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A B S T R A C T :

Purpose: Due to the major public health concern of obesity in children and adolescent and possible biochemical
effects of orexin-A (OXA), and environment of exercise in metabolic energy hemostasis and obesity the effec-
tiveness of playing in form of outdoor aerobic exercise and indoor treadmill exercise on serum OXA and weight
loss in obese adolescent boys were investigated.
Methods: Thirty male adolescent boys aged 10–12 years with an average BMI of 29–31 kg/m2 were randomly
divided into three groups: playing in form of outdoor aerobic exercise (POAE), indoor aerobic treadmill exercise
(ITAE) and control group (C).

Body mass index (BMI), body fat percentage (skinfold-based on Jackson Pollock's seven-point method),
VO2MAX (Modified Balke treadmill protocol test) and fasting level of serum OXA (human OXA ELISA Kit)
measured before and after eight weeks (three session per week) of two different aerobic exercises method.
Results: Exercise cause to significantly increase in the serum OXA in both groups (P = 0.001). This increase in
the POAE group was higher than relative to the ITAE group (P = 0.004). Also, Improvements in the BMI and
body fat percentage in the POAE group significantly greater than ITAE group (P = 0.001).

Conclusion: playing in form of outdoor aerobic exercise is more effective than indoor aerobic treadmill ex-
ercise on serum OXA and weight loss.

1. Introduction

The high prevalence of overweight and obesity in children and
adolescents constitutes a huge public health burden (Ahmad and Imam,
2015). It is estimated that over 340 million children and adolescents
aged 5 to 19 are obese or overweight (Ahmad and Imam, 2015). The
early onset of obesity leads to an increased likelihood of obesity into
adulthood and links to increased prevalence of obesity-related disorders
such as coronary diseases, insulin resistance, diabetes mellitus, hy-
pertension, sleep apnea, arthritis, cancer, stroke and heart failure in
later life (Hughes-Austin et al., 2013; Wensveen et al., 2015; Gorostegi-
Anduaga et al., 2018). It has been shown that excess adipose tissue
released many inflammatory cytokines which play an important role in
obesity-induced metabolic disorders (Wensveen et al., 2015). Studies
indicate that hormonal production and regulation in response to phy-
sical activity and exercise can have powerful effects on metabolic
processes. In this regard, Orexin-A and B or Hypocertine 1 and 2 are

two neuropeptides with a wide range of functions in the central nervous
system and peripheral tissue that produced by neurons located in the
brain perifornical and lateral hypothalamic area (LHA) (Sakurai et al.,
2015). Due to the widespread distribution of Orexin neurons in the
central nervous system, and rapid release of Orexin from the blood-
brain barrier (Kastin and Akerstrom, 1999) and also the presence of
large protein G receptors in various tissues, this neuropeptide is in-
volved in many physiological actions and metabolic processes (Sakurai
et al., 2015; Chieffi et al., 2017a, 2017b). Studies have shown that
Orexin neuropeptides are involved in energy expenditure and Non-
shivering thermogenesis (Blais et al., 2017). For example, animal
models lacking a functional orexin system develop obesity despite
consuming fewer calories than their wildtype counterparts (Hara et al.,
2001). In this regard, central nervous system stimuli through the orexin
neurons in the hypothalamus, as well as adrenergic agonists released
from the sympathetic neurons, cause an increase in mitochondrial
biogenesis and enhanced peripheral tissue thermogenesis (Zink et al.,
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2018). It has been reported that the single activation of orexin neurons
is enough to increase total 24-h energy expenditure (Zink et al., 2018).

Also, when the orexinergic tone is amplified, either through in-
tracranial peptide infusions or stimulation of orexin neuron activity,
increases in spontaneous physical activity (SPA) and calories burned
occurs (Kotz et al., 2012). Therefore, the potential role of the OXA in
impulsive motor activity and energy expenditure related to the obesity
disorders treatment can be attractive and interesting.

On the other hand, it seems that exercise, especially aerobic exercise
with an effect on the orexin system and increases the neuronal excita-
tion of these neurons in the LHA can alter the thermogenic properties
and energy expenditure in the peripheral tissue (Messina et al., 2016).
Messina et al. (Messina et al., 2014a, 2014b) reported that exercise at
75 W for 15 min on the cycle ergometer cause a significant increase in
the OXA. They believed that possible increased plasmatic OXA during
exercise can induce cerebral stimulation of areas that, in turn, control
the sympathetic reactions. Also, it seems that exercise by the effect on
many metabolic and physiological parameter which influence on orexin
system can alter orexin neurons activity. Stimulants such as glucose
hemostasis, insulin resistance, leptin, amino acids, myokines, and me-
tabolite secretion during and after exercise are involved in this inter-
action (Chieffi et al., 2017a, 2017b).

On the other hand, orexin neurons receive different signals asso-
ciated with environmental, physiological and emotional stimuli
(Scammell and Winrow, 2011). So, in the brain, input coming from
regions that implicated in emotions are important in the regulation of
orexin neuron activity (Ohno and Sakurai, 2008). It has been shown
that individuals who enjoy exercise may exhibit more positive affective
responses compared to those who enjoy exercise less (Raedeke, 2007).
Wu and his colleagues in comparison of the effectiveness of treadmill
exercise and yard play on cerebrospinal fluid (CSF) of OXA believe that
the emotional aspects of yard play account for the observed OXA en-
hancement (Wu et al., 2011).

In this regard participant in outdoor exercise reported greater en-
joyment and satisfaction compared with indoor exercise (Yeh et al.,
2017). So, it seems that greater enjoyment of children to do outdoor
exercise will be associated with higher secretion of OXA. Therefore,
from this aspect, the comparison of outdoor exercise and indoor
treadmill exercise on the orexin system can be interesting. Notably,
most studies related to the orexin system have focused on drug treat-
ment, and few studies have been conducted on the interaction between
exercise, orexin and its effect on weight loss. In addition, the study that
compares the effects of playing in form of outdoor aerobic exercise and
indoor treadmill exercise on the orexin system of adolescent boys has
not been done so far. Therefore in this study, we investigated the ef-
fectiveness of playing in form of outdoor aerobic exercise and indoor
treadmill exercise on serum OXA and weight loss in obese adolescent

boys.

2. Methodology

2.1. Subjects

In order to calculate the number of participants G power software
was used (α = 0.05, power (1-β) = 0.95 and group number = 3).
According to G power software, 30 boys aged 10 to 12 from Yasouj city
schools with the characteristics listed in Table 1 participated. The se-
lection of subjects was carried out in coordination with the Yasuj City
Education Office in November 2017. After describing the goals and the
research process in the seasonal gatherings of physical education tea-
chers, they were asked to introduce the researchers from among 10–12
years old male students who had BMI over 25 and overweight. Then, in
the list, 30 obese boys were randomly selected and divided into three
equal groups: playing in form of outdoor aerobic exercise (POAE), in-
door aerobic treadmill exercise (ITAE) and control group (C). After
explaining the goals of the study and research process for subjects and
their parents, the informed consent form of participation in research,
was signed. In the form, the absence of any disease, including cardio-
vascular, kidney, liver, diabetes and inability, was emphasized. Also,
during the research process, no systematic physical activity was per-
formed, except as prescribed by the investigator. Although subjects
were free to eat it was emphasized that no supplements or drugs would
be used during the research process. Indicators in the pre-test and post-
test were measured in similar conditions from 8 to 11 a.m.

2.2. Body composition

BMI calculated by using height and weight that measured with the
Sahand Digital Scale Model BSR 85. Furthermore, according to the
Jackson Pollock's seven-point formula (Eqs. (1) and (2)) fat percentage
by using of England's Harpenden Caliper at the chest, midaxillary, tri-
ceps, abdomen, thigh, subscapular and super iliac region measured and
calculated (Jackson et al., 1985). As shown below, in this formula,
SUM7 is the sum of seven points in millimeter.

= × +
× ×

Body Density 1.112 (0.00043499 SUM7 ) (0.00000055
square of the SUM7 ) (0.00028826 age) (1)

=Body Fat Percentage (%) (495/Body Density) 450 (2)

2.3. Maximum oxygen consumption (VO2Max)

In the pre and post-test VO2Max estimated in similar conditions
from 8 to 11 a.m. based on Modified Balke treadmill protocol test

Abbreviations:

OXA orexin-A
BMI body mass index
POAE playing in form of outdoor aerobic exercise group
ITAE indoor aerobic treadmill exercise group

C control group
LHA lateral hypothalamus area
CSF cerebrospinal fluid
VO2Max maximum oxygen consumption
TDEE total daily energy expenditure
SPA spontaneous physical activity

Table 1
Mean and standard devotion of demographic characteristics of subjects involved in the research process.

group N variable

Age (Year) Height (cm) Weight (kg) BMI (kg/m2) VO2 MAX (lit/min) fat percentage (%)

control 10 10.93 ± 0.53 156.6 ± 3.02 71.91 ± 4.32 29.66 ± 1.89 29.23 ± 1.82 31.65 ± 2.81
ITAE 10 10.87 ± 0.54 155.9 ± 3.57 72.72 ± 3.89 30.27 ± 2.06 30.71 ± 2.01 32.57 ± 3.02
POAE 10 11.12 ± 0.51 154.6 ± 2.41 71.00 ± 4.1 29.94 ± 2.06 30.94 ± 1.62 31.90 ± 3.2
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(calculated by Eq. (3)) on the treadmill device Model T9300 turbo
manufactured in Taiwan after a brief breakfast meal. Each subject fol-
lowing a 5 min warm-up (3.5 km/h and 0% grade) started the test at
5.6 km/h and 0% grade. Then the slope was set to 6% after 1 min and
then every minute thereafter the slope is increased by 2% until the
subject does not continue the test. In this point exercise heart rate
(calculated by Eq. (4)) equal or greater than 95% maximum heart rate
calculated by Karvonen method or ratings of perceived exertion (RPE)
greater than 8 using the Borg Category Ratio scale-CR-10 (Marinov
et al., 2003).

= +VO2max 1.444 (T) 14.99 (3)

= ×Maximum heart rate [207 (age 0.7)] (4)

2.4. Exercise protocol

As shown in Table 2 the ITAE and POAE groups exercised three
sessions per week for eight weeks after a brief breakfast meal. The ITAE
group exercised alone in the closed area with 12 m in length, 8 m in
width and 5 m in height dimensions, 1870 m above the sea level at 8–11
a.m. in 21–24 °C and 50% humidity on the treadmill device Model
T9300 turbo manufactured in Taiwan. The POAE group also performed
the outdoor aerobic exercise in form of a football game in the
20 × 40 m artificial turf football field. The outside environment has a
temperate temperature of 21–24 °C, a height of 1870 m above sea level,
a moderate forest cover, gentle wind blowing and the training was done
in the morning under the sun shine with 50–60% humidity.

The Subjects of each group trained at 65% of the reserve heart rate
(estimated by using a polar pulsating belt (T31) made in Finland) in the
first two weeks, 65–75% reserve heart rate in third to fifth weeks and at
75–85% reserve heart rate in six to eight weeks after 5 min warm up in
each session. The duration of each session in groups was 25, 35 and
40 min respectively. In order to equalize the training intensity in POAE
group with the ITAE group, subjects were trained in a specific reserve
heart rate (according to the training protocol) that monitored by polar
pulsating belt and Garmin GPSMAP 78s device made by Taiwan which
placed in the small bags mounted on their wrists and maintained this
intensity until the end of the training session. The distance traveled by
the subjects and their average of speed measured and, analyzed each
session to use for next session managing.

2.5. Blood analysis

Blood samples were collected 24 h before and after the exercise
period following 12 h of overnight fasting. For serum isolation samples
were centrifuged for 10 min at 1200 x g in room temperature in the
tubes with clot activator and immediately transferred to the laboratory.
Means of triplicate serum OXA measured according to the protocol of
the human OXA ELISA Kit (Cat# EK-003-30) Phoenix company. The
detectable range was 0–100 ng/ml and as a result, both inter-assay and
intra-assay coefficient of variation was below 10%.

2.6. Statistical analysis

Normality of data and equality of variances tested by
Kolmogorov–Smirnov and Levene's test. In order to eliminate the cov-
ariate factors, the mean differences between the pre and post-test in
each variable were calculated. changes between groups investigated by
one-way ANOVA and Tukey post hoc test. Inter-group comparisons
also, examined by paired sample t-test. The correlations between serum
OXA variations and the other parameters such as weight, BMI and fat
percentage estimated by person's bivariate correlation. All statistical
analysis was performed using Excel version 2016 and SPSS version 24 at
a significant level α < 0.05.

3. Result

As shown in Fig. 1 and Table 3 in the pre-test the differences be-
tween the groups in all variables were not significant. However, after
aerobic exercise intervention in the POAE and ITAE groups mean
comparison between the pre and posttest indices related to the body
composition including BMI (13.92% and θ = 1.14 vs 7.63% and
θ = 0.671), weight (13.35% and θ = 1.32 vs 7.7% and θ = 0.79), and
skinfold body fat percentage (10.62% and θ = 1.26 vs 1.42% and
θ = 0.34) significantly decreased. serum OXA (23.53% and θ = 2.42 vs
10.7% and θ = 1.4) and VO2MAX (5.97% and θ = 1.1 vs 7.88% and
θ = 1.15) also increased significantly. However, this improvement in
the POAE group relative to the ITAE group was higher. Furthermore, in
the pre and posttest mean differences comparison between groups One-
Way ANOVA and Tukey post hoc test shown that playing in form of
aerobic exercise was more effective than indoor aerobic exercise. As
shown in Fig. 1 this difference with the control group in POAE group
was greater than to the ITAE group (BMI: θ = 0.45 vs θ = 0.17, weight:
θ = 0.71 V θ = 0.23, skinfold body fat percentage: θ = 0.51 vs θ = 0.03
and serum OXA: θ = 1.03 vs θ = 0.65). Also, the differences between
POAE group and ITAE group in BMI (θ = 0.27), weight (θ = 0.48),
skinfold body fat percentage (θ = 0.47) and serum OXA (θ = 0.37)
indices was significant (P = 0.001). Also, as shown in Fig. 1, after
aerobic exercise intervention the RPE scale significantly reduced in
booth group (P = 0.001 and θ = 0.98 V p = 0.01 and θ = 0.96). The
differences between POAE group and ITAE group in this scale after
aerobic exercise intervention also significant (P = 0.01 and θ = 1.15).
Also, as shown in Table 4 the person's correlation estimated between
serum OXA and weight, BMI and fat percentage were significant
(P = 0.005, P = 0.026 and P = 0.006 respectively).

4. Discussion

In this study, we investigated the effects of playing in form of out-
door aerobic exercise and indoor treadmill exercise on serum OXA and
weight loss in obese adolescent boys. As shown in Fig. 1 results in-
dicated that eight-weeks of aerobic exercise results in a significant in-
crease in the serum OXA both in POAE group (23.5%) and in the ITAE
group (10.7%). Whereas this increase in the POAE group relative to the

Table 2
Training protocol of each group during research process.

Group Stage (week) Warm-Up Training Protocol

Slope (degree) Reserve Heart Rate (%) Speed (km/h) Time (min) Reserve Heart Rate (%) Speed (km/h) Time (min) Sessions per week

ITAE 1–2 0 20 3 5 65 Flexible 25 3
3–5 0 20 3 5 65–75 Flexible 35 3
5–8 0 20 3 5 75–85 Flexible 40 3

POAE 1–2 0 20 3 5 65 Flexible 25 3

3–5 0 20 3 5 65–75 Flexible 35 3
5–8 0 20 3 5 75–85 Flexible 40 3
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Fig. 1. Alteration of weight, BMI, orexin-A, mean distance traveled, VO2MAX and body fat percentage in different groups during the research process. (POAE):
playing in form of outdoor aerobic exercise, (ITAE): indoor aerobic treadmill exercise and (C): control group. (#): Significant sign with pre-test, (*): Significant sign
with another group.

Table 3
Mean, standard devotion and effect size (θ) of variable in different group during research process.

variable group effect size (θ)

control ITEA POAE C vs ITEA C vs POAE ITEA vs POAE

pre-test post-test pre-test post-test pre-test post-test

Weight (kg) 67.81 ± 4.32 67.53 ± 3.79 68.61 ± 3.89 65.45 ± 4.11∗ 66.68 ± 4.1 61.52 ± 3.7∗∗## 0.23 0.71 0.48
BMI (kg/m2) 27.66 ± 1.89 27.54 ± 1.73 28.27 ± 2.04 26.96 ± 1.84∗# 27.94 ± 2.06 25.77 ± 1.71∗∗## 0.17 0.45 0.27
fat percentage (%) 31.65 ± 2.81 31.76 ± 2.49 32.57 ± 3.02 31.52 ± 3.08∗# 31.9 ± 3.2 28.51 ± 2.03∗∗## 0.03 0.51 0.47
VO2MAX (lit/min) 29.23 ± 1.82 30.16 ± 2.38 30.71 ± 2.01 33.13 ± 2.19∗∗## 30.94 ± 1.62 32.79 ± 1.73∗∗## 0.57 0.5 0.06
Orexin-A (ng/ml) 49.83 ± 3.07 50.01 ± 3.87 51.49 ± 3.62 56.9 ± 2.77∗# 49.28 ± 3.62 60.88 ± 5.72∗∗## 0.65 1.03 0.37
RPE – – 8.3 ± 0.42 7.95 ± 0.28 7.9 ± 0.43 7.5 ± 0.4 – – 1.15
Mean of distance (km) – – 1.353 ± 0.211 2.63 ± 0.366 1.327 ± 0.164 2.504 ± 0.357 – – 0.12

(*): significant sign with similar stage of another group.
(#): significant sign with pretest.
(θ): effect size.

Table 4
Correlations between serum OXA variations and the other parameters.

variable Weight (kg) BMI (kg/m2) fat percentage (%)

Orexin-A (ng/ml) Pearson Correlation -.464b -.359a -.449b

Sig. (2-tailed) 0.005 0.026 0.006

a Correlation is significant at the 0.05 level.
b Correlation is significant at the 0.01.
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ITAE group was higher (12.8%). Also, body-fat percentage, weight, and
BMI in POAE group and ITAE group decreased significantly. (−10.6%
VS -3.2%, −7.6% VS -4.1%, and −7.8% VS -4.6% respectively). The
VO2 MAX also increased in both training groups significantly (5.8% VS
7.8%) (Fig. 1).

Several mechanisms are involved in this regard. Evidence suggests
that following obesity, hyperglycemia, and decreased insulin sensitivity
affect the orexin neurons in the LHA and reducing the pre-pro orexin
gene expression (Yamamoto et al., 1999). Also, obesity with the effect
on cannabinoid receptors in the LHA inhibits orexinergic neurons and
reduces the amount of orexin secretion (Flores et al., 2013). Also, or-
exin neurons are sensitive to various metabolic parameters and various
synaptic inputs. There is the possibility that the metabolism and overall
energy profile will filter the pure net output of orexin neurons and in-
dependently alter the main outflow of orexin neurons (Perez-Leighton
et al., 2014). Therefore, it is likely that the observed reduction of or-
exin-A in obese subjects is due to this reason.

In the current study, we observed an increase in serum levels of OXA
after aerobic exercise intervention in male obese adolescent boys. It
seemed that increased orexin levels after aerobic exercise intervention
was due to the increased motor activities and other factors such as irisin
derived from muscle during exercise (Ferrante et al., 2016), lactate
secretion (Hao et al., 2016), heart's natriuretic peptides (Harms and
Seale, 2013), CO2 homeostasis (Williams et al., 2007), glucose meta-
bolism (Messina et al., 2014a, 2014b), and Cannabinoid receptors
(Flores et al., 2013) has been affected on the secretion of orexin in the
central nervous system. Consistent with the findings of this study, it has
been reported that after exercise serum OXA increased significantly
(Hao et al., 2016; Messina et al., 2016; Chieffi et al., 2017a, 2017b).
Mohammad Hassani and et al. in studying the effect of eight weeks of
endurance and high-intensity interval training (HIIT) on plasma OXA
and some anthropometric indices in obese adolescent boys, reported
that despite the decreasing trend of OXA in the control and HIIT group
and the increasing trend in endurance training group, the difference of
OXA between control and exercise groups was no significant
(Mohammadhassani et al., 2015) which is inconsistent with the findings
of this study. Although the source of peripheral orexin is still unclear
some researchers proposed that orexin A might be directly released
from the pituitary into the blood circulation (Tsunematsu and
Yamanaka, 2012), since orexin-immunoreactive fibers are present in
the median eminence and pituitary or leaked from the cerebrospinal
fluid. Furthermore, orexin-A may rapidly cross the blood-brain barrier
from brain tissue to reach blood by the process of simple diffusion
(Chieffi et al., 2017a, 2017b).

Also, it has been reported that OXA trough the alteration in spon-
taneous physical activity (SPA) and peripheral tissue thermogenesis is
associated with total daily energy expenditure (TDEE) (Seale, 2011;
Zink et al., 2018). Orexin terminals innervate noradrenergic locus
coeruleus neurons that project to the prefrontal cortex, which may in-
fluence SPA and energy expenditure (Teske et al., 2013). Also, neuro-
modulation of orexin neurons in the hypothalamus, as well as adre-
nergic agonists released from the sympathetic neurons, cause to an
increase in mitochondrial biogenesis and enhanced peripheral tissue
thermogenesis (Nixon et al., 2012; Abdel-Magid, 2016; Zink et al.,
2018). Therefore, probably, this body-fat percentage, weight, and BMI
reduction following exercise appear to be linked with the OXA im-
provement in response to the exercise. In this study, the significant
correlations observed between serum OXA variations and the other
parameters such as weight, BMI and fat percentage confirmed this effect
(Table 4).

In addition, findings show that these reductions in body compassion
and weight loss were higher in the POAE group than the ITAE group.
This effect appears to be linked with the more OXA improvement in the
POAE group relative to the ITAE group. In this regard, Novak et al.
reported that daily intra-paraventricular OXA treatment induces weight
loss in rats (Novak and Levine, 2009). They indicated that OXA-treated

rats lost significantly more weight than their vehicle-injected counter-
parts without a significant difference in food intake. These results
support this concept that orexinergic agents have a potential role to
produce negative energy balance through increasing physical activity.
On the other hand, Morrison et al. (Tupone et al., 2011) in their study
stated that an orexinergic pathway from the perifornical lateral hy-
pothalamus to the rostral raphe pallidus has been demonstrated to in-
crease the gain of the excitatory drives to medullary sympathetic pre-
motor neurons controlling brown adipose tissue sympathetic outflow
and its thermogenesis. Thus, the result that observed in this study
probably related to the OXA improvement after exercise intervention.

On the other hand, Orexin neurons receive a broad variety of signals
related to environmental, physiological, metabolic and emotional sti-
muli and project broadly to the entire CNS (Chieffi et al., 2017a,
2017b). Therefore orexin neurons are “multi-tasking” neurons reg-
ulating a set of vital body functions, including sleep/wake states, en-
ergy expenditure, and cognition (Chieffi et al., 2017a, 2017b). In the
present study, during playing in form of outdoor aerobic exercise, the
serum OXA in POAE group was higher than the ITAE and control group.
In this regard, the interest of subjects participating in the study to do
exercise in this form may justify the role of environmental stimuli in
more OXA secretion. As in the current study, the estimated Rating of
perceived exertion (RPE) in POAE group was significantly lower than
ITAE group (Fig. 1). It seems that outdoor aerobic exercise in natural
and outdoor environments may provide some of the different signals
from indoor treadmill exercise. Some variable such as natural light,
playing field, changing weather conditions, communication with
others, pleasure, joy, and emotional stimuli during outdoor play, prefer
the outdoor aerobic exercise from indoor treadmill exercise. So, the
uniformity of indoor treadmill exercise with the coercion and without
pleasure and the above mentioned in the closed area may justify its
lesser effectiveness of indoor treadmill exercise on the research vari-
ables.

Also, although in the literature review there was no study that
surveys the effect of exercise intensity on OXA, in order to minimize
this effect, target exercise heart rate and distance traveled by the sub-
jects in both groups analyzed each Session and equalized next session.
as shown in Fig. 1, there was no significant difference between the
mean distance traveled by the experimental groups.

In supporting of this finding and the crucial role of the orexin
system in physiological system Chieffi and et al. found a selective loss of
orexin neuron in maintaining wakefulness and arousal in narcolepsia
(Chieffi et al., 2017a, 2017b). It has been demonstrated that OXA un-
detectable in the cerebrospinal fluid (CSF) of the patients with narco-
lepsy (Nishino et al., 2000). Also, Wang et al. stated that in the children
with type 1 narcolepsy BMI increased rapidly and decreased BMR is an
important cause underlying rapid weight gain (Wang et al., 2016). In
this regard, in the POAE group improvement in body composition
parameter was better than ITAE group. Although the findings of some
studies inconsistent with the findings (Brownell and Conti, 2010) but
others are consistent (Zink, 2015; Messina et al., 2016; Blais et al.,
2017; Chieffi et al., 2017a, 2017b). This disparity may be attributed to
the subjects involved in the research process, gender (Brownell and
Conti, 2010), and measurement method.

In connection with the VO2 Max improvement that has occurred in
this research, in general, it can be said that aerobic exercise that exerts
cardiovascular system and energy requirements in form of oxidative
phosphorylation, can affect the components of oxygen supply for
muscle contractions. So, aerobic exercise with an effect on the cardio-
vascular and respiratory system performance, as well as the develop-
ment of cellular and molecular alteration within the muscles, increase
the maximum oxygen consumption (Heyward and Gibson, 2014). For
this reason, after aerobic exercise intervention, the VO2MAX of these
subjects increased significantly.

Also, in relation to the body fat percentage reduction in the subjects,
physical activity, especially aerobic exercise, which provides most of its
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energy from carbohydrate and fat phosphorylation in mitochondria
(Ahmad and Imam, 2015), and OXA medullation effect on mitochon-
drial biogenesis (Perez-Leighton et al., 2014) can be helpful in energy
expenditure and body fat percentage reduction. Also, the body weight
loss observed in this study followed the training period (−10.6% VS
-3.2%) was not exception to this rule.

In the end, it is worth noting there were some limitations in this
research, which could provide guidance for future research. First, or-
exin secretion can be influenced by many factors such as lifestyle, cir-
cadian rhythm, stress, nutrition, physical activity, environmental vari-
ables as well as medications that can indirectly influence the effect of
this neurohormone on the body. Therefore, the study of the orexin
system with attention to this factor will be interesting. Second, in this
study, RPE as a Rating of perceived exertion was used. If combined with
RPE physical activity enjoyment of participants were measured the
justification of the results was more acceptable.

5. Conclusion

Overall, the findings in this study suggest that body composition
and weight loss improvement following aerobic exercise appear to be
linked with the OXA improvement in response to the exercise.
However, these improvements were higher in the POAE group that
increased more OXA than ITAE group. So, we believed that instead of
training in closed environments, such as indoor treadmill exercises,
obese and overweight children, who are less willing to do exercise in
this environment, outdoor exercise combined with a variety and en-
joyable games to be used.
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