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Background/aim

Obesity is becoming an epidemic health problem. Elevated cytokines and chemokines are
prominent features in obesity, which play a main role in the development of other chronic
diseases. The aim of this study was to determine the serum levels of monocyte chemoattractant
protein-1 (MCP-1), interlukin-6 (IL-6), and serum paraoxonase-1 (PON1) in childhood obesity.
Materials and methods

The present study included 40 obese school-aged children (5-15 years) and 40 healthy children
as controls. The patients were presented to the outpatient clinic in National Institute of Nutrition.
MCP-1, IL-6, PONT1, total cholesterol, and triglycerides were measured in all participants.
Results

The mean serum levels of MCP-1, IL-6, and total cholesterol were significantly higher in obese
participants than in controls (P < 0.0001), whereas the PON1 was significantly lower in obese
participants than in controls (P < 0.0001). MCP-1, IL-6, and serum cholesterol levels showed
significant positive correlation with BMI (P < 0.05), whereas PON1 showed a significant negative
correlation with BMI (P < 0.05). Multiple regression analysis showed a strong association
between PONT1 activity and BMI (P < 0.0001).

Conclusion

Childhood obesity is associated with increased serum MCP-1 and IL-6 and decreased PON1
and hypercholesterolemia suggesting an increase in adulthood disease risk. Measuring serum
MCP-1, IL-6, PON1 activity in obese children may be a good predictor for future chronic disease

development and complications.
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Introduction

Obesity is becoming an epidemic health problem.
Worldwide, the prevalence of obesity in children has
steadily increased over the last 20 years, especially in
developing countries [1]. Being overweight or obese
is determined on the basis of BMI, with varying
measurements for the different age groups and sexes.

Systemic inflammation, characterized by elevated
circulating cytokines and chemokines, is a prominent
feature of obesity [2]. Research in humans has
demonstrated a mediating role for systemic
inflammation in the development of chronic
diseases, such as cardiovascular disease (CVD) and
type 2 diabetes mellitus (DM2) [3]. Peripheral
blood monocytes play a role in cytokine production,
migration into inflamed adipose tissue, and
vascular adhesion [4], all of which contribute to the
development of obesity comorbidities. Cytokines and
chemokines, including monocyte chemoattractant
protein-1 (MCP-1) and interleukin-6 (IL-6), interact

with monocytes, contributing to the inflamed state [5].
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MCP-1 is a monomeric polypeptide that belongs to
the chemokine family, which plays a crucial role in
monocyte recruitment. IL-6 is a circulating cytokine
with various functions such as inflammation, host
defense, and tissue injury. It is produced by many cell
types and tissues, including immune cells, fibroblasts,
endothelial cells, skeletal muscle, and adipose tissue.
Adipose cells contribute 15-30% of circulating IL-6
levels in the absence of acute inflaimmation. IL-6
production is significantly enhanced by adipose
tissue in obesity. The two major adverse effects of
increased IL-6 in obesity are insulin resistance and
increased risk for cardiovascular complications [6].
In adults, monocyte concentration and activation
state are elevated with increasing body fat [7]. There
are several causes of obesity, including metabolic,
hormonal, and genetic factors. The main factor
contributing to excessive weight gain in children is
the imbalance between energy intake and loss. Most
of the known genetic causes of obesity primarily play
role by increasing energy intake. Increasing evidence
suggests that numerous cytokines, which are secreted
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mostly from adipose tissue play a role in energy
balance, metabolism, and inflammatory response in

humans [8].

Human serum paraoxonase-1 (PON1) is an enzyme
with esterase activity and is physically bound to
high-density lipoproteins (HDLs). It plays a key role
in the action of HDL toward protection of lipoprotein
and biological membrane against oxidative damage. It
may have a protective role against atherosclerosis by
virtue of its action on hydrolyzing lipid peroxides and
preventing accumulation of phospholipids in oxidized
low-density lipoprotein [9]. Early signs and predictors
of CVD and DM2 are now present in young children,
including hypertension and dyslipidemia [10]. Obesity
during childhood is strongly correlated to adult obesity,
turthering the risk for chronic diseases and posing
a challenge to both individual quality of life and
economic and healthcare costs [11].

Few studies have searched the relationship between
monocytes, systemic inflammation, and disease risk
markers in overweight and obese children. The aim
of this study was to evaluate the relationship between
obesity status and systemic inflammation markers
including circulating cytokines and chemokines such
as MCP-1 and IL-6, as well as markers of disease risk,
including total cholesterol and triglycerides, in school-
aged Egyptian children. This study reviews the changes

in serum PONT1 activity in obese children.

Materials and methods

This case—control cross-sectional study included
40 obese school-aged children (age range 5-15 years).
Their mean age was 8.98 + 2.87 years; 16 of them were
boys and 24 were girls. No sex difference was found
between male and female samples as regards studied
parameters (P < 0.05). Forty healthy age-matched and
sex-matched children served as controls. All patients
were from Cairo, Egypt. The study was approved by
the local ethical committee of the National Research
Center. Written consent was obtained from the
children’s parents for participation in the study. BMI
was calculated using height and weight (weight in
kg/height? in meter). Participants were classified on
the basis of BMI using age-specific BMI percentile
of National Egyptian Growth Curves for children:
obese children (BMI percentile 295 for age and sex)
and healthy children (BMI percentile <85 for age and
sex). Patients included in the study did not have hepatic
or renal dysfunction, chronic inflammation, DM, or
clinically significant infectious diseases. None of the
patients was taking any medications that interfere
with the study. The patients were recruited from the

outpatient clinic, National Institute of Nutrition and
subjected to full history taking, general examination
including anthropometric measurements,and laboratory
investigations including blood chemistry and cytokine

analysis. MCP-1, IL-6, PON1, total cholesterol, and
triglycerides were measured in all patients.

Venous blood sample was drawn after a 12 h
overnight fast. Samples were separated by means of
centrifugation and stored at -80°C until analysis.
Serum levels of MCP-1 were measured using Human
Monocyte Chemotactic Protien-1 ELISA Kit (Life
Technologies, Chicago, USA). IL-6 was measured
using a commercially available IL-6 ELISA Kit (R&D
System, USA). Total cholesterol and triglycerides were
measured using Abbott-Aeroset (Life Technologies,
Chicago, Illinois, USA) autoanalyzer with original
kits. Arylesterase activity of PON1 was measured
spectrophotometrically in  supernatants  using
phenylacetate as a substrate by the method of Watson
etal. [12].

Statistical analysis

Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS), version 16,
tor Windows (SPSS Inc., Chicago, Illinois, USA).
Continuous data were expressed as mean = SD and
were compared using Student’s r-test. Pearson’s
correlation analysis was conducted to evaluate
the association between continuous exposure and
continuous covariates. Multiple linear regression
analysis was carried out to identify the influence of
multiple variables (age, sex, MCP-1, paraoxonase, IL-6,
serum cholesterol, and triglyceride) on a dependent
variable (BMI). A P value less than 0.05 was accepted
as statistically significant.

Results
The current study included two groups: obese children

(40 children) and control (40 healthy children).

The anthropometric and laboratory data of the obese
and control children are shown in Table 1. There were
statistically significant differences in the means of BMI,
MCP-1, IL-6, PON1, and serum cholesterol levels
between obese and control participants (P < 0.001).
The mean BMI, MCP-1, IL-6, and cholesterol was
significantly increased in obese children compared
with the control group, but the mean PON1 activity
was significantly decreased in obese children compared
with control children. No statistically significant
difference was found between obese and control
participants as regards serum triglyceride (P = 0.623).
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Table 1 Comparison of anthropometric and laboratory data between the obese and control participants

Variable Obese (mean = SD) Control (mean + SD) tTest P
Age (years) 8.98 + 2.87 9.40 + 3.39 -0.61 0.547
BMI 2512 + 6.22 15.24 + 2.55 9.30 <0.0001*
MCP-1 (pg/ml) 272.29 + 30.40 82.06 = 14.13 11.53 <0.0001*
IL-6 (pg/ml) 3.84 + 0.99 2.72 + 0.69 5.82 <0.0001*
PON1 activity (U/ml) 117.32 + 41.90 231.60 + 51.96 -10.83 <0.0001*
Cholesterol (mg/dl) 166.95 + 22.79 130.50 + 15.24 8.41 <0.0001*
Triglyceride (mg/dl) 66.43 + 14.06 64.90 + 13.57 0.49 0.623

IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1; PON1, paraoxonase-1; *P < 0.001 is highly significant.

Table 2 shows the correlation between BMI and
different laboratory data in all participants. MCP-1,
IL-6, and serum cholesterol showed significant
positive correlation with BMI (P < 0.05), whereas
PON1 showed a significant negative correlation with

BMI (P < 0.05).

To test whether the associations of BMI with the
different laboratory data seen in the univariate
correlation analysis were independent of other
parameters, we carried out multiple regression analysis
(Table 3) after adjustment for age and sex. In this
model, paraoxonase showed a strong association with
BMI (B = -0.524, P = 0.000); however, MCP-1,
IL-6, serum cholesterol, and triglyceride were not
proven to be strong predictors. In this way we
assumed that according to this analysis 1 U increase in
paraoxonase was associated with 0.04 decrease in BMI
(unstandardized coefficient = -0.04).

Discussion

The prevalence of obesity is especially high among
Egyptian children, and it has steadily increased in
recent years. The leading causes of childhood obesity in
developing countries are cheap foods with high content
of sugar and fat, sedentary lifestyle, socioeconomic
state, urbanization, mechanization, and rural-to-urban
migration [13]. Obesity is an independent risk factor
for chronic diseases. Childhood obesity increases the
risk for development of adulthood dyslipidemia, DM2,
and early CVDs.

Our study investigated the relationship between
obesity status and markers of systemic inflammation,
as well as markers of disease risk, in a sample of school-
aged children.

There was a statistical significance between the two
studied groups as regards BMI (P < 0.0001).

'This study identified statistically significant differences
in cytokine and chemokine serum levels (MCP-1,
IL-6) between obese and healthy participants. The

Table 2 Correlation between BMI and different laboratory
data in all particpants

Variable BMI

R P
MCP-1 (pg/ml) 0.44 <0.0001*
IL-6 (pg/ml) 0.37 <0.0001**
PON1 activity (U/ml) -0.62 <0.0001**
Cholesterol (mg/dl) 0.413 <0.0001**
Triglyceride (mg/dl) 0.15 0.198

IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1;
PON1, paraoxonase-1; *P < 0.05 is significant **P < 0.001 is highly
significant.

Table 3 Multiple regression analyses for BMI and different
independent variables

Variables BMI (R? = 0.467)
Standardized t-Test P
B coefficient
Age 0.045 0.510 0.611
Sex -0.018 -0.203 0.840
MCP-1 -0.234 -1.813 0.074
IL-6 0.240 1.939 0.056
PONT1 activity -0.524 -4.967 <0.0001**
Cholesterol 0.210 1.971 0.053
Triglyceride 0.160 1.831 0.071

IL-6: interleukin-6; MCP-1: monocyte chemoattractant protein-1;
PON1: paraoxonase-1; **P < 0.001 is highly significant.

mean MCP-1 serum level was significantly elevated in
obese participants as compared with controls. This is in
agreement with that reported by Breslin ez a/. [14], who
stated that the obese group had 22% greater circulating
levels of MCP-1 compared with the control group
(P = 0.015). This finding was also reported by Utsal
et al. [16]. MCP-1 is an inflammatory marker and acts
as a chemoattractant, recruiting monocytes to inflamed
adipose tissue and completing the inflammatory cycle;
therefore, elevated levels of MCP-1 in obesity may
lead to increased risk of comorbidities such as DM2

and CVD.

Present study revealed that the mean IL-6 serum
level is significantly elevated in obese participants
as compared with controls (P < 0.0001). Similarly,
Arslan ef al. [6], and Utsal ef a/. [16], stated the same
results as regards IL-6. Some previous studies explored
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that high levels of IL-6 is a predictor of DM2 and
myocardial infarction. This effect is thought to come
from resistance to insulin action [15]. Others proved
that it was an independent risk factor for CVD if its
serum levels elevated [17], that is why we decided to
analyze IL-6 levels in obesity to explore its relation
with development of comorbidities.

Current study found that serum PONI in obese
participants was significantly decreased compared with
controls (P < 0.0001). This is in agreement with that
reported by Kota ez al. [9], and Rupérez ez a/. [18], and
Koncsos ez al. [19], who reported significantly lower
activity of paraoxonase in obese children compared
with that before the program, thus supporting our
results. PON1 plays a significant role in inhibiting
the oxidation of low-density lipoprotein and HDL
particles [20]. Therefore, decrease in its serum level
leads to accumulation of lipid peroxides and in turn
increase the risk of development of CVD. In another
study in which PON1 activity was evaluated after a
2-week-long supervised diet and aerobic exercise
program, obese children had significantly higher levels
of paraoxonase compared with that before the program,
and this validates our results [21].

'The result concerning PON1 activity in obesity was in
agreement with that reported by Ferré ez al. [22], who
reported that there was decreased PON1 activity in
obese compared with nonobese children.

This study reported that the mean serum cholesterol
level was significantly higher in obese participants than
in controls (P < 0.0001). Total serum cholesterol is a
CVD risk marker; its elevated levels in obese children
put them at a greater risk of developing obesity-related
chronic diseases during adulthood.

No statistically significant difference was found
between obese participants and controls as regards
serum triglyceride (P = 0.623). These results are in
disagreement with those of Breslin and colleagues,
who found that obese children exhibited symptoms of
dyslipidemia, including elevated triglycerides. Other
authors have observed no significant difference in
total cholesterol levels between obese and nonobese
children [14,23]. This discrepancy may be due to the

difference in obesity degree.

We made correlations between BMI and different
laboratory data in all participants. It revealed that

MCP-1, IL-6, and serum cholesterol showed
significant positive correlation with BMI (P < 0.05),
whereas PON1 showed a significant negative

correlation with BMI (P < 0.05). Both MCP-1 and
IL-6 are markers of systemic inflammation, which is

an underlying mechanism connecting obesity and its
disease complications. Total serum cholesterol is a
CVD risk marker; its elevated levels in obese children
put them at a greater risk of developing obesity-related
chronic diseases during adulthood. The lower serum
PONT1 activity in obesity confirms that it is associated
with oxidative damage of lipoproteins and may explain
the increased cardiovascular risk in obese children.
Another study concluded that obesity is associated
with 50-60% reduction in PON1 activity; this reflects a
higher atherosclerotic potential [10]. Bajnok ez a/. [24]
reported that BMI is an independent predictor of
PONT1 activity. Studies have not yet analyzed the
corresponding fall in PONI activity with increased
BMI

To test whether the associations of BMI with the
different laboratory data seen in the univariate
correlation analysis were independent of other
parameters, we carried out multiple regression analysis
after adjustment for age and sex. In this model,
paraoxonase showed strong association with BMI
(B = -0.524, P=0.000); however, MCP-1, IL-6, serum
cholesterol and triglyceride levels were not proven to
be strong predictors. In this way we could conclude
that according to this analysis 1 U increase in PON1
activity was associated with 0.04 decrease in BMI
(unstandardized coefficient = -0.04).

Conclusion

There are increased serum levels of inflammatory
markers (MCP-1, IL-6) associated with childhood
obesity. Moreover, serum PONT1 level decreases in cases
of obesity, and this in turn put children at higher risk
of developing obesity-related chronic diseases during
adulthood,such as atherosclerosis and CVD.Childhood
obesity is associated with hypercholesterolemia
suggesting an increase in adulthood disease risk.
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