDL  

levels and Serum Endotoxin Level were signifi-
cantly higher in patient group compared to control  

group, but HDL levels were significantly lower in  

patients than controls. Serum Triglycerides showed  
no significant difference between both groups.  

Table (3) showed that there were Significant  
positive correlation between Serum Endotoxin  
level and (Systolic blood pressure, Diastolic blood  

pressure, BMI, Waist circumference, Hip circum-
ference, Waist/Height ratio, Total serum cholesterol,  
Serum Triglycerides). But Significant negative  
correlation between Serum Endotoxin and serum  

HDL.  

Fig. (1) show that serum endotoxin levels were  

significantly higher in patients consuming High  
fat diet than those without high fat consumption.  

Table (1): Charactaristics of studied groups.  

Parameters  
Groups  t-test or Chi-Square  

Patients (n=30)  Controls (n=15)  t  or X2 
 p-value  

Age (Years):  8-18  8-18  –0.284  0.206  
Mean ±  SD  11.193±2.441  12.233 ±2.796  

Sex:  
Male  13 (43.33% )  7 (46.67%)  0.045  0.832  
Female  17 (56.67%)  8 (53.33 %)  

Weight (kg):  
Mean ±  SD  74.687± 17.853  46.633 ± 12.382  5.451  <0.001 *  

Weight z-score:  
Mean ±  SD  3.763± 1.742  –0.066±0.419  8.349  <0.001 *  

Height (cm):  
Mean ±SD  146.233± 12.056  147.400± 12.235  –0.305  0.762  

Height z score:  
Mean ±  SD  0.495± 1.376  –0.144±0.476  1.737  0.089  

BMI:  
Mean ±  SD  34.257±4.602  21.000±2.871  10.178  <0.001 *  

BMI z score:  
Mean ±  SD  3.833± 1.488  0.040±0.327  9.701  <0.001 *  

Waist / hip ratio:  
Mean ±  SD  1.010±0.097  0.761±0.065  8.912  <0.001 *  

Triceps skin fold  
thickness (mm):  

Mean ±  SD  29.733 ±5.753  13.740±2.416  10.276  <0.001 *  

Fasting Blood glucose:  
Mean ±  SD  96.300± 14.023  86.267±7.106  2.599  0.031 *  
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Table (2): Markers for Cardiovascular (CV) risk in studied groups.  

Parameters  
Groups  t-test or Chi-Square  

Patients (n=30)  Controls (n=15)  t  or X2 
 p-value  

Waist circumference/cm:  
Mean ±  SD  91.817± 15.904  64.667±6.850  6.298  <0.001 *  

Hip circumference/cm:  
Mean ±  SD  92.687±21.695  49.000±4.906  7.660  <0.001 *  

Waist/height ratio:  
Mean ±  SD  0.630±0.108  0.439±0.026  6.704  <0.001 *  

Systolic Blood Pressure level (mmHg):  
Mean ±  SD  116.333± 10.080  104.333±7.037  4.124  <0.001 *  

Diastolic Blood Pressure level (mmHg):  
Mean ±  SD  76.833±9.513  69.000±3.873  3.051  0.004*  

Serum Total cholesterol (mg/dl):  
Mean ±  SD  185.800±45.749  109.933±28.487  5.861  <0.001 *  

Serum Triglycerides (mg/dl):  
Mean ±  SD  120.263±  53.410  98.467± 19.086  1.525  0.135  

Serum LDL (mg/dl):  
Mean ±  SD  117.627±28.508  82.667± 11.095  4.558  <0.001 *  

Serum HDL (mg/dl):  
Mean ±  SD  44.040±  5.841  51.333 ±6.810  –3.736  <0.001 *  

Serum Endotoxin Level (Eu/L):  
Range  22.513-156.357  18.34-40.46  2.234  0.03 1 *  
Mean ±  SD  46.767±36.876  25.215±6.517  

Table (3): Correlations of Serum Endotoxin level with other  

parameters in the patients group.  

Correlations  

Serum endotoxin level (Eu/L)  

r  p-value  

Systolic BP  0.433  0.017*  
Diastolic BP  0.414  0.023*  
BMI  0.711  <0.001 *  
Waist circumference/cm  0.435  0.016*  
Hip circumference/cm  0.510  0.004*  
Waist/height ratio  0.495  0.005*  
Total cholesterol (mg/dl)  0.458  0.011 *  
Triglycerides (mg/dl)  0.690  <0.001 *  
HDL (mg/dl)  –0.367  0.046*  

r: Correlation coefficient.  

Serum Endotoxin Level (Eu/l)  

Fig. (1): Comparison of serum endotoxin levels regarding  
high fat diet in studied patients.  

Discussion  

Obesity among children, adolescents and adults  
has emerged as one of the most serious public  
health concerns in the 21 st  century. The worldwide  
prevalence of childhood obesity has increased  
remarkably over the past 3 decades. The growing  
prevalence of childhood obesity has also lead to  
appearance of obesity-related comorbid disease  
entities at an early age [11] .  

Childhood obesity can adversely affect nearly  
every organ system and often causes serious con-
sequences, including hypertension, dyslipidemia,  
insulin resistance, dysglycemia, fatty liver disease  

and psychosocial complications. It is also a major  
contributor to increasing healthcare expenditures  
[11] .  

This study was conducted on 30 obese children  
and adolescents with age ranged between 8-18  
years. In our study, there was insignificant differ- 
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ence between patients and controls regarding their  
age, this was in agreement with Goknar et al., [11]  
El-Karaksy et al., [12]  and Sadeghabadi et al., [13] .  

Waist circumference, being an index for central  

and visceral obesity, is more related to insulin  

resistance and its health consequences which has  

been confirmed by previous studies [14 , 15] . In our  
study, all patients had higher waist circumference  
with a statistically significant difference when  
compared with children in the control group, 22  

children (73.33%) exceeding the 90th percentile  

according to the Canadian pediatric endocrine  
group (CPEG). This agreed with Sadeghabadi et  

al., [13] ; Boodai et al., [14] ; Santomauro et al., [16] ;  
Harte et al., [17] ; Schwander et al., [18] ; Aeberli et  
al., [19]  and Mushtaq et al., [20] .  

Hip circumference (HC) of obese individuals  
in our study was statistically significantly higher  

than that of children in the control group. This  

agreed with with Abd-Elghaffar et al., [21] , Saki  
and Karamizadeh [22]  and Hassan et al., [23]  who  
found that HC of obese children showed statistically  

significant different when compared with a children  

in the control group.  

The Waist Height ratio (W/Ht R) is an easy,  

accurate, and inexpensive method to assess the  
over fat condition, cardio metabolic impairments,  
and chronic disease risk. A ratio <0.5 appears to  
be the optimal healthy cut point in both sexes and  

among different ethnicities and age groups includ-
ing children, with the simple notion that one's waist  
should be less than half their height [24] .  

In our study WHt R was significantly higher  
in patients compared to controls, this agreed with  

Santomauro et al., [16] ; Aeberli et al., [19] ; Nawarycz  
et al., [25]  and Donma et al., [26]  who found that  
the average WHtR value was significantly different  

between patients and controls, and was significantly  

different as per gender. We found that 26 out of  

30 (86.6%) had a WHtR ≥0.5, and this percentage  
was higher than the percentage reported by Mushtaq  

et al., [20]  who found that 16.5% children had a  
WHtR ≥0.5.  

Our study showed statistically significant dif-
ference in triceps skinfold thickness between obese  

and non-obese children being higher in obese  
children. This agreed with Jehn et al., [27] , Rinaldi  
et al., [28]  and Aeberli et al., [19] .  

As regard Blood pressure levels in our study  
we found that blood pressure is significantly higher  

in patients when compared with controls. We found  
that 43.33% (n=13) were hypertensive (blood  

pressure above 95 th  percentile for age and sex)  

and this percentage was higher than percentage  

reported by Abd- Elghaffar et al., [21]  who found  
(8.9%) of patients were hypertensive, showing  

high systolic and diastolic blood pressure for age  

and sex, Kollias et al., [29]  reported that the blood  
pressure value in (26.2%) children in the obese  
group was higher than the 95 th  percentile value,  
Wanzhu et al., [30]  showed that (14%) of overweight  

and obese children had higher blood pressure than  
normal children and also reported that BP increases  

as BMI increases and that hypertension is more  
prevalent in higher BMI categories. The high blood  

pressure levels in obese children could be explained  

by the fact that blood pressure is the product of  

cardiac output and systemic vascular resistance,  

and cardiac output is increased in obese patients  

because of increased blood flow to the adipose  

tissue. Various factors like low-grade inflammation  

mediated through adipokines, hyperinsulinemia,  
and insulin resistance cause over-activity of the  

sympathetic nervous system in obese patients. With  
increasing severity of obesity, hypertension be-
comes more prevalent [31] .  

As regard the presence of metabolic syndrome  

(MetS) in our study, 53,33% (16/30) of obese  
children had metabolic syndrome according to the  
International Diabetes Federation (IDF) definition,  

this is higher than that reported by Boodai et al.,  
[14]  who found that 17 of the 80 participants  
(21 .3%) had MetS by the IDF definition, In the  
study by Giannini et al., [32]  MetS was diagnosed  
in 24.6% of obese adolescents and 1.9% of over-
weight adolescents according to the IDF criteria,  
this also agreed with El-Karaksy et al., [15]  who  
found that 28 of 76 the participants (36,8%) had  

MetS by the IDF definition.  

The prescence of metabolic syndrome in obese  

children may be due to prescence of risk factors  

as high waist circumference, high blood pressure  

levels, high fasting blood glucose level, high Trig-
lycerides and low HDL levels [33] .  

As regard Lipid Profiles, in the present study:  
Total serum cholesterol was significantly higher  
in patients compared to controls, this agreed with  

El-Karaksy et al., [12] ; Boodai et al., [14] ; Zoair et  
al., [34] , but this disagreed with Schwander et al.,  
[18]  and Sadeghabadi et al., [13]  who found that  
there was no significant difference as regard total  

cholesterol.  

Also serum LDL levels were significantly higher  

in patients compared to controls, this agreed with  

El-Karaksy et al., [12] , Sadeghabadi et al., [13] ;  
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Boodai et al.,  [14] ; Schwander et al.,  [18]  and Zoair  
et al.,  [34] .  

Serum HDL levels were significantly lower in  
patients compared to controls, in agreement with  
El-Karaksy et al., [12] ; Boodai et al., [14] ; Schwan-
der et al., [18]  and Zoair et al., [34] , but this disagreed  
with Sadeghabadi et al., [13]  who found that there  
was no significant difference as regard HDL.  

Also we found no significant difference between  
patients and controls as regard serum triglycerides  

level, this agreed with El-Karaksy et al., [12] , Zoair  
et al., [34] , but disagreed with Sadeghabadi et al.,  

[13] ; Boodai et al., [14]  and Schwander et al., [18]  
who found that there was statistically difference  

in triglycerides level.  

The cause of dyslipidemia in obese children  
could be explained by the fact that the development  
of insulin resistance in peripheral tissues leads to  

an enhanced hepatic flux of fatty acids from dietary  
sources, intravascular lipolysis and the adipose  
tissue resistant to the antilipolytic effects of insulin,  
affect lipid metabolism and lead to dyslipidemia  
[35] .  

As regard serum endotoxin level in our study,  
patient group had significantly higher serum endo-
toxin level than control group. Our study agreed  

with Harte et al., [17] ; Liang et al., [36]  and Varma  
et al., [9] . On the other hand, Schwander et al., [18] ,  
found that there was no significant difference  

between obese children and non-obese as regard  
serum endotoxin level.  

Weight gain has been associated with a higher  
gut permeability and subsequent systemic exposure  

to mildly increased endotoxin circulating levels  

[37] .  

We also found that there was no significant  
difference between males and females in the patient  

group as regard serum endotoxin level. This disa-
greed with Varma et al., [9]  who found that serum  
endotoxin levels were significantly higher in obese  

males than obese females.  

We compared serum endotoxin levels in differ-
ent Dietary patterns in the studied patients and  
found that there was significant difference in serum  

endotoxin levels in patients with High fat diet, this  
agreed with Harte et al., [17] ; Schwander et al.,  
[18] ; Deopurkar et al., [38]  and Mani et al., [39] ,  
who tested endotoxin level before and after giving  

high fat meal and found that serum endotoxin  

concentrations were increased after a meal rich in  
saturated fatty acids.  

Studies demonstrated that a high-fat diet pro-
motes endotoxin absorption across the intestinal  

barrier, increasing its plasma levels by two to three  

times, a threshold defined as Metabolic Endotox-
aemia [10] .  

In Our Study, we found significant positive  
correlation between Serum Endotoxin level and  

both systolic and diastolic blood pressure which  
agreed with Varma et al., [9] .  

The present study also revealed significant  

positive correlation between Serum Endotoxin  
level and (BMI and Waist circumference) which  

agreed with Schwander et al., [18] .  

Significant positive correlation between Serum  
Endotoxin level and Hip circumference was found  

in our study. To our knowledge no other studies  

analysed the correlation between Serum Endotoxin  

level and Hip circumference.  

We also found significant positive correlation  
between Serum Endotoxin level and (Total serum  
cholesterol, serum Triglycerides) this disagreed  

with Schwander et al., [18]  who found that there  
was significant negative correlation between Serum  
Endotoxin level, serum cholesterol and serum  
Triglycerides.  

Our study revealed significant negative corre-
lation between Serum Endotoxin level and HDL.  
This finding agreed with Schwander et al., [18] .  

Conclusion:  
We concluded that Serum Endotoxin is higher  

in obese children and adolescents than none obese.  

We also concluded that Serum Endotoxin is reliable  

early marker for obesity related cardiovascular  

injury in obese children and adolescents.  
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