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Background: Scientific literature suggests that different types of training can have different effects on secretion of
irisin and myostatin. Objectives: The purpose of this study was to determine the effect of resistance exercise training
(RET), aerobic exercise training (AET) and concurrent (aerobic + resistance) exercise training (CET) on serum irisin
and myostatin in untrained women. Methods: Thirty-five non-obese, untrained women were randomly assigned to
control (n = 6, age 25.50 = 4.80 years), RET (n = 10, age 24.60 + 2.45 years), AET (n =9, age 24.66 + 2.29 years) or
CET (n =10, age 26.60 + 4.00 years) groups. Subjects in training groups trained for 8 weeks, three times per week.
The levels of serum irisin, myostatin were measured before and after the training period. Results: It was found that the
CET group had significantly reduced serum irisin (p =.028) and myostatin (p =.005) concentrations. The myostatin
concentration was also significantly decreased in the RET group (p =.008). Conclusion: CET, AET or RET were not
effective for improving (increase) irisin circulating level. In addition, RET and CET were more effective than AET in

reducing circulating myostatin levels.
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Introduction

Skeletal muscle has recently been recognized as an
endocrine organ that produces and releases various
cytokines termed myokines (Karsenty & Olson, 2016)
that are involved in the regulation of several physiologi-
cal and metabolic pathways. Discovery of myokines has
emphasized the role of muscle as an important source
of exercise-induced hormones to communicate infor-
mation and interact with other tissues, including fat,
the liver, and the pancreas, to alter metabolism (Huh
et al., 2012). Irisin is a novel glycosylated polypeptide
hormone derived from its precursor fibronectin type
III domain containing protein 5 (FNDCY5) (Bostrom et
al., 2012). There is controversial evidence on the phys-
iology of irisin, but it has been suggested that under
some conditions, such as exercise and elevated oxida-
tive stress an increased expression of FNDCS5 occurs
and therefore of the circulating irisin levels (Kurdiova
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et al.,, 2014; Sanchis-Gomar & Perez-Quilis, 2014).
Several physiological functions have been identified
for irisin. For example, in white adipose tissue irisin
uncouples the mitochondrial respiratory chain and
induces “browning”. Browning of white adipose tissue
increases basic energy expenditure (Spiegelman, 2013)
and result in an improvement of adiposity and glucose
homeostasis (Bostrom et al., 2012).

Furthermore, skeletal muscle secretes other hor-
mones such myostatin, a member of the transforming
growth factor 3 superfamily, which is a critical factor
in regulating irisin. It has been shown, irisin treatment
significantly decreased myostatin gene expression in
human myocytes (Huh, Dincer, Mesfum, & Mantzo-
ros, 2014). In addition, myostatin negatively affect
muscle growth and development (McPherron, Lawler,
& Lee, 1997). It has been shown that myostatin inhib-
its muscle cell proliferation, protein synthesis, and dif-
ferentiation (Rodgers & Garikipati, 2008). In addition,
myostatin associated with metabolism. The animal
model has been shown that myostatin deficiency in
mice was concurred with an increased enzymatic activ-
ity of enolase, a key component of glycolysis. While,
the hyper muscular state of myostatin knockout mice
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increases oxygen consumption and the energy cost of
running (Mouisel et al., 2014).

While a large body of literature exists regarding the
effects of chronic exercise training on irisin in adults,
the results of many studies have been far from conclu-
sive, and no consensus has been reached. Some studies
have shown the potential effects of exercise training
on circulating irisin (Bostrom et al., 2012; Ercan et
al., 2017; Ghanbari-Niaki et al., 2018; Kim, So, Choi,
Kang, & Song, 2015; Moienneia & Hosseini, 2016;
Zhao, Su, Qu, & Dong, 2017) and myostatin (Hinkley,
Konopka, Suer, & Harber, 2017; Hittel et al., 2010;
Roth et al., 2003; Saremi et al., 2010; Walker, Kam-
badur, Sharma, & Smith, 2004). While others have
shown that irisin (Ellefsen et al., 2014; Hecksteden et
al., 2013; Moienneia & Hosseini, 2016; Pekkala et al.,
2013) and myostatin (Besse-Patin et al., 2014; Binns,
Gray, Henson, & Fort, 2017; Hofmann et al., 2016;
Ziaaldini et al., 2015) may not change after long-term
exercise training.

On the other hand, the authors hypothesized that
different types of exercise training might result in dif-
ferent result on circulating levels of these myokines.
Unfortunately, previous studies have not included a
simultaneous comparison of aerobic exercise training
(AET), resistance exercise training (RET), and con-
current (AET + RET) exercise training (CET) on circu-
lating irisin and myostatin. Accordingly, the aim of the
present study is to compare the effects of several types
of training on circulating irisin and myostatin and their
correlation with each other in untrained women.

Methods

Participants

Thirty-seven non-obese healthy women who partici-
pated in the study were randomly divided into four
study groups: (1) the RET group (n# = 10), (2) the AET
group (n=9), (3) the CET group (n=10), and (4)
the control group (n = 8). One participant in the AET
group and two in the control group withdrew from the
study. Sample size for the present study was determined
based on previous studies, which were conducted on
healthy adults (Pekkala et al., 2013; Roth et al., 2003).
The participants were recreationally physically active
but without systematic strength or endurance training
for at least one year prior to participation. Exclusion
criteria included history of smoking, metabolic disor-
der, or orthopedic problems that could limit participa-
tion in the exercise protocols. The participants were
instructed to maintain consistent dietary and lifestyle
habits over the course of the study. Having informed
the participants about the study and its procedures,
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written consent was obtained from all of them. The
study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s human research commit-
tee. Ethical approval was obtained from the Islamic
Azad University-Rasht Branch Ethics Committee (IR.
TAU.RASHT.REC.1395.3) and the study was regis-
tered on the Iranian Registry of Clinical Trials website
(http://www.irct.ir/, IRCT2016123125449N2).

Experimental design

Blood samples were taken from the participants before
primary physical assessment, with 12 hours of fasting.
All blood measurements were conducted between the
5th and 12th day of follicular phase. Once the blood
sample was collected, Subjects were familiarized with
the testing protocols and exercises. Then, the partici-
pants completed three sessions with a 48 hour interval
between sessions for assessment of anthropometric
data, determination of one repetition maximum (1RM)
loads for leg press, and maximum oxygen consumption
(VO,, ) for Bruce treadmill test. RET, AET or CET
began the week after baseline assessments, and 8 weeks
later, the same measurements were repeated.

Training protocol

The exercise groups exercised for 8 weeks and partici-
pants exercised three times per week for 65 min/ses-
sion with 48 hours of minimal interval between them.
Each exercise session including a 10 min warm up, 50
min RET, AET, or CET and 5 min cool down.

The RET program was based on the recommen-
dations of the American College of Sports Medicine
(ACSM) for RET in healthy adults including 3-4 sets,
8-12 repetitions, 30-60 second rest interval between
2 sets, and a 2-3 minute rest between exercises
(Ratamess et al., 2009). Each resistance training ses-
sion consisted of nine exercises that were performed
as follows: leg press, chest press, latissimus dorsi pull
down, leg extension, leg curl, cable crossover, biceps
curl, triceps extension, and abdominal crunches. In
session one, the workload for each exercise was equal
to 55% of each individual’s 1IRM consisting of 8-10
repetitions per set. In sessions two and three, the work-
load was increased to 60% and 65% of 1RM, respec-
tively. Over 2-4 weeks, the workload was increased to
65-70% 1RM, and in the second month, repetitions
and load were changed to 10-12% and 70-75% 1RM,
respectively. All resistance exercises were performed on
mobarez weight equipment (Mobarez, Tehran, Iran).

For the AET group, the researchers used the recom-
mendations (intensity and duration in week) proposed
by the American College of Sports Medicine (Garber
et al,, 2011). AET included 4-8 rhythmic aerobic
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step training (which includes A-step, K-step, Across
The Top, Around The World, Basic Left, Basic Right,
Charleston, Corner to Corner, Flamingo, Indecision,
L-step, Repeater, X-step, V-step, Tap Up, Split Basic
and Reverse Turn) and running at 60-75% age-pre-
dicted maximum heart rate (220 - age). In the first
week of the experiment, the participants were trained
at 55-65% of maximum heart rate. The training inten-
sity progressively increased to 70% of maximum heart
rate in weeks 2-4. Exercise intensity increased every
two weeks to reach 75% of maximum heart rate in the
second month.

The CET consisted of 25 min resistance training
that was followed by 25 min aerobic training. Both
types of training were similar to other groups; however,
RET contained five exercises in each session (which
included leg press, cable crossover, biceps curl, triceps
extension and abdominal crunches or chest press,
latissimus dorsi pull down, leg extension, leg curl, and
abdominal crunches).

Body composition

Body weight was determined with an accuracy of 100 g
on a SECA scale (SECA, Hamburg, Germany) and
height was determined with an accuracy of 0.100 cm
with a SECA stadiometer; from these values, body
mass index was calculated. Waist circumference was
measured using a non-stretchable tape measure, with
measurements made halfway between the lower border
of the ribs, and the iliac crest in a horizontal plane.
Hips were measured as the widest circumference over
the buttocks and below the iliac crest.

Leg press strength

Leg press strength was measured using a IRM test on
day one. At the start of the session, the participants
warmed up series of 6 to 10 repetitions using approxi-
mately 50% of the maximum weight. After two minute
of rest, the participants 1RM were determined by per-
forming the most of repetitions until the offered resis-
tance was impossible. Between 7 and 10 repetition was
accepted (Nascimento et al., 2007) and each subject
performed a maximum of 5 attempts with intervals of
3-5 minutes between them to reach considered repeti-
tion (Bastos et al., 2013). The Brzycki equation was
used for the estimation of the 1RM (Nascimento et
al., 2007).

Volmax

Subjects completed a standardized treadmill test
(Bruce, Kusumi, & Hosmer, 1973) on a motorized
treadmill (Sportek Industrial, Taiwan) (Green, Crews,
Bosak, & Peveler, 2003). The Bruce test is a continu-

ous, incremental protocol where treadmill speed and
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grade are increased at every stage (3 min), until the
participant reaches exhaustion. Criteria for achieve-
ment of exhaustion were: (a) heart rate at test termina-
tion > 85% of age-predicted maximum heart rate, and
(b) rate of perceived exertion (RPE) > 18 on Borg’s
category RPE scale (Green et al., 2003). Heart rate was
measured using a finger pulse oximeter (Zyklusmed
CMS50DL, Zyklusmed, Hamburg, Germany).

Blood samples

Participants were requested to avoid using of supple-
ments, and any strenuous exercise at least 48 hours
prior to each blood sample. Venous blood samples
were taken from the antecubital vein in the morning
between 7:30 a.m. and 09:00 a.m. after 12-h fasting and
then collected into Serum Tubes. Samples were left to
coagulate at room temperature and then centrifuged for
10 min at 3000 rpm, after which serum was removed
and frozen at -28 °C and remained so until analyzed.
The irisin and myostatin concentration were analyzed
with a Hitachi 902 auto analyzer (Hitachi, Tokyo,
Japan), using irisin and myostatin hormone-specific
immune-assay kits (ZellBio GmbH, Ulm, Germany)
and optical density was measured at 450 nm. The intra-
assay and inter-assay coefficient of variation was < 10%
and < 12%, respectively. Sensitivities for irisin and myo-
statin were 0.02 ug/ml and 2 ng/1, respectively.

Statistical analyses

Data were presented as mean = SD. Normality of the
data was evaluated and confirmed by the Shapiro-Wilk
tests. Weight, waist circumference, hip circumference,
VO, . and leg press strength showed normal distribu-
tion; however, waist to hip ratio (WHR), body mass
index (BMI), serum irisin, and myostatin did not have
normal distribution. To compare four groups’ perfor-
mances, a one-way analysis of covariance (ANCOVA)
was used, controlling for covariates of baseline value
and using one-way ANOVA if pre-test have normal
distribution. LSD post hoc tests were employed when
the difference was significant (»<.05) based on to the
results of the ANCOVA or ANOVA analysis. Moreover,
within-groups changes were done using paired sample
t-tests for normal variables. For non-normal distribu-
tion variables, the comparisons of between groups at
the baseline and post, and within groups were made
using the Kruskal Wallis and Wilcoxon test, respec-
tively. Spearman’s rank correlation test was used to test
the relationship between serum irisin and myostatin.
The SPSS software (Version 22.0 for Windows; IBM,
Armonk, NY, USA) was used for statistical analyses.
The significance level was set to o =.05.
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Results

Participant baseline and between-groups interaction of
body composition are shown in Table 1. Significant dif-
ferences were observed in waist circumference (p = .003)
and WHR (p =.04) at the baseline between the study
groups. There were no significant differences between
groups at the baseline for body weight (p =.19), BMI
(p =.14), and hip circumference (p =.13) and over the
8-week period with controlling for covariates of baseline
for weight (p =.67); BMI (p =.49); waist circumference
(p =.08) and hip circumference (p =.89). In addition, it
was found that WHR (p =.29) and BMI (p =.14) were

Table 1
Body composition and physical characteristics
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not significantly differ between groups, based on the
analysis of the post-test results. Inter-group changes indi-
cated that weight and BMI was significantly improved
in CET (p=.03, p=.01, respectively). However, no
changes were found in other groups for weight or BMI.
In addition, There were no significant differences in
waist circumference, hip circumference and WHR for
RET, AET, CET and control group.

Inter-group assessments indicated that significant
improvements in VO, for the AET and CET groups
(p=.002 and p =.015, respectively). Yet, there was no
significant difference in the VO level of the RET

2max

and control groups (p >.05). There were significant

Resistance group Aerobic group

Concurrent group

Control group Main effect (N = 35)

(n=10) (n=9) (n=10) (n==6) Baseline 8 weeks

Age (years)
Baseline 24.60 = 2.45 24.66 +2.29 26.60 + 4.00 25.50 £ 4.80 - -
8 weeks - - - -

Height (cm)
Baseline 160.56 £ 5.96 161.02 £ 6.76 160.42 +5.67 161.81 +2.45 - -
8 weeks - - - -

Weight (kg)
Baseline 60.51+8.12 69.35 £9.46 63.95 £ 11.00 61.03 £7.67 **$ 1
8 weeks 60.54 + 8.00 68.95 £8.30 63.44 £ 10.99* 61.20 £ 7.67

Body mass index (kg/m?)
Baseline 23.45+2.83 26.70 £ 2.70 24.87 +4.21 23.28 £2.62 *r L $
8 weeks 23.42+2.70 26.49 +2.39 24.58 + 4.08¥ 23.38+£2.62

Waist circumference (cm)
Baseline 71.90 + 4.04 81.44 +5.97 81.00 + 8.40 74.50 £ 3.01 g 1
8 weeks 71.80 £ 3.51 81.66 +5.38 79.50 £ 7.83 74.50 £2.79

Hip circumference (cm)
Baseline 96.00 + 5.84 103.38 +4.51 101.40 + 7.56 99.83 £9.78 **$ 1
8 weeks 96.07 +5.63 103.41 +4.42 101.40 £ 6.76 100.08 £9.74

Waist-hip ratio (ratio)
Baseline 0.74 +£0.03 0.78 £ 0.04 0.79 £ 0.03 0.75 +£0.05 € €
8 weeks 0.74 £ 0.03 0.78 £ 0.03 0.78 £ 0.04 .074 £ 0.05

VO, (ml/kg/min)
Baseline 34.46 + 1.64 33.16 £2.06 31.92 £ 1.30 37.16 £ 1.95 = § **
8 weeks 34.77 + 1.44% 37.60 + 2.50%+ 33.04 £ 1.26% % 3597 £2.21

Leg press IRM (kg)
Baseline 48.42 + 15.84 47.34 + 3.86 46.72 £ 5.00 48.01 + 11.45 **$ ** i
8 weeks 61.07 £ 14.80%1%§ 51.39 £4.17* 52.55 +5.85% 48.82 + 11.85

¥ Wilcoxon test showed significantly different value from the baseline value in the same group (p <.05). * rtest showed significantly
different value from the baseline value in the same group (p <.05). TSignificantly different from the control group at the same time point
(p <.05). % Significantly different from the aerobic exercise group at the same time point (p <.05). § Significantly between resistance and
concurrent exercise group at the same time point (p <.05). $ 1-way ANOVA interaction between groups. T I-way ANCOVA interaction
for group adjusted for baseline. € Kruskal-Wallis interaction between groups. ** Significantly different between groups at the same time

point (p <.05).
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differences between groups in changes in VO,
(p <.001), where the AET group differed from the
RET and control groups (p =.001). These suggested
that VO, significantly improved in both AET and
CET groups, but it was grater in the AET group.

Inter-group evaluation showed significant improve-
ment for leg press strength in the RET, AET, and CET
groups (p <.001, p =.003, and p <.001, respectively).
There was no significant difference in the control
group’s leg press strength (p >.05). Furthermore, the
results showed a significant interaction effect between
the study groups based on the results of the leg press
strength in post-test (p <.001). RET group showed
more improvement compared to all the other groups
(RET vs. AET: p =.041, RET vs. CET: p =.006, and
RET vs. control: p <.001; Table 1).

There were no significant differences between
groups in terms of changes caused by serum irisin and
myostatin at the baseline and after the 8-week period.
However, the CET and RET groups had inter- group
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Figure 1. Changes of circulating myostatin and iri-
sin in resistance (n = 10), aerobic (n = 9), concurrent
(n=10), and control (n=6) groups from the base-
line to after 8 weeks of training. Data are presented
as mean = SD. * denotes statistically significant differ-
ence from the baseline in the same group.
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changes in the expected direction for myostatin (p = .005
and p =.008, respectively). There were no statistically
significant changes in the AET and control groups
(p >.05). Serum irisin was decreased from the first to
8-week in CET group (p =.028). There were no signifi-
cant changes in the other groups (p > .05; see Figure 1).

At the baseline, irisin positively correlated with
myostatin (r=.87, p <.001). In addition, irisin was
positively correlated with myostatin after the 8-week
AET (r=.94, p<.001), RET (r=.78, p=.004), and
CET (r=.90, p <.001). Irisin and myostatin correla-
tion is illustrated in Figure 2.

Discussion

Muscle tissue constitutes 40% of the total body mass
in non-obese mammals and accounts for ~ 30% of the
resting metabolic rate in adult humans (Zurlo, Larson,
Bogardus, & Ravussin, 1990), representing the largest
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Figure 2. Correlation between circulating irisin and
myostatin at the baseline (A) and after eight weeks of
aerobic, resistance, or concurrent exercise training (B)
in healthy untrained women.
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organ of the whole organism. Training induced muscu-
lar adaptations are reflected by changes in contractile
protein and function, mitochondrial function, meta-
bolic regulation, intracellular signaling, and transcrip-
tional responses (Widrick, Stelzer, Shoepe, & Garner,
2002) and these changes can be mediated by myokines.

The aim of this study was to evaluate the effect
of an 8 week AET, RET or CET training period on
irisin and myostatin circulation in healthy untrained
women. Results showed that RET and AET have no
effect on serum irisin in previously untrained young
women. Serum irisin level was significantly decreased
in the concurrent group. The findings of several studies
are in favor of the present study findings. These stud-
ies found that RET (Ellefsen et al., 2014; Hecksteden
et al.,, 2013; Moienneia & Hosseini, 2016) and AET
(Hecksteden et al., 2013; Pekkala et al., 2013) did
not have an effect on circulating irisin. Notwithstand-
ing, there is limited information about the effects of
CET on circulating irisin. Pekkala et al. (2013) found
CET did not have significant effect on irisin. Recent
evidence suggested that circulating irisin levels were
significantly correlated with BMI (Huh et al., 2012).
In line with these, the researchers found a significant
reduction of BMI in the CET group, which showed a
decrease in irisin. Moreover, for the other two groups,
no changes occurred in their BMI level. In this regard,
Ercan et al. (2017) and Ghanbari-Niaki et al. (2018)
showed an increased irisin level, which resulted from
weight loss after 10 weeks of freewheel running exer-
cise in female mice and eight weeks of resistance train-
ing in postmenopausal women, respectively. On the
other hand, Bostrom et al. (2012) reported a twofold
increase in circulation irisin after 10 weeks of AET in
healthy overweight adults. However, because of the low
subject number (N = 8) and lack of a control group,
this result warrants confirmation.

Furthermore, studies in aging mice and humans
revealed that circulating irisin significantly increased
following RET (Kim et al., 2015; Zhao et al., 2017).
It seems that differences in the participants’ age range
can be considered as a reason for the differences in
results.

The role of irisin in metabolism reflects itself in
an increase in energy expenditure and glucose homeo-
stasis (Bostrom et al., 2012). Therefore, it would be
logical that irisin and FNDCS5 increase in response
to AET is generally characterized by increased oxida-
tive capacity and mitochondrial functions. Also, it is
possible that the anabolic effects (muscle growth) of
RET are associated with increased FNDCS5 expression
since in a study authors showed that irisin was mostly
associated with muscle mass (Huh et al., 2012). The
results of this research demonstrated the improvement
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of VO,  (in the AET and CET groups) and muscle
strength (due to greater muscle mass in RET and
CET). Irisin levels not increasing during the study can
be explained with reference to Raschke et al. (2013).
These researchers showed that a difference between
the human and murine initiation codon led to the
majority of translated human FNDC5 proteins to lose
their signal peptides, and this caused the production of
about 1% full length protein.

To best of our knowledge, there is no evidence
about the effect of CET on circulating myostatin. Fur-
thermore, the present study is the first study on circu-
lating myostatin in humans that compared three types
of exercise training. Based on the present study results,
RET and CET showed a significant effect in decreasing
circulating myostatin, while AET did not produce an
effect on circulating myostatin. In line with these find-
ings, studies have reported that circulating myostatin
decreased after RET (Saremi et al., 2010; Walker et
al., 2004). Although, Hofmann et al. (2016) and Binns
et al. (2017) showed that RET in aged human have no
significant effect on serum myostatin. The contradic-
tory results found in these studies are possibly due to
the participants’ age and exercise protocol. In the pres-
ent study we used young women and the RET was per-
formed over eight weeks and for three times per week
at 65-75% 1RM. However, the aforementioned studies
were focused on older men and women, with a 6-month
or 5-month exercise training period, and running twice
a week at 20-30% or 50-70% 1RM program was used,
respectively. In a study on middle aged men, authors
demonstrated that moderate AET reduced plasma
myostatin levels (Hittel et al., 2010). There is little lit-
erature on the effects of exercise training on circulating
myostatin, despite that fact, there are a great deal of
studies that have examined the relationship between
myostatin expression and exercise training. Similar to
RET (Roth et al., 2003), AET are usually character-
ized by a decrease in myostatin expression (Besse-Patin
et al., 2014; Ziaaldini et al., 2015). The controversial
results from the present study may be due to a different
protocol of exercise training. According to that, myo-
statin tend to decrease in the AET group, and it seems
that exercise duration or intensity were not enough
for the study population. Since, in the present study,
RET reduced circulating myostatin and AET result
in tendency to decrease, it is not surprising that CET
also reduced circulating myostatin levels. myostatin is a
member of the transforming growth factor-beta protein
(TGF-B) family which is secreted from muscle cells and
acts in an auto/paracrine manner by inhibiting Satellite
cells proliferation and differentiation, and by blocking
muscle fiber protein accretion (Allen, Hittel, & McPher-
ron, 2011). Despite the negative effect of myostatin on
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muscle growth and development (McPherron et al.,
1997), myostatin has effect on homeostasis. myostatin
mediates some metabolic condition, such shift from
lipid oxidation towards glycolysis, reduced mitochon-
drial capacity and insulin resistance (Bergouignan,
Rudwill, Simon, & Blanc, 2011). Myostatin seems to
have a biological role also in the crosstalk between skel-
etal muscle and adipose tissue and seem to be involved
in insulin sensitivity (Argilés, Orpi, Busquets, & Lopez-
Soriano, 2012), although it has been suggested that
myostatin does not directly act on adipocytes function
and metabolism, but that increased muscle mass leads
to a higher energy expenditure, greater lipid uptake,
and more active metabolism, finally decreasing the
mass of adipose tissue (Allen et al., 2011).

In addition, the present study found that irisin was
directly associated with myostatin in untrained women
(based on the pre-test results). The results of the pres-
ent study also showed a direct correlation in trained
women (after the 8-weeks exercise training). A recent
study in human adipocytes demonstrates that irisin
treatment increases IGF-1 and decreases myostatin
mRNA levels, the two main factors for muscle growth
(Huh et al., 2014). Another study has suggested that
irisin and myostatin levels could inverse associated
and activating energy metabolism and thermogenesis
in diabetic patients (Garcia-Fontana et al., 2016). It
seems that the contradictory results found in our study
are associated with the characteristics of the partici-
pants studied. Huh et al. (2014) assessed the correla-
tion in healthy obese participants, and the irisin corre-
lation was conducted with myostatin mRNA levels. In
addition, the second study was conducted in diabetic
patients. The participants of the present study were
healthy normal or overweight. Also the small number
of participants can account for the low dependability
of the findings of the present study.

Among possible limitations of the present study
we can consider the possible influence of macronu-
trient intake. It was suggested that circulating irisin
levels significantly correlate with carbohydrate intake
(Lopez-Legarrea et al., 2014) as well as energy restric-
tion (Iglesia et al., 2014). A further limitation should
be considered that the participants’ diet was not super-
vised and the small sample size of the control group,
which needs evaluation in future studies.

Conclusion

In conclusion, a general induction of irisin by regu-
lar exercise training seems unlikely. According to the
results, RET and AET did not produce a noticeable
effect on irisin. In contrast, CET results in statistically
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decreased irisin level. It seems that CET is more effec-
tive than AET or RET on irisin concentration. Serum
myostatin was reduced after eight weeks of RET or CET
implementation. In addition, circulating myostatin did
not alter in response to AET. Finally, a strong positive
correlation was found between circulating irisin and
myostatin in untrained participants or after 8 weeks of
exercise training.
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