International Journal of

zZ
Environmental Research ml\D\Py
F

and Public Health

Article

The Impact of Physical Exercise on Obesity in a Cohort of
Southern Italian Obese Children: Improvement in
Cardiovascular Risk and Immune System Biomarkers

Cristina Mennitti ¥, Annaluisa Ranieri 2%, Ersilia Nigro 23, Lorella Tripodi 12, Mariarita Brancaccio !,

Jacopo Ulisse !, Luca Gentile ¢, Fabio Fimiani 5, Arturo Cesaro ¢7, Giovanni D’Alicandro 8, Giuseppe Limongelli °,
Aurora Daniele 2, Raffaela Pero 110, Giulia Frisso 12, Paolo Calabro ¢7, Lucio Pastore 12, Maria Rosaria Licenziati 1%,
Olga Scudiero '21%* and Barbara Lombardo 2

1 Department of Molecular Medicine and Medical Biotechnology, University of Naples Federico II,
80131 Naples, Italy

2 Ceinge Biotecnologie Avanzate S. C. a R. L., 80131 Naples, Italy? Department of Environmental,
Biological and Pharmaceutical Sciences and Technologies (DISTABIF), University of Campania Luigi
Vanvitelli, Via Vivaldi 43, 81100 Caserta, Italy

4 Integrated Department of Laboratory and Transfusion Medicine, University of Naples Federico II,
80131 Naples, Italy

5 Unit of Inherited and Rare Cardiovascular Diseases, A.O.R.N. Dei Colli “V. Monaldi”,
Via Leonardo Bianchi, Naples 80131, Italy

¢ Department of Translational Medical Sciences, University of Campania “Luigi Vanvitelli”,
80138 Napoli, Italy

7 Division of Clinical Cardiology, A.O.R.N. “Sant’Anna e San Sebastiano”, 81100 Caserta, Italy

8 Department of Neuroscience and Rehabilitation, Center of Sports Medicine and Disability,
AORN, Santobono-Pausillipon, 80122 Naples, Italy

9 Department of Cardio-Thoracic and Respiratory Sciences, University of Campania “Luigi Vanvitelli”,

80138 Napoli, Italy
Citation: Mennitti, C.; Ranieri, A ; 10 Task Force on Microbiome Studies, University of Naples Federico II, 80100 Naples, Italy
Nigro, E.; Tripodi, L.; Brancaccio, M.; 11 Obesity and Endocrine Disease Unit, Department of Neuroscience,

Santobono-Pausilipon Children’s Hospital, 80129 Naples, Italy

Correspondence: mrlicenziati@gmail.com (M.R.L.); olga.scudiero@unina.it (O.S.);
Tel.: +39-3471731967 (M.R.L.); +39-3396139908 (O.S.)

1 These authors contributed equally to this work.

Ulisse, ].; Gentile, L.; Fimiani, F.;
Cesaro, A.; D’ Alicandro, G.; et al.
The Impact of Physical Exercise
on Obesity in a Cohort of
Southern Italian Obese Children: . . . . . . .
Abstract: Background: Childhood obesity (CO) is a serious medical condition affecting
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Risk and Immune System approximately 120 million children and adolescents worldwide. It is characterized by a persistent

Biomarkers. In. J. Environ. Res inflammatory state with inflammatory markers overexpressed, which in turn leads to a higher
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children who practice sport (OSp) of age = 10 + 2.5. We observed a significant variation in some
biochemical parameters such as white blood cells, C-reactive protein (CRP), glycemia and
insulinemia. Moreover, we determined the levels of interleukins, chemokines and defensins by

ELISA assay. Results: Our results showed a reduction in serum level of glycemia (p-value < 0.001),
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neutrophils (p-value < 0.05) and CRP (p-value < 0.05), whereas no relevant variations have been
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role of physical exercise on CO, demonstrating in our population that an early evaluation of some
biochemical parameters could be an assumption to prescribe physical exercise in order to monitor
and prevent childhood obesity and related disorders.

Keywords: childhood obesity; physical exercise; interleukins; defensins; cardiovascular risk;

inflammation

1. Introduction

The World Health Organization (WHO) defines overweight and obesity as an
accumulation of abnormal or excessive fat resulting in a risk to health and representing
one of the most serious public health problems of this century [1]. Obesity is a pro-
inflammatory state that increases the risk of several chronic diseases such as hypertension,
dyslipidemia, type 2 diabetes, cardiovascular disease, asthma, osteoarthritis, infertility
and increased risk of cancer, causing morbidity and mortality worldwide [2,3]. Smith JD
et al. reported consistent data that pediatric obesity shows the same chronic diseases and
risk factors that are identified in adults [4]. Childhood obesity is a complex disease
characterized by having a body mass index (BMI) at or above the 95th percentile on the
Centers for Disease Control and Prevention’s (CDC) specific growth charts. This
pathological condition has several multifactorial causes: unmodifiable factors such as
genetic characteristics, environmental factors and living conditions, as well as modifiable
factors such as physical exercise, diet, sleep deprivation, parental determinants and socio-
economic status [5-7]. In CO, the increase in adipose tissue results in weight gain and,
consequently, in a persistent inflammatory state, with an alteration of the immune system.
In most cases, lack of physical activity and unhealthy eating habits reinforce the
occurrence of overweight and obesity in children and adolescents [8].

Lifestyle modification with increased intake of fruits and vegetables, along with
recommended physical activity, form the mainstay for the primary treatment of childhood
obesity [9]. This combined approach has been shown to promote weight loss and improve
body composition, preserving muscle tissue and increasing fat loss [6]. Based on clinical
research progress, in 2020, the WHO recommended performing an active lifestyle with
appropriate levels of physical exercise needed to reduce the risk of preventable adverse
health events for all people [10].

In this regard, several studies have shown that workout and exercising with obese
children and adolescents has beneficial effects on symptoms of metabolic syndrome and
low-grade systemic inflammation beyond the maintenance of body weight and
improvement in the cardiorespiratory fitness level [11,12].

Studies conducted on obese children show that dysregulation of cytokine levels
contributes to the pathogenesis of obesity and its related disorders [13-19]. This imbalance
causes a persistent inflammatory state associated with obesity and the risk of developing
complications related to obesity [3]. Specifically, increased levels of the neutrophil count,
white blood cell, and C-reactive protein (CRP) were found to be positively associated with
body mass index (BMI) and index of insulin resistance in obese children. Additionally, an
increase in pro-inflammatory cytokines such as leptin, IL-6, and TNF-alpha was detected
in overweight children compared to those of normal weight [20-22].

Physical activity modulates the production of cytokines in the obese, causing a
beneficial effect in the prevention of comorbidities in obese subjects and improving the
quality of life [23-25]. IL-6 is a pro-inflammatory cytokine involved in the regulation of
the inflammatory response and controls CRP synthesis in the liver. Increased IL-6 levels
in obese patients may increase the risk of developing cardiovascular complications,
insulin resistance and type 2 diabetes. Therefore, a decrease in body weight in individuals
who play sports reduces IL-6 levels and, consequently, CRP levels due to less fat being
available. Low CRP levels result in low permeability of the vascular wall to LDL, thus
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reducing the risk of cardiovascular disease (CVD) [26]. IL-8 and IL-9 are pro-inflammatory
cytokines implicated in the pathogenesis of atherosclerosis, with an increased risk of
developing cardiovascular disease [27-29]. Studies show that exercise involves a decrease
in plasma levels of IL-8 and IL-9, with a protective anti-inflammatory effect of exercise
compared to atherosclerotic risk [30,31]. Furthermore, among the anti-inflammatory
cytokines, the serum concentration of the IL-1Ra in obese children seems to play a role in
reducing susceptibility to type 1 and type 2 diabetes, representing an important marker
of inflammatory response linked to obesity in the pediatric population [32-35]. The GM-
CSF is a pro-inflammatory cytokine involved in the recruitment and activation of
macrophages in adipose tissue and appears to play an important role in the overall
expression levels of pro-inflammatory cytokines in adipose tissue [36]. Eotaxin is an
important eosinophilia-specific chemokine, which is associated with the recruitment of
eosinophils to sites of inflammation and eosinophils activated may release a range of
potent immuno-modulatory factors, including cytokines, chemokines, and growth
factors, which have a marked effect on the progression of immune and inflammatory
responses [37,38]. The IP-10 is significantly higher in obese subjects and is significantly
associated with the degree of BMI and obesity and the HOMA-IR index, indicating their
potential as biomarkers of insulin resistance. IP10 may play a deleterious role in obesity
as a potential inhibitor of adipose tissue angiogenesis. High levels of IP10 could lead to
insufficient angiogenesis, which has been associated with chemotaxis and inflammation
of leukocytes in fat stores, contributing to the transition to metabolic dysfunction in
obesity [39]. Furthermore, PDGF-{3 is involved in the development of adult obesity; in fact,
it promotes the angiogenesis of adipose tissue, which is responsible for the expansion of
tissues in obesity [40]. The reduction of the levels of IL-6, IL-8 and IL-9 in obese subjects
who play sports shows the beneficial effect of physical activity in modulating the systemic
inflammation underlying obesity and the potential contribution to the prevention of its
complications. The decrease in levels of GM-CSF, Eotaxin, IP10 and PDGF-, found in the
group of obese children who play sports compared to sedentary obese children, could be
further investigated in order to identify new markers of the inflammatory state. Finally, a
key role in the immune system is played by the defensins, a significant family of
antimicrobial peptides (AMPs) which are involved in infection and inflammation [41,42].
Human defensins are divided into two groups: alpha and beta-defensins, showing
antimicrobial activity and multiple roles in innate immunity. In particular, it has been
found that HPN1 and HBD1 levels increase in individuals who practice physical activity
[43,44].

Based on this evidence, we can assert that regular physical activity reduces the risk
of developing CVDs, type 2 diabetes mellitus, risk of developing cancer, depression,
anxiety and other diseases and, in some cases, the therapeutic effects related to physical
activity may be comparable or superior to those of standard drug therapies [45]. So,
physical exercise represents a non-pharmacological strategy for attenuating obesity-
related complications, which in turn limits the impact on long-term health and society
[46,47].

To date, recent studies focused on basal parameters of laboratory medicine such as
leukocytes, lymphocytes and neutrophils counts, CRP and some cytokines [48,49]. We
hypothesized that a broad analysis including more biochemical parameters and
inflammatory markers such as cytokines, chemokines and defensins profile could
contribute to a better and deep evaluation of low-grade inflammation and complications
related to obesity. We retain that an extensive analysis of laboratory medicine could offer
a real chance to treat and prevent childhood obesity, protecting their health now and in
the future.

In the present cross-sectional study, we identified a novel specific panel of markers
of cardiovascular risk and pro/anti-inflammatory immune system to monitor the
beneficial effects of physical activity in obese children. This active surveillance may
prevent several obesity-related complications and may lead to an early identification of
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risk factors for childhood obesity in order to set up an adequate and specific therapeutic
approach.

2. Materials and Methods
2.1. Ethical Approval

The study was conducted according to the ethical guidelines of the Helsinki Decla-
ration of the World Medical Association and was approved by the ethics committee (pro-
tocol 101/21) of the University of Naples Federico II.

2.2. Recruitment and Participants

For this study, we recruited 74 male children: 44 sedentary obese children (OSe) and
30 obese children who practiced sport (OSp), from Santobono-Pausilipon Children’s Hos-
pital and collected peripheral blood from both obese populations. All subjects were in-
formed of the purpose and procedures of the study, and written informed consent was
obtained from each parent, being a participant under 18. In Table 1, inclusions and exclu-
sion criteria have been reported. In particular, we have included children with BMI equal
to or greater than the 95th percentile, and for this reason, they would be considered as
having obesity according to CDC Growth Charts [50].

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria
BMI > 95th percentile Considerable mental or physical disabilities
Age=>75 Non-metabolic comorbidities
Sex = male Walking or gym practice
Southern Italian children Drug addiction

Written informed consent by participants

Moreover, parents of the recruited children were subjected to a survey to investigate
their children’s eating habits, and it was found that none of them followed a food re-
striction at the time of the investigation.

Obese children who play sports are involved in the following activities for about 12
months: football, swimming, basketball, and karate. Anthropometric characteristics of
obese children are reported in Table 2.

Table 2. Characteristics of the obese population. Anthropometric characteristics of children are ex-
pressed as mean + SD.

Characteristics OSe (n=44) OSp (n=30) p Value (<0.05)
age (in years) 11+3.3 10+2.5 0.287
weight (kg) 70+23.3 61+17.3 0.173
height (m) 1+0.27 1+0.13 >1
BMI 31+6.9 28+44 0.109
physical exercise (days a week) 25+0.7

2.3. Treadmill Stress Test

Sedentary obese children and obese children who practice sports performed tread-
mill stress testing. First of all, resting ECG, heart rate, and blood pressure were obtained
prior to starting the exercise regimen. The resting ECG has been obtained both supine and
standing since the patient's position could influence the QRS and T wave axes. Then, elec-
trodes were placed on the chest and attached to an ECG machine, recording the heart’s
electrical activity. Every child was placed on a treadmill, monitoring for any developing
symptoms such as chest pain, shortness of breath, dizziness, or extreme fatigue. Each child
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performed the treadmill stress test in the morning, followed a 3-h fast, and ran for 15-min
on the treadmill at an increasing speed and gradient to assess any changes in the electro-
cardiograph and monitor blood pressure. All the children completed the test without in-
terruption. Moreover, patients were questioned about any symptoms they experienced
during exercise. All patients were monitored closely during recovery until heart rate and
ECG were back to baseline, as arrhythmias and ECG changes could still develop.

2.4. Biochemical Determinations

Blood samples were taken in the morning (8:00 a.m.) for all children after 12 h of rest.
Each participant was subjected to a blood sample.

White blood cell counts were performed using the Siemens Advia 2120i hematology
analyzer (Siemens Healthcare, Munich, Germany) according to the manufacturer’s rec-
ommendations. The level of CRP was evaluated on Architect c16000 (Abbott Diagnostics,
Chicago, IL, USA) according to the manufacturer’s recommendations.

All analysis was performed in duplicate to guarantee the accuracy of results.

2.5. Evaluation of Glycemia and Insulinemia in Obese Pediatric Population

All patients performed an Oral Glucose Tolerance Test (OGTT) to determine glyce-
mia and insulinemia concentrations. Blood samples were taken in the morning when the
circadian rhythm of glucose metabolism was highest. Patients fasted for 8 h prior to the
test but maintained their typical diet for the previous days. OGTT is divided into several
phases:

1. A first baseline sample is taken in the morning at 8:00 a.m. (time zero TO).

2. The patient drinks a solution containing 75 g of glucose dissolved in 300-500 mL of
water. The solution must be swallowed in a maximum time of 5 min.

3. After 120 min from TO, we collected a second blood sample (T 120). In our case, the
OGTT is called “two-stroke”.

The levels of glycemia were evaluated on Architect c16000 (Abbott Diagnostics, Chi-
cago, IL, USA) according to the manufacturer’s recommendations. Insulinemia has been
performed on ADVIA Centaur (Siemens Healthcare, Munich, Germany) according to the
manufacturer’s recommendations.

2.6. Elisa Assay

PDGF-3, GM-CSF, IP-10, Eotaxin and interleukins (IL-1ra, IL-9, IL-17, IL-6 and IL-8)
were measured by Bio-Plex Multiplex immunoassays (Bio-Rad, Hercules, CA, USA) ac-
cording to the manufacturer’s recommendations. The Bio-Plex Multiplex immunoassays
allow us to quantify multiple protein biomarkers in a single well of a 96-well plate in 34
h from just 12.5 uL of serum or plasma. In this assay, capture antibodies directed against
the desired biomarker are covalently coupled to the beads. The paired beads react with
the sample containing the biomarker of interest. After a series of washes to remove un-
bound proteins, a biotinylated sensing antibody is added to create a sandwich complex.
The final sensing complex is formed with the addition of the streptavidin-phycoerythrin
conjugate (SA-PE). Phycoerythrin serves as a fluorescent indicator or reporter. Reaction
data is acquired using a Bio-Plex system where a red laser (635 nm) illuminates the fluo-
rescent dyes within each bead to provide bead grading, and a green laser (532 nm) excites
PE to generate a reporter signal, which is detected by a photomultiplier tube (PMT). The
Bio-Plex Manager software presents data as median fluorescence intensity (MFI) and con-
centration (pg/mL). The concentration of analyte bound to each bead is proportional to
the MFI of the reporter signal. Then, using Bio-Plex Data Pro software, data from multiple
instrument runs can be combined into a single project for quick results visualization and
simple statistical analysis.

Alpha-defensin 1 and beta-defensin 1 were assessed in the serum using ELISA (Hu-
man DEFal and Human DEFB1 ELISA Kit, Elabscience, Buckingham, UK) according to
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the manufacturer’s recommendations. The ELISA kit uses the Sandwich-ELISA principle.
The micro-ELISA plate has been pre-coated with an antibody specific to specific human
defensin. Samples are added to the micro-ELISA plate wells and combined with the spe-
cific antibody. Then a biotinylated detection antibody specific for human defensin and
Avidin-Horseradish Peroxidase (HRP) conjugate are added successively to each micro-
plate well and incubated. Free components are washed away. The substrate solution is
added to each well. Only those wells that contain human defensins, biotinylated detection
antibodies and Avidin-HRP conjugate will appear blue in color. The enzyme-substrate
reaction is terminated by the addition of a stop solution, and the color turns yellow. The
optical density (OD) is measured spectrophotometrically at a wavelength of 450 nm * 2
nm. The OD value is proportional to the concentration of human defensin. The concentra-
tion of human defensin in the samples can be calculated by comparing the OD of the sam-
ples to the standard curve.
All analysis was performed in triplicate to guarantee the accuracy of results.

2.7. Data Analysis and Statistics

All statistical analyses were performed using GraphPad Prism 8.4.0 (GraphPad Soft-
ware Inc., La Jolla, CA, USA). Data were expressed as the means + standard deviations.
Unpaired Student’s t-test was used to compare the groups, with values of p <0.05 consid-
ered significant. This test is one of the most popular statistical techniques used to test
whether the mean difference between two groups is statistically significant.

3. Results
3.1. Impact of Physical Activity on Cardiac Parameters in Childhood Obesity

In order to evaluate the effect of physical activity on childhood obesity, sedentary
obese children and obese children who practiced sports performed a treadmill stress test
during which the following parameters were analyzed: blood pressure and heart rate
(HR) before and after exercise and the maximum volume of oxygen (VO2max) after exer-
cise. The results obtained before and after the stress test are shown in Table 3.

Table 3. Assessment of VO2 max, blood pressure and heart rate in OSe and OSp before and after
treadmill stress test.

Val
Parameters and Reference Values OSe OSp p(< 0&.10:)e
Blood Pressure before treadmill stress test 69.6 +7.6 68.4+7.3 0.147
(80-120 mmHg) 110.2 +10.1 108.9 +9.1 0.222

Heart Rate before treadmill stress test

(70-100 beats/min) 82 beats/min 72 beats/min 0.001

VO2max after exercise stress test

(Poor < 30; Excellent >48 mL/kg/min) 37 mlL/kg/min 38 mL/kg/min 0.348

Blood Pressure after exercise stress test

(80-120 mmHg) 128 mmHg 128 mmHg >1
Heart Rate after exercise stress test 163.4+15.1 163.8 +16.3 0.819
(70-100 beats/min) beats/min beats/min )

As shown in Table 3, it was observed that diastolic blood pressure is slightly higher
in sedentary obese children (69.6 + 7.6 mmHg) than in obese who played sports (68.4 +7.3
mmHg), but no significant changes were observed between the two groups. The same is
verified for systolic blood pressure, which is slightly higher in sedentary obese children
(110.2 +10.1 mmHg) than in sports obese (108.9 + 9.1 mmHg). Despite these notes, we can
say that, before exercise, the blood pressure in OSe and OSp remains within the normal
range (80-120 mmKHg). Resting HR was then calculated: the sports obese have a decrease



Int. . Environ. Res. Public Health 2023, 20, 602 7 of 15

in HR compared to the sedentary obese (p value <0.001) in fact, we have 82 beats/min in
OSe and 72 beats/min in OSp before exercise; both values are normal (infant population:
70-100 beats/min).

The same parameters were evaluated after physical exertion: the blood pressure did
not show significant differences between the two groups, but the same parameter, ob-
served after the test, slightly increased; in fact, in both populations, it was equal to 128
mmHg. After the stress test, HR was equal to 163.4 + 15.1 beats/min in OSe and 163.8 +
16.3 beats/min in the OSp, and consequently, under exertion, there was no significant
change in HR. The load evaluated during the stress test in the two populations was 79.0 +
21.1 W in OSe and 83.3 + 18.3 W in OSp, showing a slight and significant decrease in the
load for the group that did not practice sports (p-value < 0.0474).

Finally, following the stress test, the VO2max was also evaluated, which showed no
variation in the two study groups: 37 mL/kg/min for the OSe and 38 mL/kg/min for OSp.

3.2. Effect of Physical Activity on the Immune System of Obese Children

To evaluate the immune health status of obese children, we assessed white blood
cells (Figure 1A,B). In addition, we determined the levels of CRP (Figure 1C) to evaluate
the severity of the inflammatory state caused by obesity. Our results have shown a signif-
icant decrease in both the percentage of neutrophils and CRP levels in obese children who
practiced sports compared with sedentary obese children (Figure 1A,C). Meanwhile, no
significant difference in the percentage of lymphocytes was observed between the two

groups (Figure 1B).
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Figure 1. White blood cells and C-reactive protein in sedentary obese children (OSe) compared to
obese children who played sport (OSp). (A) Neutrophils, (B) Lymphocytes, (C) C-reactive protein.
The data are expressed as the means + SDs. The significance was determined by the Student’s t-test:
* (p < 0.05), which represents significance compared to sedentary obese children, ns (p > 0.05), not
significative compared to sedentary obese children.

3.3. Determination of Glycemia and Insulinemia in Obese Children Population

A classic OGTT was performed for the evaluation of oral glucose tolerance. In our
case, we chose to compare only two times: the basal sampling (T0) and after 2 h 120
(T120). The results are shown in Figure 2.
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Figure 2. Determination of glycemia and insulin levels in sedentary obese children (OSe) compared
to obese children who played sport (OSp). (A) Glycemia, (B) Insulin. Data are expressed as the
means * SDs. The significance was determined by the Student’s t-test: *** (p-value < 0.001) and ns (p
> 0.05), not significative compared to sedentary obese children.

As for glycemia, there was no statistically significant variation at TO between the two
populations. In fact, values were almost similar. Conversely, after oral glucose loading, a
notable difference emerged at T120 between the two groups: sedentary obese children
(OSe) showed a higher glycemia (126 +23.4 mg/dL) than the population of obese children
who played sports (OSp), which had a lower glycemia (100.2 + 16.1 mg/dL) (Figure 2A).

Figure 2B represents insulinemia levels in obese children. Results showed that vari-
ations were not statistically significant at TO, and the same trend has been observed in
T120, but underlying a better reduction in OSp a T120 (78.73 + 44.21 mU/L).

3.4. Evaluation of Interleukins Level in Obese Children

To understand whether physical activity could positively influence the inflammatory
state caused by obesity within the two populations under study, we evaluated the levels
of some pro-inflammatory interleukins. In particular, as shown in Figure 3, we did not
observe a significant difference between IL-1ra and IL-17 (Figure 3A,E). At the same time,
there is a significant decrease in the levels of IL-6, IL-8 and IL-9 in the obese physically
active population compared to the sedentary obese (Figure 3B, Figure 3C and Figure 3D,
respectively).

In addition, we evaluated the serum levels of some chemokines and cytokines (Figure
4) in order to understand if physical activity could be a protective factor against inflam-
mation related to obesity. Data obtained show that the levels of PDGF-3, GM-CSF, IP-10,
and Eotaxin significantly decreased in the obese population who practiced sports when
compared with the sedentary obese (Figure 4A-D).



Int. . Environ. Res. Public Health 2023, 20, 602 9 of 15

IL-1ra

A B IL-6
44 B0
3 = 60
E 4 E
B -:-mlill
o &
14 20 N
—
0- - ol .
&
o & 0@*‘
IL-9
C IL-8 D
40 - 2.0+
30 1.54 |
r ;
5 204 % 1.0
=] o
104 0.5
nd D.o T
& o &
E ILAT
1.5
ns
1.04
-
E
[+
(=3
0.5+
0.0

& &

Figure 3. Evaluation of interleukins level in the serum of sedentary obese children (OSe) compared
to obese children who played sport (OSp). (A) IL-1ra, (B) IL-6, (C) IL-8, (D) IL-9, (E) IL-17. The data
are expressed as the means + SDs. The significance was determined by the Student’s ¢-test: **** (p <

0.0001) and ** (p < 0.01) represent significance compared to sedentary obese children, ns (p > 0.05),
not significative compared to sedentary obese children.
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Figure 4. Dosage of cytokines and chemokines in the serum of sedentary obese children (OSe) com-
pared to obese children who played sport (OSp). (A) PDGF-3, (B) GM-CSF, (C) IP-10, (D) Eotaxin.
The data are expressed as the means + SDs. The significance was determined by the Student’s ¢-test:
* (p <0.05), ** (p < 0.01) and *** (p < 0.0001) represent significance compared to sedentary obese
children.

3.5. Dosage of HNP-1 and HBD-1 in Childhood Obesity

To evaluate whether physical activity could influence the release of antimicrobial
peptides, we measured HNP-1 and HBD-1 by ELISA assay. Our results showed that levels
of both are higher in the population of obese children who practiced sports (Figure 5A,B).
In particular, HNP-1 was not expressed in OSe (Figure 5A). In fact, a 1.5 times increase in
expression can be observed in OSp (p <0.0001). We observed a similar trend also for HBD-
1, with a 1.5 times increase of expression in the OSp when compared with OSe (Figure 5B)

(p<0.01).
A a-defensin-1 B p-defensin-1
40- 100+
f— — s
204 80 —I—
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Figure 5. Accumulation of defensins in serum of sedentary obese children (OSe) compared to obese
children who played sport (OSp). (A) a-defensin-1 and (B) -defensin-1. The data are expressed as
the means + SDs. The significance was determined by the Student’s f-test: ** (p < 0.01) and *** (p <
0.0001), which represent significance compared to sedentary obese children.

4. Discussion

Childhood obesity is a pathologic process characterized by a chronic inflammatory
condition, and some of the comorbidities and risks related to excess weight may be asso-
ciated with inflammatory aspects of the disease [51]. In particular, obese subjects show
changes in systemic levels of several cytokines and increased concentrations of CRP, WBC
and defensins [52]. Physical activity is able to induce biochemical changes lowering CRP
levels, white blood cell number and systemic levels of inflammatory cytokines, a condition
necessary to be protected against chronic disorders associated with low-grade systemic
inflammation [53]. In this scenario, in our study, we have evaluated the effects of physical
activity in an obese pediatric population in order to highlight possible changes and im-
provements in children who practice sports compared to sedentary obese children. Addi-
tionally, compared to previous studies [48,49], we consider a deep panel including more
biochemical parameters and inflammatory markers.

Various factors can affect heart rate variability in individuals with obesity, including
comorbidities, eating habits, physical activity, emotional stress, and genetic factors. In
fact, it has been shown that individuals who are overweight have a sympathetic vagal
imbalance due to the increase in sympathetic activity associated with visceral fat [16]. For
this purpose, all obese children performed a treadmill stress test in order to evaluate the
response of the cardiovascular and respiratory systems to exercise.

Obesity is often associated with insulin resistance (IR), a condition characterized by
a reduced response of the tissues to insulin-mediated actions. In obese children and ado-
lescents, IR and a higher prevalence of components of metabolic syndrome (MS) have
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been observed, which exposes subjects to higher cardiovascular risk. The main cause was
found in the {3 cell dysfunction that occurs in obese children and adolescents due to in-
creased fat storage [54]. For this reason, our obese populations have performed an OGTT
in order to evaluate blood glucose and insulin levels in basal conditions and after glucose
intake. From the results of OGTT, it emerged that, although there is not a noticeable
change in TO0, at T120, the pediatric population practicing sports had significantly lower
blood glucose (100.2 + 6.6 mg/dL) compared to the group of children who do not play
sports (126 +23.4 mg/dL). The reference values of glycemia in the pediatric population are
60-100 mg/dL. Therefore, it is evident that the group that does not practice sports has
glycemic values that exceed the normal range. Furthermore, excessively high blood glu-
cose values at T120 are considered indicative of a possible pre-diabetes condition. On the
other hand, no relevant variations have been observed in insulinemia in both populations.
It is evident that the practice of sporting activity is always capable of inducing beneficial
effects. Moreover, in the case of conditions such as obesity, it allows the modification of
body composition with an improvement in fat deposits and an increase in muscle mass.
Also, physical activity ameliorates capillary perfusion of muscles and the number of mi-
tochondria, metabolic pathways involved in glycolysis and lipolysis, and intra-cellular
transport of glucose by activation of GLUT-4 with increased insulin sensitivity and there-
fore determines a reduction in blood sugar [55].

In order to carry out an assessment of the inflammatory state in the two groups of
our study, the dosage of some biochemical parameters such as WBC and CRP was per-
formed. CRP is an acute-phase inflammatory protein that increases in obese patients and
represents a marker for the early diagnosis of metabolic syndrome and cardiovascular risk
in obese children [56]. Studies show that regular training induces a reduction in CRP lev-
els suggesting that physical activity can suppress low-grade systemic inflammation, re-
ducing the risk of cardiometabolic disorders and contributing to an improvement in qual-
ity of life [32]. An elevated WBC number found in obese patients is an important param-
eter of the inflammatory condition associated with obesity. More recently, features of met-
abolic syndrome, coronary artery disease and complications of type 2 diabetes have also
been associated with higher WBC counts. In particular, a high number of WBC is a strong
risk factor for CHD morbidity and mortality [57]. Physical activity appears to be effective
in correcting the total leukocyte count by lowering the number of lymphocytes, mono-
cytes and basophils and significantly reducing the factors related to CHD risk. A reduc-
tion in BMI by physical activity has been associated with a decrease in white blood cell
numbers. For this reason, total WBC and neutrophil counts could be a potential parameter
to the effectiveness of exercise in correcting low-grade systemic inflammation [58]. The
evaluation of the biochemical parameters in the two different groups in our study showed
a significant reduction in the percentage of neutrophils and CRP levels in OSp compared
to OSe. This highlights an act of physical activity on inflammatory parameters related to
the cardiovascular risk that could help to clarify the potential therapeutic effect of physical
activity on low-grade systemic inflammation. Subsequently, the variations of some in-
flammatory cytokines levels in the two different groups were evaluated; a significant de-
crease was observed in the levels of IL-6, IL-8, IL-9, PDGEF-3, GM-CSF, IP-10 and Eotaxin
in the physically active obese population versus the sedentary obese population. There
were no significant differences in the values of IL-1Ra and IL-17 between the two groups.
Our results show an increase in defensin levels, stimulated by physical activity that favors
its expression, which acts by increasing the body’s immune defenses. In particular, as
shown in recent studies and in accordance with the data obtained in our study, serum
increases in defensins o and 3 after regular physical activity could contribute to normal-
izing the levels of inflammation-related biochemical parameters such as CRP and white
blood cell count.
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5. Limitations and Future Prospects

The limitations of our study are mainly based on the small number of patients re-
cruited. In fact, further studies performed on a larger population should be conducted. In
addition, another limitation concerns the information relating to eating habits and energy
intake coming from children’s responses questionnaire. Some answers may be condi-
tioned by social prejudices. Furthermore, the education levels and socio-economic status
of families were not evaluated.

Since childhood obesity is due to low-grade inflammation, we encountered difficul-
ties in measuring some inflammatory cytokines. More sensitive techniques would be
needed to detect even small increases in some cytokines.

In future studies, we plan to evaluate the effectiveness of a planned pattern of phys-
ical activity for obese children using a prospective research design and also to examine
the relationships between nutrition, exercise, medical conditions, and childhood obesity.

6. Conclusions

An extensive analysis of biochemical parameters and inflammatory markers could
contribute to a better evaluation of low-grade inflammation and complications related to
childhood obesity. This continuous monitoring of laboratory medicine parameters, com-
bined with the practice of physical exercise, could represent an opportunity to treat and
prevent childhood obesity. In fact, regular sports practice might improve body composi-
tion, decrease metabolic complications, or enhance psychological profiles in children with
obesity.

Incorporating sport as part of anti-obesity strategies in children and adolescents
could represent a valid tool to safeguard the health of obese children, protecting them
from the risks related to obesity. Finally, this strategy could allow the identification of new
biomarkers and continuous monitoring could highlight the beneficial effects of physical
activity in the prevention of complications and health-related quality of life. Further stud-
ies would be necessary to understand the benefits and role of physical activity as a pow-
erful non-pharmacological tool against obesity in the pediatric age.

Author Contributions: Conceptualization, C.M., A.R., O.S,, and B.L.; methodology, C.M., AR, R.P,,
M.RL, O.S,, and B.L,; validation, CM., A.R,, R.P,, O.S,, and B.L.; formal analysis, CM., AR, O.S,,
and B.L,; investigation, CM., AR, EN, LT, MB., J.U, LG, EF,AC,GD,GL,AD,RP,GF,
P.C, LP, MRL, OS, and B.L,; data curation, CM., A.R., O.S., and B.L.; writing—original draft
preparation, C.M., A.R., O.S,, and B.L.; writing —review and editing, CM., A.R.,,R.P.,O.S.,, and B.L;
supervision, O.S. and B.L. All authors have read and agreed to the published version of the manu-
script.

Funding: This research received no external funding.

Institutional Review Board Statement: The study has been approved by the ethics committee (pro-
tocol 101/21) of the University of Naples Federico II.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: All the results obtained from the study were reported in the manu-
script. There is no additional data.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CcoO Childhood obesity
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OSp Obese children who practice sport
CRP) C-reactive protein

ELISA Enzyme-linked immunosorbent assay
PDGF-3  Platelet-derived growth factor subunit b
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IL-9 Interleukin-9

IL-6 Interleukin-6

IL-8 Interleukin-8

IP-10 Human interferon-inducible protein 10

GM-CSF  Granulocyte-macrophage colony-stimulating factor
IL-1ra Interleukin-1 receptor antagonist

1L-17 Interleukin-17

HNP-1  Human neutrophil peptide-1
HBD1 Human beta defensin-1
WHO World Health Organization

BMI Body mass index

CDC Centers for Disease Control and Prevention
TNF-alphaTumor necrosis factor

LDL Low-density lipoproteins

CVvD Cardiovascular disease

HOMA-IR Homeostatic Model Assessment for Insulin Resistance
AMPs Antimicrobial peptides

ECG Electrocardiography

OGTT Oral glucose tolerance test

SA-PE Streptavidin-phycoerythrin conjugate

PMT Photomultiplier tube

MEFTI) Median fluorescence intensity
HRP Horseradish peroxidase

OD Optical density

HR Heart rate

VO2max Maximum volume of oxygen
WBC White blood cells

IR Insulin resistance

GLUT-4 Glucose transporter 4

CHD Coronary heart disease
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