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Abstract: Background and Objectives: Irisin is an adipo-myokine with potential metabolic effects in the
body, and its association with childhood obesity is still controversial. This study aimed to investigate
the relationship between serum irisin levels and anthropometric parameters, body composition,
metabolic profiles, leptin, and adiponectin in obese and normal-weight children. Methods: The
study sample consisted of a total of 80 children aged 6-10, including 44 obese children (BMI > 97th
percentile) and 36 normal-weight children. Anthropometric parameters were measured. Body compo-
sition was determined with the use of the Bioelectrical Impedance Analysis (BIA) method. Metabolic
profiles, as well as irisin, leptin, and adiponectin levels, were analyzed. Results: Anthropometric
parameters and body composition were found to be significantly different between the obese and
normal-weight groups (p < 0.05). Fasting blood glucose, insulin, HOMA-IR, and leptin levels were
found to be significantly higher in the obese group, while the normal-weight group had significantly
higher HDL cholesterol and adiponectin levels (p < 0.05). Serum irisin levels did not differ between
the obese and normal-weight groups, or based on sex, vitamin D levels, and insulin resistance status.
There was also no statistically significant correlation between serum irisin levels and anthropometric
parameters, metabolic profile, leptin, and adiponectin. Conclusions: The study concluded that the
obese children who participated in this study had high leptin levels and low adiponectin levels, with
no significant difference in the irisin levels between the groups. More comprehensive clinical studies
are needed to investigate the relationship between irisin and adipokines in children.
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1. Introduction

The prevalence of obesity is constantly increasing in both developed and developing
countries [1]. This prevalence has shown more than a four-fold increase in children and
adolescents in the last four decades [2]. Childhood obesity usually persists into adult-
hood and leads to several chronic diseases, such as insulin resistance, type 2 diabetes
mellitus, dyslipidemia, hypertension, cardiovascular diseases, and non-alcoholic fatty liver
disease [3]. Although the etiology of obesity is complex, one of the key factors in its devel-
opment is the long-term dysregulation of energy balance, involving increased energy intake
and/or decreased energy expenditure. Therefore, understanding the regulation of energy
homeostasis is crucial to prevent obesity and its complications [4]. Recently, adipose tissue
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and skeletal muscle-derived cytokines, also known as adipokines and myokines, have
gained more recognition in the prevention and treatment of obesity and its complications
as they play a role in the regulation of energy metabolism [5].

Irisin is an exercise-induced adipo-myokine that regulates energy homeostasis [6].
It is a thermogenic protein that increases the synthesis of uncoupling protein 1 (UCP-1)
and causes energy consumption by converting white adipose tissue into brown adipose
tissue [7,8]. Given that it is a thermogenic agent, irisin has the potential to reduce obesity
and its complications and improve metabolic status [9]. The relationship between irisin
and obesity in children is still debated [10]. The association of irisin with anthropomet-
ric measurements and biochemical markers of obesity has been reported as positive in
some studies [11-15], negative in some studies [16,17], and nonexistent or insignificant in
others [18-20].

Irisin could be linked to other regulatory hormones such as adipokines, and this
association may be intertwined in the maintenance of metabolic status [21]. Leptin and
adiponectin are some of the main adipokines with roles in body composition, energy
homeostasis, and insulin sensitivity [22]. It was reported that leptin can stimulate irisin
secretion by modulating muscle metabolism, and irisin can stimulate adiponectin secretion
via thermogenesis by promoting the browning of adipocytes [23]. Studies associating
irisin concentrations with different adipokines in the pediatric population are limited and
provide contradictory results [10]. Different studies have revealed a positive association
between irisin and leptin [11,24], a negative relationship of irisin with leptin [21] and
adiponectin [11], and no correlation between irisin with leptin [25] and adiponectin [24].
The reciprocal relationship between adipokines and irisin secreted from skeletal muscle
tissue may have a significant function in the treatment of obesity. However, the interplay
between irisin and adipokines is still scarcely described in the pediatric population [20].

Childhood is an important period of maturation and development in terms of behav-
ioral habits, hormones, and body composition [17]. Due to the increasing prevalence of
obesity and its serious complications, identifying potential biomarkers that can be used in
determining obesity and its complications and understanding the associated mechanisms
is necessary and important for prevention/treatment strategies [26,27]. This is why, in this
study, we aimed to investigate the relationship between serum irisin levels and anthropo-
metric parameters, body composition, metabolic profiles, leptin, and adiponectin in obese
and normal-weight children.

2. Materials and Methods
2.1. Subjects

This case-control study included a total of 80 children aged 6-10; 46 girls and 34 boys,
who were brought to the Pediatric Endocrinology Outpatient Clinic of Istanbul Medipol
University Mega Hospital. This age group was selected for the sample to minimize the
hormonal effects of puberty. The case group included 44 obese children (BMI > 97th
percentile), while the control group included 36 normal-weight children at the same ages
(15th < 85th percentile). The sample included children who did not have chronic hepatic or
renal diseases, had not used vitamin D, calcium, and/or multivitamin supplements in the
last three months, and did not have obesity that developed due to syndromic or endocrine
causes. Children who did not meet these criteria, those who did not agree to participate in
the study, and those who were not Turkish were excluded.

2.2. Anthropometric Measurements and Body Composition Analyses

Anthropometric measurements and body composition analyses were carried out by
the researchers in person.

Weight, height, and Body Mass Index: Weight and height measurements of the children
were taken when they were wearing light clothes and no shoes. Height was measured
with the head on the Frankfurt plane, feet were touching each other at the heels, and back,
buttocks, and heels in contact with the wall, using a stadiometer as children were instructed
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to take a deep breath. Weight was measured using an Inbody 520 brand body analysis
device. Body mass index (BMI) was calculated with the formula: “weight (kg)/[height
(m)]?>” (kg/m?). Children with a BMI > 97th percentile were considered obese, and
those with a BMI = 15th < 85th percentile were considered as having normal weight [28].
Percentile values were calculated using the WHO Antro Plus program [29].

Circumference measurements: All measurements were taken by the researcher using
an inelastic tape measure in a standardized manner. Waist circumference measurements
were taken without compressing tissues, with the tape measure parallel to the floor. The
child stood upright in their underwear, with both arms in a relaxed position and both
legs touching, and were measured from the middle point marked between the lowest rib
and the crista iliaca. Hip circumference measurements were made standing on the side
while the child stood upright, from the most prominent part of the gluteal region, with
the tape measure parallel to the floor [30]. Neck circumference, considered as important
as waist circumference, in terms of showing the amount of upper body fat accumulation,
was measured with the child standing upright, in a standardized manner, at the level of the
superior edge of the cricothyroid membrane [31].

Skinfold thickness: To determine total body fat mass and lean body mass, skinfold
thicknesses were measured using a Holtain brand skinfold caliper. The triceps skinfold was
measured from the middle point between the acromion and the olecranon, with the child
standing upright with arms in a relaxed position. The subscapular skinfold was measured
was measured at the inferior angle of the scapula in the skinfold axis. Each measurement
was taken 3 times, and the average value of the 3 measurements was recorded [30].

Body composition analysis: The body composition of each child (body fat mass, skeletal
muscle mass, lean body mass, body water, body fat ratio) was determined using the
bioelectric impedance method, using an Inbody 520 brand body analysis device. To ensure
the conditions necessary for bioelectric impedance measurements, each participant did not
perform intense physical activity within 24 h before the measurements, fasted for at least
4 h beforehand, did not drink water before the test, and did not have tea, coffee, or coke for
at least 4 h [30].

2.3. Sample Collection and Laboratory Analyses

Blood samples were collected from all children who participated in the study, following
8-12 h of fasting. From the collected samples, sera were obtained using the centrifuga-
tion method. Within the same day, 25 hydroxy vitamin D, total calcium, phosphorus,
alkaline phosphatase, parathyroid hormone, serum fasting blood glucose, insulin, total
cholesterol, triglyceride, LDL cholesterol, and HDL cholesterol parameters were studied
from the serum samples. All measurements were made at the Biochemistry Laboratories of
Istanbul Medipol University Mega Hospital using commercially purchased kits, the Roche
Cobas® 6000 ce modular system, and the ECLIA (electrochemiluminescence immunoassay)
method [32].

The measured vitamin D levels were defined to indicate “deficiency” when below
15 ng/mL, “insufficiency” when in the range of 15-19.9 ng/mL, and “normal values” when
equal to or greater than 20 ng/mL [33]. In both groups, HOMA-IR (homeostasis model
assessment of insulin resistance) was used as an indicator of insulin resistance, and was
calculated using the formula = [fasting insulin (tU/mL] x fasting glucose (mg/dL)/405].
HOMA-IR > 2.5 was defined as having insulin resistance [34].

A part of the serum samples obtained from the collected blood samples was stored at
—80 °C. Serum irisin, leptin, and adiponectin levels were measured at the Biochemistry
Laboratories of the Faculty of Medicine at Marmara University with the ELISA method,
using specific kits for each hormone. Irisin was measured using the Phoenix Pharmaceuti-
cals Irisin (Human, Rat, Mouse) ELISA kit [35], leptin was measured using the Millipore
Human Leptin ELISA kit [36], and adiponectin was measured using the Alpco Diagnostics
Total Adiponectin ELISA and HMW & Total Adiponectin ELISA kits [37], based on the
instructions provided by their manufacturers.
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2.4. Statistical Analysis

The collected data were analyzed using the SPSS 20.0 (SPSS, Inc., Chicago, IL, USA)
statistical package program. Mean, standard deviation, median, minimum, and maximum
values of quantitative data, and frequency and percentage values of qualitative data, were
calculated and tabulated. The Kolmogorov-Smirnov test was used for the obese and control
groups separately, to test whether their data were normally distributed. Categorical data
were analyzed using Pearson’s chi-squared tests, and normally distributed qualitative
data were compared using Student’s t-test. The Mann-Whitney U and Kruskal-Wallis tests
were used to compare non-normally distributed qualitative data. The Pearson correlation
coefficient was used to investigate the relationships between variables. The threshold
p-value for statistical significance was set at 0.05 [38].

3. Results

The ages of the children included in the study were in the range of 6-10 years, with a
mean age of 8.4 £ 1.54. 42.5% of the children were male, while 57.5% were female.

3.1. Anthropometric Parameters and Body Composition

The anthropometric parameters and body composition analysis results of the obese
and control groups are given in Table 1. Values for weight, BMI, waist circumference,
waist/height ratio, neck circumference, hip circumference, subscapular skinfold thickness,
triceps skinfold thickness, muscle mass, body fat mass, and body fat ratio (%) were found
to be significantly higher in the obese group (p < 0.05).

Table 1. Anthropometric parameters and body compositions of the obese and control groups.

Obese (n=44) Control (n = 36)

Parameters - - t 4
X£SD X=£SD

a Age (years) 8.4+ 148 8.3 £1.63 0.379 0.703
a BMI (kg/mz) 23.6 +3.21 16.8 +£2.22 11.244 0.000 *
@ Waist circumference (cm) 81.0 + 8.82 622 +721 10.277 0.000 *
P Neck circumference (cm) 312+ 217 27.0 £1.59 —6.739 0.000 *
2 Hip circumference (cm) 86.7 + 8.69 704 £7.31 8.959 0.000 *
@ Waist/height ratio 0.6 + 0.05 0.5+ 0.03 11.379 0.000 *
2 Triceps SFT (mm) 23.8 £343 13.2 +3.78 13.125 0.000 *
@ Subscapular SFT (mm) 18.1 £4.35 8.0 £2.80 12.074 0.000 *
@ Muscle mass (kg) 15.1 +£3.39 12.1 £3.12 4.020 0.000 *
@ Fat mass (kg) 16.3 £5.35 54 +£257 11.971 0.000 *
2 Fat ratio (%) 354 £7.52 18.0 +5.90 11.039 0.000 *

a Gtudent’s t-test; P Mann-Whitney U test; * p < 0.05, - t-Value is given for Student’s t-test, and Z-value is given for
Mann-Whitney U test.

3.2. Metabolic Profile

While cholesterol, LDL cholesterol, 25 (OH) vit D3, calcium, phosphorus, ALP, and
PTH values did not significantly differ between the two groups, fasting blood glucose,
insulin, and HOMA-IR values were significantly higher in the obese group, whereas HDL
and cholesterol values were significantly higher in the control group (p < 0.05) (Table 2).

According to their HOMA-IR values, 54.5% of the children in the obese group and
5.6% of those in the control group had insulin resistance. The difference between these rates
was statistically significant (p = 0.000). Vitamin D was deficient in 13.6% of the children in
the obese group, insufficient in 20.5%, and sufficient in 65.9%. Moreover, vitamin D was
deficient in 5.6% of the children in the control group, insufficient in 30.5%, and sufficient
in 63.9%. There was no significant difference between the groups in terms of their serum
vitamin D levels (p = 0.348).
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Table 2. Metabolic profiles of the obese and control groups.
Obese (n=44) Control (n = 36)
Parameters - - tIZ p
X+ SD X+ SD
 Fasting blood glucose 92.2 + 6.62 87.7 +7.10 2.931 0.004 *
(mg/dL)

a Insulin (Tu/mL) 13.2 +£9.12 6.2 +6.12 4.722 0.000 *
a HOMA-IR 3.0 +212 14+134 4.717 0.000 *
2 Triglyceride (mg/dL) 92.4 + 46.02 60.1 4 31.51 3.406 0.001 *

b Cholesterol (mg/dL) 162.6 + 23.80 166.9 £ 26.11 0.758 0.451
b HDL cholesterol (mg/dL) 50.8 4+ 10.85 64.3 + 15.69 4.484 0.000 *

2 LDL cholesterol (mg/dL) 98.0 £+ 21.97 94.4 + 19.66 1.105 0.269
425 OH vit D3 (ng/mL) 26.5 + 16.54 23.5 4+ 8.08 0.208 0.835

b Ca (mg/dL) 9.7 £0.36 9.8 +£0.29 0.845 0.401

bp (mg/dL) 49 + 0.50 49+ 043 0.727 0.470

aALP (U/L) 227.0 + 52.46 191.7 4+ 59.07 1.058 0.290

b Leptin (ng/mL) 14.6 + 8.40 2.7 +£2.38 4.424 0.000 *

@ Adiponectin (ng/mL) 6.3+1.91 8.6 £2.50 —4.424 0.000 *

a Gtudent’s t-test; P Mann-Whitney U test; * p < 0.05; t-Value is given for Student’s t-test, and Z-value is given for
Mann-Whitney U test.

3.3. Serum Leptin and Adiponectin Levels

The children in the obese group had significantly higher leptin levels and lower
adiponectin levels than those in the control group (p < 0.05) (Table 1). Leptin and adiponectin
levels did not differ based on sex or vitamin D classifications (p > 0.05). The mean leptin lev-
els were 5.5 £ 3.28 ng/mL in the children without insulin resistance and 16.4 + 8.25 ng/mL
in those with insulin resistance (p = 0.000). The mean adiponectin levels were
8.0 £ 2.56 ug/mL in the children without insulin resistance and 6.2 + 1.79 pg/mL in
those with insulin resistance (p < 0.05).

3.4. Serum Irisin Serum Levels

The mean serum irisin level of the children in the obese group (7.2 £ 1.99 ng/mL)
and the mean serum irisin level of those in the control group (7.1 &+ 1.87 ng/mL) were not
significantly related to their sex, HOMA-IR, or vitamin D classification (p > 0.05) (Figure 1).

3.5. Correlations between Serum Irisin with Anthropometric Parameters, Body Composition,
Metabolic Profile, Leptin, and Adiponectin

No statistically significant relationship was found between the serum irisin levels
of the children and their anthropometric parameters, body composition analysis results,
metabolic profile, leptin, or adiponectin values (p > 0.05) (Table 3).

Table 3. Correlations of the serum irisin levels of the obese and control groups with their anthropo-
metric parameters, body composition, metabolic profile, leptin, and adiponectin values (r).

Obese Control
Parameters
r p r p

Age (years) —0.212 0.166 —0.113 0.530
Body mass index (kg/mz) —0.098 0.526 —0.012 0.947
Waist circumference (cm) —-0.197 0.200 —0.189 0.293
Neck circumference (cm) —0.274 0.072 —0.037 0.839
Hip circumference (cm) —0.138 0.372 —0.155 0.388
Waist/height ratio -0.177 0.250 —0.074 0.682
Triceps SFT (mm) —0.105 0.499 —0.282 0.111
Subscapular SFT (mm) —0.212 0.168 —0.068 0.707

Muscle mass (kg) —0.180 0.243 —0.017 0.926
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Table 3. Cont.
Obese Control
Parameters
r y r p
Fat mass (kg) —0.076 0.622 —0.263 0.139
Fat ratio (%) —0.236 0.122 —0.279 0.116
Fasting blood glucose (mg/dL) 0.131 0.408 —0.058 0.746
Insulin (IU/mL) 0.114 0.478 —0.173 0.335
HOMA-IR 0.097 0.548 -0.173 0.336
Triglyceride (mg/dL) 0.131 0.410 —0.022 0.908
Cholesterol (mg/dL) —0.126 0.428 0.106 0.559
HDL cholesterol (mg/dL) —0.026 0.869 —0.039 0.828
LDL cholesterol (mg/dL) —0.142 0.375 —0.044 0.811
Vitamin D (ng/dL) 0.160 0.298 —0.261 0.142
Calcium (Ca) (mg/dL) 0.233 0.142 —0.030 0.869
Phosphorus (P) (mg/dL) —0.046 0.782 0.031 0.866
ALP (U/L) 0.019 0.933 —0.757 0.243
PTH (pg/mL) 0.065 0.732 —0.106 0.563
Leptin (ng/mL) —0.006 0.969 —0.311 0.078
Adiponectin (ng/mL) 0.273 0.088 —0.035 0.847
14.00° 14.00
12.00 = 12.00~ == -
T 10.00 = T 10.00
D B
£ s.00 o105 7408187 £ 800 7.40t2.18 7.00£1.74
= £
£ 6.00 l E. 6.00 JI— l
4.00~ L 4.00 -
2.00 2.00
0.00 : 1 EX0.08 208 | T e
Obese Control Boy Girl
A. Gro B. Sex
14.00 14.00~
12.00~ — — 12.00~ — —
? 10.00 ? 10.00 ==
a 4+ .a [ 1+
£ 8.00 7.00£1.93 — £ 8.00 »!— 7.51.91 — 6.90£1.71
£ £ i —
2 6.00 : 2 6.00° = - -
= -+ = }
4.00 4.00
2.00 2.00
0.00 1 \ s 0.00 I , oo
HOMA<2.5 HOMA=>2.5 Deficiency Inadequate Adequate

C. HOMA Classification

D. Vitamin D Classification

Figure 1. Mean and standard deviation values of irisin levels in the obese and control groups

distributed based on certain parameters. (A) Serum irisin levels compared based on obesity status
(p = 0.718, t = 0.363, t-test). (B) Serum irisin levels compared based on sex (p = 0.377, t = 0.888,
t-test). (C) Serum irisin levels compared based on HOMA-IR classification (p = 0.277, t = —1.095,
t-test). (D) Serum irisin levels compared based on vitamin D level classification (p = 0.311, x% =2.336,

Kruskal-Wallis test).
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4. Discussion

The results of this case-control study demonstrated that serum irisin levels did not
significantly differ between obese and normal-weight children. Irisin levels also did
not have significant relationships with anthropometric parameters, body composition,
metabolic profiles, leptin, or adiponectin.

In a meta-analysis investigating the relationship between irisin and obesity, over-
weight/obese individuals were generally determined to have higher irisin levels in cir-
culation, although some of the examined studies provided different results. In subgroup
analyses conducted based on ethnic origin, it was observed that irisin levels were higher in
the obese group compared to the control group only in African participants, but there were
no significant differences between the obese and control groups in European, Asian, or
American samples [27]. It is suggested that elevated irisin levels in circulation in obesity are
caused by the development of irisin resistance as an adaptive and compensatory response
to metabolic dysfunction caused by obesity [39]. In this study, serum irisin levels did not
significantly differ between the obese and control groups, similar to the results of other
studies in the literature [18-20]. Moreover, in this study, there was no significant relation-
ship between irisin and adiposity indicators (BMI, waist circumference, neck circumference,
waist/height ratio, triceps skinfold thickness, subscapular skinfold thickness, fat mass (kg),
fat ratio (%)) in the obese and control groups. The conflicting results of studies examining
the relationship between irisin and obesity in children and adolescents may originate from
differences in the ethnicities, ages, physiological parameters, and weight categories (normal
weight or obese) of their participants.

Muscle mass is considered to be the main determinant of irisin levels in circulation
under normal metabolic conditions, and skeletal muscle mass and irisin levels are expected
to have a positive relationship [40]. Studies on the relationship between irisin and lean body
mass revealed a positive relationship in Korean children [11] and a negative relationship in
German children [41]. In this study, similar to the results of other studies [12,13,42,43], no
significant relationship was found between irisin and muscle mass in obese and normal-
weight children. The studies that found a relationship between irisin levels and muscle
mass [11,41] were performed on adolescents, suggesting that puberty may be a potential
determining factor in the relationship between irisin and muscle mass. The fact that
the present study was conducted on prepubertal children, may explain the absence of a
significant relationship between irisin and muscle mass parameters.

It was reported that irisin levels may differ between the sexes, as male and female
children have different distributions and ratios of skeletal muscle, adipose tissue, and other
body components [20]. Although Al-Daghri et al. [24] and Li Zhang et al. [15] determined
higher levels of irisin in female children compared to male children, other studies have
usually found no significant relationship between sex and irisin levels [11,12,16,18,44].
Likewise, in this study, irisin levels did not show a significant difference between male and
female children. Additionally, like other results in the literature, there was no significant
relationship found between age and irisin levels [17,18,21].

Irisin has potentially multiple favorable effects on glucose homeostasis and insulin
resistance by increasing energy consumption, promoting glucose intake and glycogenolysis,
and lowering gluconeogenesis [45]. In a meta-analysis of studies on the relationship
between irisin and metabolic parameters in non-obese and non-diabetic adults, irisin levels
were discovered to be positively and significantly associated with fasting blood glucose
and HOMA-IR values [46]. On the other hand, in children, the relationship between
irisin and parameters including insulin resistance and disrupted glucose metabolism
has not been completely understood yet [10]. Al-Daghri et al. [24] showed a negative
relationship between irisin levels and HOMA-IR values in female children. In contrast, a
positive relationship between irisin levels, parameters of insulin resistance, and HOMA-IR
has been identified [12,19,25]. In contrast to Different from these results, no significant
relationship has been observed between irisin and glucose metabolism parameters in
pediatric patients with type 2 diabetes and metabolic syndrome [47], both with or without
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insulin resistance [48], and severely obese children and adolescents [24]. In this study,
although glucose parameter values were higher in the obese group compared to the control
group, it was determined that irisin had no significant relationship to fasting blood glucose,
insulin, or HOMA-IR in either group. Furthermore, irisin levels of the children who were
included in this study did not differ depending on their status of insulin resistance. Despite
the argument that irisin in circulation can modulate energy consumption in adults with
altered /disrupted glucose metabolism, it was stated that this compensatory mechanism
may be different, especially in preadolescent children who have a smaller muscle mass
compared to adults [10].

It has been argued that irisin can influence lipid synthesis through steroidogenesis,
and irisin secretion can be triggered in cases of hyperlipidemia to bring altered metabolism
to its previous state [11]. On the other hand, in a meta-analysis of studies including non-
obese and non-diabetic adults, irisin was not found to have any significant relationship
to total cholesterol, HDL cholesterol, or LDL cholesterol [46]. Regarding children, the
relationship between irisin levels in circulation and lipid profiles has been examined in
various studies, and inconsistent findings have been obtained. Some studies on children
revealed positive relationships between irisin and triglyceride, total cholesterol, and LDL
cholesterol levels [11,12,19,44,49], whereas others showed negative relationships between
irisin and triglyceride levels [17,21], and between irisin and HDL cholesterol levels [24].
However, Elizondo-Montemayor et al. [13] did not identify a relationship between irisin
and lipid profiles. Similarly, in this study, no statistically significant relationship was found
between the children’s lipid profiles and their irisin levels. Although the lipid profile
parameter values of the obese children in this study were higher than those of the control
group, the lack of a significant relationship between lipid profiles and irisin may be related
to the lack of a significant relationship between irisin and obesity.

As both irisin and vitamin D are important modulators of the musculoskeletal system
and energy homeostasis, in recent years, a relationship between vitamin D and irisin levels
has been assumed [50]. The number of studies investigating this relationship in children is
limited, and no significant relationship has been found between irisin and 25(0OH) vitamin
D levels in healthy children [51] or obese children [26]. Similarly, in this study, there was
no significant relationship between the irisin levels of the children in both groups and their
vitamin D levels. The lack of such a relationship may be associated with the fact that most
of the children included in this study had sufficient vitamin D levels. Very little is known
about the physiological relationship between irisin and vitamin D metabolism in children,
and more clinical studies are needed to shed light on the underlying mechanisms.

There are few clinical studies on the relationship between irisin and adipokines in
children, and their results are inconsistent [10]. Irisin levels in circulation and leptin
levels were determined to have a positive relationship among Korean children [17], a
negative relationship among Mexican children [21], and no significant relationship among
Turkish children [25]. Irisin and adiponectin were found to show negative relationships
in Italian [48] and Korean children [17], whereas no significant relationship was identified
in Arab children [24]. In this study, irisin levels were also not significantly associated
with leptin or adiponectin levels. Moreover, the obese children and those with insulin
resistance in this study had higher leptin levels and lower adiponectin levels. These
results were compatible with the relevant literature [52,53], suggesting that, compared to
irisin, leptin and adiponectin may be more sensitive parameters in cases of obesity and
insulin resistance.

This study had some limitations. First, our results came from a case-control design
that did not allow causality statements. Second, the study had a relatively small sample
size. Third, potential factors associated with irisin, such as exercise and diet, were not
evaluated. Future studies with more potential factors and larger numbers of participants
are needed to confirm our results.

Despite some limitations, the strengths of this study include the fact that it examined
irisin, anthropometric measurements, and body composition multidimensionally (circum-
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ference measurements, skinfold thickness, body composition analyses). Additionally, the
relationships between irisin, leptin, adiponectin, and vitamin D, where there is limited in-
formation in children, were comparatively investigated. We believe that this study can add
new evidence to the understanding of the relationships between irisin, adiponectin, leptin,
and vitamin D, all of which are potential biomarkers that can be used in the diagnosis and
treatment of childhood obesity.

5. Conclusions

In this study, it was determined that children in the obese group had high leptin levels
and low adiponectin levels, and there was no significant difference between the irisin
levels of the two groups. Moreover, irisin levels were not observed to have a significant
relationship with anthropometric parameters, body composition analysis results, metabolic
profiles, leptin, or adiponectin values in obese and normal-weight children. Further studies
with larger samples examining potential factors associated with irisin levels are needed to
determine the role of irisin in the pediatric population.

Author Contributions: Conceptualization, K.E. and N.S.; Methodology, K.E., N.S., S.B., G.U. and
PY.; Software, K.E. and P.Y.; Validation, K.E. and P.Y.; Formal Analysis, K.E., N.S., S.B. and G.U,;
Investigation, K.E., N.S. and S.B.; Resources, K.E., N.S. and S.B.; Data Curation, K.E. and PY.;
Writing—Original Draft Preparation, K.E. and N.S.; Writing—Review and Editing, K.E., N.S., S.B.,
G.U. and PY;; Visualization, K.E. and N.S; Supervision, N.S.; Project Administration, K.E. and N.S,;
Funding Acquisition, K.E. and N.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This study is supported by TUBITAK (The Scientific and Technological Research Council
of Turkey) with project number 2145372.

Institutional Review Board Statement: This study was conducted in line with the principles of the
Declaration of Helsinki. The ethical approval of the study was obtained from Istanbul Medipol
University Non-Invasive Clinical Studies Ethics Committee, with the decision coded 10840098 and
numbered 61 (21 March 2014).

Informed Consent Statement: Participants were informed about the purpose of the study, and their
informed consent was obtained before the questionnaire.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, KE, upon reasonable request.

Acknowledgments: We thank all participants for their support. The authors would like to acknowl-
edge Erdal Servet Adal for his guidance and expertise in this work.

Conflicts of Interest: All authors declare that they have no conflict of interest.

References

1.  Jebeile, H; Kelly, A.S.; O'Malley, G.; Baur, L.A. Obesity in children and adolescents: Epidemiology, causes, assessment, and
management. Lancet Diabetes Endocrinol. 2022, 10, 351-365. [CrossRef] [PubMed]

2. World Health Organization (WHO). Obesity and Overweight. 2023. Available online: https://www.who.int/news-room/fact-
sheets/detail /obesity-and-overweight (accessed on 15 August 2023).

3. Apperley, L.J.; Blackburn, J.; Erlandson-Parry, K.; Gait, L.; Laing, P.; Senniappan, S. Childhood obesity: A review of current and
future management options. Clin. Endocrinol. 2022, 96, 288-301. [CrossRef] [PubMed]

4. Lin, X,; Li, H. Obesity: Epidemiology, pathophysiology, and therapeutics. Front. Endocrinol. 2021, 12, 706978. [CrossRef] [PubMed]

5. Tok, O,; Kisioglu, S.V,; Ersoz, H.0.; Kahveci, B.; Goktas, Z. Effects of increased physical activity and/or weight loss diet on serum
myokine and adipokine levels in overweight adults with impaired glucose metabolism. J. Diabetes Complicat. 2021, 35, 107892.
[CrossRef] [PubMed]

6.  El Gheit, RE.A.; Younis, R.L.; El-Saka, M.H.; Emam, M.N.; Soliman, N.A.; El-Sayed, R.M.; Hafez, Y. M.; AbuoHashish, N.A;
Radwan, D.A.; Khaled, H.E.; et al. Irisin improves adiposity and exercise tolerance in a rat model of postmenopausal obesity
through enhancing adipo-myocyte thermogenesis. J. Physiol. Biochem. 2022, 78, 897-913. [CrossRef]

7. Bostrom, P; Wu, J.; Jedrychowski, M.P; Korde, A.; Ye, L.; Lo, J.C.; Rasbach, K.A.; Bostrom, E.A.; Choi, ]. H.; Long, ].Z.; et al. A

PGC1-a-dependent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature 2012, 481, 463-468.
[CrossRef]


https://doi.org/10.1016/S2213-8587(22)00047-X
https://www.ncbi.nlm.nih.gov/pubmed/35248172
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1111/cen.14625
https://www.ncbi.nlm.nih.gov/pubmed/34750858
https://doi.org/10.3389/fendo.2021.706978
https://www.ncbi.nlm.nih.gov/pubmed/34552557
https://doi.org/10.1016/j.jdiacomp.2021.107892
https://www.ncbi.nlm.nih.gov/pubmed/33685795
https://doi.org/10.1007/s13105-022-00915-3
https://doi.org/10.1038/nature10777

Medicina 2023, 59, 1954 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

Liu, S.; Cui, F;; Ning, K.; Wang, Z.; Fu, P.; Wang, D.; Xu, H. Role of irisin in physiology and pathology. Front. Endocrinol. 2022, 13,
962-968. [CrossRef] [PubMed]

Arhire, L.I; Mihalache, L.; Covasa, M. Irisin: A hope in understanding and managing obesity and metabolic syndrome. Front.
Endocrinol. 2019, 10, 524. [CrossRef]

Elizondo-Montemayor, L.; Mendoza-Lara, G.; Gutierrez-DelBosque, G.; Peschard-Franco, M.; Nieblas, B.; Garcia-Rivas, G.
Relationship of circulating irisin with body composition, physical activity, and cardiovascular and metabolic disorders in the
pediatric population. Int. J. Mol. Sci. 2018, 19, 3727. [CrossRef]

Jang, H.B.; Kim, H.J.; Kang, ].H.; Park, S.I; Park, K.H.; Lee, H.]. Association of circulating irisin levels with metabolic and
metabolite profiles of Korean adolescents. Metabolism 2017, 73, 100-108. [CrossRef]

Binay, C.; Paketci, C.; Giizel, S.; Samanci, N. Serum irisin and oxytocin levels as predictors of metabolic parameters in obese
children. J. Clin. Res. Pediatr. Endocrinol. 2017, 9, 124. [CrossRef] [PubMed]

Elizondo-Montemayor, L.; Silva-Platas, C.; Torres-Quintanilla, A.; Rodriguez-Lépez, C.; Ruiz-Esparza, G.U.; Reyes-Mendoza,
E.; Garcia-Rivas, G. Association of irisin plasma levels with anthropometric parameters in children with underweight, normal
weight, overweight, and obesity. Biomed. Res. Int. 2017, 2017, 2628968. [CrossRef] [PubMed]

Dokumacioglu, E.; Iskender, H.; Sahin, A.; Erturk, E.Y.; Kaynar, O. Serum levels of nesfatin-1 and irisin in obese children. Eur.
Cytokine Netw. 2020, 31, 39-43. [CrossRef]

Zhang, L.; Peng, X.; Wang, Y.; Cao, R; Zhang, Z.; Fu, L. What is the relationship between body mass index, sex hormones, leptin,
and Irisin in children and adolescents? A path analysis. Front. Pediatr. 2022, 10, 823424. [CrossRef]

Ulualan, G.; Kiiskii Kiraz, Z.; Kirel, B. Relation of serum irisin levels to obesity and non-alcoholic fatty liver disease. Turk. J.
Pediatr. 2022, 64, 246-254. [CrossRef]

Shim, Y.S.; Kang, M.].; Yang, S.; Hwang, LT. Irisin is a biomarker for metabolic syndrome in prepubertal children. Endocr. J. 2018,
65,23-31. [CrossRef]

Bliiher, S.; Panagiotou, G.; Petroff, D.; Markert, ].; Wagner, A.; Klemm, T.; Filippaios, A.; Keller, A.; Mantzoros, C.S. Effects of a
1-year exercise and lifestyle intervention on irisin, adipokines, and inflammatory markers in obese children. Obesity 2014, 22,
1701-1708. [CrossRef]

Reinehr, T.; Elfers, C.; Lass, N.; Roth, C.L. Irisin and its relation to insulin resistance and puberty in obese children: A longitudinal
analysis. J. Clin. Endocrinol. Metab. 2015, 100, 2123-2130. [CrossRef]

Wu, C.Z,; Chu, N.E; Chang, L.C.; Cheng, C.W.; Lin, Y.F; Pei, D.; Fang, T.C.; Chen, J.S. The relationship of irisin with metabolic
syndrome components and insulin secretion and resistance in schoolchildren. Medicine 2021, 100, e24061. [CrossRef] [PubMed]
Gonzalez-Gil, A.M.; Peschard-Franco, M.; Castillo, E.C.; Gutierrez-DelBosque, G.; Trevifio, V.; Silva-Platas, C.; Perez-Villarreal, L.;
Garcia-Rivas, G.; Elizondo-Montemayor, L. Myokine-adipokine cross-talk: Potential mechanisms for the association between
plasma irisin and adipokines and cardiometabolic risk factors in Mexican children with obesity and the metabolic syndrome.
Diabetol. Metab. Syndr. 2019, 11, 1-16. [CrossRef]

Khalafi, M.; Sakhaei, M.H.; Kheradmand, S.; Symonds, M.E.; Rosenkranz, S.K. The impact of exercise and dietary interventions
on circulating leptin and adiponectin in individuals who are overweight and those with obesity: A systematic review and
meta-analysis. Adv. Nutr. 2023, 14, 128. [CrossRef] [PubMed]

Kurose, S.; Onishi, K.; Takao, N.; Miyauchi, T.; Takahashi, K.; Kimura, Y. Association of serum adiponectin and myostatin levels
with skeletal muscle in patients with obesity: A cross-sectional study. PLoS ONE 2021, 16, €0245678. [CrossRef] [PubMed]
Al-Daghri, N.M.; Alkharfy, KM.; Rahman, S.; Amer, O.E.; Vinodson, B.; Sabico, S.; Piya, M.K,; Harte, A.L.; McTernan, PG
Alokail, M.S,; et al. Irisin as a predictor of glucose metabolism in children: Sexually dimorphic effects. Eur. J. Clin. Investig. 2014,
44,119-124. [CrossRef]

Catli, G.; Kiime, T.; Tuhan, H.U.; Anik, A.; Calan, O.G.; Bober, E.; Abaci, A. Relation of serum irisin level with metabolic and
anthropometric parameters in obese children. J. Diabetes Complicat. 2016, 30, 1560-1565. [CrossRef]

Baumgartner, M.; Lischka, J.; Schanzer, A.; De Gier, C.; Walleczek, N.K.; Greber-Platzer, S.; Zeyda, M. Plasma myostatin increases
with age in male youth and negatively correlates with Vitamin D in severe pediatric obesity. Nutrients 2022, 14, 2133. [CrossRef]
[PubMed]

Jia, J.; Yu, F; Wei, WP; Yang, P; Zhang, R.; Sheng, Y.; Shi, Y.Q. Relationship between circulating irisin levels and over-
weight/obesity: A meta-analysis. World J. Clin. Cases 2019, 7, 1444. [CrossRef]

Kuczmarski, R].; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, KM.; Mei, Z.; Wei, R; Curtin, L.S.; Roche, A.F; Johnson,
C.L. 2000 CDC Growth Charts for the United States: Methods and development. Vital Health Stat. 2002, 246, 1-190.

WHO Anthro, version 3.2.2; WHO: Geneva, Switzerland, 2011.

Lohman, TJ.; Roache, A.F,; Martorell, R. Anthropometric Standardization Reference Manual. Med. Sci. Sport. Exerc. 1992, 24, 952.
[CrossRef]

Nafiu, O.O.; Burke, C.; Lee, ]J.; Voepel-Lewis, T.; Malviya, S.; Tremper, K.K. Neck circumference as a screening measure for
identifying children with high body mass index. Pediatrics 2010, 126, 306-310. [CrossRef]

Roche. Cobas®6000 Analyzer Series. 2015. Available online: http:/ /www.cobas.com/content/dam/cobas_com/pdf/product/
cobas-6000/ cobas%206000%20brochuere.pdf (accessed on 15 May 2023).

Kitson, M.T.; Roberts, S.K. D-livering the message: The importance of vitamin D status in chronic liver disease. J. Hepatol. 2012,
57,897-909. [CrossRef] [PubMed]


https://doi.org/10.3389/fendo.2022.962968
https://www.ncbi.nlm.nih.gov/pubmed/36225200
https://doi.org/10.3389/fendo.2019.00524
https://doi.org/10.3390/ijms19123727
https://doi.org/10.1016/j.metabol.2017.05.007
https://doi.org/10.4274/jcrpe.3963
https://www.ncbi.nlm.nih.gov/pubmed/28077341
https://doi.org/10.1155/2017/2628968
https://www.ncbi.nlm.nih.gov/pubmed/28553647
https://doi.org/10.1684/ecn.2020.0444
https://doi.org/10.3389/fped.2022.823424
https://doi.org/10.24953/turkjped.2020.3003
https://doi.org/10.1507/endocrj.EJ17-0260
https://doi.org/10.1002/oby.20739
https://doi.org/10.1210/jc.2015-1208
https://doi.org/10.1097/MD.0000000000024061
https://www.ncbi.nlm.nih.gov/pubmed/33592858
https://doi.org/10.1186/s13098-019-0458-2
https://doi.org/10.1016/j.advnut.2022.10.001
https://www.ncbi.nlm.nih.gov/pubmed/36811585
https://doi.org/10.1371/journal.pone.0245678
https://www.ncbi.nlm.nih.gov/pubmed/33465151
https://doi.org/10.1111/eci.12196
https://doi.org/10.1016/j.jdiacomp.2016.07.019
https://doi.org/10.3390/nu14102133
https://www.ncbi.nlm.nih.gov/pubmed/35631274
https://doi.org/10.12998/wjcc.v7.i12.1444
https://doi.org/10.1249/00005768-199208000-00020
https://doi.org/10.1542/peds.2010-0242
http://www.cobas.com/content/dam/cobas_com/pdf/product/cobas-6000/cobas%206000%20brochuere.pdf
http://www.cobas.com/content/dam/cobas_com/pdf/product/cobas-6000/cobas%206000%20brochuere.pdf
https://doi.org/10.1016/j.jhep.2012.04.033
https://www.ncbi.nlm.nih.gov/pubmed/22634121

Medicina 2023, 59, 1954 11 of 11

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Keskin, M.; Kurtoglu, S.; Kendirci, M.; Atabek, M.E.; Yazici, C. Homeostasis model assessment is more reliable than the fasting
glucose/insulin ratio and quantitative insulin sensitivity check index forassessing insulin resistance among obese children and
adolescents. Pediatrics 2005, 114, 500-550. [CrossRef] [PubMed]

Phoenix Pharmaceuticals. Irisin Human, Rat, Mouse ELISA Kit Protocol. 2015. Available online: http://www.phoenixpeptide.
com/catalog/repository /EIA /EK-067-52.pdf (accessed on 15 May 2023).

Millipore. Human Leptin Elisa Kit. 2015. Available online: http:/ /www.millipore.com/userguides.nsf/a73664f9f981af8c85256
9b9005b4eee /78b616870569e3268525725900485a75 / $FILE / EZHL-80SK.EIA.pdf (accessed on 15 May 2023).

Alpco. HMW and Total Adiponectin ELISA. 2015. Available online: http://www.alpco.com/pdfs/47/47- ADPHU-EO01.pdf
(accessed on 15 May 2023).

IBM SPSS Statistics; 20.0; SPSS Inc.: Chicago, IC, USA, 2012.

Perakakis, N.; Triantafyllou, G.A.; Fernandez-Real, ].M.; Huh, ].Y.; Park, K.H.; Seufert, J.; Mantzoros, C.S. Physiology and role of
irisin in glucose homeostasis. Nat. Rev. Endocrinol. 2017, 13, 324-337. [CrossRef]

Jameel, F.; Thota, R.N.; Wood, L.G.; Plunkett, B.; Garg, M.L. Sex-dependent association between circulating irisin levels and
insulin resistance in healthy adults. J. Nutr. Intermed. Metab. 2015, 2, 86-92. [CrossRef]

Loffler, D.; Miiller, U.; Scheuermann, K.; Friebe, D.; Gesing, J.; Bielitz, J.; Erbs, S.; Landgraf, K.; Wagner, L.V.; Kiess, W.; et al. Serum
irisin levels are regulated by acute strenuous exercise. J. Clin. Endocrinol. Metab. 2015, 100, 1289-1299. [CrossRef] [PubMed]
Karampatsou, S.I.; Genitsaridi, S.M.; Michos, A.; Kourkouni, E.; Kourlaba, G.; Kassari, P.; Manios, Y.; Charmandari, E. The effect
of a life-style intervention program of diet and exercise on irisin and FGF-21 concentrations in children and adolescents with
overweight and obesity. Nutrients 2021, 13, 1274. [CrossRef] [PubMed]

Ambroszkiewicz, J.; Chelchowska, M.; Mazur, J.; Rowicka, G.; Gajewska, J. Relationships between body weight status and serum
levels of adipokine, myokine and bone metabolism parameters in healthy normal weight and thin children. J. Clin. Med. 2022,
11, 4013. [CrossRef] [PubMed]

De Meneck, F,; de Souza, L.V,; Oliveira, V.; do Franco, M.C. High irisin levels in overweight/obese children and its positive
correlation with metabolic profile, blood pressure, and endothelial progenitor cells. Nutr. Metab. Cardiovasc. Dis. 2018, 28, 756-764.
[CrossRef] [PubMed]

Polyzos, S.A.; Anastasilakis, A.D.; Efstathiadou, Z.A.; Makras, P.; Perakakis, N.; Kountouras, J.; Mantzoros, C.S. Irisin in metabolic
diseases. Endocrine 2018, 59, 260-274. [CrossRef]

Li, Y.; Xu, Z. Association between irisin and metabolic parameters in nondiabetic, nonobese adults: A meta-analysis. Diabetol.
Metab. Syndr. 2022, 14, 152. [CrossRef]

Huerta-Delgado, A.S.; Roffe-Vazquez, D.N.; Gonzalez-Gil, A.M.; Villarreal-Calderoén, ].R.; Tamez-Rivera, O.; Rodriguez-Gutierrez,
N.A; Castillo, E.C; Silva-Platas, C.; Garcia-Rivas, G.; Elizondo-Montemayor, L. Serum irisin levels, endothelial dysfunction, and
inflammation in pediatric patients with type 2 diabetes mellitus and metabolic syndrome. J. Diabetes Res. 2020, 2020, 1949415.
[CrossRef]

Nigro, E.; Scudier, O.; Monaco, M.L.; Polito, R.; Schettino, P.; Grandone, A.; Perrone, L.; Del Giudice, E.M.; Daniele, A. Adiponectin
profile and Irisin expression in Italian obese children: Association with insulin-resistance. Cytokine 2017, 94, 8-13. [CrossRef]
[PubMed]

De Meneck, F,; de Souza, L.V.; Brioschi, M.L.; do Carmo Franco, M. Emerging evidence for the opposite role of circulating irisin
levels and brown adipose tissue activity measured by infrared thermography in anthropometric and metabolic profile during
childhood. J. Therm. Biol. 2021, 99, 103010. [CrossRef] [PubMed]

Sanesi, L.; Dicarlo, M.; Pignataro, P.; Zerlotin, R.; Pugliese, F.; Columbu, C.; Carnevale, V.; Tunnera, S.; Scillitani, A.; Grano,
M.; et al. Vitamin D increases irisin serum levels and the expression of its precursor in skeletal muscle. Int. . Mol. Sci. 2023,
24,4129. [CrossRef]

Colaianni, G.; Faienza, M.E; Sanesi, L.; Brunetti, G.; Pignataro, P.; Lippo, L.; Bortolotti, S.; Storlino, G.; Piacente, L.; D’Amato,
G.; et al. Irisin serum levels are positively correlated with bone mineral status in a population of healthy children. Pediatr. Res.
2019, 85, 484-488. [CrossRef] [PubMed]

El Amrousy, D.; El-Afify, D.; Salah, S. Insulin resistance, leptin and adiponectin in lean and hypothyroid children and adolescents
with obesity. BMC Pediatr. 2022, 22, 245. [CrossRef]

Singh, A.; Choubey, M.; Bora, P.; Krishna, A. Adiponectin and chemerin: Contrary adipokines in regulating reproduction and
metabolic disorders. Reprod. Sci. 2018, 25, 1462-1473. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1542/peds.2004-1921
https://www.ncbi.nlm.nih.gov/pubmed/15741351
http://www.phoenixpeptide.com/catalog/repository/EIA/EK-067-52.pdf
http://www.phoenixpeptide.com/catalog/repository/EIA/EK-067-52.pdf
http://www.millipore.com/userguides.nsf/a73664f9f981af8c852569b9005b4eee/78b616870569e3268525725900485a75/$FILE/EZHL-80SK.EIA.pdf
http://www.millipore.com/userguides.nsf/a73664f9f981af8c852569b9005b4eee/78b616870569e3268525725900485a75/$FILE/EZHL-80SK.EIA.pdf
http://www.alpco.com/pdfs/47/47-ADPHU-E01.pdf
https://doi.org/10.1038/nrendo.2016.221
https://doi.org/10.1016/j.jnim.2015.10.001
https://doi.org/10.1210/jc.2014-2932
https://www.ncbi.nlm.nih.gov/pubmed/25625801
https://doi.org/10.3390/nu13041274
https://www.ncbi.nlm.nih.gov/pubmed/33924457
https://doi.org/10.3390/jcm11144013
https://www.ncbi.nlm.nih.gov/pubmed/35887780
https://doi.org/10.1016/j.numecd.2018.04.009
https://www.ncbi.nlm.nih.gov/pubmed/29858156
https://doi.org/10.1007/s12020-017-1476-1
https://doi.org/10.1186/s13098-022-00922-w
https://doi.org/10.1155/2020/1949415
https://doi.org/10.1016/j.cyto.2016.12.018
https://www.ncbi.nlm.nih.gov/pubmed/28385328
https://doi.org/10.1016/j.jtherbio.2021.103010
https://www.ncbi.nlm.nih.gov/pubmed/34420640
https://doi.org/10.3390/ijms24044129
https://doi.org/10.1038/s41390-019-0278-y
https://www.ncbi.nlm.nih.gov/pubmed/30683930
https://doi.org/10.1186/s12887-022-03318-x
https://doi.org/10.1177/1933719118770547

	Introduction 
	Materials and Methods 
	Subjects 
	Anthropometric Measurements and Body Composition Analyses 
	Sample Collection and Laboratory Analyses 
	Statistical Analysis 

	Results 
	Anthropometric Parameters and Body Composition 
	Metabolic Profile 
	Serum Leptin and Adiponectin Levels 
	Serum Irisin Serum Levels 
	Correlations between Serum Irisin with Anthropometric Parameters, Body Composition, Metabolic Profile, Leptin, and Adiponectin 

	Discussion 
	Conclusions 
	References

