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Abstract

Aims and background Physical inactivity is leading to obesity and consequently insulin resistance and diabetes. Feasible and
cost efficient strategies like Pilates and total body resistance exercise (TRX) training can impede obesity and its compilation.
The aim of this study was to investigate the effects of 8 weeks Pilates and TRX training programs on irisin concentration
and insulin resistance in overweight women.

Method Thirty overweight women (Body mass index (BMI): 25-29.9 kg/m2) were divided, based on their BMI, into 3
groups; control, Pilates and TRX. The participants in the training groups were subjected to moderate intensity of Pilates or
TRX exercise training 3 times a week for 8 weeks. Blood samples were taken at pre-test and 48 h after the last training ses-
sion and used for analyzing irisin, insulin and glucose. Data were analyzed by ANCOVA and paired-samples t-test.
Results The finding showed that the Pilates training decreased body weight and BMI compared to the pre-test (P <0.05).
Also, it has been revealed that irisin concentration in response to Pilates and TRX training programs were increased in
comparison with the control group (P <0.05). However, there was no significant difference in irisin concentrations between
training groups (p > 0.05). Moreover, fasting insulin, glucose and insulin resistance were significantly reduced after exercise
intervention compared to the pre-test which were significantly lowered compared to the control group as well.

Conclusion The results suggest Pilates and TRX trainings are two efficient model of exercise that by eliciting an exercise-
hormone, irisin, can improve insulin resistance in overweight women.
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Introduction

Excessive calorie intake and sedentary lifestyle are two
major risk factors for overweight and obesity [1]; leading to
chronic diseases such as diabetes [2]. Insulin resistance is a
hallmark feature of type 2 diabetes (T2D) [3]. By increasing
obesity-related metabolic diseases such as T2D, many bio-
logically metabolic factors have been investigated as thera-
peutic target factors of glucose homeostasis [4].

Irisin is a poly peptide hormone which expresses pro-
foundly in the heart and skeletal muscles [5]. It is evidenced
that irisin improves insulin resistance andT2D through
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increasing insulin receptors sensitivity in skeletal muscles
and browning whit adipose tissue [6, 7]. In addition, it has
been found that irisin concentration is higher in obese people
compared to normal weight individuals, which has a signifi-
cant positive correlation with fat mass and negative correla-
tion with fat free mass [8].

It is widely known that the regular exercise training has
metabolic benefits to T2D patients [9]. The protective effect
of physical activity, in part, is related to the secretion of
myokines from skeletal muscles during workouts [10]. These
molecules are linked between exercise and metabolic disor-
ders amelioration [11]. Irisin is considered as an exercise
hormone which a link between physical activity and meta-
bolic homeostasis [12]. In this regard, it has been suggested
that exercise-induced elevated irisin could reduce weight in
obese and insulin resistance individuals [13, 14]. Irisin lev-
els are modulated by exercise type. Accordingly, Tsuchiya
et al. showed that resistance exercise elicits a greater irisin
response compared to aerobic exercise [15].
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Some physical exercises may put overload on knee joints
in overweight or obese individuals [16]. It is essential to
investigate the suitable form of exercise for overweight and
obese people. Exercise training such as total body resistance
exercise (TRX) with the use of suspension system [17] and
Pilates [18] are favorable for rehabilitation and home based
exercise during gym lockdown. The ease of using TRX
method has derived much more research attention than tra-
ditional resistance training with expensive equipment [17].
TRX training has the beneficial effects on muscular fitness
as same as traditional resistance training [19]. On the other
hand, Pilates is a good option for overweight and obese sub-
ject with difficulty to performing traditional exercise training
[20]. Pilates is mainly consisted of isometric contraction of
the core muscles and combined movements of gymnastics,
yoga, dance and meditation [21]. Pilates considered as a
popular training model improves cardiorespiratory fitness
in overweight and obese individuals [18].

A growing body of evidence showed that Pilates [22] and
TRX training [17] methods are widely used as enjoyable and
safe exercise strategy for health promotion. Given the use
on TRX and Pilates training as appealing therapeutic tar-
gets for treating obesity and diabetes in the overweight and
obese individuals, the aim of this study was to investigate
the effects of TRX and Pilates training on exercise hormone,
Irisin, and insulin resistance in overweight women. It can
provide some insights into the metabolic effects of TRX and
Pilates training for obesity managment.

Method

Subjects Thirty overweight volunteer women were partici-
pated in the study. The study protocol was approved by the
ethical committee of the University of .... The inclusion
criteria’s was included; body mass index (BMI) between 25

and 29.9 kg/m?, sedentary lifestyle in the past six months
and no drug treatment. The exclusion criteria was having
joint and muscle problem with exercise movements, two ses-
sions absence in row or four sessions overall. The subjects
had right to withdraw in anytime during the study.

Procedure After filling out medical and physical question-
naires’, the physical characteristic of subjects including,
weight, height, fat percentage, waist circumference, hip
waist and BMI were measured and calculated. Then, the
blood samples were taken in the fast state and, according
to their body weight; the subjects were equally divided into
3 groups of Pilates, TRX and control. The subjects in the
TRX and Pilates groups performed designed exercise train-
ing program for 8 weeks (3 times a week). Forty-eight hours
after the last exercise session, the subjects were attended
to the laboratory to evaluate anthropometric characteristics
and drown blood samples similar to the pre-test condition.

TRX protocol After two sessions of familiarization with
the exercise movements, the subject completed three exer-
cise sessions on non-consecutive day during the study.
Training program was included 10 min of warm up,
40 min of body exercise and 10 min of cool down. The
body exercise was including, chest press, tow arm row,
suspended lunges, squat, single-leg squat, YTM, revers
mountain climber, triceps extension, hamstring curl,
plunk, front squat, power pull. As presented in Table 1,
the number of sets, repetitions and angle was gradually
increased throughout the study. Moreover, exercise move-
ments were gradually shifted from basic to advance levels
(Table 1) the TRX training protocol was adapted from the
previously studies [17]. The exercise intensity was con-
trolled by the rate of perceived exertion (RPE) scale (15
points; 0-20). The moderate exercise intensity was chosen
in the entire sessions (RPE; 12).

Table 1 TRX training program

. . Exercise Week 0-2 Week 3-4 Week 5-6 Week 7-8

with type of exercises, sets,

repetitions and angle Setsxrep /angle  SetsXrep /angle  SetsXrep /angle  SetsXrep /angle
Chest press 2x%10/30° 2x12/30° 2x%10/50° 2x%12/65°
Tow arm row 2x10/30° 2x12/30° 2x%10/50° 2x%10/65°
Suspended lunges 2x10 2x12 2x10 -
squat 2x10 2x12 3x12 3x12
Single-leg squat - - 2x12 3x12
YTM 2x10 2x12 - -
Reverse mountain climber ~ 2x12 3x10 - -
Triceps extension 2x10 2x12 - -
Hamstring curl 2%x5 2x8 2x10 2x12
plunk 8x12s 8x15s 8%20s 8x25s
Front squat - - 2x12 3x10
Power pull - - 2x12 3x10
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Pilates training protocol The Pilates training program was
guided by a professional instructor. Training protocol was
involved 10 min war up, 40 min body exercise and 10 min
cool down (relaxation). The exercise movement similar to
TRX training was designed to stimulate the whole body
muscles which including; single-leg circles, squat, ball
marches, leg lift supine, elbow flexion and extension, abduc-
tion of lower and upper limbs, shoulder bridge, side, front
and back kick, bend and stretch, shoulder bridge, let pull
front. The number of sets, repetition and exercise movements
was presented in details in table 2 as described previously
[23]. The exercise intensity was similar to the TRX training
sessions.

Laboratory assessment Anthropometrics characteristics
of subjects were measured before and after training period.
The body fat percentage was estimated by Slim Guide and
Jackson Pollack’s three points skinfolds including triceps,
supariliac and thigh. Six milliliters of blood were drawn
from a forearm vein into a sterile tube containing EDTA
and centrifuged for 10 min at 1000 g to separate plasma and
stored in -80 centigrade temperature. Plasma was used for
Irisin analysis by ELISA method (Zell bio, Germany), insu-
lin (Mercodia co, Sweden). Plasma glucose was analyzed by
photometric method (Pars Azmoon kit, Iran). Insulin resist-
ance was calculated with the homeostasis model assessment
(HOMA-IR) by the following formula: fasting plasma glu-
cose (mmol/L) x fasting serum insulin (pU/mL)/22.5.

Statistical analysis The data normality was tested using a
Shapiro—Wilk test. The one way of ANOVA and ANCOVA
were used to compare differences among groups. In case
of differences among groups, Bonfroni post hoc test was
applied. A paired t-test was used to measure within group
changes. Pearson correlation was utilized to determine the
relationship between variables. The statistical significance
level was set to a<0.05.

Results

The results showed no significant differences in body weight
and BMI among three groups (P> 0.05). However, the
Pilates training group significantly reduced body weight and
BMI after intervention compared to the pre-test (P <0.001,
Table 2).

The finding showed that irisin concentrations were
increased after 8 weeks of TRX and Pilates training in
comparison with pre-test (P=0.009, P=0.006; respec-
tively). Moreover, irisin concentrations did not change
in the control group (P=0.228). Further analysis showed
that significant differences in Irisin concentration among

Table 2 The physical characteristic of the subjects, Data is expressed
as mean + SD

groups
Control TRX Pilates
age 30.44+£3.17 30.44+3.39 30.22+3.31
Weight (kg)
Pre 72.78 £9.60 72.62+9.63 74.44+12.77
post 73.22+£9.97 68.45+8.76 72.51+12.97*
BMI (kg/m2)
Pre 28.06+5.48 27.59+2.92 28.84 +4.67
post 28.22+5.58% 26.01+2.62 28.08 +4.76*
Waist circumference (cm)
Pre 85.33+4.78 88.67+4.78 97.56+11.10
post 84.56+3.61 84.56+3.61 90.33+11.78
Hip circumference (cm)
Pre 97.00+38.11 105.22+7.61 107.22+7.69
post 99.11+9.03 101.67+£8.23 104.89 +7.25

*significant difference with pre-test. P value sets at <0.05

groups were found (F=6.948, P=0.002). Post hoc test
revealed that Irisin concentrations in TRX and Pilates
training group were significantly higher compared to the
control group (P=0.002, P=0.044; respectively). How-
ever, there was no significant difference between two train-
ing groups (P=0.815) (Fig. 1A).

After 8 weeks of intervention, insulin concentrations
were attenuated in response to TRX and Pilates training
compared to pre-test (P <0.001). In comparing among
groups (F=9.337, P<0.001), the post hoc bonfroni test
showed that insulin concentrations leveled off in the TRX
and Pilates training groups compared to the control group
(P=0.001, P=0.004; respectively). But, there were no sig-
nificant difference between two groups (P> 0.05, Fig. 1).
Glucose concentrations were reduced after 8 weeks inter-
vention of TRX and Pilates training (P <0.001, P=0.008;
respectively). ANCOVA analysis revealed that glucose
concentrations were different among groups (F=4.630,
P <0.001). Further analysis demonstrated that glucose
concentrations were diminished by TRX and Pilates train-
ing group in comparison with the control group (P =0.048,
P =0.024; respectively). Furthermore, the finding showed
that, based on the insulin and glucose concentrations,
HOMA-IR was significantly reduced after TRX and Pilates
training program in overweight women compared to the
pre-test (P <0.001). Significant differences were found in
HOMA-IR among groups (F=7.904, P=0.001). Moreo-
ver, HOMA-IR was diminished in TRX and Pilates train-
ing compared to the control group (P=0.003, P=0.004;
respectively) (Fig. 1).

@ Springer



1458

Journal of Diabetes & Metabolic Disorders (2021) 20:1455-1460

Fig. 1 The effects of TRX A . Qore- Opre-test
. .. 20 pre-test pre-tes
and Pilates training programs Irisin Dpost-test B 120 Glucose Dpost-test

on Irisin (A), glucose (B), " $ * S *
100
insulin (C) and insulin resist- _ 15 $* I
ance index (HOMA-IR). Data £ 10 _ 8
are expressed as mean + SD. E % 60
*significant difference from gn s € 40
pre-test, ¥ significant difference s
from the control group. P value € 0 20
set at 0.05 . 0
control TRX Pilates control TRX Pilates
C Insulin Opre-test D Opre-test
10 Bpost-test 4 HOMA-IR Bpost-test
11 1 ’ 3 s
S 6 l T T 1 > *
S 1
) 1 2 J_ *
2 4
2 1
0 0
control TRX Pilates control TRX Pilates
Discussion Most clinical studies have been revealed that circulat-

The main findings of this study demonstrated that TRX
and Pilates training methods (1) increased circulating iri-
sin concentrations and (2) improved glucose homeostasis
which was reflected by decreasing fasting glucose and
insulin concentrations and insulin resistance in overweight
women after 8 weeks of intervention.

In a study conducted by Melo et al. (2018), 12 weeks
pilates training improved postprandial glycemic control
and decreased HBAlc in older women with T2D but
had no effect on fasting glucose [23]. Also, Yucel and
uysal (2018) reported reduction in fasting blood glucose
after 12 weeks Pilates in women [24]. In a meta-analysis
research, it has been reported that pilats is associated with
s significant decrease in body weight, BMI and percentage
of body fat in overweight and obese adults [21]. In addi-
tion, it is reported that TRX training method is an effective
method to improve lipid profile [25]. To date, there has
been a lack of scientific reports on the bases of TRX and
Pilates training method on metabolic adaptations in obese
individuals as alternative methods to traditional resistance
and aerobic exercises.

There is conflicting data regarding irisin response to
exercise training, in agreement with our study, Irisin con-
centrations were increased after 8 weeks resistance exercise
training [13]. Contrarily, A 12-week of heavy resistance
training had no effect on serum irisin level in women [26].
But in another study, 10 weeks of aerobic exercise increased
plasma irisin levels by twofold [14]. It has been reported that
Irisin expression and secretion depend on physical activity,
intensity, type, time and frequency of exercise [27]. This can
partly explain the conflict results.

@ Springer

ing irisin are lower in T2D [28] but higher in obese indi-
viduals [29]; suggesting that increased irisin during exces-
sive energy intake could be a compensatory mechanism to
impede weight gain and insulin resistance by increasing
energy expenditure [30]. It has been demonstrated that
serum irisin level has a positive correlation fat mass, waist
circumference and lipid and glucose hemostasis disturbances
[7, 29]. Dianatinasab et al. (2020) showed that 8 weeks of
aerobic, resistance and combined training had no effects on
irisin concentrations in overweight women [31]. However,
insulin resistance was decreased in response to training
programs. They also demonstrated that serum irisin has a
positive correlation with fat percentage and insulin resist-
ance [31]. Although, the possible mechanism of Pilates and
TRX training on glycemic control is not clear, it is specu-
lated that exercise training improves insulin sensitivity and
muscle GLUT-4 expression and [32]. In this study, we found
that Pilates and TRX training programs increases irisin con-
centrations concomitant with decreasing insulin resistance.
Regarding to these findings, this implies that synthesis and
secretion is stimulated by exercise and peroxisome prolifera-
tor- activated receptor-y (PPAR-y) coactivator 1-a (PGCla)
[33]. It is important to mention that exercise activity stimu-
lates PGC-1a and its downstream protein, fibronectin type
III doman-containing 5 (FNDCS5) [5]; eventually leading to
cleaved of FNDCS to irisin in skeletal muscle [34]. Very
recently, it has been suggested that irisin may enhance skel-
etal muscle fiber size by increasing contractile proteins [35]
which may affect glucose uptake from bloodstream. How-
ever, due to the study limitation, we did not analyze irisin in
skeletal muscle in response to TRX or Pilates training that
need to be investigated.
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Insulin resistance development mostly is due to insu-
lin receptors desensitization and defect in its substrates
phosphorylation [5]. It is also reported that irisin regu-
lates glucose uptake in skeletal muscles via calcium and
P38 AMK mediated AMPK pathway [5]. Moreover, irisin
stimulates glucose uptake in skeletal muscle by GLUCT-4
translocation [6]. Another possible mechanism is that iri-
sin improves insulin sensitivity by reducing fasting glu-
cose level via suppressing gluconeogenesis and increasing
glycogenesis in the liver [36]. Furthermore, irisin acts as
anti-apoptotic on pancreas beta cells, stimulated beta cell
proliferation, and biosynthesis and secretion of insulin
[37]. Thus, it can be speculated that increased levels of iri-
sin due to Pilates and TRX training methods can improve
glucose tolerance and decrease insulin resistance which
may be considered as therapeutic strategies in diabetes
treatment.

In obesity conditions, adipose tissue considered as
important factors in the irisin secretion, which may
lead to irisin resistance [8]. Studies have pointed out
that increased irisin concentrations are accompanied by
increased levels of inflammatory factors [38] which have
a significant role in developing insulin resistance [39]. It
is demonstrated that overexpression of FNDCS5 in adipose
tissue of obese mice is associated with improving hyper-
lipidemia and increasing lipolysis [40]. FNDCS plays an
important role in diminishing adipose tissue inflamma-
tion and insulin resistance [40]. FNDCS5 acts via AMPK
which reduces inflammation and M1 macrophage polari-
zation [41]. Another possible limitation was that we were
not able to measure adipose tissue macrophages and their
connection to exercise-induced irisin responses.

In this regards, it has been shown that12 weeks of exer-
cise training increased PGC-1a transcription and FNDC5
mRNA expression in obese and pre-diabetic individuals
[33]. Another study, reported that 6 weeks of aerobic
and resistance exercise training in healthy individuals
increased FNDCS5 compared to that of the control group
[42]. In fact, resistance training by contracting muscles
and depleting energy can stimulate AMPK/PGC-1a path-
way [43]; suggesting the underlying mechanism of exer-
cise-induced increased irisin concentration.

It is concluded that Pilates and TRX training programs
are tow feasible and cost efficient strategies to improve
glucose homeostasis in overweight women. In fact, our
study revealed that Pilates and TRX training methods
were accompanied by increasing exercise hormone, iri-
sin, which was associated with improving fasting glucose,
insulin and insulin resistance in overweight women. These
findings reflect the potential roles of Pilates and TRX
training modalities on T2D management as alternative to
the traditional and expensive exercise training.
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