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Abstract: 

Problem Statement. Obesity is a major threat to public health across the world. The progressive trend of 
overweight is serious among the children and adolescents. Physical activity is a useful way of proper 
development of the young adolescents. Irisin, a hormone secreted by skeletal muscle, protects body against the 
side effects of obesity such as increased body weight and insulin resistance. Purpose.This semi-experimental 
research aimed to investigate the impact of an 8 week combined exercise training program on specific physical 
fitness factors, as well as on the serum levels of irisin and insulin resistance in children classified as obese or 
overweight. Materials and methods. Twenty female students classified as obese or overweight (mean age: 
10.85 ± 1.03 years, weight: 49.07 ± 9.64 kg, BMI: 23.25 ± 2.73 kg/m2) were selected using convenience 
(availability) sampling and subsequently randomized into two groups: intervention and control. The intervention 
group underwent an 8-week program consisting of combined resistance–aerobic exercise training (with a 3:2 
ratio on alternate days), totaling five sessions per week. Conversely, the control group adhered to their regular 
daily routines. Baseline and post-training assessments included measurements of anthropometric and physical 
fitness indices. Blood samples were collected 24 h before and after the intervention. To analyze the data, 
Shapiro–Wilk tests assessed normality, RM-ANOVA examined intragroup changes, and ANCOVA tests 
evaluated intergroup differences, with a statistical significance level set at p ≤ 0.05. Results. The inferential 
analysis unveiled a significant difference between the two groups, specifically in insulin resistance, lower-body 
and static strength, VO2max, and dynamic balance. However, no significant disparities were observed in irisin 
levels, lower-body explosive power, upper body strength, BMI, weight, fat percentage, and fat-free mass. 
Notably, irisin levels exhibited a significant increase within the intervention group. Conclusions. This study 
shows that a combined aerobic (rope skipping)–resistance exercise training regimen holds promise for enhancing 
selected physical fitness indices. Additionally, this exercise modality significantly reduces insulin resistance in 
obese and overweight children. 
Key words: Combined training, obesity, irisin, insulin resistance 

 
Introduction 

Chronic disease of obesity is a major threat to public health across the world. Worldwide statistics show 
a great number of 155 million overweight children in the age range of 5-17 (Lau et al, 2010). According to 
WHO, Middle East is exposed to progressive rate of obesity. Among the Iranian children, the escalating trend of 
overweight is serious (Kelishadi et al, 2014). By 2025, it is expected that Iran will have an estimation of four 
million overweight children and adolescents. Obesity and overweight are associated with increased level of 
cardio-vascular diseases (Chen et al, 2016) and adulthood all-cause mortality (Hajhashemy et al, 2022).  

Lower cardiovascular fitness is related to more risk factors. One metabolic equivalent increase in peak 
oxygen consumption is associated with %15 and %13 decrease in cardiovascular disease risk and all-cause 
mortality, respectively (Castro et al., 2017). A healthy lifestyle including interventions such as exercise training 
may be useful for children and adolescents (Calcaterra et al., 2022). An optimal level of physical activity is 
demonstrated to stimulates development, improves cardiac function and muscle and joint flexibility, and reduces 
mental or physical discomfort (Görner & Reineke, 2020). Huang et al (2022) showed that 12 weeks of home- 
based rope jumping promotes speed, endurance, power and core muscular endurance in middle school students 
(Huang et al, 2022). Cengizel et al (2022) stated that jump rope training is more usefull than plyometric trainig in 
improving athletic performance of adolescent basketball players (Cengizel & Cengizel, 2022). From another 
viewpoint, resistance training is proposed as a safe and effective way of conditioning for the youth to improve 
their body composition (Lau et al., 2010). Findings suggest that resistance training increase muscle mass and 
strength and improves performance (Peyghambarzadeh et al, 2022). Resistance training is a good option to 
engage overweight and obese children and adolescents in physical activity and may be more likely to create a 
positive experience for these participants (Stricker et al, 2020). However, reserchers have shown that, from many 
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aspects, combined exercise training is the most effective intervention for overweight and obese children and 
adolescents (Huang et al, 2023). For example, Tomschi et al. (2018) demonstrated a greater impact of combined 
training on muscle strength and cardiovascular endurance (Görner & Reineke, 2020). Some researchers consider 
combined training as the effect modulator of each aerobic or resistance training programs alone (Askari et al, 
2015). 

Skeletal muscle and adipose tissue are very active endocrine organs secreting molecules known as 
myokines and adipokines, respectively (Amanat et al, 2020). Recently, some of these molecules are identified in 
obese peoples, providing a justification for the mechanism of metabolic disorders associated with obesity (Ren et 
al, 2022). Irisin, discovered by Bostrum et al (2012), is released into the blood circulation via proteolytic 
cleavage of FNDC5 (Boström et al, 2012). Irisin production is regulated by PGC-1α (Peng & Wu, 2022). A rapid 
elevation of PGC-1α via AMPK is reported during exercise which returns to baseline level post- exercise 
(Calcaterra et al, 2022). Furthermore, it has been shown that irisin increases PGC-1α expression in skeletal 
muscles (Peng & Wu, 2022). A positive direct relationship between waist girth, and body fat mass, and an 
inverse one between lipid profile and serum irisin level is reported. Irisin protects body against the side effects of 
obesity such as increased body weight and insulin resistance. It increases energy expenditure and may be a major 
prognostic agent for conditions such as obesity and diabetes mellitus (Amanat et al, 2020).  

There are many studies analyzing activity patterns in childhood and adolescence and the risks of 
sedentary behaviors that can induce morbidity (Morelli et al, 2020). In their study on children, Çatli et al (2016) 
reported a significant correlation of irisin level with HDL-C, fasting insulin and insulin resistance assessed 
through Homeostasis Model Assessment (HOMA-IR). The authors suggested that this provides evidence about 
irisin role in insulin sensitivity and lipid metabolism related to childhood obesity (Çatlı et al, 2016). Studies 
about the effect of exercise on irisin levels have shown its significant change after acute exercise activities (Tsai 
et al, 2021) compared to chronic training (Ghalamsiah & Nourshahi, 2023; Luo et al, 2023). There is an 
inconsistency between researches focused on the effect of different modes of extra movements on plasma irisin 
levels in children (Blüher et al, 2014; Palacios‐González et al, 2015) and adults  (Polyzos et al, 2015; Timmons 
et al, 2012). Moreover, other researchers suggested that there is no consistent data about relationship between 
overweight and irisin in children (Blüher et al, 2014; Reinehr et al, 2015) and adults (Elsen et al, 2014; Polyzos 
et al., 2015). Considering well documented influence of exercise on irisin and paucity of researches studying the 
effect of exercise training on the changes of this hormone in children, the current research purpose is to study the 
effect of eight weeks aerobic- resistance training on irisin levels, insulin resistance and some of the physical 
fitness indices of obese and overweight girls.  
 

Material & methods 

Participants & Procedures 

This semi-experimental study included two experimental and control groups with pre- and post- tests. 
The study population involved obese and overweight girl children (9-12 years old) living in Sabzevar, Iran 
(N=1050). Thirty (30) healthy girls were selected using convenient sampling and provided by information about 
the experimental procedures of the research. Inclusion criteria were physical health (health questionnaire and 
medical examination), BMI higher than 85th percentile for age and gender as overweight, or higher than 95th 
percentile as obese, and non-participation in other physical activities. Table 1 presents the participants' 
demographic data. Firstly, the subjects' parents submitted their consent letter. Then, participants were randomed 
into two intervention (n=15) and control (n=15) groups. Anthropometric (height, weight, fat percent, WC and 
WHR), physical fitness (static and muscular strength, dynamic balance, VO2max, and explosive power) were 
measured at baseline and after training period. Considering irisin half-life and to remove the effect of the last 
training session, blood samples were drawn 24 hours before the first session and after intervention period 
completion. Ethical permission No. IR. iAu.ReE.1397.5 was obtained from the ethics committee of Sabzevar 
University of Medical Sciences. No dietary intervention was considered for the purpose of this study and parents 
were informed in this respect. Six subjects (two and four subjects from intervention and control groups, 
respectively) were omitted from the study due to various reasons such as personal problems and absence, and, 
therefore, excluded from the statistical analysis.  

 

Table 1. Basline demographic characteristics for intervention (n=13) and control (n=11) 
groups in obese and overweight girls. 

Characteristic Intervention group (n=13) 
±S 

Control group 
(n=11) 

±S 

P-value F-value 

Age (years) 10.30±0.94 11.40±0.84 0.01 7.5 
Height (cm) 141.90±4.67 148.12±7.27 0.04 4.8 
Weight (kg) 44.80±6.68 48.81±4.55 0.16 2.09 
Fat (%) 30.54±2.05 32.04±2.02 0.06 3.8 
BMI (kg/m2) 22.68±2.79 23.83±2.69 0.3 0.87 

Notes: ±SD refers to Mean  ±  Standard Deviation 
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Training protocol 

Subjects in experimental group participated in 8 weeks combined resistance (3 days per week) and rope- 
skipping training (2 days per week) on alternate days. A workout session included warming- up (10 minutes), 
main part of training and cooling- down (10 minutes). Resistance training stations included push up, sit-up with 
medicine ball, overhead medicine ball throwing, squat jump, medicine ball overhead throw sit-up (with partner), 
knee Tuck jump, step jump squat, and reverse push up (2-5 sets of 8-10 repetitions during the first to the last 
week). Rope skipping workouts (8 repititions) started from two 30s sets in the first week progressing to three 60s 
sets in the last week. subjects in the control group had no physical activity during this time.  
Assessments 

The subjects’ weight and height were measured by digital scale (without shoes and with the least 
clothes) and wall mounted stadiometer, respectively. BMI was calculated following the formula cited by 
literature. Waist and hip circumferences were measured as indicated in Kelishadi et al (Kelishadi et al, 2010). Fat 
percent values were calculated according to the proposed method of Slaughter et al (Slaughter et al, 1988) as 
follows: 

If sum (  of two skinfolds (subscapular and triceps) was greater than 35 mm, then equation (1), and 
otherwise, equation (2) was used for the calculation of fat percent:  

 
Fat percent = 0.546 ( ) + 9.7                                                                                                      (1) 
Fat percent = 0.33 ( ) - 0.013 ( ) 2 - 2.5                                                                                    (2) 
 
The subjects’ aerobic endurance was assessed by One Mile Walking test. Subjects warmed up for ten 

minutes and then started walking by hearing “Go” command. Time to walk 1 mile and heart rate at the end of the 
track were recorded. Then VO2max was calculated according to Sung et al (Sung, 2013) as follows (equation 3): 

 
VO2max= 120.702 + (4.114× gender [F=0, M=1] – (2.918 × time) – (2.841 × age)                  (3) 

 
Dynamometer was used to measure static handgrip strength in kilogram (Matsudo, Matsudo, Rezende, 

& Raso, 2015). Upper- and lower-body strength was determined using Brzycki’s indirect 1RM of chest press and 
leg extension, as follows (equation 4) (Brzycki, 1993).  

 
1RM= Weight: [0.95- (number of repititions-2) (0.025)]                                                            (4) 

 
Dynamic balance was assessed in three movements directions (anterior, posteromedial and 

posterolateral) on each leg (results for dominant leg are reported in this study) through Y balance test according 
to Shaffer et al, (Shaffer et al, 2013). The maximum reach in each direction, after three attempts, was recorded 
and, the subjects’ dynamic balance was calculated using equation (5) as follows: 

 
Dynamic balance= (sum of reach in three directions)/3                                                              (5) 

 
Lower-body explosive power was determined by broad (standing long) jump (Fjørtoft et al, 2011). With 

swang arms and bended knees to provide forward drive, subjects were fixed behind a line marked on the ground 
with feet slightly apart and took a two-foot jump. The longest distance jumped of two attempts, without falling 
backwards, was considered as their record.  

To determine daily calorie intake during the study period, subjects were asked to record their consumed 
nutrients for three non-consecutive days in two stages (at the beginning and the end of the intervention period) 
completely and with all details. Then, exact value and size of nutrients were extracted from FoodStuffs Album 
by Ghaffarpour et al (Ghffarpour et al, 2008) and analyzed using nutrition software N4.  
Blood Sampling 

Blood aliquots, taken after overnight fasting from the cubital vein in the supine position, were prepared 
for immediate analysis and for storage at -73 °c. Plasma irisin and insulin concentrations were measured by 
ELISA kits Zelbio GmbH, Ulm, Germany (intraassay CV%:7.3; sensitivity: 1 pg/mL) and Monobind, CA, USA 
(intraassay CV%:6.0; sensitivity:0.7 μIU/mL), respectively. Insulin resistance (IR) was calculated through 
Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) (equation 6) following Cauza et al (Cauza et 
al, 2005): 

 

HOMA-IR=          

 
Statistical analysis 

All statistical assessments were performed using SPSS version 23. Data normality, between group 
differences and within group changes were determined by Shapiro-Wilk, ANCOVA and Repeated measures 
ANOVA tests, respectively. Data are presented as Mean± Standard deviation and interpreted at the significance 
level of p≤0.05. 
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Results 

According to data in Table 2, groups were not different significantly in respect of weight (p=0.90), fat 
percent (p=0.09), BMI (p=0.94), Fat Free Mass (p=0.15) and WHR (p=0.35). Waist circumference of two groups 
showed significant difference with a non-significant decrease for intervention (p=0.7) and significant increase 
for control (p=0.02) groups. 

Table 2.  Anthropometric parameters for intervention (n=13) and control (n=11) groups before 
and after training in obese and overweight girls. 

Variable Group Before 
±SD 

After 
±SD 

Within 
groups P 

Between 
groups P 

Weight (kg) Intervention 44.80± 6.68 45.32±6.81 0.08 
0.90 

control 48.81±4.55 49.52±5.09 0.12 

Fat Free Mass 
(kg) 

Intervention 31.00±3.71 31.60±3.84 0.01 
0.15 

control 33.50±2.70 33.95±3.20 0.19 
Fat Percent (%) Intervention 30.54±2.05 30.00±2.41 0.08 

0.09 
control 32.04±2.02 32.51±2.51 0.20 

Body Mass 
Index (kg/m2) 

Intervention 22.68±2.79 22.51±2.35 0.5 
0.94 

control 23.83±2.69 23.60±2.87 0.1 
Waist 

Circumference 
(cm) 

Intervention 78.80±6.54 78.50±7.09 0.7 
0.03* control 83.10±8.43 86.30±9.05 0.02 

Waist-to-Hip 
Ratio (m) 

Intervention 0.92±0.05 0.91±0.04 0.6 
0.35 

control 0.90±0.06 0.91±0.06 0.2 

Notes: ±SD refers to Mean  ±  Standard Deviation*significant at p≤0.05 
As presented in Table 3, the groups' insulin level (p=0.018) and insulin resistance (p=0.015) was 

different and intervention group experienced significant improvement in these two indices (p=0.001 and 
p=0.002, respectively). No significant difference was found in irisin levels of two groups (p=0.12), but a 
significant increase was seen for the intervention group compared to its baseline values (p=0.04).  

Table 3. Biochemical parameters for intervention (n=13) and control (n=11) groups before and 
after training in obese and overweight girls. 

Variable Group Before 
±SD 

After 
±SD 

Within 
group P 

Between 
group P 

Irisin (pg/ml) Intervention 16.03±10.24 19.01±10.46 0.04 
0.12 

control 14.82±8.56 15.49±10.52 0.4 
Insulin (µIU/mL) Intervention 12.90±4.55 6.20±4.99 0.001 

0.017* 
control 6.14±4.38 6.78±5.27 0.03 

Insulin Resistance 
Homa-IR  

Intervention 28.75±10.34 15.25±12.63 0.007 
0.015* 

control 14.73±11.98 16.80±13.19 0.19 

Notes: ±SD refers to Mean ± Standard  Deviation; Homa-IR: Homeostatic Model Assessment 
for Insulin Resistance*significant at p≤0.05 

According to Table 4, two groups were different significantly in VO2max (p=0.002), static strength 
(p=0.005), lower-body strength (p=0.007), and dynamic balance (p=0.002). However, upper-body strength and 
lower-body explosive power were not different significantly (p=0.4 and p=0.07, respectively). Though, it must 
be noted that the intervention group showed a significant improvement in upper-body strength relative to its 
baseline values (p=0.04). 

Table 4. Physiological-functional parameters for intervention (n=13) and control (n=11) groups 
before and after training in obese and overweight girls. 

Variable Group Before 
±SD 

After 
±SD 

Within 
group P 

Between 
group P 

VO2max 
 (ml.kg-1.m-1) 

Intervention 36.51±2.39 43.98±5.81 0.004 
0.002* 

control 36.56±2.67 36.40±2.77 0.86 
Static strength 

 (kg) 
Intervention 13.10±4.25 19.20±4.80 0.001 

0.005* 
control 13.60±3.23 15.90±3.54 0.03 

Upper- body strength 
(kg) 

Intervention 13.80±4.39 15.90±4.06 0.04 
0.4 

control 16.20±4.32 16.50±3.55 0.7 
Lower- body strength 

(kg) 
Intervention 34.50±8.64 53.00±17.02 0.001 

0.007* 
control 36.50±8.18 41.00±7.37 0.06 

Dynamic balance (cm) Intervention 72.44±7.62 84.63±10.47 0.002 
0.002* 

control 70.56±6.07 70.87±7.08 0.86 
Lower- body explosive 

power (cm) 
Intervention 117.70±14.39 122.80±17.08 0.12 

0.07 
control 111.80±11.50 109.00±12.42 0.40 

Notes: ±SD refers to Mean  ± Standard Deviation; Vo2max: Maximum oxygen uptake 
 *significant at p≤0.05 
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Our results in Table 5 indicated a significant difference in total daily calorie. At the end of training 
period, significant increase of calorie intake was observed for the subjects in intervention group compared to 
their control counterparts (p=0.01). However, intragroup changes showed significant increase in calorie intake 
for both groups (p=0.01) 

 
Table 5. Intake of calories from macronutrients for intervention (n=13) and control (n=11) 
groups before and after training in obese and overweight girls. 

Variable Group Before 
±SD 

After 
±SD 

Within 
group P 

Between 
group P 

Total calorie 
(g/d) 

Intervention 1143.33±120.96 1506.66±190.08 0.01 
0.01* 

control 1183.33±160.72 1316.00±189.29 0.01 
Carbohydrate 

(g/d) 
Intervention 686.00±72.58 828.60±104.54 0.02 

0.05* 
control 710.00±43.96 790.00±113.57 0.01 

Protein 
 (g/d) 

Intervention 217.23±22.98 301.33±38.01 0.01 
0.003* 

control 224.83±30.53 223.8±32.18 0.4 
Fat  

(g/d) 
Intervention 240.10±25.40 376.66±47.52 0.01 

0.005* 
control 248.50±33.75 302.83±43.53 0.01 

 Notes: ±S refers to Mean ± Standard Deviation 
 *significant at p≤0.05 

 
Discussion  

The aim of this study was to examine the effect of eight combined (aerobic- resistance) exercise training 
on some anthropometric, physiological and biochemical indices in overweight and obese girl children. 

Subjects’ anthropometric indices were not different significantly after training period. Lau et al (2010), 
and Lee et al (2012) reported consistent findings. A direct relation is demonstrated for plasma adiponectin values 
and lipid metabolism such that higher levels of this hormone is associated with increased lipid metabolism. 
Researches have shown that obese people have a lower resting level of adiponectin compared to their thin 
counterparts (Alizadeh Pahlavani, 2022). It may be stated that aerobic exercise training improves functions of the 
body fat metabolic enzymes, accelerates lipids consumption and catabolism, and effectively prevents from lipid 
synthesis. In the study of the effect of short- term resistance training on leptin levels and anthropometric indices 
of obese adolescents, Lau et al (2010) reported no change in weight, fat mass and lean body mass of their 
subjects. To explain the results, they stated that resistance training is possibly useful only when it is associated 
with energy restriction, as it needs low metabolic cost (Lau et al, 2010). Also, Heijden et al (2010) reported that 
aerobic exercise without dietary intervetion or weigth loss has no effect on 24-h energy expenditure of obese 
adolescents. They suggested a higher energy expenditure of obese adolescents, due to their possible greater size 
of  metabolically active lean body mass (as an important determinant) as the reason of their results. Zhang et al 
(2016) and Kim et al (2007) reported decreased weight of their experimental subjects after 22- and 12-weeks 
training, respectively. A possible reason for their inconsistent results may be our shorter duration of intervention. 
Furthermore, a higher levels of diet fat and carbohydrates at the end of intervention, especially for intervention 
group, may justify our results, as we imposed no limitation on the subjects’ calorie intake.  

The participants’ irisin level was not different significantly after the intervention. However, subjects in 
the experimental group showed its significant increase relative to their baseline values. He et al (He et al, 2018) 
reported simillar results. Irisin may be expressed in subcutaneous adipose tissue and skeletal muscle which result 
in its increased release into circulation (Wang et al, 2023). Moreover, He et al (He et al, 2018) outlined the 
concepts of individual differences and exercise training "responders Vs. non-responders" and proposed fitness 
level as the best response predictor of irisin with more irisin response to exercise in more fitted peoples. On the 
other hand, in a one-year supervised exercise program, Bluher et al (Blüher et al, 2014) studied obese and 
overweight children (mean age of 12) and reported increased levels of irisin at the end of their program. They 
reported no correlation between irisin and anthropometric or inflammatory indices. Their exercise program was 
conducted at high intense level and included advanced facilities. The researchers suggested that difference in 
exercise training intensity and the students’ mean age may justify inconsistent results. Diaz- Castro et al (2021) 
implemented a program of physical activity in schoolchildren for 6 months and demonstrated increased level of 
irisin and decreased weight and BMI in the exercise group. In this study, a greater percent of subjects in the 
exercise group reported adherence to mediterranean diet which may be an extra reason for their results.    

In this study, insulin resistance and insulin levels were different significantly between two groups and 
the experimental group experienced a considerable reduction. Kim et al (2020) reported similar results by 
implementing a 12 week jump- rope exercise for obese adolescents. Also, in a study by Amanat et al (2020), 12 
weeks of aerobic, resistance and combined training were associated with significantly reduced insulin resistance. 
Lower insulin value during exercise is in favor of glucose mobility from liver into circulation and allows its 
circulation homeostasis. Kim et al (2007) examined the effect of exercise interventions on obese adolescents and 
reported consistent findings. According to them, greater fat accumulation results in insulin resistance through 
two ways: adipocyte –derived cytokines and lipotoxicity- related insulin signaling. The researchers proposed that 



FATEMEH REZAEI, ROYA ASKARI, MOHAMMADREZA HAMEDINIA, MATTEO PUSCEDDU 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
2858

improved insulin sensitivity after exercise training may be related to AMPK mediated change in insulin 
peripheral sensitivity by AMP or other insulin signaling pathways. However, adipose accumulation reduction 
after long- term exercise training may provide greater changes in adipokine levels and insulin sensitivity. 

The participants’ VO2max showed a significant difference between two groups and the experimental 
group experienced a significant improvement. Recent evidences indicate that just two weeks of training will be 
enough to induce fuctional improvement. This is while bradycardia and ventricular hypertrophy would be 
attained after at least two months of regular exercise training. In fact, cardiac functional properties including 
maximal oxygen uptake are prior to its morphological and electrical changes (Oláh et al, 2023). Resistance 
training influences on neuro-muscular system and, in this way, improves function of the cardio-vascular system 
by decreasing heart rate and or blood pressure. Also, increased muscular strength and power after resistance 
training reduces the exertion level of physical activities to be done and, as a result, there will be a lowered 
burden on one’s cardio-vascular system (Kanegusuku et al, 2011).  

The subjects’ static strength increased significantly in both experimental and control groups. However, 
there was a significant difference between groups which may refer to positive impact of our training protocol. 
Also, lower-body strength was higher significantly in the experimental group compared to their control 
counterparts. This significant difference was not seen in the subjects’ upper-body strength. However, the 
experimental group documented a significant increase in its upper-body strength relative to its baseline values. 
Considering unsignificant difference of fat free mass between two groups, it seems that muscle hypertrophy 
could not be the reason for increase in strength and that it may be a result of special neural adaptations related to 
training. On the other hand, Martinez Munoz et al (2019) and Kim et al (2015) found a correlation between irisin 
with handgrip strength and one-leg standing test score. Difference in the results of lower- and upper- body 
strength is reported by other researchers which has attributed it to various conditioning levels of knee extensors 
and upper-body muscles (Malina et al, 2004). Due to their weight bearing essence, quadriceps have a greater 
level of conditioning relative to upper-body muscles (Jung et al, 2023). The results for dynamic balance showed 
a significant difference between groups with an improvement for the experimental group. On possible reason for 
this could be increased lower-body strength, recruitment facilitation of fast-twitch motor units, increased muscle 
coordination and decreased inhibition and stimulation of muscle spindles during strength training (Deng, 2023). 
In this situation, muscle contraction induces Gama efferent nerve activity within muscle spindles. Increased 
sensitivity of muscle spindles could improve joint position sense which plays a major role in posture control. 
Also, in explaining the reason of better dynamic balance of adolescent tennis players after 12 weeks of rope 
jumping, Shi et al (Shi et al, 2023) referred to improved endurance and strength of the upper and lower 
extremities and lumbar and abdominal muscles, resulting in hypertrophic changes in muscle fiber structure.  

Explosive power was not different for two groups. Intragroup changes indicated a non-significant 
increase and decrease for the experimental and control groups, respectively. Reinforced coordination of various 
parts of the body as well as the greater strength/ power are some factors increasing explosive power after 
exercise training (Chottidao et al, 2022). Also, a high angular velocity is associated with a higher average power 
during explosive movements (Huang et al, 2023) such as rope jumping. Huang et al (2022) noted contractions of 
quick stretch- shortening nature during jumping as an effective factor in promoting speed and jump performance. 
Furthermore, combined training stimulates neuromuscular system and, this way, activates both muscle fibers and 
the neural system. So, slow- twitch fibers act like fast twitch ones. From a different stance, resistance training 
increases the motor units’ capability for stimulation and reflex reinforcement which may result in better training 
conditions in the future. Our results for greater strength in experimental group support the researchers’ 
hypothesis. However, non-significant difference between groups may be attributed to higher baseline levels of 
this variable in the experimental group. 

The current study had some limitations some of which are as follows. Our subjects were girl children in 
the age range of 9-12, so we had no control on their diet, other physical activities and their puberty-related 
hormonal changes. However, we do our best to exclude all girls with secondary symptoms of puberty (mainly, 
menstrual cycle) from our study to prevent its effects on the study results.  
 

Conclusion 

Our results showed that eight weeks combined exercise training could improve insulin resistance and 
some physiological indices, irrespective of irisin levels, in the obese and overweight children. Considering irisin-
facilitated communication between muscle and adipose tissue, its important endocrine and autocrine functions, 
and its major role in conversion of white adipose tissue (WAT) to brown adipose tissue (BAT), designing an 
activity program to improve its levels may be valuable. However, it seems that only physical activity is not 
enough and exercise along with calorie intake limitation may have a greater effect on well-being and health in 
this population. So, it may be recommended that future studies consider special calorie intake along with 
different exercise training protocols to increase irisin health- related effects in this population. 
Acknowledgments 

The authors gratefully acknowledge the warmly participation of girl students of Imam Khomeini & 
Jokar elementary schools (Sabzevar, Iran) and their parents. 
Conflict of interest The authors declare that there is no conflict of interest. 



FATEMEH REZAEI, ROYA ASKARI, MOHAMMADREZA HAMEDINIA, MATTEO PUSCEDDU 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
2859

References 

Alizadeh Pahlavani, H. (2022). Exercise therapy for people with sarcopenic obesity: myokines and adipokines as 
effective actors, Frontiers in Endocrinology, 13, 811751. https://doi.org/10.3389/fendo.2022.811751 

Amanat, S., Sinaei, E., Panji, M., Mohammadpor Hodki, R., Bagheri-Hosseinabadi, Z., Asadimehr, H., et al, 
(2020). A Randomized Controlled Trial on the Effects of 12 Weeks of Aerobic, Resistance, and 
Combined Exercises Training on the Serum Levels of Nesfatin-1, Irisin-1 and HOMA-IR. Frontiers in 

Physiology, 11. https://doi.org/10.3389/fphys.2020.562895 
Askari, R., Ravasi, A. A., Gaieni, A. A., Hedayati, M., & Hamedinia, M. R. (2015). Effect of Combined and 

Endurance Exercise Training on Adipokines, GH and Lipid Profiles in Over weight Females. Journal of 

Sport Biosciences, 6(4), 399-413.[in Persian]  
Blüher, S., Panagiotou, G., Petroff, D., Markert, J., Wagner, A., Klemm, T., . . . Mantzoros, C. S. (2014). Effects 

of a 1-year exercise and lifestyle intervention on irisin, adipokines, and inflammatory markers in obese 
children. Obesity (Silver Spring), 22(7), 1701-1708. doi:10.1002/oby.20739 

Boström, P., Wu, J., Jedrychowski, M. P., Korde, A., Ye, L., Lo, J. C., et al, (2012). A PGC1-α-dependent 
myokine that drives brown-fat-like development of white fat and thermogenesis. Nature, 481(7382), 
463-468. https://doi.org/10.1038/nature10777 

Brzycki, M. (1993). Strength testing—predicting a one-rep max from reps-to-fatigue. Journal of physical 

education, recreation & dance, 64(1), 88-90. https://doi.org/10.1080/07303084.1993.10606684 
Calcaterra, V., Verduci, E., Vandoni, M., Rossi, V., Fiore, G., Massini, G., et al, (2022). The effect of healthy 

lifestyle strategies on the management of insulin resistance in children and adolescents with obesity: a 
narrative review. Nutrients, 14(21), 4692. https://doi.org/10.3390/nu14214692 

Castro, E. A., Peinado, A. B., Benito, P. J., Galindo, M., González-Gross, M., Cupeiro, R., & Group, P. S. 
(2017). What is the most effective exercise protocol to improve cardiovascular fitness in overweight 
and obese subjects? Journal of sport and health science, 6(4), 454-461. 
https://doi.org/10.1016/j.jshs.2016.04.007 

Çatlı, G., Küme, T., Tuhan, H. Ü., Anık, A., Çalan, Ö. G., Böber, E., & Abacı, A. (2016). Relation of serum 
irisin level with metabolic and antropometric parameters in obese children. Journal of Diabetes and its 

Complications, 30(8), 1560-1565. https://doi.org/10.1016/j.jdiacomp.2016.07.019 
Cauza, E., Hanusch-Enserer, U., Strasser, B., Ludvik, B., Metz-Schimmerl, S., Pacini, G., . . . Kostner, K. 

(2005). The relative benefits of endurance and strength training on the metabolic factors and muscle 
function of people with type 2 diabetes mellitus. Archives of physical medicine and rehabilitation, 

86(8), 1527-1533. https://doi.org/10.1016/j.apmr.2005.01.007 
Cengizel, C. O., Oz, E., & Cengizel, E. (2022). Short-term plyometric and jump rope training effect on body 

profile and athletic performance in adolescent basketball players. International Journal of Sport Studies 

for Health, 5(2). https://doi.org/10.5812/intjssh-1325852 
Chen, C. K., Ismail, N. S., & Al-Safi, A. A. (2016). Effects of brisk walking and resistance training on 

cardiorespiratory fitness, body composition, and lipid profiles among overweight and obese individuals. 
Journal of Physical Education and Sport, 16(3), 957. https://doi.org/10.7752/jpes.2016.03151 

Chottidao, M., Kuo, C.-H., Tsai, S.-C., Hwang, I.-S., Lin, J.-J., & Tsai, Y.-S. (2022). A comparison of 
plyometric and jump rope training programs for improving punching performance in junior amateur 
boxers. Frontiers in Bioengineering and Biotechnology, 10, 878527. 
https://doi.org/10.3389/fbioe.2022.878527 

Deng, F.-Y. (2023). Neural adaptations to resistance training. Jyvaskyla: University of Jyvaskyla. 
Diaz-Castro, J., Garcia-Vega, J. E., Ochoa, J. J., Puche-Juarez, M., Toledano, J. M., & Moreno-Fernandez, J. 

(2021). Implementation of a Physical Activity Program Protocol in Schoolchildren: Effects on the 
Endocrine Adipose Tissue and Cognitive Functions. Frontiers in Nutrition, 8. 
https://doi:10.3389/fnut.2021.761213 

Elsen, M., Raschke, S., & Eckel, J. (2014). Browning of white fat: does irisin play a role in humans. J 

endocrinol, 222(1), R25-38. http://dx.doi.org/10.1530/JOE-14-0189 
Fjørtoft, I., Pedersen, A. V., Sigmundsson, H., & Vereijken, B. (2011). Measuring Physical Fitness in Children 

Who Are 5 to 12 Years Old With a Test Battery That Is Functional and Easy to Administer. Physical 

Therapy, 91(7), 1087-1095. https://doi:10.2522/ptj.20090350 
Ghalamsiah, N., & Nourshahi, M. (2023). Acute effects of high-intensity functional training with or without 

whole-body electromyostimulation on serum irisin and brain-derived neurotrophic factor in overweight 
individuals. Science & Sports. https://doi.org/10.1016/j.scispo.2022.08.004 

Ghffarpour, M., Hooshyarrad, A., Kianfar, H., & Banieqbal, B. (2008). FoodStuffs Album: Istitute for Food 
Industries & Nutritional Researches. 

Görner, K., & Reineke, A. (2020). The influence of endurance and strength training on body composition and 
physical fitness in female students. Journal of Physical Education and Sport, 20, 2013-2020.  

Hajhashemy, Z., Mirzaei, S., Asadi, A., Akhlaghi, M., & Saneei, P. (2022). Association of Dietary Insulin Index 
and Dietary Insulin Load With Metabolic Health Status in Iranian Overweight and Obese Adolescents. 
Frontiers in Nutrition, 9. https://doi:10.3389/fnut.2022.821089 



FATEMEH REZAEI, ROYA ASKARI, MOHAMMADREZA HAMEDINIA, MATTEO PUSCEDDU 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
2860

He, Z., Tian, Y., Valenzuela, P. L., Huang, C., Zhao, J., Hong, P., et al, (2018). Myokine Response to High-
Intensity Interval vs. Resistance Exercise: An Individual Approach. Frontiers in Physiology, 9. 
https://doi:10.3389/fphys.2018.01735 

Huang, F., Song, Y., Zhao, Y., Han, Y., & Fang, Q. (2022). Fitness Promotion in a Jump Rope-Based 
Homework Intervention for Middle School Students: A Randomized Controlled Trial. Frontiers in 

Psychology, 13. https://doi:10.3389/fpsyg.2022.912635 
Huang, R., Zhang, M., Huang, L., Chen, Z., Mo, Y., & Gao, Y. (2023). Effects of lower-extremity explosive 

strength on youth judo athletes adopting different types of power-based resistance training. Frontiers in 

Physiology, 14. https://doi:10.3389/fphys.2023.1065036 
Huang, Z., Li, J., Liu, Y., & Zhou, Y. (2023). Effects of different exercise modalities and intensities on body 

composition in overweight and obese children and adolescents: a systematic review and network meta-
analysis. Frontiers in Physiology, 14. https://doi:10.3389/fphys.2023.1193223 

Jung, R., Gehlert, S., Geisler, S., Isenmann, E., Eyre, J., & Zinner, C. (2023). Muscle strength gains per week are 
higher in the lower-body than the upper-body in resistance training experienced healthy young 
women—A systematic review with meta-analysis. PloS one, 18(4), e0284216. 
https://doi.org/10.1371/journal.pone.0284216 

Kanegusuku, H., Queiroz, A. C. C., Chehuen, M. R., Costa, L. A. R., Wallerstein, L. F., Mello, M. T., et al, 
(2011). Strength and power training did not modify cardiovascular responses to aerobic exercise in 
elderly subjects. Brazilian journal of medical and biological research = Revista brasileira de pesquisas 

medicas e biologicas, 44(9), 864-870. https://doi:10.1590/s0100-879x2011007500100 
Kelishadi, R., Haghdoost, A.-A., Sadeghirad, B., & Khajehkazemi, R. (2014). Trend in the prevalence of obesity 

and overweight among Iranian children and adolescents: A systematic review and meta-analysis. 
Nutrition, 30(4), 393-400. https://doi.org/10.1016/j.nut.2013.08.011 

Kelishadi, R., Hashemipour, M., Ashtijou, P., Mirmoghtadaee, P., Poursafa, P., Khavarian, N., & 
Ghatrehsamani, S. (2010). Association of cell blood counts and cardiometabolic risk factors among 
young obese children. Saudi medical journal, 31(4), 406-412. Retrieved from 
http://europepmc.org/abstract/MED/20383418 

Kim, E. S., Im, J. A., Kim, K. C., Park, J. H., Suh, S. H., Kang, E. S., et al, (2007). Improved insulin sensitivity 
and adiponectin level after exercise training in obese Korean youth. Obesity (Silver Spring), 15(12), 
3023-3030. https://doi:10.1038/oby.2007.360 

Kim, H.-j., So, B., Choi, M., Kang, D., & Song, W. (2015). Resistance exercise training increases the expression 
of irisin concomitant with improvement of muscle function in aging mice and humans. Experimental 

Gerontology, 70, 11-17. https://doi.org/10.1016/j.exger.2015.07.006 
Kim, J., Son, W. M., Headid Iii, R. J., Pekas, E. J., Noble, J. M., & Park, S. Y. (2020). The effects of a 12-week 

jump rope exercise program on body composition, insulin sensitivity, and academic self-efficacy in 
obese adolescent girls. J Pediatr Endocrinol Metab, 33(1), 129-137. https://doi:10.1515/jpem-2019-
0327 

Lau, P. W. C., Kong, Z., Choi, C.-r., Yu, C. C. W., Chan, D. F. Y., Sung, R. Y. T., et al, (2010). Effects of Short-
Term Resistance Training on Serum Leptin Levels in Obese Adolescents. Journal of Exercise Science 

& Fitness, 8(1), 54-60. https://doi.org/10.1016/S1728-869X(10)60008-1 
Lee, S., Bacha, F., Hannon, T., Kuk, J. L., Boesch, C., & Arslanian, S. (2012). Effects of Aerobic Versus 

Resistance Exercise Without Caloric Restriction on Abdominal Fat, Intrahepatic Lipid, and Insulin 
Sensitivity in Obese Adolescent Boys: A Randomized, Controlled Trial. Diabetes, 61(11), 2787-2795. 
https://doi:10.2337/db12-0214 

Luo, M., Luo, S., Xue, Y., Chang, Q., Yang, H., Dong, W., et al, (2023). Aerobic exercise inhibits renal EMT by 
promoting irisin expression in SHR. Iscience, 26(2). https://doi.org/10.1016/j.isci.2023.105990 

Malina, R. M., Bouchard, C., & Bar-Or, O. (2004). Growth, maturation, and physical activity: Human kinetics. 
Martínez Muñoz, I. Y., Camarillo Romero, E. d. S., Correa Padilla, T., Santillán Benítez, J. G., Camarillo 

Romero, M. d. S., Montenegro Morales, L. P., et al, (2019). Association of Irisin Serum Concentration 
and Muscle Strength in Normal-Weight and Overweight Young Women. Frontiers in Endocrinology, 

10. https://doi:10.3389/fendo.2019.00621 
Matsudo, V. K. R., Matsudo, S. M., Rezende, L. F. M. d., & Raso, V. (2015). Handgrip strength as a predictor of 

physical fitness in children and adolescents. Revista Brasileira de Cineantropometria & Desempenho 

Humano, 17, 01-10. https://doi.org/10.5007/1980-0037.2015v17n1p  
Morelli, C., Avolio, E., Galluccio, A., Caparello, G., Manes, E., Ferraro, S., . . . Catalano, S. (2020). Impact of 

vigorous-intensity physical activity on body composition parameters, lipid profile markers, and irisin 
levels in adolescents: a cross-sectional study. Nutrients, 12(3), 742. https://doi.org/ 
10.3390/nu12030742  

Oláh, A., Sayour, A. A., Ruppert, M., Barta, B. A., Merkely, B., Kovács, A., & Radovits, T. (2023). Dynamics 
of exercise training and detraining induced cardiac adaptations. Current Opinion in Physiology, 100657. 
https://doi.org/10.1016/j.cophys.2023.100657 



FATEMEH REZAEI, ROYA ASKARI, MOHAMMADREZA HAMEDINIA, MATTEO PUSCEDDU 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
2861

Palacios‐González, B., Vadillo‐Ortega, F., Polo‐Oteyza, E., Sánchez, T., Ancira‐Moreno, M., Romero‐Hidalgo, 
S., et al, (2015). Irisin levels before and after physical activity among school‐age children with different 
BMI: A direct relation with leptin. Obesity, 23(4), 729-732. https://doi.org/10.1002/oby.21029 

Peng, J., & Wu, J. (2022). Effects of the FNDC5/Irisin on elderly dementia and cognitive impairment. Frontiers 

in Aging Neuroscience, 14, 863901. https://doi.org/10.3389/fnagi.2022.863901 
Peyghambarzadeh, M., Askari, R., Damavandi, M., & Pusceddu, M. (2022). Effect of resistance and power 

training with walking in different directions on the serum concentrations of P3NP and CAF, the lower 
body muscle strength and motor function in elderly men. https://doi.org/10.14198/jhse.2023.182.14   

Polyzos, S. A., Kountouras, J., Anastasilakis, A. D., Margouta, A., & Mantzoros, C. S. (2015). Association 
between circulating irisin and homocysteine in patients with nonalcoholic fatty liver disease. Endocrine, 

49(2), 560-562. https://doi.org/10.1007/s12020-014-0473-x 
Reinehr, T., Elfers, C., Lass, N., & Roth, C. L. (2015). Irisin and Its Relation to Insulin Resistance and Puberty 

in Obese Children: A Longitudinal Analysis. The Journal of Clinical Endocrinology & Metabolism, 

100(5), 2123-2130. https://doi.org/10.1210/jc.2015-1208 
Ren, Y., Zhao, H., Yin, C., Lan, X., Wu, L., Du, X., et al, (2022). Adipokines, hepatokines and myokines: focus 

on their role and molecular mechanisms in adipose tissue inflammation. Frontiers in Endocrinology, 

13, 873699. https://doi.org/10.3389/fendo.2022.873699 
Shaffer, S. W., Teyhen, D. S., Lorenson, C. L., Warren, R. L., Koreerat, C. M., Straseske, C. A., & Childs, J. D. 

(2013). Y-Balance Test: A Reliability Study Involving Multiple Raters. Military Medicine, 178(11), 
1264-1270. https://doi.org/10.7205/milmed-d-13-00222 

Shi, Z., Xuan, S., Deng, Y., Zhang, X., Chen, L., Xu, B., & Lin, B. (2023). The effect of rope jumping training 
on the dynamic balance ability and hitting stability among adolescent tennis players. Scientific Reports, 

13(1), 4725. https://doi.org/10.1038/s41598-023-31817-z 
Slaughter, M. H., Lohman, T. G., Boileau, R. A., Horswill, C. A., Stillman, R. J., Van Loan, M. D., & Bemben, 

D. A. (1988). Skinfold Equations for Estimation of Body Fatness in Children and Youth. Human 

Biology, 60(5), 709-723. Retrieved from http://www.jstor.org/stable/41464064 
Stricker, P. R., Faigenbaum, A. D., McCambridge, T. M., LaBella, C. R., Brooks, M. A., Canty, G., et al, (2020). 

Resistance training for children and adolescents. Pediatrics, 145(6). https://doi.org/10.1542/peds.2020-
1011 

Sung, H. (2013). Development of Walk Tests to Estimate Aerobic Fitness in 10 to 13 Year-Old Children: East 
Carolina University. http://hdl.handle.net/10342/4204 

Timmons, J. A., Baar, K., Davidsen, P. K., & Atherton, P. J. (2012). Is irisin a human exercise gene? Nature, 

488(7413), E9-E10. https://doi.org/10.1038/nature11364 
Tsai, C.-L., Chang, Y.-C., Pan, C.-Y., Wang, T.-C., Ukropec, J., & Ukropcová, B. (2021). Acute Effects of 

Different Exercise Intensities on Executive Function and Oculomotor Performance in Middle-Aged and 
Older Adults: Moderate-Intensity Continuous Exercise vs. High-Intensity Interval Exercise. Frontiers 

in Aging Neuroscience, 13. https://doi.org/10.3389/fnagi.2021.743479 
van der Heijden, G.-J., Sauer, P. J., & Sunehag, A. L. (2010). Twelve weeks of moderate aerobic exercise 

without dietary intervention or weight loss does not affect 24-h energy expenditure in lean and obese 
adolescents. The American journal of clinical nutrition, 91(3), 589-596. 
https://doi.org/10.3945/ajcn.2009.28686 

Wang, S., Liu, Y., Chen, J., He, Y., Ma, W., Liu, X., & Sun, X. (2023). Effects of multi-organ crosstalk on the 
physiology and pathology of adipose tissue. Frontiers in Endocrinology, 14, 1198984. 
https://doi.org/10.3389/fendo.2023.1198984 

Zhang, Y., Xie, C., Wang, H., Foss, R. M., Clare, M., George, E. V., . . . Ding, Y. (2016). Irisin exerts dual 
effects on browning and adipogenesis of human white adipocytes. American Journal of Physiology-

Endocrinology and Metabolism, 311(2), E530-E541. https://doi.org/10.1152/ajpendo.00094.2016 
 

 


