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Abstract 
 

Introduction: Obesity stands out as a significant health-related challenge that affects individuals across different age 
groups. 
Objective: The objective of the current study was to investigate the impact of eight weeks of moderate-intensity aerobic exercise 
combined with whole-body electrical muscle stimulation (EMS) on the levels of irisin hormone, fat-free mass, and body fat 
percentage in overweight adolescents.  
Methods: This research employed a semi-experimental design in terms of methodology and was practical in its aims. A total of 52 
overweight teenagers were voluntarily selected and randomly assigned to two groups: one engaging in aerobic exercise with EMS 
and the other participating in aerobic exercise alone (control group). The study was conducted in three phases: pre-test, 
intervention, and post-test. During the pre-test phase, body fat percentage and fat-free mass were assessed using a body 
composition measuring device (model 3, manufactured in South Korea), while irisin levels were determined using the ELISA 
method. Subsequently, the experimental group underwent eight weeks of EMS combined with aerobic exercise, participating in 
three sessions each week, while the control group performed only the aerobic exercise regimen.  
Results: The results from the analysis of covariance indicated that the combination of whole-body EMS and aerobic exercise 
significantly improved body composition and increased serum irisin levels in overweight adolescents.  
Conclusion: Overall, it appears that incorporating EMS into aerobic exercise serves as an effective adjunct, facilitating 
improvements in body mass index (BMI) and reductions in body fat through the elevation of irisin levels. 
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1. Introduction 

The contemporary lifestyle, characterized by 
unhealthy dietary habits and a lack of physical activity, 
has contributed to a rise in the incidence of various 
diseases and obesity (1). Obesity stands out as a 
significant health-related challenge that affects 
individuals across different age groups. Adolescence is 
recognized as a crucial phase in human development, 
during which behavioral changes can significantly 
impact nutritional status (2). The rise of technology has 
resulted in reduced physical activity levels, with 
physical inactivity being closely linked to obesity and 
overweight, which are pressing health concerns (1,3). 
Recent research highlights a concerning global 
increase in obesity rates. This condition, classified as a 
chronic disease associated with disorders in fat 
metabolism, has seen a marked rise since the early 
20th century. In both developed and developing 
nations, the prevalence of obesity has escalated to the 
extent that some experts have termed it a hidden 
epidemic. Today, obesity is not only viewed in relation 
to chronic diseases such as cardiovascular issues, 
diabetes, hypertension, hyperlipidemia, and cancer 

but is also recognized as a significant risk factor in its 
own right. Surveys and studies conducted in Iran reveal 
a growing prevalence of obesity among the youth, 
adolescents, and adults in the country. Estimates 
suggest that over 24 million individuals in Iran are 
either overweight or obese (4). 

Skeletal muscle is increasingly recognized as an 
endocrine organ that produces and releases proteins 
known as myokines (5). These myokines are essential in 
modulating metabolic functions within the muscle 
and influencing the endocrine activities of various 
tissues and organs, such as the liver, adipose tissue, 
and brain. Given that skeletal muscle represents a 
significant portion of the human body, the impact of 
myokines on overall metabolic processes is likely to be 
considerable (6). The primary trigger for the synthesis 
and secretion of myokines is the contraction of skeletal 
muscle, and the changes in muscle tissue resulting 
from exercise are, in part, facilitated by these 
myokines. Recent studies have uncovered a range of 
myokines, with a particular subset being activated 
specifically through muscle contraction (7). These 
discoveries highlight the potential role of contraction-
induced myokines in alleviating insulin resistance and 
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addressing metabolic disorders like obesity. To date, 
several myokines have been recognized for their 
contributions to regulating glucose uptake, enhancing 
insulin sensitivity, and promoting fat metabolism (8). 

Irisin is a myokine primarily released into the 
bloodstream by muscle cells during contractions, with 
significant influence from adipose tissue. This myokine 
is believed to enhance energy expenditure by 
facilitating the transformation of white adipose tissue 
(WAT) into brown adipose tissue (BAT), a process driven 
by the activation of the uncoupling protein 1 (UCP1) 
gene (9). This conversion generates heat, contributing 
to fat mass reduction, improved glucose tolerance, and 
decreased insulin resistance (10). The precursor to 
irisin is a protein known as fibronectin type 3 (FNDC5)-
containing protein 5. Upon cleavage of this precursor, 
irisin is produced. Physical exercise elevates levels of 
peroxisome proliferator-activated receptor-gamma 
coactivator 1-alpha (PGC1-α), which in turn boosts the 
expression of the FNDC5 gene. This cascade results in 
increased irisin production, promoting the conversion 
of white adipose tissue into brown adipose tissue. The 
activation of brown adipose tissue is associated with 
positive metabolic outcomes and may help mitigate 
the adverse effects of obesity and excess weight (11). The 
transformation of white adipocytes into brown 
adipocytes, along with heightened thermogenic 
activity, enhances insulin sensitivity and contributes to 
weight loss (12). 

Recent research indicates that engaging in regular 
physical activity serves as a significant, cost-effective, 
and accessible intervention that can diminish body fat, 
inflammation, and the incidence of heart diseases, 
ultimately aiding in the management of obesity-
related conditions (13). Aerobic exercises have been 
shown to enhance cardiorespiratory fitness and lower 
risk factors among adolescents (14). Aerobic exercise 
encompasses sports activities that are sustained 
continuously for an extended duration (exceeding 
three minutes). A training method that has garnered 
attention recently is whole body electrical muscle 
stimulation (EMS), which utilizes a series of electrodes 
integrated into a specialized vest. When worn, this vest 
applies EMS to the major muscle groups, engaging 
them simultaneously and establishing a specific 
kinetic chain during the execution of physical 
movements. 

Whole body EMS has a significant impact on body 
composition, enhances strength through 
neuromuscular adaptation, improves intermuscular 
coordination and muscle size, and boosts energy levels 
(15). A key benefit of EMS is its ability to induce muscle 
contractions without the need for direct muscle 
engagement. Furthermore, studies indicate that an 
EMS session can elevate glycolytic metabolism and 
increase the levels of serum and plasma lipids, 
positioning it as a viable strategy for enhancing lipid 
metabolism within muscle tissue. For instance, 
research (16) demonstrated that EMS results in a rise in 
the concentration of free fatty acids in the 
bloodstream. It appears that muscle contractions 
induced by EMS demand greater energy expenditure 
compared to voluntary contractions, potentially 
yielding effects comparable to physical activity. 
Additionally, another study (17) found that whole body 
EMS contributes to increased energy expenditure. This 
energy enhancement is particularly beneficial for 
young men. Consequently, considering that EMS 
promotes energy consumption through muscle 

contractions, and recognizing the role of irisin in 
boosting energy metabolism by converting white fat to 
brown fat, the researcher proposed that combining 
whole body EMS with aerobic exercise may offer 
superior benefits for improving body composition and 
enhancing irisin secretion compared to aerobic 
exercise alone. 

A review of previous studies revealed that EMS 
resulted in more significant alterations in the 
expression of ACE and ACTN3 (18). Additionally, a study 
(19) examined the impact of EMS on energy 
expenditure and body composition in postmenopausal 
women, concluding that EMS was more effective than 
both endurance and resistance exercises in enhancing 
body composition. Furthermore, EMS was found to 
reduce local abdominal fat thickness in healthy young 
women. Another study (20) demonstrated that whole-
body EMS positively influenced sarcopenia parameters 
and localized fat accumulation. It has been reported 
that EMS increased irisin levels, thereby improving 
glucose metabolism in inactive middle-aged women 
(21). However, there is a lack of research comparing 
whole-body EMS with aerobic exercise in overweight 
adolescents. Given the rapid and significant hormonal 
changes during adolescence, it is essential to conduct 
such research to address this scientific gap and 
leverage the findings to highlight the benefits of 
whole-body EMS for adolescents. 
 

2. Methods 

The current investigation utilized a semi-
experimental design and was applied in nature 
concerning its aims. The statistical population 
comprised overweight adolescents living in Tehran, 
with the average age of male participants recorded at 
13.92±1.7 years and a body mass index (BMI) exceeding 
25 kg/m². Inclusion criteria mandated that participants 
possess a BMI greater than 25, fall within the 
adolescent age bracket, and be free from any 
significant health issues. In contrast, the exclusion 
criteria included individuals who demonstrated a lack 
of interest in participating and those who missed more 
than three training sessions. The sample size was 
calculated using Gpower based on a statistical power of 
0.80, an alpha level of 0.05, an effect size of 0.40, 
resulting in a total of 52 participants. As a result, 52 
overweight adolescents were chosen and randomly 
allocated into two groups, each consisting of 26 
participants. 

2.1. Measurements 

Height was assessed utilizing a SECA height meter, 
while weight was recorded with a digital scale 
manufactured in China. The plasma irisin level was 
determined through the ELISA method using a kit from 
Bioassay Technology Laboratory, also from China. Body 
composition was evaluated with a body composition 
device, model 2020, produced in Korea. Additionally, 
EMS apparatus, branded Miha bodytec and made in 
Germany, comprised vests, belts, and electrodes. 

2.2. Instruction 

Initially, a briefing session was conducted to 
outline the research objectives, the potential 
applications of its findings, the anticipated benefits 
and side effects, as well as the methodology and 
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duration of the exercises for the teenage participants. 
Subsequently, teenagers with a BMI exceeding 25 
kg/m², who had a medical history free of illness, 
infection, or drug use, were purposefully selected and 
randomly assigned to research groups. In the pre-test 
phase, measurements of height, weight, and body 
composition were taken using a body composition 
device, and plasma irisin levels were assessed through 
blood sampling. Over the course of eight weeks, the 

experimental group engaged in three 40-minute 
sessions of aerobic exercise each week, along with two 
20-minute sessions of whole-body EMS. Meanwhile, the 
control group participated in the same aerobic 
exercises as the experimental group. Finally, in the 
post-test phase, body composition and plasma irisin 
levels were measured again, mirroring the pre-test 
assessments (19,20). 

 
Table 1. Training Protocol. 

Week Training Duration Intensity Warm-up Cool-Down 

1 25 5 minutes 65% heart rate 5 minutes 
2 25 5 minutes 65% heart rate 5 minutes 
3 35 5 minutes 70% heart rate 5 minutes 
4 35 5 minutes 70% heart rate 5 minutes 
5 40 5 minutes 75% heart rate 5 minutes 
6 40 5 minutes 75% heart rate 5 minutes 
7 45 5 minutes 80% heart rate 5 minutes 
8 45 5 minutes 85% heart rate 5 minutes 

 
2.3. Aerobic Training Protocol  

The aerobic training regimen consisted of three 
sessions per week over a duration of 8 weeks, during 
which participants engaged in a running program. The 
intensity and duration of the training were 
progressively increased at the conclusion of each 
phase. In the initial two weeks, participants exercised 
for 25 minutes at an intensity of 65% of their maximum 
heart rate. From weeks three to six, the duration was 
extended to 35 minutes, with intensity levels ranging 
from 65% to 75% of the maximum heart rate. Finally, in 
weeks seven and eight, participants exercised for 40 
minutes at an intensity of 75% to 85% of their maximal 
heart rate (22). 

2.4. Whole Body Electrical Stimulation Protocol 

The whole-body EMS protocol involved two training 
sessions each week, with each session lasting 20 
minutes. Participants were advised to have at least two 
days of rest between sessions, culminating in a total of 
16 training sessions over an 8-week period. The EMS 
targeted the muscles through bipolar impulses set at a 
frequency of 85 Hz and an amplitude of 350 msec, with 
each stimulation lasting 6 seconds followed by a 4-
second recovery period. Eight muscle groups were 
engaged, including those in the forearm, chest, upper 
back, latissimus dorsi, lower back, hip, and thigh. 
During the stimulation phase, participants executed 
two sets of light dynamic movements, each consisting 
of ten repetitions. These movements included trunk 
flexion and extension, moderate squats, butterfly 
movements, and underarm stretches, with the 
intensity of EMS adjusted individually for each session. 
Overload was applied as needed (23). 

2.5. Blood Sampling Protocol 

Blood sampling was conducted on two separate 
occasions, prior to and following the test. All subjects 
underwent fasting and provided samples between 9 
and 10 in the morning. A laboratory technician 
collected the blood from the left brachial vein while 
the subjects were seated. During this procedure, a 
blood volume of 10 cc was obtained, and the samples 
were centrifuged at a speed of 3,000 revolutions per 
minute for a duration of 20 minutes to facilitate the 
separation and collection of serum. The resulting 
serum was subsequently stored at a temperature of -70 
degrees Celsius. The sensitivity was determined to be 
0.095 ng/mL, with a coefficient of variation within the 
test exceeding 8% and a coefficient of variation outside 
the test exceeding 10%. 

2.6. Data Analysis 

In this section, indicators such as mean and 
standard deviation were used for descriptive data 
analysis; According to the establishment of statistical 
assumptions of covariance analysis, this statistical 
method was used for data analysis at the level of 0.05 in 
SPSS software version 26. 
 

3. Results 

Table 2 presents the average and standard deviation 
of body mass index, fat percentage, and irisin levels for 
two research groups during both the pre-test and post-
test phases. 

 

Table 2. BMI Indicators, fat Percentage and Irisin Level. 

Variable Whole Body Electrical Stimulation and Aerobic Exercise Aerobic Exercise 

 Pre-test Post-test Pre-test Post-test 
BMI (K/m2) 30.2±6.4 26.1±3.8 30.2±2.1 28.2±2.1 
Fat percentage 31.1±8.6 26.2±4.4 35.3±4.3 27.3±8.4 
Irisin (ng/ml) 29.8±8.4 33.7±8.9 32.8±6.7 33.8±9.4 

 
An initial review of the assumptions underlying the 

analysis of covariance revealed that the necessary 
conditions for this analysis were satisfied. These 
conditions include the normal distribution of the data, 
the homogeneity of variances, a linear relationship 
between the dependent variable and the covariate, as 
well as the homogeneity of the slopes of the regression 
lines. The analysis of covariance results presented in 

Table 3 indicate that the combination of whole body 
EMS with aerobic exercise resulted in a significant 
reduction in the body mass index (BMI) of overweight 
adolescents when compared to the control group 
engaging solely in aerobic exercise (η=0.49, p<0.001, 
F(8, 49)=1). Furthermore, this combined exercise 
regimen also led to a notable decrease in the fat 
percentage among overweight teenagers compared to 
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the control group (η=0.14, p=0.007, F(8, 49)=8.02). 
Lastly, the integration of whole body EMS with aerobic 
exercise was associated with a significant increase in 

irisin levels in overweight adolescents relative to those 
participating only in aerobic exercise (η=0.31, p<0.001, 
F(1, 49)=22.09). 

Table 3. Results of Covariance Analysis. 

Variable SS df MS F P-Value η
2 

BMI (K/m2) 72.6 
72.9 

1 
49 

72.6 
1.48 

48.83 P<0.001 0.49 

Fat Percentage 13.07 
79.88 

1 
49 

13.07 
1.63 

8.02 P=0.007 0.14 

Irisin (ng/ml) 82.8 
183.6 

1 
49 

82.8 
3.74 

22.09 P<0.001 0.31 

 

4. Discussion 

The results of the present study demonstrate that 
the integration of whole-body EMS with aerobic 
activities led to a decrease in both body fat percentage 
and BMI in overweight adolescents. This finding is 
consistent with earlier research (19,20,24,25). However, 
it contrasts with the findings of a previous study (26), 
who reported no significant difference in body 
composition between groups engaging in aerobic 
exercise with whole body EMS and those participating 
solely in aerobic exercise. This discrepancy may be 
attributed to the differing durations of the exercise 
interventions; another study (26) implemented a 12-
week program, whereas the present study involved an 
8-week regimen. The results of this study suggest that 
whole body EMS can serve as an effective 
supplementary training method alongside voluntary 
exercises. By activating the maximum muscle 
movement units, it fosters unique adaptations and 
enhances metabolic rates. Consequently, it appears 
that the combination of EMS and aerobic exercise 
contributes to reductions in BMI and body fat 
percentage through increased metabolic activity. 

For instance, a study (27) investigated the impact of 
EMS during moderate-intensity cycling and found that 
EMS can elicit a greater intensity of muscle activation 
compared to standard activity. This increased 
activation of contractile fibers results in heightened 
metabolic rates. Additionally, another study (28) 
indicated that EMS contributes to an elevation in 
average energy expenditure. Nevertheless, the findings 
of the current study do not contradict the meta-
analysis conducted by a study (19), which concluded 
that EMS does not influence fat mass. To clarify this 
discrepancy, it is important to consider the differing 
methodologies employed in the two studies; the 
present research incorporated whole-body EMS 
alongside aerobic activities. 

The findings of the current study indicate that the 
combination of whole-body EMS and aerobic exercise 
resulted in an elevation of irisin levels. This outcome 
aligns with the findings of a previous study (29). 
Obesity is recognized as one of the most prevalent 
metabolic disorders, with both obesity and insulin 
resistance significantly contributing to the 
development of type 2 diabetes. Research conducted by 
another study (30) demonstrated that serum levels of 
irisin in individuals nearing the threshold of type 2 
diabetes decline as the disease progresses. The 
secretion of irisin in humans has been shown to 
enhance obesity management and glucose tolerance 
while decreasing insulin resistance (31). Body fat is 
categorized into two types: brown and white. 
Historically, it was believed that brown adipose tissue 
was absent in adult humans; however, it is now 
understood that a small quantity of brown fat exists in 

adults. During physical activity, a protein known as 
irisin is released, which has the capability to convert 
white fat into brown fat, thereby contributing to the 
reduction of obesity, diabetes, and various other health 
issues. 

Irisin and physical exercise may significantly 
influence the quantity of brown adipose tissue in the 
body (9). Generally, muscle activity appears to enhance 
the synthesis of PGC-1α, which subsequently elevates 
the production of FNDC5, ultimately leading to the 
generation of irisin. As a result, irisin may be crucial in 
decreasing body weight and fat percentage among 
overweight adolescents. Unlike most muscle-derived 
substances, irisin enters the bloodstream and targets 
adipocytes, where it initiates specific biochemical 
signals that convert white fat into brown fat (32). This 
process seems to be part of the molecular adaptations 
associated with exercise training that are mediated by 
irisin (33). Irisin additionally improves insulin 
sensitivity by reducing endoplasmic reticulum stress 
and supporting the viability of pancreatic beta cells 
and GLUT4. Moreover, it promotes the expression of 
uncoupled protein 1 (UCP1) in adipocytes, thereby 
aiding in the process of fat browning via the mitogen-
activated protein kinase (MAPK) and extracellular 
regulated kinase (ERK) signaling pathways (15). Irisin 
also facilitates mitochondrial biogenesis through the 
regulation of PPARA gene expression and 
mitochondrial transcription. Furthermore, other 
studies have demonstrated its efficacy in decreasing fat 
mass while enhancing oxidative capacity and 
promoting lean body mass (21). 

4.1. Conclusion 

EMS, when combined with aerobic exercise, appears to 
offer significant advantages for enhancing body 
composition. The increase in irisin protein may serve 
as a potential mechanism underlying the benefits of 
this exercise modality. Consequently, it is 
recommended that trainers and personal trainers 
incorporate whole body EMS as an adjunctive strategy 
to improve body composition. However, one limitation 
of the current study is the duration of the research 
process, which may have diminished the motivation 
and effort of the participants. Additionally, while 
participants were instructed to adhere to their usual 
dietary habits, precise control over their eating 
patterns was not feasible. Furthermore, the study 
focused on overweight adolescents, whose responses to 
exercise regimens may differ from those of other age 
groups due to rapid hormonal fluctuations. Therefore, 
it is advisable for future researchers to explore similar 
studies across various age groups and to investigate 
the effects of different frequencies and intervals of EMS. 
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