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ABSTRACT

Purpose. The purpose of the study was to evaluate changes in adipocytokine concentrations and the correlation between
adipocytokines and body fat percentage after endurance training in obese girls.

Methods. This was a semi-experimental study with a pre-test and post-test design, in which 19 overweight girls aged 8-12
years were randomly selected. Anthropometric and blood indices were assessed before and after the intervention.
Results. The average leptin level (p = 0.016) and fat percentage (p = 0.002) were significantly reduced after 12 weeks of
moderate-intensity endurance training, whereas the average adiponectin levels (p = 0.012) were significantly increased.
There was a reverse correlation between adiponectin levels and BMI (p = 0.018), body fat percentage (p = 0.015), and leptin
concentrations (p = 0.025).

Conclusions. Considering the adipocytokine improvement and body fat percentage reduction observed in this study, one
can state that moderate-intensity endurance training has a role in the prevention of obesity-related diseases such as metabolic

and cardiovascular disease.
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Introduction

Previous studies suggest that there is a strong link
between childhood obesity and adult metabolic and
cardiovascular diseases [1]. We have also seen a devel-
oping trend in obesity among children in recent years
[2]. In a study conducted in Iran, the prevalence of
overweight and obesity in children aged 6-18 years
has been estimated at 4% and 10%, respectively, with
regard to the national cut-offs [3]. Differences in edu-
cation, economic status, nutrition, and family knowl-
edge about fitness profits in Iran have contributed to
the prevalence of overweight and obesity across chil-
dren and adolescents [4].

Overweight and obesity result from excess body fat,
which leads to alternations in the physiological re-
sponses among children. On the basis of recent studies,
adipose tissue is known as an active metabolic organ,
able to secrete various hormones, called adipokines or
adipocytokines. Adipokines play a considerable role

in regulating many biological processes, such as energy
metabolism, inflammation, and diseases, including
diabetes, metabolic syndrome, and atherosclerosis [5].
Latest studies have shown that there is a close relation-
ship between adipose tissue-secreted hormones and
obesity and related disorders [6]. Adiponectin and
leptin are two adipokines mostly secreted by adipose
tissue which have distinct effects on different organs,
including the brain, kidney, liver, pancreas, muscle,
and adipose tissue [1].

It is well established that leptin plays an important
role in bone growth and maturation. Leptin effects have
also been observed in hormone disorders such as hy-
pothalamic amenorrhea and eating disorders among
adolescents and young adults. Several studies indi-
cate that there is a direct correlation between serum
leptin levels and obesity [7] and it seems that increased
serum leptin levels are due to leptin receptors resist-
ance in obese subjects [1]. A crucial role of leptin in en-
docrine system regulation, bone density, blood pres-
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sure, immune function, energy homeostasis, and insulin
resistance has been well documented. In addition, lo-
cally, this adipokine contributes to cardiac function
and vascular contractility regulation through a nitric
oxide-independent mechanism, which represents
a significant role of leptin in predicting cardiovascular
disease. Interestingly, a study by Nehus et al. [8] showed
that increased leptin serum levels in children were
associated with chronic kidney diseases.

Adiponectin, a peptide hormone produced and se-
creted by adipocytes, is abundant in circulation and
has an important physiological impact and antiathero-
genic and antidiabetic properties [9]. The hormone
plays a substantial role in glucose regulating, fatty acid
metabolism, and energy homeostasis. Researches have
demonstrated a reverse relationship between adiponec-
tin and adipocytes. Also, adiponectin levels in obese
children are lower than in lean children [10]. The cru-
cial function of leptin in inflammatory mechanisms
and dyslipidaemia is well documented. In addition,
adiponectin plasma levels are reduced in metabolic
diseases, including insulin resistance, type 2 diabetes,
and metabolic syndrome [11]. Novel studies point at
a role of this protein in preventing cardiomyopathy,
atherosclerosis, and endothelial dysfunction [12].

The significance of regular exercise has been proven
in the development of positive adaptations to prevent
and treat obesity. In other words, exercise can lead to
the modulation of metabolic hormones, reduction of
chronic inflammation [13], improvement of body com-
position [14], and prevention of obesity-related diseases
[15]. Physical activity benefits depend on the activity
type, intensity, and duration [16]. Recent studies have
suggested that endurance training affords physical and
mental health to children and adolescents at school
ages [17]. In this regard, it has been reported that mod-
erate-intensity endurance training reduces serum leptin
levels in obese girls. Garanty-Bogacka et al. [13] also
found that moderate-intensity endurance training leads
to an increase of adiponectin levels among obese chil-
dren and adolescents.

Considering the obesity expansion, as well as the
difficult conditions of research in children and ado-
lescents, few studies have been conducted on the role
of physical activity in the health and fitness of children
aged 8-12 years. In addition, no study that would eval-
uate changes in adiponectin and leptin serum levels
and body fat percentage after endurance training has
been reported in Iran. Therefore, regarding the afore-
mentioned literature and the effect of physical activity
on adipose tissue-secreted hormones, we assumed that
moderate-intensity endurance training led to adipokine
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levels modification and body fat percentage improve-
ment. Hence, the present study investigates changes in
adiponectin and leptin concentrations, as well as the
correlation between these hormones and body fat per-
centage and body mass index (BMI) after 12 weeks
of endurance training.

Material and methods
Subjects and screening measurement

The study sample involved 20 obese girls (BMI > 25)
(in accordance with the Centers for Disease Control
and Prevention growth charts) aged 8-12 years. They
were randomly selected after primary registrations.
Then they completed a questionnaire that included
questions regarding personal characteristics, health,

Primary
registration

Subjects

Biochemical Subjects Anthropometric
measurements n=19 measurements

12 weeks, 3 times a week,
moderate-intensity
aerobic training (55-70%
maximum heart rate)

Biochemical Subjects Anthropometric
measurements n=19 measurements

Figure 1. Subjects and study design
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and physical activity history. The criteria for partici-
pation in the current research comprised no history
of hypertension, diabetes, cardiovascular disease, or
any other known medical condition, no use of medical
substances, no experience of regular exercise training,
and no smoking. After screening, 1 participant was
excluded from the research project (Figure 1). The
subjects and their parents were given a detailed ex-
planation of the study purpose and methods.

Training protocol and study design

The paper presents a quasi-experimental study
with a pre-/post-intervention design. The exercise pro-
gram was based on the recommendations of the Ameri-
can College of Sports Medicine and was reviewed by
a specialist physician. First, the maximum heart rate
was determined with the equation by Miller et al. [18]
with 0.81% validity for obese subjects. The girls par-
ticipated in a 12-week endurance training program
(3 sessions per week). The program included a 15-minute
warm-up consisting of jogging and stretching, followed
by 30-minute endurance exercise at 55-70% of maxi-
mum heart rate (the exercise duration increased to
65 minutes at the end of the program); at the end of
each session, there was a cool-down period consisting
of slow running and stretching for 10 minutes. The
subjects were asked to elude any physical activities
that varied from their ordinary routines and not to
modify their diet during the study period.

Anthropometric indices measurement

Anthropometric indices and body composition were
evaluated and recorded before and after the 12 weeks
of moderate-intensity endurance training. To measure
weight (kg) and height (cm), digital scales (Seca, Ger-
many) were used. BMI was calculated (weight in kilo-
grams / height in meters squared), and body fat per-
centage was assessed with a Bodyl.ogic 6030 body
fat analyser (Omron, Korea). Blood pressure and heart
rate were measured with Omron and Polar devices,
respectively.

Nutrition assessment

To control and assess the individuals’ nutrition sta-
tus, we used a self-administered Diet History Ques-
tionnaire. It is a relatively brief food frequency ques-
tionnaire thatincludes a variety of foods and beverage
items, as well as questions about portion sizes and
dietary supplements. The questionnaire was filled in

by the children’s parents once a month. The validity
of the questionnaire has been confirmed in the Irani-
an population [19].

Biochemical indices measurement

Blood samples (3 ml) were collected from the bra-
chial vein in the fasting condition in the morning (09:00)
before and after the 12 weeks of moderate-intensity
endurance training. Then, the blood samples were
placed at room temperature for 10 minutes; when
a blood clot formed, serum was separated from the clot
by centrifugation and stored in a refrigerator at -20°C.
Plasma leptin was measured by using an enzyme-
linked immunosorbent assay (ELISA) kit (EIA-2395,
DRG Diagnostics, Germany). Plasma adiponectin was
assessed with an enzyme-linked immunosorbent assay
(ELISA) kit (K4901-100, BioVision, Germany).

Data analysed

In this study, we analysed changes in plasma leptin
and adiponectin concentrations and the correlation
between the levels of these adipokines and body fat
percentage and BMI after 12 weeks of moderate-inten-
sity endurance training. The statistical analysis of the
data involved means and standard deviations. The
Shapiro-Wilk test was performed in advance to con-
firm the normal distribution of each variable. Changes
between the subjects’ pre- and post-training biochemi-
cal and anthropometric variables were analysed with
a paired t-test. The correlation between variables was
estimated by Pearson correlation coefficients. Changes
were considered statistically significant at p < 0.05.
The statistical analyses were carried out with the SPSS
for Windows software (version 23, PASW Statistics
SPSS, Chicago, IL, USA).

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Human
Subject Internal Review Board Committee of the Urmia
University (Iran).

Informed consent

Informed consent has been obtained from all indi-
viduals included in this study and their parents.
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Results

The subjects’ general characteristics are summa-
rized in Table 1. The physiological characteristics of
the participants at baseline and after 12 weeks of train-
ing are presented in Table 2. The study revealed that
the average leptin level (p = 0.016) and fat percentage
(p = 0.002) were significantly reduced after 12 weeks
of moderate-intensity endurance training, whereas
the average adiponectin levels (p = 0.012) were signifi-
cantly increased. The average BMI (p = 0.115) did not
show any significant changes (Table 2).

There was a reverse correlation between adiponectin
levels and BMI (p = 0.018), body fat percentage (p =
0.015), and leptin levels (p = 0.025). A positive corre-
lation was observed between leptin and BMI (p = 0.010)

Table 1. Basic characteristics of the subjects

Variables Mean *= SD
Age (years) 98 +1.5
Height (cm) 1403 + 7.7
Weight (kg) 494 +11.6
DBP (mm Hg) 65.8 = 10.7
SBP (mm Hg) 120.8 + 23

DBP - diastolic blood pressure
SBP - systolic blood pressure

after 12 weeks of moderate-intensity endurance train-
ing (Table 3).

Discussion

The study analysed the effects of moderate-intensity
endurance training on changes in plasma concentra-
tions of adipocytokines, as well as correlations between
adipocytokine plasma concentration, body fat percent-
age, and BMI in obese children. Our findings show that
body fat percentage significantly decreased (14%) after
12 weeks of moderate-intensity endurance training.
The result was consistent with previous studies [20-22].
It seems that endurance training-induced adaptations,
including increased cell respiration due to oxidative
mitochondrial enzymes capacity increment and higher
oxidation of fatty acids, lead to a reduction in body
fat percentage in overweight children [23].

A positive correlation was observed between leptin
levels and BMI after 12 weeks of moderate-intensity
endurance training. This result was in agreement with
that obtained by Palacios-Gonzalez et al. [24].

The concentration of leptin significantly decreased
(19%) after 12 weeks of moderate-intensity endurance
training, in line with a systematic review and meta-
analysis by Sirico et al. [1]. Previous studies have shown
that overweight and obesity increase leptin receptor

Table 2. Biochemical and anthropometric indices at baseline and after the 12-week training (mean + SD)

Parameter Before training After training p

Leptin (ng/ml) 6.7+ 1.9 5.4 + 2% 0.016
Adiponectin (ug/ml) 7.56 = 2.52 16.08 + 4.84* 0.012
Body mass index (kg/m?) 272 + 4 24.8 +3.8 0.115
Fat (%) 342 + 53 20.4 + 4.4%* 0.002

*p <0.05,** p<0.01

Table 3. Correlation between blood chemistry and anthropometric data

Parameter Coefficient  Leptin changes Adiponectin Body mass index Fat (%) changes
changes changes
. r - 0621 0.577 0.108
Leptin (ng/ml) p - 0.025* 0.010* 0.661
. . r 0621 - ~0.741 0612
Adiponectin (ug/ml) p 0.025* - 0.018* 0.015*
0.577 0741 - 0.163
B i 2 "
ody mass index (kg/m") p 0.010* 0.018* - 0.505
. r 0.108 0612 0.163 -
Fat (%) p 0.661 0.015* 0.505 -
*p<0.05
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resistance, raises serum leptin circulation levels [4].
In the context of this mechanism, one can possibly state
that moderate-intensity endurance training can lead
to a reduction and modulation of leptin serum levels
in children by influencing the overexpression of lep-
tin receptors and improving its function [25]. On the
other hand, with the consideration of the positive rela-
tionship between serum leptin levels and body fat per-
centage [26], it can be indicated that endurance train-
ing reduces leptin serum levels by declining obesity.

Itis also our finding that there is a negative correla-
tion between adiponectin levels and body fat percent-
age and BMI after 12 weeks of moderate-intensity en-
durance training. This corroborates a study by Jeon
et al. [27]. We observed that adiponectin concentra-
tions significantly increased (112%) after 12 weeks of
moderate-intensity endurance training, which is in line
with a study by Linares-Segovia et al. [28], a systematic
review and meta-analysis by Garcia-Hermoso et al. [5],
and a paper by Sirico et al. [1]. Adipose tissue is known
as an organ that produces adiponectin and secretes it
into the systemic circulation. On the other hand, pre-
vious evidence along with this study suggest a reverse
relationship between body fat percentage and adiponec-
tin levels: overweight and obesity result in a reduction
of adiponectin serum concentrations. In accordance
with the results, one can state that moderate-intensity
endurance training decreases body fat percentage,
modifies adipose tissue hormones, and increases adi-
ponectin secretion.

In the presented study, BMI did not significantly
decrease (5%) after 12 weeks of moderate-intensity en-
durance training. This result conforms with that ob-
tained by Santos Silva et al. [29]. Since changes in BMI
are associated with body growth and muscle mass,
BMI alone would not be the best way to assess the ef-
fects of physical changes after exercise intervention
in children and adolescents [29]. Thus, considering
the results of the present and previous studies, we
can assert that moderate-intensity endurance training
can play a vital role in improving the body composition
of overweight children.

Limitation

In the context of the age of the subjects in this study
and puberty-induced physiological changes, the ab-
sence of a control group was an important limitation.
Also, owing to the biological differences in this age
group (8-12 years), especially among girls, further stud-
ies investigating this age range are recommended.

Conclusions

Generally, considering the adipocytokine improve-
ment and body fat percentage reduction observed in
this study, one can state that moderate-intensity en-
durance training has a role in the prevention of obe-
sity-related diseases such as metabolic and cardiovas-
cular disease.
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