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Background: The present quasi-experimental and field research was conducted to evaluate the
effect of combined exercises on the levels of obestatin and ghrelin in overweight women.
Methods: The study subjects consisted of 34 overweight women with a Mean±SD age of
30.29±4.66 years, a Mean±SD height of 165.11±5.56 cm, a Mean±SD weight of 74.64±7.33
kg, a Mean±SD body mass index of 27.35±1.74 kg/m2, which were selected purposefully
and randomly, and assigned to the experimental (n=17) and control (n=17) groups. At first,
venous blood samples were taken from subjects after 12 h overnight fasting to measure the
levels of ghrelin, obestatin, glucose, insulin, and insulin resistance. Then, the participants of
the experimental group participated in a combined exercise program, including warming up,
aerobic training, resistance training, and cooling down. All these variables were re-measured
after 12 weeks and the obtained data were analyzed. The paired t test was used for intra-group
comparison and independent t test was performed for inter-group comparison.
Results: The findings of this study showed that body weight, BMI, waist circumference, glucose
level, and ghrelin-obestatin ratio were significantly different between the experimental and the
control groups (P≤0.05) after 8 weeks of combined exercise training, but differences in ghrelin,
obestatin, insulin levels, and insulin resistance were not significant between the experimental and
control groups (P≤0.05).
Conclusion: The combined exercise training, therefore, seems to be a suitable method for weight
loss, body composition, waist circumference, glucose level, and ghrelin-obestatin ratio.
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1. Introduction

besity is one of the significant health
problems around the world. Because of
urbanization, industrialization, increased
economic growth, and globalization of
the market, the patterns of diet and lifestyle of the people have encounters rapid changes [1].
Adjusted body weight is a highly complex and accurately controlled process in which peptides in the stomach and brain play an important role [2]. The connections
between the gastrointestinal tract and the Central Nervous
System (CNS) are important parts of regulating appetite.
The Gut-Brain Axis (GBA) has neural and hormonal portions that transmit data to important neurological centers,
including the hypothalamus and brain stem [3].
The connective pathways between the digestive system
and the CNS are important parts of regulating appetite.
Combined exercise activity is likely to increase the level
of growth hormone, which acts as an obestatin secretion inhibitor. The growth hormone is controlled through
negative feedback by inhibiting fundus obestatin concentration [3].
Both ghrelin and obestatin are derived from preproghrelin with different post-translational changes. The
obestatin receptor (GPR) is expressed in gastric, intestinal, pancreatic, pituitary, hypothalamic, and lipid tissues.
The obestatin is involved in the metabolism of energy,
glucose, and fat; the regulation of body weight; and the
secretion of insulin. Besides, it is an appetite suppressant
and causes decreased gastric emptying and intestinal
contractions. This peptide is also associated with obesity and diabetes. The findings have shown that ghrelin
is sensitive to negative energy conditions and plays a
significant role in the short-term and long-term energy
balance as well as glucose homeostasis [4].
The ghrelin is a 28-amino acid peptide, released from
the gastrointestinal cells, known as an appetite stimulant,
expressed from gastric, intestinal, pancreatic, kidney, hypothalamic, and pituitary cells. It is located in the cell
membrane of ghrelin cells in the stomach and pancreas.
Research findings show that the expression of the ghrelin gene in the stomach increases during fasting and decreases in satiety. The plasma level of ghrelin decreases
under positive energy balance conditions and increases
in negative energy balance conditions [2]. Several factors can affect appetite levels, including sports activities.
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There is evidence regarding the effects of physical activity and exercise on energy resources, appetite, energy
intake, and energy expenditure. Muscle glycogen depletion is caused by the energy demand of muscles and
the consequent reduction of liver glycogen to maintain
blood glucose and energy intake and is one of the routine
effects of the activity. Exercise, as a human body constrictor, can develop a negative energy balance, followed
by activating the mechanisms involved in regulating and
balancing energy [5]. Previous studies have shown the
effects of physical activity, especially severe and prolonged activity, on the significant depletion of ATP, liver,
and muscle glycogen.
The role of ghrelin, agouti-related peptide (AGRP), and
NPY as well as the effect of physical activity on energy
balance and food intake have been substantiated, but the
function and importance of obestatin are still ambiguous as an anti-appetite peptide contributing to energy
balance to prevent weight gain. The level of obestatin
may be affected by exercise and can lead to changes in
appetite and weight [6].
The ghrelin-obestatin ratio plays an important role in
energy balance and weight control. These peptides have
opposing effects on food intake, weight gain, and adiposity. The increasing ghrelin-obestatin ratio is likely to
contribute to the etiology or pathophysiology of obesity
and overweight [7].
Some studies have shown that exercise-caused weight
loss, followed by a decrease in BMI, can change the
plasma ghrelin level [5, 6]. Karen et al. observed that the
plasma ghrelin levels increased in response to a one-year
training program. This exercise program led to weight
loss, without lowering the calorie intake. However, researchers suggested the hypothesis that the ghrelin participates in regulating a negative feedback loop, which
is the regulator of body weight. In other words, reducing body weight leads to increased blood ghrelin levels,
known to be part of adaptation to energy shortages [7].
Jafari Chashmi et al. investigated the combined effect
of ghrelin levels in men. Their results indicated that the
ghrelin levels increased only in combined exercise training at the upper extremity [6]. In a study by GhanbariNiaki et al., the results indicated that 6-week endurance
training reduced the level of ghrelin in plasma and muscle in rats. At the end of the exercise program, there was
no significant difference between the experimental and
the control groups regarding the plasma levels of glucose
and insulin and the weight [8].
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Parvizi et al. investigated the effect of 12 weeks of
aerobic exercise running on a treadmill on the ghrelin
levels in Wistar rats and showed a significant decrease
in serum acylated ghrelin and no effect on the stomach
tissue acylated ghrelin [9]. In general, although resistance activities are a very important part of an exercise
for weight loss, the effect of these exercises on ghrelin
peptide, which plays an important role in energy metabolism, has not been studied. Besides, some scientific
sources also state that changes in the ghrelin levels are
effective in insulin resistance [10].
About hormonal and metabolic studies, still many questions exist about changes in the ghrelin levels as one
of the factors affecting energy balance due to training
exercises. Also, the effect of weight loss due to training exercises on the plasma ghrelin level requires further
investigation. Given that most people use the combined
program, including resistance and endurance training, in
the process of preparation, and since nature and adaptations resulting from resistance and aerobic exercises
are different and opposite in some cases, the purpose of
this research was to determine the effect of combined
exercise training on the levels of ghrelin, obestatin, and
insulin resistance in overweight women.

2. Methods
The present quasi-experimental and field research was
conducted with an experimental group and a control
group in 2017 in Isfahan City, Iran. The study population was all overweight women living in Isfahan. To
complete the sample size, a poster was installed at several municipal cultural centers and gyms to invite overweight women to participate in the study. Subsequently,
eligible individuals were selected based on the inclusion
criteria. The inclusion criteria were the age range of 25
to 45 years; the Body Mass Index (BMI) between 25 and
30; no history of cardiovascular, respiratory, liver, kidney, brain, and hormonal disease; lack of a weight loss
program in a recent year; the absence of hypertension
and lack of regular physical activities in the last year.

The subjects were asked to complete a physical activity
readiness questionnaire. Finally, 34 eligible candidates
were selected to participate in the study by purposeful
and convenient sampling method, and randomly assigned to two groups of control (n=17) and experimental (n=17). The sample size was determined based on
previous articles. The exclusion criterion was the lack
of regular engagement in research. In this research, no
dropout was observed according to the researcher’s follow-up. During a meeting, the volunteers were briefed
on the type of study, its objectives, procedure, benefits,
and risks, and then signed informed consent.
The samples’ height, weight, and BMI were measured
with a minimal dress and no shoes. The weight of subjects was measured via a scale with an accuracy of 0.1
kg (made in Germany) and their height was measured by
tape measure with an accuracy of 0.5 cm. The BMI was
calculated by dividing body weight in kilograms (kg) by
height in square meter (m²).
Before the beginning of the training program, the subjects participated in a series of briefing sessions on exercises, safety-training principles, and the systematic use
of gym equipment. Then, the values of one repetition
maximum were determined. The pressure and the frequency of repetition of each exercise were determined
individually based on their abilities and physical fitness.
The experimental group performed combined exercise
training for 8 weeks and three times a week. Each session consisted of 5 minutes of warm-up, 45 minutes of
resistance training, 30 minutes of aerobic training (running) and finally cooling down.
The control group during the study period went to normal daily activities. Eight resistance exercises included
upper, lower, and core muscle groups such as leg press,
leg flexion, leg extension, chest press, armpit muscle
movement, bicep exercises, and shoulder workout. The
aerobic exercise included running in the gym. The duration and intensity of aerobic exercise are presented in
Table 1. The duration of the exercise at the start of the

Table 1. The combined exercise training program

Aerobic

Duration (min)

Intensity (maximum heart rate)
Resistance

1st & 2nd Weeks

3rd Week

4th Week

5th Week

6th Week

7th Week

8th Week

10

15

20

20

25

30

30

60%-65%

65%-70%

50%-55% of one repetition maximum

55%-60% of one repetition maximum
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study was 10 minutes, which increase to 30 minutes in
the eighth week [10].

the inter-group comparison in the SPSS V. 22. The significance level for calculations was considered (0.05).

To keep the caloric intake constant during the study, the
dietary intake was recorded via the 24 h dietary recall
(24 h) in three days (Saturday, Sunday, Friday) in the
first, sixth, and final weeks.

3. Results

To measure the biochemical variables, the blood samples were taken from subjects after 12 hours of fasting
and in 2 steps before the intervention and then 12 weeks
after the intervention. Five milliliters of venous blood
samples taken from the subjects were centrifuged at
3000 rpm, and serum was collected and stored at -80°
C. The enzymatic colorimetric method (sensitivity of 5
mL/dL) was used to measure serum fasting glucose. The
serum insulin concentration was measured by ELISA
assay and using a special kit (Monobind Inc, USA).
The insulin resistance index was calculated using the
HOMA-IR equation [11].
HOMA-IR: fasting insulin (U/mL) × fasting glucose
(mmol/L)/22.5
The plasma ghrelin level was measured using the EASTBIOPHRM kit with the code of Ghrelin (GH) Elisa Kit
human code - CK Cat. No E10638 with a sensitivity of
0.01 ng/mL (China under license of the US). The plasma
obestatin level was measured using the EASTBIOPHRM
kit with Human Obestatin (OB) Elisa Kit Cat.No code:
CK-E90108 with a sensitivity of 0.01 ng/mL (China under license of the US). After 8 weeks of intervention, all
variables measured in the Pre-test were re-measured. Descriptive statistics were used to examine the subjects’ characteristics, including age, height, weight, BMI, glucose
level and fasting insulin, insulin resistance index, ghrelin,
obestatin, and ghrelin-obestatin ratio in two groups. After
examining the normal distribution of data with the help of
the Kolmogorov-Smirnov test, the paired t test was used
for the intra-group analysis and the independent t test for

The current study was performed on 34 overweight
women. Table 2 presents the measures of central tendency related to the general characteristics of subjects in the
Pre-test, including age, weight, waist circumference, and
BMI in the experimental and control groups.
As shown in Table 3, only ghrelin-obestatin ratio, glucose level, weight, BMI, and waist circumference are significant in the experimental group (P=0.05). In Table 3, the
inter-group comparisons are evaluated for study variables.
As seen in Table 4, the differences in ghrelin-obestatin
ratio, weight, BMI, and waist circumference are significant between the experimental and control groups
(P<0.05). The results of Table 4 show the normal distribution of data.

4. Discussion
As shown in Table 5, the data distribution was normal
using the Kolmogorov-Smirnov test. The results showed
that 8 weeks of combined exercise training did not affect
ghrelin concentration in overweight women. Although
ghrelin levels increased slightly in the experimental group
after 8 weeks of training, this change was not significant.
In the present study, no significant changes were observed
in ghrelin levels after 8 weeks of combined exercise.
The mechanism of the relationship between ghrelin and
physical activity has been evaluated, which is likely to result in a negative energy balance in the body and ghrelin
released in response to energy shortages to stimulate food
intake behavior, the supply of lost energy, and establish
energy balance [2]. The results showed that 8 weeks of
combined exercise training did not affect ghrelin concentration in overweight women. Although ghrelin levels in-

Table 2. Comparison of mean age and BMI between the two study groups before the intervention
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Group Variable

Combined Exercise Training

Control

t

Sig.

Age (y)

30.29±4.66

31.40±3.56

1.39

0.26

Weight (kg)

74.64±7.33

73.06±4.09

4.2

0.36

BMI (kg/m2)

27.35±1.74

27.01±1.40

1.17

0.33

Waist circumference (cm)

97.17±7.44

92.73±7.89

3.17

0.57
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Table 3. Intra-group comparison of plasma ghrelin, obestatin, and ghrelin-obestatin ratio before and after training in the experimental and control groups
Variables
Ghrelin (ng/mL)
Obestatin (ng/mL)
Ghrelin- obestatin ratio
Glucose level (mg/dL)
Insulin (mIU/L)
Insulin resistance
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)

Group

Mean Difference

t

P

Experimental

-0.23±0.66

-1.44

0.16

Control

0.01±0.25

-0.18

0.85

Experimental

0.35±0.86

1.70

0.10

Control

0.04±0.25

-0.69

0.49

Experimental

0.21±0.29

-2.99

0.009

Control

0.0008±0.18

0.01

0.98

Experimental

12.29±11.04

4.58

0.001

Control

0.13±7.17

0.07

0.94

Experimental

-7.69±21.89

-1.44

0.16

Control

-1.09±2.86

-1.47

0.16

Experimental

-1.46±5.66

-1.06

0.30

Control

-0.21±0.64

-1.30

0.21

Experimental

2.32±0.84

10.84

0.001

Control

0.16±0.91

0.70

0.49

Experimental

0.92±0.54

6.95

0.001

Control

0.07±0.32

0.86

0.40

Experimental

2.02±0.72

11.55

0.001

Control

0.10±1.28

0.30

0.76

creased slightly in the experimental group after 8 weeks
of training, this change was not significant. In the present
study, no significant changes were observed in ghrelin
levels after 8 weeks of combined exercise.

Although the increase in ghrelin was not significant in
this study, a slight increase in ghrelin levels is thought
to be due to exercise, and the levels of ghrelin are also
thought to increase further with continued exercise or increased exercise intensity. Although Zakavi et al. (2015)

Table 4. Inter-group comparison of plasma ghrelin, obestatin, and the ghrelin-obestatin ratio between the two groups
Variables

Mean Difference

t

P

Ghrelin (ng/mL)

0.21

1.20

0.23

Obestatin (ng/mL)

-0.40

-1.73

0.09

Ghrelin- obestatin ratio

0.21

2.43

0.02

Glucose level (mg/dL)

-12.16

-3.63

0.001

Insulin (mIU/L)

6.60

1.15

0.25

Insulin resistance

1.24

0.84

0.38

Weight (kg)

-2.06

-6.61

0.001

BMI (kg/m2)

-0.85

-5.28

0.001

Waist circumference (cm)

-1.92

-5.31

0.001
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Table 5. The Kolmogorov-Smirnov test to verify normal data distribution
P
Statistical Index

Experiment
Post-test

Pre-test

Post-test

Weight (kg)

0.96

0.99

0.22

0.56

BMI (kg/m2)

0.74

0.85

0.99

0.78

Waist circumference (cm)

0.87

0.77

0.18

0.29

Glucose level (mg/dL)

0.58

0.60

0.61

0.52

Insulin (mIU/L)

0.35

0.37

0.68

0.95

Insulin resistance

0.35

0.25

0.89

0.88

Ghrelin (ng/ml)

0.12

0.10

0.80

0.17

Obestatin (ng/ml)

0.48

0.08

0.48

0.81

Ghrelin-obestatin ratio

0.27

0.94

0.93

0.49

showed that the ghrelin level significantly decreased in
the elderly after Pilates training [12], Khalilzadeh et al.
(2011) found that the effect of 8 weeks of mild and moderate aerobic activity on plasma acylated ghrelin in inactive women was not significant, but a slight increase was
observed [13]. Irandoust et al. (2009) argued that the high
variability of ghrelin is likely to be one of the important
factors in not increasing ghrelin [14]. On the other hand,
they reported that the metabolic effects induced by exercise were likely to be effective on changes in the levels of
non-acylated ghrelin independently of weight loss.
In support of this finding, Foster-Schubert et al. (2005)
stated that even 1 year exercise, independent of changes
in body weight, did not affect the plasma ghrelin concentration, while the plasma ghrelin levels also increased in
people whose body weight reduced by exercise [15]. Tofighi et al. (2014) examined the effect of 8-week aerobic
endurance training on changes in Nesfatin-1 and acylated ghrelin in young obese males [16] and showed that
the exercise does not affect ghrelin variations, which is
in line with the results of this study.
The increase in ghrelin is probably associated with
weight loss and body composition indexes. Besides,
the ghrelin increases with serum triglyceride concentrations, and the ghrelin levels have a direct correlation
with fat percentage. The combined exercise training led
to increased ghrelin in the present study, possibly with
fat percentage and weight loss. Although the increase
of ghrelin was not significant in this study, the results
showed no significant difference in the Pre-test and Post-
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Control

Pre-test

test levels of obestatin between the experimental and
control groups. The results of the present study are inconsistent with the results of the research conducted by
Yaryan and Ebrahimi but consistent with the results of
Taghian and Zolfaghari [3, 17, 18].
Hoseyni et al. studied the acute effects of circuit resistance training and Ebrahimi examined aerobic exercises
on the obestatin level. Both studies employed young subjects, and the level of obestatin decreased. In the present study, no significant change occurred in the plasma
obestatin level probably due to the low duration and intensity of exercise and the type of combined exercise training
(resistance-aerobic). In general, the type and intensity of
training programs and the age of the subjects seem to be
effective in how responses and adoptions are made. Also,
the fasting and absence of subjects during the research,
their weight and BMI, the type of exercise program used,
and even post-activity sampling time may play a role in the
inconsistency of the findings. Taghian et al. showed that 12
weeks of aerobic training did not make a significant difference in the obestatin level between obese women, which
is consistent with this study finding [3]. The intensity and
the duration of exercise in the research of Taghian et al.
probably were not similar to the current study.
The results of this study showed that 8 weeks of combined exercise training affected the weight and BMI of
overweight women and caused a significant decrease in
these variables. In line with this research, Zakavi et al.
reported a significant impact of Pilates training on BMI
and weight loss [12]. Abdi Keikanlo et al. also showed
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that 8 weeks of aerobic training significantly decreased
the weight and BMI of obese women [19]. Weight loss
and BMI changes can be explained by weight loss and
increased muscle mass.

of Physical Education and Sport Science , Isfahan Branck
(Khorasgan), Islamic Azad University.

Research by Irandoust et al. (2010) is also consistent
with ours [14]. Hence, it can be argued that regular and
long-term sports activities, by increasing energy costs and
subsequently creating a negative energy balance, can help
maintain or reduce weight [20]. Regarding the results of
changes in ghrelin and obestatin, it seems that a decrease
in body mass and lean body mass is likely to be necessary to change the levels of these variables, which also
depends on the exercise intensity because the changes in
ghrelin and obestatin will be elevated with increasing exercise intensity. However, the combined exercise training
in accordance with the training protocol of this study is
of considerable benefit to overweight women, and if the
training continues, there will be beneficial outcomes resulting in the health promotion of these individuals. One
of the study limitations is the lack of proper diet control.

Study design: Zahra Yosefi Chermahini; Data collection, data analysis: Zahra Yosefi Chermahini, Farzaneh
Taghian; Manuscript preparation, Approval of the final version: All authors.

5. Conclusion

[2] Lean MEJ, Malkova D. Altered gut and adipose tissue

The findings of the study indicated the significant role
of combined exercise training on weight, BMI, waist
circumference, and ghrelin-obestatin ratio in overweight
women. Although the increase in ghrelin levels and the
reduction of obestatin was not significant, the importance
of changes in this variable cannot be overlooked. Multiple
studies are suggested with different subjects and various
types of exercises to examine the indexes associated with
obesity and appetite, which were inconsistent with this
study. It seems that the intensity, the duration, and the history of the exercise of the subjects have an important role
in the effect of combined exercise training on ghrelin and
obestatin levels. The benefits of implementing 8 weeks
of combined exercise training to promote the health of
overweight women through their effects on appetite hormones, weight loss, and body composition make it possible to perform this kind of exercise with certainty.
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