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The aim of this study was to investigate the 24 hour response of appetite and energy intake and the
amount of Agouti-Related Protein to the high intensity interval exercise in obese untrained women.

Ten obese untrained women were voluntarily selected according to the criteria of the research and
evaluated in two experimental and control sessions. Blood samples were collected in two sessions of
control and experimental group in five stages. Also, the appetite questionnaire was completed in 9 steps.
Also, energy intake was recorded by them during the day.

Agouti-Related Protein increased significantly in experimental session immediately after exercise
compared to the control session (p<0.05). In the Visual analog scale, the feeling of hunger and desire
to eat decreased significantly immediately after exercise and before lunch in the experimental session
(p<0.05). While feeling of satiety and fullness were significantly higher immediately after exercise and
before lunch (p<0.05), in other words, the desire to eat was reduced. Also, exercise significantly reduced
energy intake in the experimental session compared to control session (p<0.05). The amount of protein
consumption, carbohydrate, and fat decreased in the experimental session compared to the control
session, but this decrease was not statistically significant (p>0.05).

Although a session of high intensity interval exercise resulted in reduced energy intake, but this reduction
was not related to just one macronutrient. Hunger and desire to eat decreased after exercise and before

lunch but the Agouti-Related Protein increased after exercise.
obesity, appetite, energy intake, AgRP, intensity interval exercise.

Introduction

Over the years, obesity is considered as a worldwide
problem, and is defined as abnormal or excessive fat
accumulation that impairs health [1]. However, recent
reports indicate that obesity rates have doubled worldwide
in recent years and women are more likely to be obese or
overweight than men [2]. Obesity is a major risk factor
for mortality mainly from cardiovascular disease [3], type
2 diabetes [4], types of cancer [5], and other diseases. In
addition, the pathogenesis of human obesity results from
a bad regulation of energy intake and energy expenditure
that affects the balance of daily energy and ultimately leads
to body weight gain [6].

Research has shown that physical activity is one of the
ways to regulate energy balance in the body and evidence
suggests that both acute exercise and regular exercise
training directly generate negative energy balance and
also reduce appetite and the total energy consumption and
affect the levels of a number appetite related peptides [7].
However, the hypothalamus plays a key role in regulating
appetite, food intake, and energy homeostasis in humans
[8]. The hypothalamus contains a group of neurons that
secretes specific neuropeptides affecting eating behaviors
[9]. Hypothalamic neuropeptides are factors that affect
appetite, eating behavior, and energy balance, which are
divided into two groups of appetite stimulus and appetite
suppressant; one of these hormones is the Agouti-Related
Protein (AgRP) which is known as one of the most
important orexigenic hormones [10]. Thus appetite is
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controlled by a series of complex processing in the brain
and several peripheral secretion hormones [11]. AgRP
is a 132 amino acid peptide that is secreted from the
midline of the arterial nucleus of the hypothalamus and
the inner region of the adrenal gland [12]. This hormone is
a candidate gene for human obesity and a strong appetite
stimulant, and evidence suggests that it plays a large role
in receiving and choosing food, regulating weight, and
energy hemostasis [13]. It has also been reported that it
has both acute and long-term effects on food intake [12].

As mentioned above, some conditions such as physical
activity and exercise can create changes in appetite,
energy intake, and peptides that affect energy balance
and adjustment. In this case Carnier et al. examined the
long-term effect of aerobic training and the combination
of aerobic and resistance training on anorexigenic and
orexigenic hormones in obese adolescent and concluded
that in both groups, daily energy intake decreased
although in combination group the concentration of AgRP
increased [14]. In another study that investigated the effect
of treadmill running on plasma concentration of AgRP in
rats, the results showed that plasma AgRP levels increased
with running [15]. Also researches evaluated the response
of AgRP to a single session of circuit resistance exercise
in college men and finally the results indicated that AgRP
plasma levels increased immediately after exercise and
returned to pre-exercise levels during recovery [16].

As there are only few studies on the response of
this hormone to exercise and women are more likely to
be obese or overweight than men; therefore, the main
challenge for researchers is to control obesity in obese
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women; whereas, the caloric intake within 24 hours can
be very important in controlling this process. Considering
that high intensity interval exercise (HIIE) has been
recently recognized as a high performance exercise
method in obese individuals and this type of exercise
affects individual’s appetite greatly, also most individuals
tend to choose HIIE instead of continuous exercise [17,
18]; therefore the present study attempts to investigate the
24 hour response of appetite and energy intake and the
amount of Agouti-Related Protein to the high intensity
interval exercise in obese untrained women.

Materials and Methods

Subject design

15 obese untrained women (age: 33+8.47 years,
height: 161.92+4.12 cm, weight: 85.75+3.40 kg, body
fat: 39.80+1.93 %, body mass index: 32.48+1.59 kg/m?)
voluntarily participated in this study. Eventually five of
them were excluded due to incomplete cooperation. The
criteria for participation in the research were as follows:
1) obese (BMI: 30-39.9 kg/m?) and untrained. 2) Weight
stability within the last 6 months. 3) Not using a specific
drug that effects on appetite. 4) Not dieting. 5) Sufficient
ability to participate in research. First, after coordination
with the subjects, initial measurements including height,
weight, body mass index, body fat percentage, blood
pressure, and heart rate were performed one day before
the subjects were invited to study. Then, written consent
was taken from subjects and the medical and sports
records questionnaire were completed by them. It should
be noted that all stages of research were confirmed by
the Ethics Committee of Guilan University of Medical
Sciences (IR.GUMS.REC.1398.081). Table 1 describes
the characteristics of the study participants.

Table 1. Characteristics of the study participants

Characteristics Mean + SD
Age (y) 33+8.47
Height (cm) 161.92+4.12
Weight (kg) 85.75+3.40
Body fat (%) 39.80+1.93
BMI (kg.m?) 32.48+1.59

Design and exercise protocol

At first, the subjects were evaluated in the form of the
control group and then examined with an interval of 10
days in the experimental group form. In the experimental
session, the subjects performed 10 exercises, 1 minute
running on treadmill at 90% HRmax and with 1 minute rest
interval between exercises at 30% HRmax [1]. It should
be noted that subjects did not perform any exercises in the
control session and only blood samples were taken from
them and the visual analog scale (VAS) was completed by
them; energy intake was also reported.

Anthropometric measurements

A digital scale with a precision of 0.01 kg was used to
evaluate the subject’s weight. A wall-mounted stadiometer
with a precision of 0.01 cm was used to measure height.
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For measurements of height and weight, the subjects were
bare foot and wearing slight clothing. Body mass index
was calculated as body weight (kg) divided by height
squared (m?). Percentage of body fat was measured using
caliper Lafayette at three anatomical landmarks (tight,
triceps, suprailiac). All measurements were taken from
the right side of the body and measured three times to
reduce the measurement error.

Blood sampling and biochemical analysis

Blood samples were collected from the antecubital
vein at five stages; first stage: morning before breakfast
(before exercise), second stage: after exercise, third
stage: before lunch, fourth stage: before dinner, and
fifth stage: one hour after dinner. Plasma was separated
by centrifugation; the samples were then stored at -80 °
C until testing time. Plasma AgRP was measured using
a Human Agouti Related Protein (AgRP) ELISA Kit
(HANGZHOU EASTBIOPHARM, china, sensitivity
1.01 ng/ml).

Subjective appetite sensations

The VAS is also completed before and after breakfast
(8:00), before and after the exercise (11:00), before and
after lunch (12:15), before and after dinner (19:00), and
one hour after dinner [19]. Participants were asked to
rate the amount of satiety, fullness, hunger, and desire
to eat using the VAS (0 to 100 mm). Participants rated
their appetite perceptions by placing a mark on a 100 mm
continuum with descriptors positioned at either end. The
validity and reliability of this questionnaire have been
proven by Flint et al [20].

Energy intake

Energy intake was measured using the registration of
foods in the consumables recording sheet. The amounts
of each food consumed was reported to gram .Then
each food was coded according to the instructions of the
N4software: by entering the code for each foodstuff in the
software and specifying the amount of foods consumed
to gram, the Calories related to that foodstuff to the
kilocalories, and the amount of macronutrients (protein,
carbohydrate, fat) as well as the total caloric intake of the
whole day were provided by the software

Statistical analysis

The Shapiro-Wilk test was used to verify the
normality of the data. Parametric descriptive data were
presented in mean and standard deviation (SD). Two-
way repeated measures analysis of variance (ANOVA)
followed by Bonferroni’s method was used to analyse the
data from the VAS (hunger, satiety, fullness, desire to eat)
and AgRP. T-test method was used to analyse the energy
intake and macronutrients data. All statistical procedures
were performed using SPSS version .20.0.

Results

Agouti-related protein

Based on Fig 1 plasma levels of AgRP increased
significantly in experimental session immediately after
exercise compared to control session (p<0.05), but no
significant difference was observed in other stages of
measurement compared to control sessions (p>0.05).
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Figure 1. Plasma concentration of AgRP in the control and experimental session. Values are meanSD (n=10).

Appetite questionnaire
According to the information presented in Fig 2-5, in
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Figure 2. Rating of fullness in the control and experimental
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to Table 3 the protein, carbohydrate and fat intake
decreased in experimental group, but this decrease was
not statistically significant (p>0.05).

Figure 4. Rating of hunger in the control and experimental
session. Values are meanSD (n=10).
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Figure 5. Rating of desire to eat in the control and
experimental session. Values are meanSD (n=10).

Discussion

Obesity is rising now in developing countries and
in developed countries [21]. Obesity develops when
energy intake is more than energy expenditure, given
that exercise is an important component of daily energy
balance [22]. Since exercise affects eating behavior, and
appetite regulation is one of the important issues for
weight control in exercise physiology, the purpose of this
study was to determine the 24 hour response of appetite
and energy intake and the amount of Agouti-Related
Protein to the high intensity interval exercise in obese
untrained women.

Exercise and Agouti-related protein

In the current study, plasma levels of AgRP in
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the experimental session, immediately after HIIE
significantly increased compared to the control session
and baseline levels and the lunch meal, dinner meal, and
one hour after dinner. It was also close to its baseline
level which was even higher than the baseline level, but
this amount was not statistically significant. The reason
for the increase in AgRP seems to be that exercise and
physical activity greatly disturb the energy balance of
the cell. During exercise, muscle energy requirements
increase dramatically. This need must be met in a way
that allows the muscle to continue its activity. The
disturbance of energy balance increases the expression of
AgRP in the hypothalamus which was previously shown
by other research [16, 23-25]. It should be noted that little
research has been done on the effects of exercise on AgRP
on humans. Among the studies that examined the effect
of exercise on human plasma AgRP concentration was
Ghanbari-Niaki et al. [16] These researchers investigated
the effect of one session of a circuit resistance exercise
on the concentration of AgRP in male students. The
results of their research showed that plasma AgRP level
significantly increased immediately after exercise and
returned to baseline level during recovery period [16].
This study is in line with the current research. Also, in
contradiction with the current research, Ghanbari-Niaki
et al. assessed the effect of a session circuit resistance
exercise training on serum levels of AgRP in male
students and proved that this type of exercise significantly
reduced serum levels of AgRP immediately after exercise
in subjects [26]. The difference between this research
and the present study was the type and intensity of the
exercise and the characteristics of subjects. The current
study subjects were obese untrained women. In this regard
Katsuki et al. compared 30 obese men and women with 30
non-obese men and women and same age of plasma levels

experimental session

Figure 6. Rating of energy intake in the control and experimental session. Values are mean+SD (n=10). * = Significant

difference between two sessions using the T-test method.
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Table 2. Energy intake in the control and experimental session (MeanxSD)

Meals
(kcal)

(n=10)
Breakfast meal
Breakfast snack
Lunch meal
Afternoon snack

Dinner meal

One hour after dinner

Control Session

672.432 +115.463

122.279 +74.742

591.409 + 164.280

156.880 + 112.093

538.475 + 245.820

135.728 + 155.079

Experimental Session
(n=10)

572.480 £ 177.255
85.126 + 35.928

515.015 £+ 211.051
190.108 + 160.826
549.920 £ 317.685

119.563 + 116.115

Table 3. Macronutrients intake in the control and experimental session throughout the day (MeanSD).

Macronutrients Control Session

(gram) (n=10)
Carbohydrate 284.666 + 39.432
Protein 92.819 + 24.644
Fat 74.384 + 25.189

of AgRP. The results of this study showed that plasma
concentration of AgRP was higher in both obese men and
women than non-obese men and women. The researchers
also found that there was a positive correlation between
plasma levels of AgRP and BMI [24].

In addition, it has been suggested that increasing
AgRP can be considered as an effective factor in the
mechanism of glycogen repair and super compensation
following exercises [27]. Therefore, considering that the
exercise protocol of the present study is considered as a
high intensity exercise, it seems that one of the reasons for
increasing plasma AgRP immediately after exercise in the
present study is the intensity of the exercise to compensate
for the lost energy.

Asnoted above, in the present study at dinner meal and
one hour after dinner, plasma levels of AgRP were higher
than baseline levels. Compared to that of before dinner
and one hour after dinner, the levels of this hormone were
higher than before lunch, it might be said, given that it
was reported that AgRP has a unique circadian rhythm.
On the one hand, this rhythm is consistent with changes in
some of the other hormones and eating behavior. On the
other hand, it has been reported that AgRP levels increase
with the onset of darkness relative to its base levels [28].
Perhaps it can be justified that one of the reasons for
increasing plasma levels of AgRP before dinner and one
hour after dinner than before lunch and its base level is the
beginning of darkness and not the effect of the exercise.
Because the plasma levels of this hormone in the control
session were also increased before dinner and one hour
after dinner than before stages. And given that in both
sessions, AgRP plasma levels increased before dinner
and one hour after dinner compared to baseline levels and
before lunch, and this amount was statistically significant,

Experimental Session
(n=10)

266.155 + 75.717
77.388 £ 5.331
67.605 + 25.367

so it seems that the factor affecting the increase of this
hormone is the circadian cycle.

Exercise and appetite (Visual Analog Scale)

In the current study, the rating of hunger and desire
to eat decreased immediately after exercise and before
lunch in the experimental session, while rating of satiety
and fullness were significantly higher immediately after
exercise and before lunch; in other words, the desire to
eat was reduced. Also, there was no difference in appetite
after lunch, before and after dinner, and one hour after
dinner in two sessions.

Many studies have reported suppression of hunger after
exercise. In agreement with the present study, King et al.
showed that, hunger significantly decreased immediately
after high intensity exercise [29]. Also, Stephanie et al.
found significant decrease in rating of hunger and desire
to eat immediately after high intensity exercise in high-
trained women, while the rating of satiety and fullness
were significantly lower at 60 minutes post-exercise, in
other words, rating of desire to eat were significantly
higher 60 minutes post-exercise. In their research, the
results of the VAS were consistent with the appetite
hormone [30]. But, in the present study, the results of the
AgRP and VAS were not consistent; in our study, AgRP
levels were significantly higher as an orexigenic hormone
immediately after exercise. The reason for the lack of
consistence between these two factors in the present study
can be confirmed by the hypothesis that AgRP is an agent
for stimulating the continued eating behavior, not an agent
to increase appetite to start eating [31].

Exercise, energy intake and macronutrients

Based on the results obtained in the present study,
the energy intake in the exercise session decreased
significantly compared to the control session.
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In line with the current research, Sime et al. reviewed
the energy intake in overweight individuals following
HIIE for the 24 hour and concluded that the energy intake
in these individuals was significantly reduced [32]. While
Martins et al. did not report any significant difference
in the energy intake throughout the day following HIIE
and MICE with obese subjects [11]. Also Westerterp
et al. found a significant decrease in energy intake 10
minute after two hours of moderate intensity cycling
[33]. Most of the previous studies examined energy
intake in the laboratory and after food consumptions at
single meals and shortly after exercise [34-37]. But in the
present study, energy intake was evaluated throughout
the day. Also, one session of HIIE, although reducing
the consumption of protein, carbohydrates, and fat, this
decline was not significant. In this regard, short-term
interventions examined the acute effects of an exercise
session on macronutrients intake and reported different
results, but most of the samples showed a lack of change
[38, 39]. Martins et al. reported no significant change
in macronutrients consumption after 60 minutes of
moderate-intensity cycling [37].

A limitation of research was that the energy intake
was reported by the participants and its correctness
depended on the honesty of respondents. But to reduce this
limitation, participants were well-trained before starting
the study. However, it is suggested that other hormones

such as leptin and ghrelin be measured along with AgRP
due to the interaction of appetite hormones together.

Conclusion

In conclusion, this investigation has shown that
one session of HIIE, immediately after exercise and
lunchtime suppressed appetite. It also declined energy
intake throughout the day. AgRP showed an increase
immediately after exercise as an appetite stimulating
hormone. This increase was not consistent with the VAS.
Perhaps a significant increase in the AgRP immediately
after exercise may affect factors other than appetite or
some of its associated factors. Finally, we concluded that
this type of exercise is useful in obese women to control
appetite and energy intake throughout the day. But,
due to the short-term effects of this type of exercise, it
is suggested that the exercise be done two times in the
morning and in the evening and close to the main meals.
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