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Background: Childhood obesity characterized by excessive fat in the body is one of the most serious health problems world-
wide due to the social, medical, and physiological complications. Obesity and associated diseases are trigger-
ing factors for oxidative stress and inflammation. The aim of this study was to explore the possible association
between childhood obesity and inflammatory and oxidative status.

Material/Methods: Thirty-seven obese children and 37 healthy controls selected from among children admitted to BLIND University
Paediatrics Department were included in the study. Anthropometric measurements were performed using stan-
dard methods. Glucose, lipid parameters, CRP, insulin, total oxidant status (TOS), total anti-oxidant status (TAS)
levels, and total thiol levels (TTL) were measured in serum. HOMA index (HOMA-IR) were calculated. The dif-
ferences between the groups were evaluated statistically using the Mann-Whitney U test.

Results: Body mass index was significantly higher in the obese group (median: 28.31(p<0.001). Glucose metabolism,
insulin, and HOMA-IR levels were significantly higher in the obese group (both p<0.001). Total cholesterol, HDL
cholesterol, LDL cholesterol, and triglyceride levels were significantly higher in the obese group (p<0.001). TAS
(med: 2.5 umol Trolox eq/L (1.7-3.3)) and TOS (med: 49.1 pmol H,0, eq/L (34.5-78.8)) levels and TTL (med:
0.22 mmol/L (0.16-0.26)) were significantly higher in the obese group (p=0.001). CRP levels showed positive
correlation with TOS and negative correlation with TTL levels (p=0.005, r=0.473; p=0.01, r=—0.417; respective-
ly). TTL levels exhibited negative correlation with TOS levels (p=0.03, r=—0.347).

Conclusions: In conclusion, obese children were exposed to more oxidative burden than children with normal weight. Increased
systemic oxidative stress induced by childhood obesity can cause development of obesity-related complica-
tions and diseases. Widely focussed studies are required on the use of oxidative parameters as early prognos-
tic parameters in detection of obesity-related complications.
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Background

Childhood obesity characterized by excessive fat deposition
in the body is one of the emerging and critical health issues
worldwide due to the social, medical, and physiological com-
plications. Although the prevalence of obesity in children var-
ies among countries, it is rapidly increasing worldwide. The
World Health Organization reported that in 2012 around 44
million (6.7%) of the world’s children aged less than 5 years
old were overweight or obese. The rate of childhood obesity
has increased from 31 million (5%) in 1990. Childhood obe-
sity predisposes to chronic adulthood diseases such as car-
diovascular diseases, diabetes mellitus, metabolic syndrome,
and cancer [1,2].

Low-grade inflammation, metabolism, and oxidative stress are
the main underlying mechanisms of pathogenesis in obesity.
Adipose tissue is not only an energy reserve, it is also metabol-
ically active and secretes hormones and cytokines. Excessive
fat tissue generates reactive oxygen species (ROS), which are
triggers for oxidative stress, dysregulation of adipokine mech-
anism, and pro-inflammatory cytokine release [3,4]. Inordinate
increase of serum free fatty acids (FFA) in obese children leads
to impaired glucose metabolism, which augments oxidative
stress parameters and mitochondrial overload by accumula-
tion of energy substrates [5].

Oxidative stress is a condition associated with changes in the
balance between oxidant and antioxidant systems in favor of
the oxidative system [6]. Oxidants occur in normal metabolic
processes; however, increased levels are produced in patho-
physiological conditions. The onset of formation of reactive
oxygen radicals is prevented by enzymatic activity or natu-
ral antioxidants. The expression ‘thiol’ refers to the sulphur-
containing constituents. Intracellular and plasma protein thiol
groups act as buffers against oxidation by virtue of their high-
ly reduced state. Total thiol level (TTL) shows antioxidant ef-
fects by arranging the redox potential [7,8]. In addition, total
oxidant status (TOS), total antioxidant status (TAS), and the
ratio between them (oxidative stress index) were reported in
many studies [9,10] to be suitable and practical parameters
representing oxidative status. The aim of the present study
was to explore the association between obesity and inflam-
matory and oxidative parameters.

Material and Methods

Study population

We consecutively selected 37 obese adolescents (median age:
11 years, age range 6-16) from obese children who visited
the BLIND University Pediatric Endocrinology Clinic between
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November 2014 and September 2015. Additionally, 37 healthy
children (median age: 11 years, age range 7-16) were included
as the control group. In the obese group there were 19 males
(51.4%) and 18 females (48.6%), and in the control group there
were 21 males (56.8%) and 16 females (43.2%). The study pro-
tocol was approved by the BLIND University Medical Faculty
Ethics Committee. The study was carried out in accordance
with the principles set forth in the Declaration of Helsinki, as
amended in 2009.

Participants with inflammatory chronic diseases, viral infec-
tions (hepatitis A, B, and C, cytomegalovirus, and Epstein-Barr
virus), endocrine disorders, and any systemic diseases (affect-
ing the hepatic, renal or respiratory systems) were excluded
from both groups.

Anthropometric measurements

All children’s weight and height measurements were per-
formed by the same person who used the same equipment.
The age at admission, height (cm), weight (kg), body mass in-
dex (BMI) (kg/m?), and BMI Z-score (Cole’s least mean-square
method was used for calculating BMI standard deviation
score) [11] were calculated. Height measurements were per-
formed with sensitivity of 1 mm. Weight measurements were
performed while standing upright and stationary on the scale
without shoes and with light underwear; measurements were
performed with sensitivity of 100 g. BMI was calculated as:
body weight (kg)/height (meters) squared. We included chil-
dren in the >95™ percentile according to BLIND children BMI
references.

Blood samples

Serum samples were obtained after 10-12 h of fasting and
were used for measurements of all biochemical parameters.
Serum specimens were kept at -80°C until the tests were an-
alyzed. Glucose, alanine transaminase (ALT), C-reactive protein
(CRP), total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and triglyceride levels were quan-
tified using an Abbott Architect CI16200 device (New Jersey,
USA) by spectrophotometric method. HOMA index was calcu-
lated by the formula: fasting glucose (mmol/L) x fasting insu-
lin (uU/mL)/22.5. Insulin levels were analyzed by chemilumi-
nescence method (Siemens, Advia centaur, 2006, Germany).
Hemoglobin (Hb), hematocrit (Hct), and mean cell volume
(MCV), which are complete blood parameters, were measured
with an Abbott CELL-DYN 3700 device.

Quantification of total oxidant status

Plasma TOS was analyzed using a procedure improved by
Erel [12]. Oxidants that occur in serum oxidize the ferrous
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ion of an o-dianisidine compound to ferric ion. Oxidation pro-
vides the ferric ion forms as colored compounds with xylenol
orange in acidic circumstances. Color density of xylenol or-
ange is directly proportional to oxidant levels. Hydrogen per-
oxide was used to calibrate the analysis and results are rep-
resented in micromoles of hydrogen peroxide equivalent per
liter (umol H,0, equiv/l).

Quantification of total antioxidant status

Plasma TAS was analyzed using a procedure improved by
Erel [13]. The method of analysis is based on the measurement
of the amount of hydroxyl radicals. (Fe*? + O-dianisidine) com-
pound constitute Fenton type reaction with hydrogen peroxide,
which generates the OH radicals. Hydroxyl radicals react with
O-dianisidine molecules that form yellow-brown dianisidyl rad-
icals. Existing antioxidants reduce the color formation by sup-
pressing oxidant reactions. The reaction was performed using
spectrophotometry method at 240 nm by use of an automated
analyzer (Architect CI16200, Abbott, New Jersey, USA). Trolox,
which is a water-soluble analogue of vitamin E, was used as
the calibrator. Results are shown as pmol Trolox equivalent/L.

Oxidative stress index

Oxidative stress index (OSI) is calculated as the ratio of serum
TOS levels to TAS levels. OSl is an indicator of the degree of
oxidative stress and the formula is: OSI (arbitrary unit) = (TOS,
pmol H,0, eq/L)/(TAS, pmol Trolox eq/L) [12].

Quantification of total thiol

Measurement of the TTL (sulfhydryl groups) levels was per-
formed using the methods described by Ellman [14] as im-
proved by Hu et al. [15]. The technique was performed by an
automated analyser. In the mixture, thiols react with 5.5-di-
thiobis-2- nitrobenzoic acid (DTNB), turning into a dark-colored
anion (5-thio-2-nitrobenzoic acid) with an absorbance peak at
412 nm. Reduced glutathione was used as the calibrator for
analysis. The quantification was analyzed by an auto-analy-
ser (Architect C116200, Abbott, New Jersey, USA) and the re-
sults are shown in mmol/L.

Statistics

Constant variables that do not present normal distribution
were compared with the Mann-Whitney U test, which is a non-
parametric test for comparison of 2 independent groups. The
Pearson chi-square test was used for comparison of categori-
cal variables between 2 independent groups. Relation of non-
parametric variables was evaluated by the Spearman-Rho cor-
relation method. Median (Md) and min-max values were used
for descriptive statistics that do not exhibit normal distribution.
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The SPSS program (version 17.0) (SPSS, Chicago, IL, USA) was
used for statistical analysis. p<0.05 values were accepted as
statistically significant.

Results

Demographical findings

The control and patient groups were matched for age and
were not significantly different (p=0.47). Body mass index of
the obese group was 28.3 kg/m? (range 22.2-53.1), which was
significantly higher than the 18.3 kg/m? (range 4.7-23.8) in
the control group (p<0.001) (Table 1).

Lipid profile

Total cholesterol, triglyceride, and LDL, which reflect the lipid
profile, were significantly higher in the obese group than in
the control group, in which HDL levels were significantly lower
(p=0.01, p<0.001, p<0.001, and p<0.001, respectively) (Table 1).

Glucose metabolism

No statistically significant difference in serum glucose lev-
els between the groups was observed (p=0.13). Insulin and
HOMA-IR levels, the indicator of insulin resistance [Insulin
Md=20.5 plU/mL (7.5-66.4), HOMA-IR Md=5.2 (1.7-15.5)] of
the obese group were significantly higher than in the control
group [Insulin Md=11.8 plU/mL (2.6-26.1), HOMA-IR Md=2.7
(0.55-6.47)] (p<0.001) (Table 1).

Serum ALT, Cortisol, and CRP levels

Serum ALT and CRP levels were significantly higher in the obese
group (p<0.001, p=0.03, respectively). Serum cortisol levels were
not different between the groups. CRP levels exhibited signif-
icant positive correlation with TOS (p=0.024; r=0.473) levels
and negative correlation with TTL levels (p=0.027; r=—0.417)
in the obese group (Table 2).

Oxidative parameters

The oxidative stress parameters TOS and TAS were signifi-
cantly higher in the obese group [TOS Md=49.1 (34.5-78.8),
TAS Md=2.5 (1.7-3.3)] than in the control group [TOS Md=423
(347-1338), TAS Md=2.2 (1.6-2.8)] (p=0.006, p<0.001, respec-
tively) (Figure 1). No difference was observed between OSI lev-
els of both groups. TTL levels were significantly higher in the
control group (p=0.001) (Figure 2).
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Table 1. Oxidative parameters, lipid and glucose metabolism of obese and control groups.

Obese group (n=37) Control group (n=37)

Median (Min-Max) Median (Min-Max) p values

N (female/male) 37 (19/18) 37 (21/16)

OSI (TOS/TAS) 0.20 (0.13-0.35) 0.19 (0.05-0.70) NS

NS — Non significant; Significant difference at p<0.05 level; TAS — total antioxidant status; TOS — total oxidant status;
HOMA-IR — homeostatic model assessment-insulin resistance; BMI-sds — body mass index-standard deviation score;
MCV — mean corpuscular volume.

Table 2. Correlation in obese group.

Correlations coefficents (r)

TTL -0.124 -0.162 —-0.050 -0.076 -0.417* -0.332* 0.601*

TAS — total antioxidant status; HOMA-IR — homeostatic model assessment-insulin resistance; CRP — C-reactive protein;
TOS - total oxidantsStatus; BMI — body mass index; Hb — haemoglobin. * Significant difference at p<0.05 level.
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Figure 1. TOS median, min, max levels between groups.
Correlations

TTL exhibited significant positive correlation with Hb, Hct, and
MCV levels in the obese group (p<0.003, r=0.601, r=0.469,
r=0.523) and negative correlation with CRP and TOS levels
(p=0.02; r=—0.363, p=0.03, r=—0.347). We found a significant
negative correlation between BMI and MCV levels in the obese
group (p=0.02, r=-0,365). BMI levels had a significant positive
correlation with insulin and HOMA levels (p=0.01, r=0.402;
p=0.01, r=0.387, respectively). In the obese group, OSI val-
ues showed a significant negative correlation with Hb values
(p=0.02, r=-0.361) and a positive correlation with LDL and TG
levels (r=0.394, r=0.337).

Effect of sex

We did not find any significant differences between groups re-
garding sex. In the obese female subgroup, TAS levels were pos-
itively correlated with ALT (p=0.01; r=0.553) and CRP (p=0.01;
r=0.586) levels, but we did not recover any difference in obese
males and controls. Hb (p=0.013) and HDL (p=0.031) levels
were significantly different between obese male and females.

Discussion

Seventy percent of obese adolescents grow up to be obese
adults; therefore, pediatric obesity is important because it
gives rise to metabolic syndrome, insulin resistance, and type
2 diabetes [16]. The underlying mechanism of these diseases
is closely related to oxidative stress and inflammation, which
worsen in obesity [17-19]. Triggering systemic inflammation
is one aspect of obesity and the other the immune system-im-
pairing effect [20]. In addition, adipose tissue not only stores
excess fat, but also secretes many bioactive molecules. Pre-
adipocytes and macrophages are found in adipose tissue as
well as adipocytes [21].

Obesity-related proliferation and growth (hyperplastic/hy-
pertrophic) of adipocytes result in increased levels of beta-3

Figure 2. Thiol median, min, max levels between groups.

adrenergic receptors. Increased beta receptor levels facilitate
the passage of monocytes to visceral adipose stroma, there-
by causing onset of a pro-inflammatory cycle between adipo-
cytes and monocytes [3]. In particular, activated macrophages
are increased in visceral adipose tissue; these macrophages
are called M1, and are the classically activated macrophages;
they are up to 40-60% greater in obese adipose tissue rath-
er than in non-obese adipose tissue. Activated macrophages
increase the secretion of pro-inflammatory cytokines TNF-q,
IL-1B, and IL-6. Augmentation of pro-inflammatory cyto-
kines increases the oxidative stress and causes insulin resis-
tance [22,23]. In the present study we found that CRP levels
(as primary inflammatory parameters), insulin, and HOMA-IR
levels (as index for insulin resistance) were significantly higher
in the obese group than in the control group (p=0.03, <0.001,
and <0.001, respectively).

Long-term accumulation of energy substrates (lipid and glu-
cose) causes FFA passage to the blood, especially from vis-
ceral adipose tissue. In our study, lipid profiles in the obese
group were dysregulated and were significantly higher than
in the control group. Increased fatty acids (predominantly in
muscle and liver tissues) causes increased cell differentiation
and mitochondrial workload, thereby increasing the release of
free radicals and ROS products, which are especially harmful
for specific organelles and DNA [5]. ALT level, which is an in-
dicator of cellular destruction due to DNA damage in the liv-
er, was significantly higher in obese adolescents in the study
performed by Prigon et al. [24], and ALT levels were also sig-
nificantly higher (p<0.001).

Secretion of pro-inflammatory cytokines, adhesion molecules,
and growth factors are increased by enhanced ROS produc-
tion. ROS accomplishes this effect through redox-sensitive
transcription factors [25], especially NF-KB and NADPH oxi-
dase (NOX) pathways. NOX4 is an enzyme complex that is the
major source for ROS production in adipocytes [26]. ROS that
is produced by NOX targets mitochondria, and this external
ROS increase upregulates the mitochondrial redox-sensitive
system [27]. Antioxidants are increased due to an increased
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oxidative load in mitochondria attempting to prevent mito-
chondrial oxidative damage and impairment [28].

Oliver et al. showed that obese children had increased con-
centrations of F,-isoprostanes (oxidants), whereas antioxidants
(SOD and glutathione) were moderately reduced, but not sig-
nificantly [29]. Prigon et al. also suggested that TOS and OSI
levels were higher in obese children with non-alcoholic fatty
liver disease than in non-obese children [24]. In a study per-
formed by Faenzia et al.,, diacron-reactive oxygen metabolite
levels (an oxidative stress indicator) of obese children were
significantly higher than in non-obese children, but blood an-
ti-oxidant capacity were significantly lower [30]. In our study,
oxidative stress markers TOS and TAS were significantly higher
in the obese group compared to the control (p=0.006, p<0.001,
respectively). Oxidative stress index (OSI) was not significantly
different between the groups. In contrast to the other studies,
we found that increased TAS levels were the result of increased
TOS levels in the attempt to balance oxidation, perhaps be-
cause younger people have more active anti-oxidant systems.

Females are reported to have more resistance against oxida-
tive and inflammatory events than males [31]. Sobieska et al.
suggested that girls are more resistant to the negative effect
of increased adiposity status compared to males [32]. However,
we did not find any difference between oxidative and inflam-
matory parameters between males and females.

Increased oxidative burden leads to reduced redox potential in
mitochondria. Inadequate redox potential impairs formation of
-SH (disulphide) bonds in organelles such as the endoplasmic
reticulum. This condition damages 3D structure of active phys-
iological proteins and hence might play a role in diseases such
as type 2 diabetes mellitus [33,34]. Thiol groups, which contain
sulphur components, play an important role in the non-enzy-
matic anti-oxidant cascade; they eliminate ROS products and
free radicals produced by both enzymatic and non-enzymat-
ic pathways [35,36]. Proteins have the greatest anti-oxidant
capacity in the body; they achieve most of their effect by the
sulphur groups they contain [37]. Hemoglobin, more than the
other plasma proteins, exhibits an anti-oxidant effect through
sulphur groups and enzymes [38]. In parallel, we found that
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TTL (an indicator of total disulphide bonds) was significantly
lower in the obese group than in the controls, explaining the
shortage of disulphide anti-oxidant activity (p=0.001). In addi-
tion, TTL had a significant positive correlation with Hb, Hct, and
MCV in the obese group (p<0.001; r=0.601, r=0.469, r=0.523).

The increase in oxidative stress augments insulin resistance
in muscle and adipose tissue. Increased insulin resistance de-
creases insulin release from the pancreas. Advanced glyca-
tion end-products (AGEs) are produced due to hyperglycemia;
these products cause low-grade inflammation by binding to
receptors, creating a vicious cycle. Increase in pro-inflamma-
tory cytokines, oxidative stress, and related hyperglycemia
raise the risk of type 2 diabetes, atherosclerosis, and cardiac
diseases, particularly in obese children (39, 40). In this study
we found no significant difference in glucose levels between
the 2 groups. However, insulin and HOMA-IR levels were sig-
nificantly higher in the obese group than in the control group,
and their levels were positively correlated with increasing BMI
(r=0.402, r=0.387, respectively).

The study has several limitations. Because this was a pilot
study, we did not evaluate the diversity of cytokines or their
levels. The study population was small. Finally, we did not eval-
uate specific enzymatic antioxidants such as superoxide dis-
mutase, catalase, and glutathione.

Conclusions

We found a significant burden of oxidative stress as indicat-
ed by TAS, TOS, and TTL levels in the obese children. This find-
ing may contribute to understanding the underlying triggering
mechanisms of obesity-related diseases of adults who were
obese in childhood. The potential pathological effects on the
oxidant system should be evaluated, as well as glycogen me-
tabolism, to improve our understanding of the effects of child-
hood obesity on health.
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