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Summary

Study aim: The purpose of this study was to investigate the effect of chronic high-intensity exercise training on hunger, satia-
tion, related hormones and weight loss among women who are obese or overweight.

Material and methods: The sample group was composed of 25 subjects, divided into two groups: a high-intensity exercise
group (n = 15) intensity of 80-90% of maximum heart rate and a non-training control group (n = 10). The blood sample test
was performed in two stages of rest, fasted state and before breakfast and an appetite questionnaire was completed. The training
procedure was a high-intensity exercise, three sessions a week for twelve weeks and two hours after breakfast. Independent and
dependent t-tests were used to analyze the data.

Results: The results showed that high-intensity exercise caused a significant loss of weight (p = 0.01) and fat percentage
(p = 0.001) and plasma insulin levels (p = 0.03), but it had no effect on hunger and satiation, calorie intake or plasma leptin.
Also, it significantly increased the plasma acylated ghrelin (p = 0.04) and maximum oxygen consumption (p < 0.001).
Conclusions: Based on the results of this study, it can be noted that high-intensity exercise is suitable for weight loss and not
increasing hunger. The lack of calorie intake along with weight loss showed that negative energy balance caused no appetite
compensatory responses. Also, high-intensity exercise stimulates physiological responses to increase appetite, but it did not
affect the feeling of appetite. In other words, changes in mental and physiological appetite because of high-intensity exercise

do not match.
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Introduction

The Organization for Economic Co-operation and De-
velopment in 2012 reported that in many countries, one
in two people are overweight or obese [46]. It is estimat-
ed that if obesity continues at the current estimated rate,
3.3 billion adults, or 57.8% of the world’s population, will
be obese by 2030 [24]. An increase in the pervasiveness
and prevalence of obesity and related diseases worldwide
is indicative of the fact that human progress has not suc-
ceeded in identifying factors and mechanisms for regu-
lating weight, and in particular preventing, fighting and
treating obesity. It has been shown that weight balance
has two sides and disruption on each side leads to obesity,
and the weight stability during long periods requires a bal-
ance between receiving and expending energy [10]. Ap-
petite, which plays an important role in controlling energy
balance, is one of the factors affecting body weight and

hemostatic energy. The regulation of appetite control and
energy balance is an area of scientific inquiry which con-
tinues to receive widespread attention across disciplines
[1]. Physical activity can also affect nutritional behavior
and improve appetite control [8, 20]. In order to develop
evidence-based guidelines for weight management, it is
important to understand how exercise affects energy bal-
ance (energy intake-energy expenditure) [16]. Numerous
studies have evaluated the effectiveness of exercising pro-
grams with different structures regarding the number of
sessions in a week and the intensity and duration of train-
ing [12, 41].

Physical activity is a factor that generates a negative en-
ergy balance by increasing energy expenditure [8]. Thus,
in order for obese and overweight people to lose weight,
physical activity should also be increased. High-intensity
exercise compared to low-intensity exercise causes loss of
more energy in a short time. Thus, it is possible that in-
creasing the intensity of exercise will lead to more weight
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loss. Obese women suffering from metabolic syndrome
showed a significant reduction in fat by participating in
physical activities, and the maximum decrease was among
those who performed high-intensity exercise [21]. High-in-
tensity exercise training may reduce abdominal fat, which
is a known risk factor for metabolic syndrome [9]. Most
exercise programs have focused on moderate-intensity ex-
ercise to reduce fat [47]. Evidence suggests that high-inten-
sity exercise can also lead to weight loss among obese peo-
ple [6]. More weight loss has been reported among people
with an initial higher fat mass. The possible mechanism for
high-intensity exercise is to reduce weight loss, increase fat
oxidation and reduce appetite after exercise [4].

The physiological control of appetite regulation in-
volves circulating hormones with orexigenic (appe-
tite-stimulating) and anorexigenic (appetite-inhibiting)
properties that induce alterations in energy intake via per-
ceptions of hunger and satiety [17, 29]. Not performing
physical exercise in the long term reduces the self-regula-
tion of energy balance and leads to a positive energy bal-
ance and it leads to overweight. In addition, it has been
shown that weight loss affects the level of ghrelin, which
plays a key role in regulating energy balance [32].

Acylated ghrelin is considered as the first hunger hor-
mone [5]. Ghrelin occurs in both an acylated ghrelin and
de-acylated ghrelin form. The acylated ghrelin type is ac-
tive and is considered to be the first and only hunger hor-
mone in the bloodstream [26]. Leptin is a hormone that
regulates energy balance. It seems that leptin is transmit-
ted to the central nervous system as an energy-saving sig-
nal to reduce appetite [18]. Due to specific receptors in the
hypothalamus, the hormone reduces appetite by inhibiting
neuropeptide Y secretion, and on the other hand, by in-
creasing the body’s metabolism, it controls the amount of
needed energy and thus the amount of body fat. Also, the
reduction in fasting insulin because of exercise training
has been reported to be between 23% and 33% [45].

Some studies have reported the effect of physical activ-
ities on the acylated ghrelin level as increasing it and some
as not changing it [22, 31, 37, 42]. Studies have also been
conducted on leptin compatibility with long-term exercise
training and the reported results were conflicting [37].

A growing body of research has demonstrated a link
between exercise and the physiological mechanisms con-
trolling appetite and energy intake, with inactivity poten-
tially contributing to a positive energy balance and subse-
quent weight gain (37). If it is proved that high-intensity
exercise, in addition to providing a foundation for weight
loss, can reduce appetite, it may be helpful in providing
exercise recommendations to obese people. Considering
what has been mentioned and contradictory information
on the effect of different types of long-term exercise pro-
grams on levels of acylated ghrelin, leptin, and insulin as
well as hunger and satiation, the purpose of this study was

to examine the effect of chronic exercise (high-intensity
exercise compared with a no-exercise control group) on
appetite regulation, perceptions of appetite and the circu-
lating concentrations of appetite-related hormones (par-
ticularly acylated ghrelin, leptin and insulin) in the fasted
state in previously inactive overweight women. It was hy-
pothesized that 12 week of exercise would improve appe-
tite regulation compared with a no-exercise control group.
In an effort to guide future research, it is important to con-
sider how exercise alters the circulating concentrations of
these appetite-regulating hormones.

Material and methods

To select the subjects, first the volunteers were in-
formed about the study subject, its purpose and method
and 25 were selected as a statistical sample. Subjects
were divided into two groups, a control group (n = 10)
and a high-intensity exercise group (n = 15), based on
weight and body fat percentage. All subjects were asked
to complete the written consent form to participate in the
research, a medical history questionnaire, and the Physical
Activity Readiness Questionnaire (PAR-Q) [39]. The Eth-
ics Committee of Hakim Sabzevari University approved
the study. The inclusion criteria comprised body mass in-
dex (BMI) more than 25 kg/m?, being less than 50 years
old, being female, not having a specific diet and having
almost constant weight (2 kg) for at least six months,
no menopause, non-athletic, and having a sedentary life-
style (not doing regular exercise). Exclusion criteria were
smoking cigarettes or any drug abuse, a history of heart
disease, renal disease, or type 1 or 2 diabetes [22, 42]. This
information was obtained through a questionnaire.

Research method and study protocol

The research method was quasi-experimental. One
week before beginning the exercise program, according to
the timetable of the research design, the anthropometric
and physiological parameters comprising height, weight,
fat percentage, body mass index and waist-to-hip ratio
(WHR) were measured.

Fat percentage

As a measure of adiposity, skinfold thickness is a valu-
able tool in both the clinical and research settings [44]. In
this research, the body fat percentage was measured using
calipers (SAEHAN, SH5020 made in South Korea) by the
skinfold body fat method. The different sets of calipers had
been calibrated to ensure consistent instrumentation. The
Jackson-Pollock 3-point method was used to calculate the
skinfold body fat and the fat was measured at three points in
the triceps muscle, suprailiac and thighs by calipers. Skin-
fold measurements were taken on the right side of the body
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while the subject was standing erect with her arms by her

sides. The locations of the skinfolds at the three sites were:

1. Triceps — a vertical fold was picked up about 1 cm on
the back of the arm, midway between the tip of the
acromion process of the scapula and the olecranon pro-
cess of the ulna. The mid-point was measured with the
arm flexed at the elbow; the skinfold was lifted parallel
to the long axis of the arm with the arm hanging freely
at the side.

2. Suprailiac — a slanted fold was lifted in the midaxillary
line at the level of the iliac crest of the ilium from the
anterior part of the body.

3. Mid-thigh — a vertical fold was lifted about 1 cm from
the midline of the front of the thigh halfway between
the inguinal ligament and the top of the patella while
the body weight shifted on to the left leg and the right
leg was relaxed but not lifted off the floor.

Each site was located visually and marked so that con-
secutive trials of measurements were at the identical site.
Each measurement was repeated until three identical read-
ings were taken from all sites and the average of the three
values was calculated for subsequent analysis. The sum
of the three skinfolds was used to estimate body density.
Predicted density was converted to percent fat using the
Siri equation [14].

Energy expenditure

The 24-hour physical activity information recording
form was provided to subjects to complete it during a one-
week course prior to the implementation of the research
program and the sixth week of exercise to determine the
subjects’ calorie expenditure during the pre-test period
and during exercise. The calorie expenditure is the amount
of energy used daily in calories, calculated by recording
the 24-hour activity of the person [43].

Maximum oxygen consumption

The Rockport 1-mile (1609 m) walk test was used to
estimate the maximum oxygen consumption. In this test,
a Polar F11 Heart Rate Monitor Watch (made in Finland)
and chronometer were used to record heart rate and the
final time, and then the oxygen consumption of the sub-
ject was calculated in milliliters of oxygen per kg of body
weight per minute (ml - (kg - min)~") [25].

Habitual calorie intake

During the 12 weeks of exercise the subjects were
asked not to change their diet and three days before the
first and second blood sample test, the amount of their en-
ergy intake was determined by 24-hour dietary recall [30].
N4 software was used to determine the energy received by
the subjects. A guide book to domestic scales, conversion
factors and edible food percentages was used to determine
the food weight.

Measuring the appetite and blood sampling

All subjects were asked not to exercise for 48 hours be-
fore the first blood sampling. On the blood sampling day,
the subjects completed the appetite questionnaire while
the subjects were fasting for at least eight hours [13]. The
questionnaire had two items:

1. How hungry are you?
2. How full are you?

The used scale is graded from zero to 150 ml and is
divided into five modes that determine the severity of indi-
vidual mental emotions. Then, while the subjects were in
a sitting position and at rest, 5 ml of blood was taken from
their antebrachial vein. After that, the members of the ex-
perimental group performed exercises for twelve weeks
and the control group only performed their daily routine
activities. They had no exercise training at all. Also, the
appetite questionnaire was completed on the second day
of blood sampling in a fasting state and before lunch, and
during all twelve weeks before exercise and at a speci-
fied hour by the subjects. After twelve weeks, the subjects
were under pre-exercise conditions, i.e. physical inactivity
48 hours prior to blood sampling and they completed the
appetite questionnaire like the first stage, and blood sam-
ples were taken from the subjects. The resulting plasma
was frozen at —80 °C.

Hormonal measurements

The plasma samples were transferred to a specialized
laboratory to determine the concentration of acylated gh-
relin, leptin, and insulin. The Human Acylated ghrelin(AG)
ELISA Kit (EASTBIOPHARM Company) China was
used to measure acylated ghrelin, with a sensitivity of
2.6 ng/ml, and a 10% intragroup variation coefficient.
The Human Leptin(LEP)ELISA Kit (EASTBIOPHARM
Company) China was used to measure leptin, with a sensi-
tivity of 1.2 ng/ml, and a 10% intragroup variation co-
efficient and Human Insulin(INS)ELISA Kit (Demeditec
Company) Germany was used to measure insulin, with
a sensitivity of 1.76 ng/ml, and a 2.6% intragroup varia-
tion coefficient.

Training procedure

It was a twelve-week course of exercise three ses-
sions per week. Exercise time in the high-intensity
group was two hours after breakfast. High-intensity ex-
ercise included fast-running forward and backward for
30 seconds, with 80-90% of maximum heart rate. The
interval break time was 90 seconds. The training period
was 51 minutes (Table 1). The maximum heart rate was
calculated from the formula (220 — age) for each sub-
ject. A Polar F11 Heart Rate Monitor Watch was used
to record heart rate. The control group only performed
their daily routine activities. They had no exercise train-
ing at all.
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Table 1. High intensity exercise training protocols

Week 1 2 3 4 6 7 8 9 10 11 12
Variables
Intensity (maximum ¢ o5 ) 5 g0-85 80-85 80-85 80-85 8590 8590 8590 8590 8590 85-90
heart rate)
Rest time [min.] 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Repeat of running 10 12 14 16 20 20 21 2 23 24 25

Warm up time [min.]) 10 10 10 10

Cool down time

[min.] > > > >

Total workout time

[min.] 333

37.5 415 455

49.5

10 10 10 10 10 10 10

5 5 5 5 5 5 5

535 535 555 575 595 615 635

Statistical analysis

Descriptive statistics were used to calculate the central
index and dispersion. Descriptive statistics were calcu-
lated for all results as means + SD. The Shapiro-Wilk test
was also used to verify the normal data distribution. The
independent t-test was used to examine the significance of
differences between independent groups. The dependent
t-test was used to evaluate within-group differences. All
statistical operations were performed in SPSS 18 (IBM
Corporation, Armonk, NY, USA) for specific purposes.
The significance level of the hypothesis test was consid-
ered as o = 0.05.

Results

Before beginning the course and after 12 weeks of
high-intensity exercise, using descriptive statistics and stan-
dard deviation of age, the anthropometric and physiologi-
cal parameters comprising height, weight, fat percentage,

maximum oxygen consumption, body mass index and
waist-to-hip ratio (WHR) were measured. As can be seen,
the fat percentage in the high-intensity exercise group sig-
nificantly decreased after exercise training (p = 0.004).
Also oxygen consumption in this group was significantly
increased after exercise (p < 0.001) (Table 2). Changes in
some anthropometric indices after exercise training were
also calculated, and the results are shown in Table 3. It is
clear that weight loss (p = 0.01) and decrease in fat percent-
age (p =0.001) were significant in the high-intensity group.
Also, changes in oxygen consumption in the high-intensity
group were significantly increased (p = 0.001). Changes in
waist-hip ratio and BMI were not significant (Table 3).

The results showed that there was no significant dif-
ference in plasma leptin levels before and after 12 weeks
of exercise training. Therefore, high-intensity exercise
did not have any significant effect on plasma leptin lev-
els, while there was a significant decrease in within-group
leptin levels between pre-test and post-test in the high-
intensity exercise group (p = 0.01). The changes between

Table 2. Between-group changes of anthropometric and physiological characteristics of subjects

Anthropometric and HIT group Control group Between- HIT group  Control group  Between-group
physiological characteristics (Pre) (Pre) group p value (Post) (Post) p value
Age [years] 33.92+£5.19  3730+8.25 0.28 - - -
Height [cm] 160.46 +3.41 15840 +4.53 0.23 - - -
Weight [kg] 7451+4.65  72.57+9.55 0.62 70.80£5.87  73.05+9.87 0.60
Body fat percentage 40.55£3.59  40.09+3.15 0.78 36.78 £2.16%  41.04+3.41 0.004
Waist to hip ratio (WHR) 0.86 £0.05 0.82+0.05 0.19 0.84 £0.06 0.84 £0.07 0.82
ﬁ(‘;c/lryn;?ass index (BMI) 28.62+1.87  3020+3.07 0.17 27744208 30.02+3.01 0.06
Maximun oxygen consumption 35 gy , 3 71 29,97 + 5.4 0.06 42.03+£387%  30.51+4.62 0.0001

[mL - kg™ - min."1]

HIT: high intensity exercise training; * — significantly different (p < 0.05) from control group.
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Table 3. Changes of anthropometric and physiological characteristics pre and post training

Variables HIT group Control group Between-group p value
Changes of weight [kg] -3.71+£3.71*% 0.48 +1.25 0.01
Changes of body fat percentage -3.77+2.84 * 0.94 +1.48 0.001
Changes of body mass index (BMI) [kg/m?] —0.88 +£0.85 -0.18 +0.62 0.06
Changes of waist to hip ratio (WHR) —0.01 £0.06 0.0008 £ 0.02 0.46
Changes of maximum oxygen consumption 7204303 * 0.59 + 4.09 0.001

[mL - kg™ min."!]

HIT: high intensity exercise training; * — significantly different (p < 0.05) from control group.

Table 4. Changes in the concentration of plasma leptin, acylated ghrelin and insulin of subjects

Variables Measuring time Pre Post Changes of Within-group
Pre and Post p value
. Control group 512.80+233.88  483.20+184.72  -29.60 +91.55 0.33
Leptin [ng/ml]
HIT group 892.00 £ 682.59  872.70+£693.74  —19.30+19.94 0.01
Between-group p value 0.13 0.12 0.74 -
. Control group 709.60 £264.19  665.10+219.97  —44.50 +55.88 0.03
Acylated ghrelin [pg/ml]
HIT group 1154.40 £ 835.59 1167.90 £832.18  13.50 + 63.68* 0.52
Between-group p value 0.14 0.09 0.04 -
. Control group 24.07 £ 13.94 25.76 £ 13.28 1.69 + 6.88 0.46
Insulin [TU/L]
HIT group 17.67 +£4.40 14.58 +3.44* -3.09 +£5.20 0.09
Between-group p value 0.18 0.03 0.10 -

HIT: high intensity exercise training; * — significantly different (p < 0.05) from control group.

pre-test and post-test showed that there was a significant
increase in the level of acylated ghrelin in the high-inten-
sity group (p = 0.04). Also, high-intensity exercise reduced
the insulin levels significantly (p = 0.04) (Table 4). Also,
the results showed that there was no significant difference
in hunger and satiation between the two groups before
breakfast and before lunch, during the blood sampling.
There was a significant increase in energy expenditure
in the high-intensity group (p = 0.001), but there was no
significant difference in daily calorie intake and appetite
between the two groups.

Discussion

The main purpose of this study was to study the ef-
fect of chronic weight loss induced by high-intensity
exercise on appetite and acylated ghrelin and leptin hor-
mones among overweight or obese women. The results of
this study showed that anthropometric indices decreased
significantly because of sport exercises. Exercise training

is used as a strategy to combat overweight, and weight
loss, fat percentage, and body composition changes usu-
ally occur following exercise in subjects who are obese
or overweight [22, 48]. High-intensity exercise increases
the amount of fat oxidation in the muscle and reduces the
amount of fat. The mechanism responsible for this change
may be the effect of f-adrenergic stimulation in high-in-
tensity sports activity on lipid metabolism and increased
lipolysis [8, 48].

The results of some studies have shown that exercise
intensity is an important factor in improving the maximum
oxygen consumption. In addition, high-intensity exercise
increases mitochondrial capacity. Sim et al. (2015) also
found that high-intensity exercise increased aerobic fitness
[37]. The results of this study showed that the maximum
consumed oxygen in the high-intensity group was signifi-
cantly increased after exercise.

Also, the results showed there are no significant chang-
es in calorie intake after exercise. Given the increased
energy expenditure in the high-intensity group and the
lack of changes in calorie intake, it can be concluded that
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performing high-intensity exercise and increasing energy
expenditure does not compensate for the increased calorie
intake. One reason the effect of exercise activity on weight
loss is not significant is that adaptation to sports activities
caused compensation responses such as increasing calorie
intake or reducing the energy expenditures of other physi-
cal activities. It has been reported that exercise can posi-
tively regulate the calorie intake or the negative regulation
of physical activity other than exercise and thus neutral-
ize exercise-induced calorie expenditure [34]. The results
of the current study are consistent with many studies and
showed that there is no increase in calorie intake due to
physical activities [7, 35, 37]. Donnelly et al. (2013) in
a review article concluded that 59% of cross-sectional
studies, 50% of short-term studies and 75% of randomized
intervention studies did not show any change in calorie
intake after exercise. It has been shown that none of the
factors related to exercise activity such as type, intensity,
duration, or characteristics of subjects such as age, sex, or
weight affect calorie intake [11]. Also, there was no re-
duction in daily activities during the training period, and
subjects did not compensate for the energy expenditure of
exercises by reducing other daily activities. Therefore, it
can be said that exercise in this study caused negative bal-
ance and weight loss.

It is assumed that hormones regulating appetite, such as
ghrelin, play a role in regulating calorie intake [38]. Stud-
ies conducted on obese and healthy individuals showed
that ghrelin levels increased with weight loss after exer-
cise and food restriction [40]. One of the consequences
of physical activity is the increase in calorie expenditure
that generates signals for ghrelin producing cells in the
stomach, and these signals affect appetite regulation [27].
Ueda et al. (2013), Moraes et al. (2015) and Martins et al.
(2010) reported that acylated ghrelin fasting levels signifi-
cantly increased due to aerobic exercises, and this increase
of acylated ghrelin can increase the appetite and conse-
quently the calorie intake in order to restore energy bal-
ance [31, 33, 42]. Ueda et al. (2013) examined the effect
of 12 weeks of exercise with 65% intensity on 20 middle-
aged Japanese women. The results showed that exercise
induced a significant increase in fasting acylated ghrelin
[42]. Moraes et al. (2015) also performed a study of 52
patients undergoing hemodialysis to study ghrelin changes
during 6 months. The results showed that the amount of
acylated ghrelin increased. Therefore, the ghrelin inter-
feres with a negative feedback loop in regulating body
weight [33]. It also seems that the leptin hormone secreted
from adipose tissue plays a role in long-term regulation
of energy hemostasis. A significant decrease in leptin has
been reported due to exercise training [19, 32, 37]. The re-
sults of this study showed that 12 weeks of high-intensity
exercise did not have a significant effect on fasting plas-
ma leptin, but significantly increased the acylated ghrelin

levels. These results were not consistent with Guelfi ef al.
(2013), Sim et al. (2015) and Jones (2009) and no signifi-
cant change in fasting acylated ghrelin levels was observed
[15, 22, 37]. Sim ef al. (2015) examined the effect of 12
weeks of high-intensity intermittent exercise training on
acylated ghrelin levels among 30 men. The results showed
that high-intensity intermittent exercise training did not
change the acylated ghrelin [37]. In the present study,
weight loss caused by high-intensity exercise increased
the amount of acylated ghrelin. The results of this study
showed a decrease in within-group values of leptin in the
high-intensity group, but this decrease did not reach a sig-
nificant intergroup level. The leptin decrease after weight
loss can also reduce its repressive response to appetite and
increase appetite. In the present study, the lack of changes
in leptin after exercise and the lack of calorie intake con-
firm the positive relationship between these two. Leptin
levels did not change as a result of exercise, resulting in an
unchanged caloric intake.

The insulin concentration was also measured in the
current study. The results showed that 12 weeks of high-
intensity exercise significantly reduced plasma fasting
insulin levels. Insulin is a hormone that increases with
increasing blood glucose levels after food and acts as an
anti-hunger signal [28]. Insulin reduction is also shown
after exercise [35, 42]. Kanaley et al. (2014) studied the
effect of 15-day walking exercise with 70-75% VO, ..\
intensity in 13 obese subjects with glucose and insulin
and the results were not consistent with the current study.
The results showed that physical exercises did not change
these indices significantly [23]. Insulin has a negative cor-
relation with ghrelin [2]. Therefore, one reason for acy-
lated ghrelin increasing due to exercise training may be
insulin reduction.

The results of the current study showed that 12 weeks
of aerobic exercise did not have a significant effect on
hunger and satiation. Lack of appetite following exercise
with weight loss indicates that the negative energy balance
created by this intensity does not result in appetite com-
pensatory responses. Previous studies have shown that ex-
ercising and increasing energy expenditures result in a neg-
ative energy balance and therefore it increases appetite
[15, 31, 36]. The results of Ueda ez al. (2013) and Sim et al.
(2015) were consistent with our findings and showed a lack
of change in appetite due to physical exercise [37, 42]. On
the other hand, the appetite associated with exercise train-
ing also has different forms, depending on the duration, in-
tensity and frequency of exercise training, physical fitness
and physiological state of people. Therefore, more studies
are needed in order to better understand appetite changes,
as well as their relation to exercise, to examine hormonal,
metabolic and other relevant factors simultaneously. The
effect of exercise on appetite varies from one person to an-
other. Individual responses to exercise can therefore vary
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widely and are very difficult to predict [3, 38, 46]. Also, it
is likely that measuring appetite during a course of exercise
using a mental scale will affect its outcomes. Generally, it
is not assumed that the fluctuation of appetite is only influ-
enced by known and fully controllable factors. There are
other factors that can affect it as well: social effects, the
availability and diversity of food, the expenditure of daily
energy along with the economic or cultural status factor.
Since the sample size was too small and there is a lack of
similar evidence, it is necessary to conduct more longitudi-
nal and more accurate studies.

Conclusions

The results of the study showed that loss of weight and
fat percentage occurred due to high-intensity exercise. Al-
so0, lack of appetite increase and calorie intake with weight
loss shows that the created negative energy balance with
this intensity does not result in appetite compensatory re-
sponses. Also, high-intensity exercise leads to stimulation
of physiological responses to appetite increase, but it has
no effect on mental appetite. In other words, the changes
in mental and physiological feelings in the high-intensity
exercise group are not completely consistent. The results
of this study can be applied to designing sport programs
and for preventing and treating obesity.
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