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Abstract
Background To investigate changes in levels of myokines after regular aerobic training and resistance
training in post- menopausal females with obesity. Methods A community-based a randomized controlled
trial study was 41 post- menopausal females with obesity from Buk-gu community center, Chuncheon,
Gangwon-do, Republic of Korea, from November 2017 until the end of October 2018. Among 41 post-
menopausal obese females volunteered to participate in this study performed regular physical exercise
training (aerobic exercise and resistance exercise). These participants were randomly assigned to one
aerobic exercise group (n = 21) and one resistance exercise group (n = 20). The experimental group
performed three days of aerobic exercise and resistance exercise per week (i.e., Monday, Wednesday, and
Friday) each group. Body composition, physical �tness, and myokines were measured at baseline, 6
weeks, and 12 weeks. Results Two-way within-factor ANOVA revealed group × time interaction for body
mass index (BMI, P < 0.05). In the resistance exercise group, muscle endurance (P < 0.001), power (P <
0.01), and agility (P < 0.001) were signi�cantly increased at 12 weeks than those at 6 weeks and baseline.
In the aerobic exercise group, muscle strength (P < 0.05), �exibility (P < 0.05), muscle endurance (P <
0.001), and agility (P < 0.001) were greater at 12 weeks than those at 6 weeks and baseline. Levels of IL-6
(P < 0.001), IL15 (P < 0.001), and BDNF (P < 0.001) were greater at 12 weeks than those at 6 weeks and
baseline in both exercise groups.  Conclusions Aerobic exercise training and resistance exercise training
can change levels of myokines and improve body composition and physical �tness of obese females.
These �ndings provide preliminary evidence that obese females need to exercise or perform physical
activity to improve their levels of myokines and physical �tness.

Background
The human body consists of about 600 muscles that account for about 40% -50% of total body weight in
non-obese adults [1]. Skeletal muscles can adapt to mechanical, nerve, and humoral stimulation. They
play an important role in physical activity, energy consumption, and glucose elimination in all humans [2].
The concept that skeletal muscles can secrete humoral elements to actively communicate with other
organs has been proposed several years ago [3, 4]. Henningsen et al. [5] and Pedersen et al. [6] have used
the term of "myokines" to describe cytokines and other peptides that are expressed and released by
muscle cells.

During exercise or physical activity, myokines, cytokines, and other peptides are secreted by work out
muscles within the muscle tissue or in an endocrine by targeting distant organs [7]. In response to muscle
contraction, skeletal muscle can circulate to express and release myokines. More than one hundred
myokines have been identi�ed, including interleukin-6 (IL-6), interleukin-15 (IL-15), brain-derived
neurotrophic factor (BDNF), insulin-like growth factor (IGF1), �broblast growth factor 2 (FGF2), �broblast
growth factor 21 (FGF21), follistatin-related protein 1 (FSTL1), irisin, and so on [8].

Previous studies have reported that physical activity can signi�cantly increase circulating levels of
skeletal muscle-derived myokines (i.e., IL-6) that can trigger bene�cial changes in circulating levels of
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several other in�ammatory mediators [9]. It has been reported that levels of IL-15 mRNA as a kind of
myokine are upregulated in human skeletal muscles following a bout of strength training in young males
[10]. BDNF mRNA and protein expression levels are also increased in skeletal muscles of untrained males
after acute aerobic exercise [11].

Moreover, regular exercise or physical activity has many bene�ts for post- menopausal females.
Javadivala et al. [12] reported that regular physical activity would be effective in decreasing menopausal
symptoms as well as healthy aging in post- menopausal females. Cebula et al. [13] showed 6 weeks
walking on treadmill at an intensity corresponding to the dominance of lipid metabolism may provide
improvement in body composition in post- menopausal females.

Several studies have reported effects of exercise on myokines and post- menopausal females. Moreover,
it is well-known that exercise or physical activity can decrease body weight in the obesity population.
However, there are some studies that shows that myokines review and short term intervention studies. In
addition, the association between myokines and obese adults with regular exercise or physical activity
has not been previously reported. Therefore, the purpose of this study was to investigate changes in
levels of myokines after regular aerobic training and resistance training in post- menopausal females
with obesity.

Methods
Study design

The study was conducted a randomized controlled trial at the Kangwon National University. Participants
were post- menopausal females with obesity referred to comprehensive Buk-gu community center,
Chuncheon, Gangwon-do, Republic of Korea, from November 2017 until the end of October 2018.

The enrolment of study is shown in the �owchart (�gure 1).

 

Recruitment and Randomization

To recruit the participants, eligible individuals were selected on the basis of information in the health
records of the comprehensive community centers in the city of Chuncheon. A total of 50 eligible
individuals were invited to participate in the study. After screening the eligible individuals based on their
health records and inclusion criteria, they were called and invited for a visit in their comprehensive
community center. When they come for the screening visit, they were interviewed to assess eligibility
criteria, introducing the project, their autonomy to participate in the study, con�dentiality and anonymity
of collected data. After signing the written consent, they were randomized to study groups.

The participants were randomly assigned into the study groups. Random allocation was carried out using
the simple randomization method, and assignment sequences were written on paper before the start of
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the research as either aerobic exercise group and resistance exercise group. Recruiters were blinded to the
content of envelopes. Randomization was performed using random allocation software. Each participant
received the next envelope in the group when she recruited in the study.

 

Study participation

A total of 41 post- menopausal obese females volunteered to participate in this study who performed
regular physical exercise (aerobic exercise and resistance exercise). These participants were randomly
assigned to one aerobic exercise group (n = 21) and one resistance exercise group (n = 20). To be
included in the present study, participants had to meet the following inclusion criteria: 1) post-
menopausal (absence of a menstrual cycle for at least 3 months) on the date of the assessment; 2) not
receiving hormone replacement treatment; and 3) not using drugs such as beta-blockers, statins, and so
on. The sample size of the subjects was calculated by using ANOVA a large size of effect size of .90, a
signi�cance level of .05 and a power of .80 (G*power 3.1.2). The results of sample size per group were
calculated as 15 people each group.

These participants did not participate in a regular structured resistance or an aerobic exercise program for
at least four months prior to this study. All subjects who agreed to participate in this study had the study
explained to them to ensure a complete understanding of its purpose and methods used. This study was
performed following the ethical standard of the Declaration of Helsinki. Subjects signed an informed
consent form before participation. This study was approved by Kangwon National University Review
Board for Human Subjects (KWNUIRB-2016-04-009-002).

Physical characteristics of participants are shown in Table 1.

[Table 1. Characteristic of subjects]

 

Measurement of body composition

Physical and anthropometric variables were measured for both groups. Body mass and height were
measured to the nearest 0.1 kg and 0.1 cm, respectively, using a body composition analyzer (Inbody 720,
Body Composition Analyzer; Biospace, Seoul, Korea). Body mass index (BMI) was calculated as weight in
kilograms divided by the square of height in meters.

 

Measurement of physical �tness test

Physical �tness variables were measured at baseline, 6 weeks, and 12 weeks in both exercise groups. In
the evaluation of physical �tness, we utilized muscle strength, muscle endurance, �exibility, power, and
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agility. Grip strength was used to assess muscle strength, which measured with a digital grip
dynamometer (GRIP-D 5101; TAKEI, co., Japan). The legs are slightly spread and the arms opened in a
natural way. After straightening the arms at about 15° and keeping the torso upright, the dynamometer
can be grabbed. Sit-up was used to assess muscle endurance, which measuring device with both hands
crossed over the head and the abdominal strength used to raise the upper body for 30 seconds was
measured. Sit and reach were used to assess �exibility, which measuring instrument with a posture of 90
degrees at the waist and the knees bent forward without reaching the bend. The distance (cm) at which
the �ngertip was pushed out was measured. Side-step was used to assess agility, which measured with a
side step meter, with both feet spread out around the center line. We moved to the step with the start at
both sides at a 100 cm interval, and one foot returned to the �rst posture beyond the right (or left) line.
The number of times when both feet moved around the center line for 20 seconds was measured. Vertical
jump was used to assess power, which vertical jump-measuring instrument on a mat, taking a ready
position and jumping with the start. At that time, the knee was not lifted into the air, and the highest value
from two trials was recorded. All tests were performed twice and the best score was retained.

 

Experimental exercise program

The 12-week exercise program intervention consisted of three days of aerobic exercise and resistance
exercise per week (i.e., Monday, Wednesday, and Friday) in each group. The resistance exercise group had
10 minutes of warm-up activities, 40 minutes of the main resistance exercise program, and 10 minutes of
cool-down. The intensity was set at 55~65% of the one-repetition maximum (1RM) with one minute of
rest period between all sets and a 1-minute rest between different exercises. Main resistance exercise was
trained by squat and lunge for lower, chest press and vertical �y for chest, let pull-down and long pull for
back, and crunch for abdominal. The aerobic exercise group had 10 minutes of warm-up activities, 30
minutes of the main aerobic exercise program, and 10 minutes of cool-down. When aerobic exercise was
performed on a treadmill, the intensity was set at 50~60% of the heart rate max (HRmax) via continuous
monitoring of heart rates (Polar M400; Polar H7 WearLink; Polar Electro Oy, Kempele, Finland).

A familiarization session took place during the �rst week. Participants were instructed to learn how to
perform each resistance exercise in a safe way. Prior to participation, all subjects were informed of the
risks associated with this research study. After obtaining informed consent, subjects completed
questionnaires and pre-testing prior to participate in this study. They were familiarized with study
procedures during the week prior to implementation of each exercise program.

 

Blood collection and myokines analysis

Fasting venous blood samples were collected from all participants at baseline, 6 weeks, and 12 weeks.
Fasting was maintained for 12 h. Blood samples were collected on the following day. Enough sleep and
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radical movement as much as possible to refrain. All samples were taken at 08:30 AM from antecubital
veins. The samples were immediately centrifuged at 3,500 g at 4°C for 10min, after which serum was
stored in -80°C. until further analysis. Serum levels of myokines (IL-6, IL-15, and BDNF) were measured
using enzyme-linked immunosorbent assay Dueset kits (R&D systems, Minneapolis, MN, USA) according
to the manufacturer's instructions as described previously.

 

Primary and secondary outcome measurements

The primary outcomes measured was myokines (IL-6, IL-15, and BDNF), and the secondary outcome
measures were physical �tness and body composition.

 

Baseline and follow-up assessments

Evaluation of sexual function and inclusion criteria in post- menopausal women with obesity was
performed between the groups at the beginning of the study and before the intervention. Then, before the
intervention, all participants measured body composition, physical �tness, and myokiens.

Aerobic and resistance exercise groups were measured that primary and secondary outcomes when
duration of the intervention at 6 weeks and end of the intervention at 12 weeks.

 

Statistical analysis

All results are reported as the mean ± standard deviation. All data were analyzed using SPSS version 25.0
(SPSS Inc., Chicago, IL, USA). First, we used an independent samples t-test to assess group differences in
baseline variables. For the two groups (resistance exercise vs. aerobic exercise) by three stages (baseline,
6 weeks, and 12 weeks), two-way within-subject factor ANOVA was used to examine whether exercise
type and time in�uenced physical �tness and myokines. Bonferroni test was used for post-hoc analysis.
The normality of dependent variables was determined by Shapiro-Wilk tests. Statistical signi�cance was
accepted at p < 0.05.

Results
Change of body composition after training

Changes of body composition in each group are shown in Table 2. Two-way within-factor ANOVA
revealed signi�cant (p < 0.05) group × time interaction for body mass index (BMI). Post-hoc analysis
using Bonferroni test indicated that weight, % fat, BMI, WHR, and SBP were signi�cantly decreased at 12
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weeks than those at 6 weeks and baseline in the resistance exercise group. In addition, weight, BMI, and
% fat were greater at 12 weeks than those at 6 weeks and baseline in the aerobic exercise group.

[Table 2. Measurements of each body composition by group and time]

 

Change of physical �tness after training

Changes in physical �tness in each group are shown in Table 3. There was no signi�cant group × time
interaction. Post-hoc analysis using Bonferroni test indicated that muscle endurance, power, and agility in
the resistance exercise group were signi�cantly increased at 12 weeks than those at 6 weeks and
baseline. In the aerobic exercise group, muscle strength, �exibility, muscle endurance, and agility were
also greater at 12 weeks than those at 6 weeks and baseline.

[Table 3. Measurements of each physical �tness and levels of myokines by group and time]

 

Change in levels of myokines after training

Figure 2 and Table 3 shows changes in levels of myokines after training. There was no signi�cant group
× time interaction. Post-hoc analysis using Bonferroni test indicated that levels of IL-6, IL15, and BDNF
were greater at 12 weeks than those at 6 weeks and baseline in both exercise groups.

[Figure 2. Measurements of each myokines by group and time]

Discussion
In this study, changes in physical �tness and levels of myokines levels after aerobic exercise training and
resistance exercise training in obese females were investigated. The main �nding of this study was that
levels of myokines were signi�cantly increased after exercise training in both groups. In addition, weight,
BMI, and % fat were signi�cantly decreased after exercise training in both groups. Muscle mass was
signi�cantly increased only in the resistance exercise training group. Regarding physical �tness, muscle
endurance and agility were signi�cantly increased after exercise training in both groups.

In females, particular post- menopausal females were decrease in muscle �bers [14]. And this phase
female was dynamic change sex hormone may increase body fat, that cause by obesity, type 2 diabetes,
cardiovascular disease, and other chronic diseases [15]. Therefore, post- menopausal females found
paradoxical associations of BMI; overweight/obesity was associated [16]. In this study participants were
obese (more than 30% fat) and post- menopausal. Regular exercise (physical activity) induces
metabolism and mitochondrial adaptation, improving energy metabolism and the function of many
organs [17]. The skeletal muscle is the largest organ in the human body. Several years ago, a volumetric
factor (i.e., cytokine) produced and released from muscle cell contraction has been identi�ed [18]. It
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appeared to have a large metabolic effect. Its contraction as a cytokine-producing organ has revealed an
entirely new paradigm showing that the skeletal muscle is an endocrine organ that can affect the
metabolism of tissues and organs by secreting factors such as hormones [19]. Although adipose tissue
has been considered a major source of cytokines (i.e., adipokines), muscles can also produce and release
myokines. This suggests that, in addition to adipose tissue, skeletal muscle can also be a major source of
molecules secreted [20]. An obese person with post- menopausal has abundant adipose tissues that can
secrete adipokines known to induce a pathogenic and pro-in�ammatory environment [21]. This is the
reason why obesity increases the secretion of cytokines. Thus, a post- menopausal obese person is
exposed to various diseases. In this study, we observed changes in levels of myokines after 6 weeks and
12 weeks of aerobic exercise training or resistance exercise training in obese females who post-
menopausal. Results revealed that levels of myokines such as IL-6, IL-15, and BDNF were signi�cantly
increased after exercise training in both groups.

The circulation level of IL-6 is affected by the duration and intensity of human muscle contractions [22].
IL-6 increases glucose absorption and fatty acid oxidation in vitro through AMP-active protein kinase and
PI3K-Akt signal pathways [23]. In addition, muscle-derived IL-6 can inhibit low TNF-α (tumor-necrosis
factor-alpha) production, thereby inhibiting TNF-α-induced insulin resistance. Therefore, it may be
important to mediate bene�cial health effects of exercise [24]. As a kind of myokine, interleukin-15 (IL-15)
can inhibit adipose tissue deposition in both laboratory animals and human subjects [25]. The complex
regulation of IL-15 expression and secretion has been summarized [25]. IL-15 also exhibits pro-
in�ammatory and anti-in�ammatory action in various tissues. It has both a positive anticancer effect
through stimulation of NK cells and a deleterious effect associated with in�ammatory bowel disease [26].
Brain-derived neurotrophic factor (BDNF) is known to be released mainly in the hypothalamus. It is a key
factor that regulates nerve development, plasticity, and energy homeostasis [27]. It is interesting to note
that gene and protein expression levels of BDNF are upregulated in human skeletal muscle after exercise
[28]. Previous studies have reported that 12 weeks of resistance training can signi�cantly increase levels
of BDNF, but not levels of IL-15 [29]. Eaton et al. [30] have reported that IL-6 levels are signi�cantly
increased after a high-intensity interval exercise. Banitalebi et al. [31] have shown that combined exercise
conducted for 10 weeks can signi�cantly decrease levels of IL-6 and IL-15 in overweight women with type
II diabetes. We observed that levels of IL-6, IL-15, and BDNF were signi�cantly increased after exercise
training in both groups (aerobic exercise and resistance exercise). Myokines contribute to autocrine
regulation of metabolism in the muscle itself and paracrine/endocrine regulation of other
adjacent/remote organs [32]. BDNF and IL-6 are involved in AMPK-mediated fat oxidation. IL-6 and IL-15
also stimulate lipolysis of visceral fat [33]. It is known that exercise training requires more muscle
contraction.

In this study, participants were obese (over 30 % fat). They had more adipose tissues than the normal
weight population. Body weight, BMI, and % fat were signi�cantly decreased after exercise than those at
baseline. Levels of myokines were also changed after exercise. There was a signi�cant increase in
muscle mass in the resistance training group, but not in the aerobic training group. Changes in muscle
mass might be due to differences in characteristics between aerobic and anaerobic exercise. Moreover,
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changes in body composition might have affected changes in physical �tness of obese women. The
resistance training group showed signi�cant improvements in muscle endurance, power, and agility, while
the aerobic training group showed signi�cant improvements in muscle strength, muscle endurance, and
agility. Physical �tness and physical activity or exercise training are well‐known to have bene�ts for the
health of the obesity population [34]. Many recent studies have shown that resistance exercise training
has a similar effect to aerobic exercise training, including a positive effect on obesity [35, 36]. Most
previous studies support regular exercise because it can increase in muscle mass but decrease weight
loss and % fat. The increase of myokines due to contraction of the large muscles and loss of body weight
might have improved physical �tness.

The present study has some limitations. The age of participants in this study had a large variation.
Although the age difference between the two groups was not signi�cant, subsequent studies with smaller
age difference are needed. Another limitation was that the sample size was small, which limits our ability
to determine the signi�cance of the results. Therefore, additional studies with larger sample sizes and
control group are required to determine the effectiveness of regular aerobic and resistance exercise on
change of myokines in post- menopausal obese females.

Conclusion
In conclusion, this study indicates that aerobic exercise training and resistance exercise training can
change levels of myokines and improve body composition and physical �tness in obese females who
post- menopausal. These �ndings provide preliminary evidence that post- menopausal obese females
need to perform exercise or physical activity to improve their levels of myokines and physical �tness.
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Tables

Table 1. Characteristic of all participants
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Variable Resistance exercise (n=20) Aerobic exercise (n=21) p-value
Age (years)  52.50 ± 7.65  56.67 ± 5.43 0.051
Height (cm) 157.89 ± 4.30 155.67 ± 5.96 0.180
Weight (kg)   62.82 ± 10.09  62.06 ± 9.19 0.801

BMI (kg/m2)  25.16 ± 3.67  25.67 ± 3.67 0.655
% fat (%)  36.02 ± 5.87  36.53 ± 5.89 0.781
Muscle mass (kg)  21.60 ± 3.00  21.26 ± 2.98 0.719
SBP (mmHg)  129.60 ± 18.29  129.24 ± 16.38 0.947
DBP (mmHg)  81.00 ± 8.69  82.00 ± 9.95 0.734
Values are mean ± SD.
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.
 

 

Table 2. Measurements of each body composition by group and time
Variable time Type of exercise p-value

(interaction)Resistance exercise (n=20) Aerobic exercise (n=21)
Weight (kg) Pre 62.82 ± 10.09 a* 62.06 ± 9.19 a** 0.050

Mid 62.57 ± 9.70 60.90 ± 9.00 b**

Post 61.58 ± 8.92 c* 60.69 ± 9.24
BMI (kg/m2) Pre 25.16 ± 3.67 a* 25.67 ± 3.67 a** 0.024

Mid 25.12 ± 3.68 25.15 ± 3.58 b***

Post 24.69 ± 3.29 c* 25.07 ± 3.70
% fat (%) Pre 36.02 ± 5.87 a** 36.53 ± 5.89 a*** 0.983

Mid 34.52 ± 6.09 b* 34.90 ± 5.55 b***

Post 33.88 ± 5.17 34.30 ± 5.28 c*

Muscle mass (kg) Pre 21.60 ± 3.00 a* 21.26 ± 2.98 0.295
Mid 22.10 ± 3.10 21.34 ± 3.01
Post 22.02 ± 3.17 21.47 ± 3.15

WHR Pre 0.91 ± 0.05 a* 0.91 ± 0.05 a** 0.519
Mid 0.89 ± 0.05 0.89 ± 0.04
Post 0.89 ± 0.04 c* 0.89 ± 0.04

SBP (mmHg) Pre 129.6 ± 18.3 a* 129.2 ± 16.4 0.987
Mid 130.8 ± 16.1 130.3 ± 15.9
Post 122.6 ± 19.3 c** 122.7 ± 11.7 c*

DBP (mmHg) Pre 81.00 ± 8.69 82.00 ± 9.95 0.636
Mid 84.40 ± 10.80 85.90 ± 9.43
Post 80.00 ± 11.01 c** 79.14 ± 10.22 c*

Values are expressed as Mean ± SD.
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; Pre:
baseline; Mid: 6 weeks; Post: 12 weeks.
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A: pre vs. post; b: pre vs. mid; c: mid vs. post.
* p < 0.05, ** p < 0.01, *** p < 0.001.
 

Table 3. Measurements of each physical fitness and levels of myokines by group and time
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Variable time Type of exercise p-value
(interaction)Resistance exercise

(n=20)
Aerobic exercise

(n=21)
Muscle strength (kg) Pre 21.18 ± 5.10 19.72 ± 6.53 a* 0.389

Mid 22.60 ± 5.30 22.67 ± 5.17 b*

Post 21.64 ± 4.63 21.81 ± 4.51
Flexibility
(cm)

Pre 14.72 ± 8.02 17.68 ± 6.17 a* 0.293
Mid 18.20 ± 6.01 b* 19.78 ± 6.41

b**

Post 17.24 ± 6.71 19.97 ± 6.82
Muscle endurance
(rep/30s)

Pre 14.05 ± 11.88 a*** 10.48 ± 8.35
a***

0.489

Mid 19.35 ± 11.86 b** 13.52 ± 9.51
b**

Post 20.80 ± 13.04 16.26 ± 9.10 c*

Power
(cm)

Pre 121.85 ± 24.27 a** 115.26 ±
22.93

0.309

Mid 129.75 ± 22.64 b** 121.52 ±
18.39

Post 131.95 ± 24.47 115.42 ±
32.31

Agility (rep/20s) Pre 28.50 ± 3.68 a*** 28.04 ± 5.13
a***

0.710

Mid 32.45 ± 4.11 b*** 31.83 ± 3.10
b***

Post 34.10 ± 4.32 c** 32.96 ± 3.84
IL-6 (pg/mL) Pre 22.12 ± 5.41 a*** 20.11 ± 2.51

a***
0.390

Mid 24.23 ± 6.84 b* 22.34 ± 3.10
b**

Post 27.33 ± 5.47 c** 24.47 ± 4.03
c**

IL-15 (pg/mL) Pre 25.66 ± 3.16 a*** 26.29 ± 2.75
a***

0.429

Mid 29.19 ± 3.83 b*** 29.95 ± 3.60
b***

Post 34.16 ± 3.62 c** 33.44 ± 4.07
c***

BDNF (pg/dL) Pre 257.72 ± 63.32
a***

219.25 ±
41.30 a***

0.152

Mid 307.85 ± 63.71
b***

255.17 ±
57.60 b***

Post 344.03 ± 72.94 c* 284.63 ±
52.78 c***

Values are expressed as Mean ± SD.
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IL-6: interleukin-6, IL-15: interleukin-15, BDNF: brain-derived neurotrophic factor

Pre: baseline; Mid: 6 weeks; Post: 12 weeks.

a: pre vs. post; b: pre vs. mid; c: mid vs. post.
* p < 0.05, ** p < 0.01, *** p < 0.001

Figures

Figure 1

Diagram of study �owchart
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Figure 2

Levels of myokines by group and time Pre: baseline; Mid: 6 weeks; Post: 12 weeks. * p < 0.05, ** p < 0.01,
*** p < 0.001


