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Abstract

Objective and background: Exercise training plays a fundamental role in the prevention and treatment of
disorders such as type 2 diabetes and cardiovascular diseases. Myokines, including adipomyokines produced
by skeletal muscles or adipose tissue, are affected by acute or chronic exercise. The present study was
conducted with the aim of comparative study of the effect of three parallel training methods on serum

myonectin levels and lipid profile in obese women.

Materials and methods: The present research method was semi-experimental (pre-test - post-test) with
control and experimental groups, and the statistical population of the present study consisted of obese
women participating in sports clubs in Kerman city. After measuring BMI (body mass index), 40 people with
BMI 235 were selected as the statistical sample of the study and selected using the available sampling
method. The subjects were then randomly divided into three resistance training groups (10 people),
endurance training group (10 people), combined training group (10 people), and control group (10 people).
The training programs were carried out for 8 weeks from simple to difficult exercises and from low to high
intensity, taking into account the principle of overload and increasing the intensity of training in the health
and wellness gym in Kerman city. Finally, after 8 weeks and immediately after the last training session,
myonectin was measured using the ELIZA KIT made in China and by the ELISA method, and serum HDL levels
were measured by enzymatic measurement of cholesterol using the HDL-C quantitative detection kit made

by Pars Azmoun Company.

Results: The findings of this study showed that eight weeks of endurance training and strength training did
not have a significant effect on the incidence of serum myonectin in obese women (P<0.05). While eight
weeks of combined training had a significant effect on the incidence of serum myonectin in obese women
(P<0.05). The findings of the current study showed that endurance training, eight weeks of strength and
combined training had a significant effect on the lipid profile of obese women (P<0.05). The present study
also showed that there was no significant effect between the three methods of endurance training, strength
and combined training on the incidence of serum myonectin in obese women (P<0.05). While there was a
significant effect between the three methods of endurance training, strength and combined training on the

lipid profile of obese women (P<0.05).

Discussion and Conclusion: The present study shows that a short-term eight-week combined training regimen
in obese women significantly increased serum myonectin levels and eight weeks of combined training did not
have a significant effect on the incidence of serum myonectin in obese women. The findings of the current
study showed that endurance training, eight weeks of strength and combined training are associated with an
increase in lipid profile. As a result, it seems that the implementation of training programs for obese women

is recommended.

Keywords: endurance training, real strength training, combined training, myonectin, lipid profile, obese
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Introduction

A sedentary lifestyle is widely recognized as a
major risk factor for various pathological
conditions, including obesity, type 2 diabetes,
cardiovascular disease, cancer, osteoporosis, and
premature death (1). Despite the association of
inactivity with these conditions, exercise training
plays a fundamental role in the prevention and
treatment of disorders such as type 2 diabetes
and cardiovascular disease (2, 3). Skeletal muscle,
which constitutes approximately 40% of body
weight in nonobese adults, adapts to mechanical,
neural, and hormonal stimuli and plays a major
role in physical activity, energy expenditure, and
glucose availability and utilization (4). In response
to exercise, skeletal muscle secretes cytokines
and peptides collectively known as myokines (5).

Myokines, including adipomyokines produced by
skeletal muscle or adipose tissue, are affected by
acute or chronic exercise. Consequently, changes
in adipo-myokine profiles may contribute to the
health benefits of exercise, whereas sedentary
behavior may lead to altered adipo-myokine
profiles that potentially link it to various chronic
diseases (6). Skeletal muscle is recognized as an
endocrine organ capable of producing and
secreting numerous myokines with autocrine,
paracrine, or endocrine effects (7). Myokines
such as transforming growth factor-beta (TGF-B),
myostatin, activins, inhibins, follistatin, irisin,
bone  morphogenic proteins, interleukins,
myonectin, and brain-derived neurotrophic factor
(BDNF) have been characterized (8). A recently
identified family of secreted proteins, the
C1lqg/TNF-related proteins (CTRP1-15), includes
myonectin  (CTRP15), a myokine that s
predominantly expressed in It is expressed in
skeletal muscle (9, 10). Myonectin is involved in
increasing fatty acid uptake into adipocytes and
hepatocytes and contributes to lipid homeostasis
in the liver and adipose tissue in response to
changes in energy status (11). Exercise training
has been shown to affect circulating myonectin
levels, with some researchers attributing the
positive effects of exercise in reducing insulin
resistance in overweight and obese women to
increased myonectin levels (12). Heidarpour
Ghiasi et al. (2024) stated that myonectin is a key
player in mediating lipid and glucose metabolism
and that exercise training positively affects it by
upregulating this myonectin. However, the effect
of different exercise regimens on myonectin
levels is not well understood. The study by
Heidarpour Ghiasi et al. (2024) showed a
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significant increase in serum myonectin levels in
the trained group compared to the control group
(p=0.027). In addition, the trained group showed
a significant decrease in cholesterol and an
increase in high-density lipoprotein (HDL) levels
compared to the control group (p<0.05).
Triglyceride and low-density lipoprotein (LDL)
levels in the trained group did not change
significantly compared to the control group
(p<0.05). This study shows that short-term (three
weeks) circuit resistance training significantly
improves the lipid profile in sedentary individuals.
The positive effect is partly attributed to the
increase in myonectin levels caused by the
training regimen (13). However, the exact
mechanism of action of myonectin and the effect
of different types of exercise training on
myonectin levels remain unknown. Therefore,
the present study aimed to investigate the
comparative effect of three parallel training
methods on serum myonectin levels and lipid
profiles in obese women.

Materials and Methods

Participants

The method of the present study was a semi-
experimental type (pre-test - post-test) with a
control and experimental group, which was
conducted in the field. The statistical population
of the present study consisted of obese women
participating in sports clubs in Kerman city, who
after BMI (Body Mass Index) Measurement: 40
people with BMI 235 were selected as the
statistical sample of the study using convenience
sampling. The subjects were then randomly
divided into three groups: resistance training (10
people), endurance training (10 people),
combined training (10 people), and control group
(10 people).

Research Method

After the participants were familiarized with the
objectives and methods of the study, they gave
their consent to participate in this study by
providing a consent form. After a coordination
meeting with the subjects, they were asked to
attend a pre-test blood collection session after a
12-hour fast. At this stage, 10 cc of venous blood
was taken from all subjects by an experienced
person and transferred to the laboratory. Plasma
and serum were immediately separated by
centrifugation at 3000 rpm and stored in a
refrigerator at -20°C until the day of the test.
Finally, after 8 weeks and immediately after the
last training session, 3 cc of venous blood was
taken from all subjects as a post-test from the
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research samples. It is worth noting that
myonectin was measured using an ELIZA KIT
made in China and using the ELISA method.
Serum HDL levels were also measured by
enzymatic measurement of cholesterol using an
HDL-C quantitative detection kit made by Pars
Azmoun Company.

Training program

Training programs were carried out for 8 weeks
from simple to difficult exercises and from low to
high intensity, taking into account the principle of
overload and increasing the intensity of training
in the Health and Wellness Gym in Kerman.

Introduction session:

The above session began with the presence of
the subjects. Initially, the purpose of the research
and how to carry out the above research steps
were explained to the subjects. Finally, the
consent form was completed by the subjects.

The second session was scheduled by
appointment. In the presence of the subjects in
the hall, their height was measured with a tape
measure with millimeter accuracy and their
weight was measured with a digital scale, and the
subjects' BMI was calculated. Then, they were
randomly divided into 4 groups: endurance,
strength, combination, and control. During this
session, the subjects were explained how to
perform the exercises in the three groups:
endurance, strength, and combination. In the
endurance and combination groups, the subjects
were asked to take their resting heart rate at
least three times with their index and middle
fingers through the carotid artery of the neck
every morning after waking up and before getting
out of bed, calculate the average, and inform the
researcher. In the strength and combination
groups, the method of performing the desired
activities (front squats, chest presses, dumbbell
lunges, and underarm pull-ups) was explained in
the upcoming training sessions.

In the next session, the subjects were asked to
come to the hall for the pre-test blood collection
stage after fasting for 12 hours. In the above
session, 10 cc of venous blood was taken from
the subjects by an experienced person and
immediately transferred to the laboratory. In the
laboratory, plasma and serum were separated by
centrifugation at 3000 rpm and stored in a
refrigerator at -20 ° C. At the end of the session,
the training program of each group was given to
the subjects of the same group.

Resistance group training program:
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The subjects of the resistance group attended the
health and fitness hall of Kerman city on even
days (Saturday, Monday, Wednesday) from 8 to
9:30 am in appropriate clothing. In this session,
the subjects were given a 1RM (one repetition
maximum) test so that the weights of the training
sessions could be selected based on it. It should
be noted that the subjects' 1RM was measured at
the beginning of each training week to assess the
weights for the training in that week. To
determine the 1RM, a one-repetition maximum
test protocol was used, and subjects were asked
to do a general warm-up for 10 minutes.

The weight was selected for each subject based
on individual differences. Subjects were asked to
repeat the selected weight about 5 to 10 times.
After a one-minute rest, they returned to the
selected weight.

In the previous stage, 4-9 kg of weight was added
for the upper body and 14-18 kg of weight was
added for the lower body, and the subjects were
asked to do 3 to 5 repetitions. Then, they rested
for two minutes and again added the previous
weight for the upper body and 14-18 kg of weight
was added for the lower body, and the subjects
were asked to do 2 to 3 repetitions. After a 2-4
minute rest, the previous weight for the upper
body and 14-18 kg of weight was added again to
determine whether the individual could reach
one maximum repetition. The individual was
prepared for one maximum repetition. If the
individual succeeded, after a 2-4 minute rest, he
returned to the seventh stage (weight was added
for the upper body and 14-18 kg of weight was
added for the lower body), and if he failed, after a
2-4 minute rest, we subtracted the previous
weight for the upper body and 14-18 kg of
weight. Then it was returned to the eighth stage.

It should be noted that the effort is between 3
and 5 times and should not be less than this
amount. The above steps were performed for
each person and in each movement (each
training station, front squat-chest press-dumbbell
lunge-underarm pull-up), their 1RM percentiles
were determined and informed to them. In the
first training session, the purpose of the training
and how to perform the exercises, which had
been explained in the coordination session, were
reminded again. Then, the subjects warmed up
for 10 minutes in general and individually. The
subjects were divided into two groups of 5
people. At the first station, they practiced front
squats for 2 sets of 16-18 repetitions at 30% of
one repetition maximum of the above
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movement, and rested for 1 minute. At the
second station, they practiced chest presses for 2
sets of 16-18 repetitions at 30% of one repetition
maximum of the same movement, and rested for
1 minute again. At the third station, they
practiced dumbbell lateral lunges for 2 sets of 16-
18 repetitions at 30% of one repetition maximum
of that movement, rested for 1 minute again, and
finally, at the fourth station, they practiced
underarm pull-ups for 2 sets of 16-18 repetitions
at 30% of one repetition maximum of the above
movement.

The program for the resistance training group
from the second to the eighth week was as
follows:

The training program for this group was 2 rounds
with 16-18 repetitions and 30% of one repetition
maximum in the second week

The training program for this group was 2 rounds
with 12-14 repetitions and 40% of one repetition
maximum in the third week

The training program for this group was 2 rounds
with 12-14 repetitions and 40% of one repetition
maximum in the fourth week

The training program for this group was 3 rounds
with 10-12 repetitions and 50% of one repetition
maximum in the fifth week

The training program for this group was 3 rounds
with 10-12 repetitions and 50% of one repetition
maximum in the sixth week

The training program for this group was 3 rounds
with 6-8 repetitions and 60% of one repetition
maximum in the seventh week

The training program for this group was 3 rounds
with 6-8 repetitions and 60% of one repetition
maximum was in the eighth week, and at the end
of the eighth session, upon completion of the
exercises, 3 cc of venous blood was taken from
each subject by an experienced person and
transferred to the laboratory.

Endurance group training program:

The subjects of the endurance group attended
the health and fitness center in Kerman city on
even days (Saturday, Monday, Wednesday) from
10 am to 12:30 pm, wearing appropriate clothing.
First, the subjects were asked about their age and
resting heart rate (to obtain the subjects' resting
heart rate, they were asked to take their heart
rate at least three times every morning after
waking up and before getting out of bed with
their index and middle fingers through the
carotid artery of the neck, calculate the average,
and inform the researcher). In addition, to ensure
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the accuracy of their resting heart rate, the
subjects were asked to rest in a lying position for
30 minutes. Then, the researcher measured their
heart rate with a heart rate monitor, which
became the basis for the subjects' resting heart
rate in the above training session. It is worth
noting that the subjects were divided into two
groups of 5, and each group went through the
above steps separately.

Their target heart rate was calculated using the
Karvonen method according to the following
formula:

Reserve heart rate = (220 - age) - Resting heart
rate

Target heart rate = (Reserve heart rate * Training
intensity) + Resting heart rate

Thus, with the above method, the minimum
heart rate (resting heart rate) was obtained
through training and the maximum heart rate
(target heart rate) was obtained through the
Karvonen formula. Since the target heart rate
obtained through this formula was consistent
with VO2max, the relevant method was used.
Then, the purpose of the training and how to
perform the exercises, which had been explained
in the coordination session, were reminded
again. The subjects warmed up for 10 minutes
under the supervision of a specialist with gentle
running and stretching movements. Next, the
endurance group ran on a treadmill for 16
minutes at an intensity of 30% of their maximum
heart rate.

The endurance training group's program for the
second to eighth weeks is shown below.

Intensity 30% HRmax (equivalent to 50%
VO2max) for 18 minutes in the second week
Intensity 40% HRmax (equivalent to 55%
VO2max) for 20 minutes in the third week
Intensity 40% HRmax (equivalent to 60%
VO2max) for 22 minutes in the fourth week
Intensity 50% HRmax (equivalent to 65%
VO2max) for 24 minutes in the fifth week
Intensity 50% HRmax (equivalent to 70%
VO2max) for 26 minutes in the sixth week
Intensity 60% HRmax (equivalent to 75%
VO2max) for 28 minutes in the seventh week
Intensity 60% HRmax (equivalent to 80%
VO2max) for 30 minutes in the eighth week
Regarding the control of training intensity in
endurance training, the subjects' heart rate
before and during each session At the end of the
eighth session, as soon as the exercise was
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completed, 3 cc of venous blood was taken from
each subject by an experienced person and
transferred to the laboratory.

Combined group training program (interval):

The subjects of the control group attended the
gym on odd days (Sunday, Tuesday, Thursday)
from 8 am to 12 am wearing appropriate
clothing. In this session, the subjects were given a
1RM (one repetition maximum) test so that the
weights for the training sessions could be
selected based on it. It should be noted that the
subjects' 1RM was taken at the beginning of each
training week to evaluate the weights for the
training in that week. The 1RM test protocol was
used to determine 1RM:

The subjects were asked to do a general warm-up
for 10 minutes.

The weight was selected for each subject based
on individual differences. The subjects were
asked to repeat the selected weight about 5 to 10
times. After a minute of rest, we added 4-9 kg of
weight to the weight selected in the previous
stage for the upper body and 14-18 kg of weight
for the lower body, and we asked the subjects to
do 3 to 5 repetitions. Then, after a two-minute
rest, we added 4-9 kg of weight to the previous
weight for the upper body and 14-18 kg of weight
for the lower body, and the subjects were asked
to do 2 to 3 repetitions. After a 2-4 minute rest,
we added 4-9 kg of weight to the previous weight
for the upper body and 14-18 kg of weight for the
lower body to determine whether the subject
could reach a maximum repetition. The subject
was prepared for a maximum repetition. If the
person is successful, after 2-4 minutes of rest,
they return to the seventh stage (we add 4-9 kg
for the upper body and 14-18 kg for the lower
body). If they are unsuccessful, after 2-4 minutes
of rest, the previous weight is reduced by 4-9 kg
for the upper body and 14-18 kg for the lower
body. Then they return to the eighth stage. It
should be noted that the effort is between 3 and
5 times and should not be less than this amount.
The above steps were performed for each person
and for each movement (each training station,
front squat - chest press - dumbbell lunge -
underarm pull), their 1RM percentiles were
determined and they were informed.

In the first training session, the subjects were
asked about their age and resting heart rate (to
obtain their resting heart rate, they were asked
to take their heart rate at least three times every
morning after waking up and before getting out
of bed with their index and middle fingers
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through the carotid artery in the neck, calculate
the average, and inform the researcher). In
addition, to ensure the accuracy of their resting
heart rate, they were asked to rest in a lying
position for 30 minutes. Then, the researcher
measured their heart rate with a heart rate
monitor, which became the basis for the subjects’
resting heart rate in the above training session.
Their target heart rate was calculated using the
Karvonen method according to the following
formula:

Reserve heart rate = (220 - age) - Resting heart
rate

Target heart rate = (Reserve heart rate * Exercise
intensity) + Resting heart rate

It is important to note that the subjects were
divided into two groups of 5, and each group
went through the above steps separately.

In the above session, the purpose of the training
and how to perform the exercises that had been
explained in the coordination session were
reminded again. . Next, they ran on the treadmill
for 5 minutes at an intensity of 30% of their
maximum heart rate, and then for 15 minutes,
they performed strength training exercises
including chest press and underarm pull-ups for
the upper body and front squats, and dumbbell
lunges for the lower body in 2 rounds with 16-18
repetitions and 30% of one repetition maximum
for each movement. Then they rested for 2
minutes. They ran on the treadmill again for 5
minutes at an intensity of 30% of their maximum
heart rate. And then for 15 minutes, they
performed strength training exercises including
chest press and underarm pull-ups for the upper
body and front squats, and dumbbell lunges for
the lower body in 2 rounds with 16-18 repetitions
and 30% of one repetition maximum for each
movement. Then they rested for 2 minutes. And
finally, in the third phase, they ran on a treadmill
for 5 minutes at an intensity of 30% of their
maximum heart rate, then did 15 minutes of
strength training, including chest presses and
underarm pull-ups for the upper body, front
squats, and dumbbell lunges for the lower body.
They performed each movement in 2 rounds with
16-18 repetitions and 30% of one repetition
maximum.

Blood sampling, biochemical analysis

Finally, after 8 weeks and immediately after the
last training session, 3 cc of venous blood was
taken from all subjects as a post-test from the
research samples. It is worth noting that
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myonectin was measured using the ELIZA KIT
made in China and using the ELISA method.
Serum HDL levels were also measured by
enzymatic measurement of cholesterol using the
HDL-C quantitative detection kit made by Pars
Azmoun Company.

Statistical analyses

In the present study, descriptive statistics were
used to organize, summarize and classify raw
scores and describe sample sizes, set up a
frequency distribution table, percentages and
calculate dispersion indices such as mean and
standard deviation. Also, in order to test the
hypotheses, the dependent t-test was used to
compare before and after the test, and the one-

(ANOVA) was used to determine the difference in
each of the research variables between the
endurance, resistance, and combined training
groups. Before analyzing the data, the
Kolmogorov-Smirnov statistical test was used to
ensure the naturalness of the research data using
the SPSS version 18 statistical software with a
significance level of p<0.05.

Results

The levels of the variables of the present study,
including the subjects' weight and height, before
and after completing an exercise program are
presented in Table 1 as mean % standard
deviation.

way repeated-measures analysis of variance

Table 1- Weight, height, and BMI of research subjects

Weight
Maximum Minimum Standard Average Research time Groups
Deviation periods
119/60 81/80 11/110 102/30 Pretest Endurance training
Strength training
116/80 78/90 11/076 100/60 Posttest
117/40 88/40 9/826 100/95 Pretest Combined training
115/20 86/80 9/697 99/70 Posttest Control
112/20 89/80 7/065 99/18 Pretest Groups
Endurance training
111/10 88/40 7/291 98/00 Posttest
112/20 80/20 10/308 99/88 Pretest Strength training
112/30 80/30 10/339 100/01 Posttest Combined training
Research time Control group
periods
Height
Maximum Minimum Standard Deviation Average Groups
1/72 1/50 0/069 1/62 Endurance training
1/71 1/50 0/077 1/63 Strength training
1/74 1/48 0/085 1/62 Combined training
1/71 1/50 0/079 1/61 Control
Groups
BMI
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Maximum Minimum Stan'da'rd Average R'esearch. Endurance training
Deviation Time Periods

41/21 35/51 2/43 38/66 Pre-Test Strength training

40/58 34/97 2/43 38/02 Post-Test Combined training

42/20 35/77 2/43 38/12 pre-exam Control

42/20 35/77 2/43 38/12 Post-exam Groups

43/28 35/46 2/83 37/93 pre-exam Endurance training

42/71 35/37 2/45 37/97 Post-exam Strength training

42/71 35/37 2/40 38/44 pre-exam Combined training

42/71 35/37 2/44 38/45 Post-exam

As can be seen in the table above, the average
weight of the endurance training group (pre-test
equal to 102.3, post-test equal to 100.60),
strength training (pre-test equal to 100.95 and
post-test equal to 99.7), combined training (pre-
test equal to 99.18 and post-test equal to 98.0)
and in the control group (pre-test equal to 99.88
and post-test equal to 100.01). The average
height of the endurance training group is 1.62,
the strength training group is 1.63, the combined
training group is 1.62 and the control group is
1.61. The mean BMI of the endurance training
group (pre-test 38.66, post-test 31.02), strength
training (pre-test 38.12 and post-test 38.12),
combined training (pre-test 37.93 and post-test
37.97) and control group (pre-test 38.44 and
post-test 38.45) was .

The Kolmogorov-Smirnov test was used to
examine the normality of the data. The results of
the Kolmogorov-Smirnov tests for the groups
show that the significant values of the HDL and
myonectin variables scores in all groups are
greater than the significance level of 0.05.
Therefore, it can be concluded that the data
distribution is normal. Levine's test was used to
examine the assumption of homogeneity of
variance of the groups (endurance, strength,
combined and control group). The results show
that the significant value in all groups is greater
than the significance level of 0.05. Therefore, it
can be concluded that the variance of lipid profile
and myonectin values in the groups is the same.

Table 2 shows the results of the analysis of
covariance to examine the effect of endurance
training on the myonectin gene level of the
subjects. The significant value showed that the
myonectin gene level was significant. The test
results showed that grouping did not have a
significant effect on the post-test results of the
myonectin gene. Chart 1 also does not show
much difference in the average myonectin level
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in the pre-test and post-test. (Despite the
increase in myonectin in the post-test, this

difference was not statistically significant).

Table 2. Analysis of covariance of the effect of
endurance training and pre-test on myonectin
gene levels in obese women

Degree Source of
P Mean of sum olchanges
valug squares (freedo [roots
m
0/00(54/53 660491/791 660491/79 \Width from
0 8 3 3 origin
Myonectin
0/02 pretest
N 6/335(76726/00531 76726/005 (hemidispersio
n)
8/ ®9l0/16411991/815 [1 1991/815 |°rOUP
12110/75017 505882/74 Error
)0 2215220/2 Total

sndurance sroup

average

. " wr e L
myonaction pro-test myonsction after-

Figure 1. The effect of endurance training on the
myonectin levels of obese women in the
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In Table 3, the results of the analysis of
covariance of the effect of endurance training on
the lipid profile of the subjects are presented. A
significant value showed that the lipid profile was
significant. That is, the sample subjects had an
initial level of HDL. Also, the results of the pre-
test indicate that the pre-test had no effect on
the post-test. However, the use of the analysis of
covariance method to eliminate the possible
effect of the pre-test is not prohibited. Grouping
had a significant effect on the post-test results of
the lipid profile. Figure 2 also shows some
difference in the mean lipid profile of the pre-test
and post-test.

Table 3 Analysis of covariance of the effect of
endurance training and pre-test on the lipid
profile of obese women

o- Mean of DegreesSumof Source of
Value F squares Of squares Changes
q freedom 9
0/046 [1/383 0/309 |1 0/300  |Vidthfrom
origin
0/000 [3143/445702/131 1 702/131 | DL Ppretest
(covariance
0/009 [8/818 [1/970 11 1/970  |Group
0/223 17 /797  [Error
b0 [85131/42Total

endurancs -sroup

averas I

1ol

T
after the lipid profils test

T
befors the lipid profils test

Figure 2. The effect of endurance training on the
lipid profile of obese women
Table 4 shows the results of the analysis of
covariance to investigate the effect of strength
training on the level of the myonectin gene in the
subjects. The results of the study showed that the
level of the myonectin gene was significant. This
means that the sample subjects had an initial
level of myonectin and the grouping did not have
a significant effect on the results of the post-test
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of the myonectin gene. Figure 3 also does not
show much difference in the average level of
myonectin in the pre-test and post-test. (Despite
the decrease in the average level of myonectin in
the post-test, this difference was not statistically
significant).

Table 4. Analysis of covariance to investigate the
effect of strength training and pre-test on the
level of myonectin gene in obese women

Degre Source of
p- r Mean off esof| sum of changes
value squares| freed roots
om
.| 22| 417609 1 417609/ Width from
000 174 694 94 origin
Myonectin
0/0| 4/0| 75498/0 1 75498/06 pretest
61| 09 62 2 (hemidisper|
sion)
0/3| 1/0| 20276/5 1 20276/53 Group
14| 77 31 1
18832/9 17 320159/3 Error
02 27
6497618 Total
20 075
strength

befor mvonectin test after mvonsctin test

Figure 3. The effect of strength training on
myonectin levels in obese women

In Table 5, the results of the analysis of
covariance examining the effect of strength
training on the lipid profile of the subjects
showed that the lipid profile was significant
(P<0.05). In other words, the grouping had a
significant effect on the post-test results of the
lipid profile. Figure 4 also shows some difference
in the mean lipid profile of the pre-test and post-
test.
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Table 5 Analysis of covariance of the effect of
strength training and pre-test on the lipid profile
of obese women

Table 6. Analysis of covariance of the effect of
combined exercises and pre-test on the level of
myonectin gene in obese women

Degrees Source of
Mean
p- of sum of |changes
F of
value freedo |roots
squares
m
0/01)) 1794 1o/305 |1 0/305 | Vidthfrom
origin
Myonectin
0/00 |4097/97 1447/99 pretest
7 0 1 A47/990 (hemidispersion
)
0/001, 1250 h/az2 i h/a3p  [ProuP

0/109 |17 1/858 Error

90387/66 [Total

20 0

P Snon

avenage

hefore hifid profile et afier the hind paofike iest

Figure 4. The effect of strength training on the

lipid profile of obese women
In Table 6, the results of the analysis of
covariance examining the effect of combined
exercises on the level of the myonectin gene of
the subjects showed that the level of the
myonectin gene was not significant (P<0.05). In
other words, the grouping in the post-test results
of the myonectin gene did not have a significant
effect. Figure 5 also does not show much
difference in the average level of myonectin in
the pre-test and post-test. (Despite a slight
increase in the average level of myonectin in the
post-test, this difference was not statistically
significant).
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Degree Source of
p- . Mean of [sof  |sum of changes
value squares (freedo [roots
m
0/0041/25 536802/481 536802/48 |Width from
0 2 9 9 origin
Myonectin
0/01 pretest
s 6/888/89628/9771 89628/977 (hemidispersio
n)
0/32)1 1018113246/a671 13246/467 °TOUP
13012/84217 ;21218/32 Error
6497612/3 [Total
20 -
m ke gromp

average

befone mycmectn kst afier myonectin iest

Figure 5. Effect of combined exercise on
osteocalcin levels in obese men

In Table 7, the results of the analysis of
covariance examining the effect of combined
exercise on the lipid profile showed that the lipid
profile was significant. That is, the sample
subjects had an initial level of HDL (P<0.05). In
other words, the grouping had a significant effect
on the post-test results of the lipid profile. Figure
6 also shows a slight increase in the mean post-
test lipid profile compared to the pre-test.
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Table 7 Analysis of covariance of the effect of
strength training and pre-test on the lipid profile
of obese women

o- Mean Degreessumof Source of
of changes
Value Squares roots
Freedom
0/505 0/463  [0/059 |1 0/osg  |Vidthfrom
origin
0/000 [3122/012395/977[1 395/977 |10 pretest
(covariance
0/000 44/186 |5/604 |1 5/604 Group
0/127 (17 2/156 Error
20 95954/81(Total
e grcip
- —

average

T
b lipid profile st afer lipid profile et

Figure 8. Effect of combined exercise on lipid
profile of obese women

The results of ANOVA test show that the mean
difference between pre-test and post-test scores
is the same in the four groups (P<0.05).
Therefore, there is no significant difference
between the three endurance, resistance and
combined exercise methods on myonectin levels
in obese women (Figure 9).

T
evdegscs streagth mrined central

dilfercace Yetwaen post tett and pre-tett lipid profile

Figure 9. Box plot comparing three endurance,
resistance, and combined training methods on

elSSN 1303-5150

myonectin levels in obese women

Figure 9 shows that the median difference in
myonectin levels between the pre-test and post-
test of obese women in the four groups
(endurance, strength, combined and control
groups) is not significantly different.

Also, the results of the ANOVA test show that the
mean difference in pre-test and post-test scores
is not the same in the four groups (P<0.05).
Therefore, there is a significant difference
between the three endurance, resistance and
combined training methods on the lipid profile of
obese women (Figure 10).

andravoe wrezgth Trxed contral

diffevence bere von pre-tact and post- test of mysnectin

Figure 10. Comparison of three endurance,
resistance and combined training methods on the
lipid profile of obese women
Figure 10 shows that the median difference in the
lipid profile of obese women before and after the
test in the three groups (endurance, strength and
combined exercises) increased compared to the
control group. In other words, exercise training

increased the lipid profile in obese women.

Discussion

This study was conducted to compare the effects
of three parallel training methods on serum
myonectin levels and lipid profiles in obese
women. The initial findings of this study showed
that six weeks of endurance and strength training
did not have a significant effect on the incidence
of serum myonectin in obese women. While eight
weeks of combined training did not have a
significant effect on the incidence of serum
myonectin in obese women. The findings of the
current study showed that endurance training,
eight weeks of strength and combined training
had a significant effect on the lipid profile of
obese women. It also had a significant effect on
the lipid profile of obese women. The present
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study showed that among the three methods of
endurance, strength and combined training,
there was no significant effect on the serum
myonectin level of obese women. While among
the three methods of endurance, strength and
combined training, there was a significant effect
on the lipid profile of obese women.

Skeletal muscle, as the largest organ in the body,
plays an important role in mediating overall
metabolic homeostasis and insulin sensitivity.
Exercise-induced adaptive changes in skeletal
muscle include the modulation of various
bioactive factors, including myostatin, IL-6, IL-15,
myonectin and other myokines (13). Myonectin,
in particular, plays a key role in lipid and glucose
metabolism and exerts its effects in autocrine,
paracrine and/or endocrine ways to regulate
metabolic, inflammatory and other processes
(11). The present study examined the effect of
exercise training on myonectin levels and
reported conflicting results. Consistent with our
findings, previous studies have suggested that
myonectin gene expression in skeletal muscle and
increased circulating levels are associated with
exercise training in both human and animal
models (14, 15). However, some studies have
contradicted these results, suggesting that long-
term (eight weeks) combined exercise training
may not significantly affect myonectin levels in
older women (16). Furthermore, others have
reported a significant decrease in myonectin
levels after eight weeks of resistance training in
animal models (17). Choi et al. (2013) reported a
statistically significant increase in myonectin
levels after three months of combined exercise
training in middle-aged adults, with similar
upregulation associated with improved lipid
profiles (lowering cholesterol and LDL) (18). Our
study is consistent with these findings and
suggests that increased myonectin levels without
changes in body weight and BMI. Another study
reported a significant increase in myonectin
levels in obese men after eight weeks of
resistance training, independent of changes in
body weight and fat mass, which supported our
findings (15). Furthermore, this study showed a
negative correlation between myonectin and
cholesterol and LDL levels, consistent with our
observations of the effect of myonectin on the
lipid profile. In a study by Seldin et al. (2012),
similar to our findings, short-term (two weeks)
exercise training in male mice resulted in a
significant increase in myonectin gene expression
in specific muscles and increased circulating
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levels. Furthermore, they showed that
administration of recombinant myonectin
reduced circulating free fatty acid levels without
altering adipose tissue lipolysis in mice. This is
consistent with a potential role for myonectin as
a myokine in promoting fatty acid uptake in
adipocytes and cultured hepatocytes. Although
this study did not examine changes in myonectin
gene expression in skeletal muscle due to ethical
constraints, our results, together with previous
studies, suggest that myonectin responds to
different types of exercise training and may act as
an initial trigger for changes in its levels.
However, it is important to note that the
response of myonectin to exercise training can
vary—it may increase, decrease, or remain
unchanged. Several factors, including the type,
intensity, and duration of exercise training, as
well as the gender, age, and physical fitness of
the participants, can influence changes in
myonectin following exercise training. Given the
limited research on myonectin, further studies
are needed to determine its diverse functions and
the underlying mechanisms responsible for
changes in myonectin levels following exercise
training. Petro et al. (2024) stated that myonectin
is a myokine with potential effects on lipid
metabolism. However, its regulation by exercise
in humans is unclear. In the study by Petro et al.
(2024), the mean age of the subjects was
50.840.6 years and the body mass index was
30.620.4 kg/m2. Compared with MICT, HIIT was
not superior in increasing serum myonectin
(p=0.661) or linoleic acid (p=0.263), decreasing
palmitic acid (p=0.286) or stearic acid (p=0.350),
or improving the lipid profile (all p>0.05), adipose
fat mass index - AFMI - (p=0.713) or percentage
of adipose fat-free mass -ALM- (p=0.810).
Compared with baseline, only HIIT significantly
increased myonectin (p=0.042), with a large
effect size, although both interventions reduced
AFMI and increased ALM with a large effect size.
Lipid profiles, FFA, and intramuscular lipids did
not change in either intervention group (p>0.05).
Compared with MICT, low-volume HIT did not
show superiority in improving serum lipids. The
fact that both types of training reduced AFMI
without similar significant changes in serum
myonectin suggests that this myonectin may have
a minor effect on short-term exercise-induced fat
mobilization (19). These seemingly contradictory
findings may have different explanations: 1)
Myonectin changes may not be necessary for
changes in fat stores, but may be necessary for
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changes in serum lipids, in agreement with
findings that clear changes in the lipid profile in
humans can be observed after exercise. 16 weeks
of exercise [20], 2) the non-significant changes,
even the small effect size increase observed for
myonectin in MICT, may reflect initial changes
sufficient to mobilize lipids from fat stores, which
if increased or maintained for a long time, may
then produce significant changes in serum lipid
variables, iii) exercise-induced changes in
myonectin are slow, of low intensity, depending
on the type of intervention and with effects on
other lipid variables in the long term. The last
hypothesis seems to be most supported by the
evidence. First, we have shown that lower
myonectin levels are associated with an increased
android/gynoid ratio [21], and in this work and in
a recently published paper, with the same
population, we have shown that several global,
central and peripheral FM depots are effectively
reduced after a 12-week intervention with
aerobic exercise [22]. It is noteworthy that MICT
is even more effective in reducing fat mass

Android was superior to HIT [8], but here, the
most significant change in myonectin was in the
HIIT group, possibly indicating that myonectin is
not the primary mediator of changes in these fat
depots. The greater change in myonectin found in
HIIT could be explained by the greater muscle
oxidative metabolic activation, including greater
activation of type Il fibers, under this type of
exercise compared with MICT [20, 21]. Since
myonectin is produced by both type | and type I
fibers [23], it is possible that a greater stress
exerted on type Il fibers during the intervention,
and not only on type | fibers, would increase the
amount of muscle mass releasing myonectin.
Instead, the effect of MICT on myonectin appears
to be delayed and of lesser magnitude. Second,
myonectin levels do not correlate with FFA in
individuals with MS at rest [20], thus, myonectin
changes may not be as relevant to changes in
serum lipids as initially thought. Third, acute,
short-term physical exercise or fat injection does
not alter blood myonectin [24,25]. Fourth, the
levels of circulating myonectin commonly found
in humans (~0.1-400 ng/mL) [17-19] are up to 4
orders of magnitude lower than the levels shown
to affect lipid metabolism and other functions in
various mouse and cell models (~¥1-5 pg/mL) (26—
30), suggesting that in several of the authors'
articles, pharmacological concentrations of
myonectin rather than physiological
concentrations were used to accelerate and
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potentiate any biological effects.

Conclusions: The present study shows that a
short-term  eight-week combined exercise
regimen in obese women significantly increased
serum myonectin levels and eight weeks of
combined exercise did not have a significant
effect on the incidence of serum myonectin in
obese women. The findings of the present study
showed that endurance training, eight weeks of
strength training and combined exercise were
associated with an increase in lipid profiles.
Consequently, it seems that the implementation
of exercise programs for obese women s
recommended.
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