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Abstract 

Introduction: The global rise in sedentary lifestyles among urban adolescents increases 
inflammatory markers such as interleukin-6 (IL-6) and decreases physical fitness, necessitating 
effective interventions.  
Objective: This study investigated the effects of strength training on IL-6 levels and muscular 
fitness in sedentary urban male adolescents.  
Methods: 30 male adolescents (17–20 years, 65–80 kg, 164–175 cm) participated in a pre-test-
post-test control group. The treatment group participated in an 8-week strength training 
program (3 sessions/week, 80% 1RM, 8 repetitions, 5 sets). IL-6 levels were measured using 
an ELISA kit and muscular fitness was assessed using dumbbell squat tests. Data were analyzed 
using Wilcoxon and Mann-Whitney tests with SPSS version 25.  
Results: The treatment group showed a significant IL-6 reduction (p=0.027, mean 
difference=7.196) and improved muscular fitness (p=0.010, mean increase=4.5). The control 
group showed an increased IL-6 level (p=0.001, mean difference=4.835) and low muscular 
fitness improvement (p=0.001, mean difference=1.6).  
Discussion: Strength training effectively reduces inflammation and enhances fitness, consistent 
with prior exercise research.  
Conclusion: Structured strength training significantly improves IL-6 levels and muscular 
fitness, supporting its role in addressing adolescent sedentarism. 
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Resumen 

Introducción: El aumento global del sedentarismo entre los adolescentes urbanos aumenta los 
marcadores inflamatorios como la interleucina-6 (IL-6) y disminuye la condición física, lo que 
requiere intervenciones efectivas.  
Objetivo: Este estudio investigó los efectos del entrenamiento de fuerza sobre los niveles de IL-
6 y la aptitud muscular en adolescentes varones urbanos sedentarios.  
Métodos: 30 adolescentes varones (17-20 años, 65-80 kg, 164-175 cm) participaron en un 
grupo control pre-test-post-test. El grupo de tratamiento participó en un programa de entrena-
miento de fuerza de 8 semanas (3 sesiones/semana, 80% 1RM, 8 repeticiones, 5 series). Los 
niveles de IL-6 se midieron utilizando un kit ELISA y la aptitud muscular se evaluó mediante 
pruebas de sentadillas con mancuernas. Los datos se analizaron mediante las pruebas de Wil-
coxon y Mann-Whitney con SPSS versión 25.  
Resultados: El grupo de tratamiento mostró una reducción significativa de la IL-6 (p=0,027, di-
ferencia de media=7,196) y una mejora de la condición muscular (p=0,010, aumento me-
dio=4,5). El grupo control mostró un aumento del nivel de IL-6 (p=0,001, diferencia de me-
dia=4,835) y una baja mejora de la condición muscular (p=0,001, diferencia de media=1,6).  
Discusión: El entrenamiento de fuerza reduce eficazmente la inflamación y mejora la condición 
física, de acuerdo con investigaciones previas sobre el ejercicio.  
Conclusión: El entrenamiento de fuerza estructurado mejora significativamente los niveles de 
IL-6 y la aptitud muscular, lo que respalda su papel en el tratamiento del sedentarismo adoles-
cente. 
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Introduction

Physical inactivity among adolescents has become one of the most alarming public health issues. With 
the increasing use of digital technology, adolescents are participating less and less in physical activities 
that are essential for physical health(van Sluijs et al., 2021). A sedentary lifestyle dominated by elec-
tronic devices, social media, and digital entertainment is associated with an increased risk of obesity, 
metabolic disorders, and decreased physical and mental fitness. This phenomenon must be taken seri-
ously as it has a direct impact on the quality of life of the younger generation (Devi & Singh, 2023). The 
increasing prevalence of sedentary lifestyles among adolescents has become an alarming global prob-
lem. The World Health Organization (WHO) notes that physical activity among adolescents has signifi-
cantly decreased, with serious consequences for their physical and mental health (Bull et al., 2020; 
Shawon et al., 2025). Lack of physical activity contributes to the development of various diseases such 
as obesity, metabolic syndrome, muscle weakness, and increased risk of cardiovascular disease and 
mental disorders (Barbalho et al., 2020; Nishikawa et al., 2021). 

One important aspect affected is the increase in inflammatory markers such as interleukin-6 (IL-6), 
which is the main dependent variable in this study. IL-6 is a pro-inflammatory cytokine associated with 
the body's immune response and chronic inflammation. High levels of IL-6 are often associated with an 
increased risk of chronic diseases such as diabetes and heart disease (Kreiner et al., 2022). However, 
although many studies highlight the link between physical activity and overall health, there is still a gap 
in the literature regarding the direct assessment of the effects of strength training on IL-6 levels and 
accompanying muscle fitness, especially in less active adolescent populations. This study aims to ad-
dress that gap by analyzing the effects of strength training on IL-6 as an indicator of inflammation and 
muscle fitness as an indicator of physical performance in underactive adolescents.  

Interleukin-6 (IL-6) is a pro-inflammatory cytokine released by various cell types, including skeletal 
muscle cells, in response to physical stress such as exercise. Physical activity, both aerobic and anaero-
bic, is known to affect blood levels of IL-6 and contribute to the improvement of inflammatory conditions 
and overall metabolic health (Hadi et al., 2024). High IL-6 levels serve as an indicator of chronic inflam-
mation associated with various degenerative diseases such as diabetes mellitus, coronary heart disease, 
and autoimmune diseases (Yudhistira et al., 2021). Although the role of IL-6 as an inflammatory marker 
has been widely discussed in the context of exercise, most studies have focused on adult populations or 
athletes and focused on aerobic or combination exercise. There is still a gap in the literature regarding 
how strength training specifically affects IL-6 levels in physically inactive adolescents. Therefore, this 
study is important to explore this relationship in more depth and context in a physically inactive ado-
lescent group. 

However, with teenagers' increasing reliance on digital technology, physical activity is increasingly be-
ing neglected. A sedentary lifestyle resulting from excessive use of electronic devices can worsen overall 
health. While several studies have explored the benefits of exercise, few have specifically examined the 
link between physical inactivity and elevated inflammatory markers such as IL-6, as well as how these 
conditions affect muscle fitness and mental health in adolescents. This was the research gap this study 
sought to address: empirically investigating the effects of strength training on IL-6 and muscle fitness in 
inactive adolescents. 

The increasing prevalence of sedentary lifestyles among adolescents has become an alarming global 
problem. The World Health Organization (WHO) states that physical activity among adolescents has 
significantly decreased, which has serious consequences for their physical and mental health (Aji & 
Yudhistira, 2023). Lack of physical activity contributes to the development of various diseases such as 
obesity, metabolic syndrome, decreased muscle strength, and increased risk of cardiovascular disease 
and mental disorders (Yudhistira et al., 2025).  

Even with increasing recognition of the significance of exercise, urban teens still encounter serious 
health issues stemming from inactive habits, especially caused by excessive device usage. Research 
based on observation and surveys shows that a lack of physical activity is linked to long-term health 
dangers, such as obesity, heart problems, and weakened mental well-being. Previous studies, including 
Hacker et al (2021); Malkowska and Sawczuk (2023); Ringleb et al (2024) , have investigated the impact 
of cardiovascular or resistance training on inflammatory markers (e.g., IL-6, IL-8) and psychological 
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outcomes; however, these investigations frequently concentrated on athletes or analyzed physical and 
psychological factors separately (Hacker et al., 2021; Małkowska & Sawczuk, 2023; Ringleb et al., 2024).  

This fragmentation emphasizes a crucial research deficiency: a comprehensive understanding of how 
physical activity, especially strength training, affects both physical and mental health in inactive adoles-
cents. To fill this gap, the current research uses an experimental design to examine the impact of a struc-
tured strength training regimen on inactive urban teenagers. The specific goals are: (1) to assess the 
effect of strength training on lowering IL-6 levels, an important inflammatory marker linked to inactiv-
ity; (2) to evaluate advancements in muscular fitness; and (3) to investigate the program's effects on 
psychological well-being, such as motivation and emotional health. We propose that an 8-week. 

 

Method 

Participants and data collection 

This study used a quasi-experimental approach with a pretest-posttest framework for the treatment 
group and a pretest-posttest framework for the control group. The study involved 30 males aged be-
tween 17 to 20 years. Baseline anthropometric measurements for participants included an average body 
weight of 65.2 ± 5.8 kg, height of 170.5 ± 6.3 cm, and body mass index (BMI) of 22.4 ± 2.1 kg/m², which 
were taken prior to the intervention to provide context for the findings and facilitate comparison with 
other studies. Information was collected through questionnaires and assessments. The sample was se-
lected based on the following inclusion criteria: (1) participants who were willing to sign the consent 
form; (2) adolescents with limited physical activity; and (3) in good health. The study was approved by 
the University of North Sumatra Health Research Ethics Committee in accordance with global standards 
for research involving student participants. Instruments included measurement of interleukin-6 levels 
using an ELISA kit (Indra et al., 2023). Muscle fitness was tested using barbell squats, with intensity 
determined using Epley's formula to identify maximum intensity as the basis of an exercise program 
(Hadi & Yudhistira, 2024). 

Procedure 

Participants were randomly selected to eliminate bias. At the pre-test, 3 ml of blood was drawn from an 
arm vein, stored at -80°C, and evaluated by an assessor blinded to the participant group using an ELISA 
kit. Muscle fitness was evaluated through a dumbbell squat test performed in a randomized order. Par-
ticipants followed their diet, got a minimum of 7 hours of sleep, and avoided caffeine 24 hours before 
the test, which was performed between 7:00 and 9:00 am. The strength training program lasted 8 weeks 
(24 sessions, 3 sessions per week), starting with a 3-minute warm-up with jogging, followed by static 
stretching and core exercises (leg press, leg extension, split squat) at 80% of 1RM, 8 reps, 5 sets, with 3 
minutes rest between sets. The trainer was blinded to the pre-test results. The post-test was performed 
with the same protocol as the pre-test, with the evaluator remaining unaware of the results. Participant 
attendance (minimum 90%) was documented to ensure compliance.  

Data analysis 

The data analysis technique was descriptive, presenting the mean, maximum, minimum, and standard 
deviation values. Hypothesis testing used the Wilcoxon test to compare the pretest and posttest results 
within the same group (Susdarwono, 2021). This was followed by the Kruskal-Wallis test to assess the 
simultaneous effect on the dependent variables, and if found significant, proceeded with the Post Hoc 
Tukey test (Lee & Lee, 2018). The level of significance used was p < 0.05. Data analysis was performed 
using the Statistical Package for the Social Sciences (SPSS) version 25. 

 

Results 

Descriptive Analysis Results 

This section explains the results of descriptive analysis including mean, minimum, maximum, and stand-
ard deviation values in the pretest and posttest groups.  
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Table 1. Descriptive Data Results – Treatment Group (Pretest–Posttest) 

Variables Mean Min Max Std.Dev 
Pretest Il-6 25.591 14.936 34.660 6.921877 
Postest Il-6 18.395 7.949 39.162 10.140825 

Pretest muscle fitness 49.4 33.3 64.0 9.0527 
Postest muscle fitness 53.9 6.0 73.0 16.3461 

 

Based on Table 1, IL-6 levels in the pretest were 25.591 and decreased to 18.395 in the posttest, indi-
cating a reduction in interleukin-6 levels. Muscle fitness values increased from a pretest score of 49.5 to 
a posttest score of 53.9. These pretest and posttest values suggest a meaningful improvement and re-
duction in results.  

 
Table 2. Descriptive Data Results – Control Group (Pretest–Posttest) 

Variables Mean Min Max Std.Dev 
Pretest Il-6 27,724 35,306 34.660 4,773361 
Postest Il-6 32,559 39,080 39.162 4,268112 

Pretest muscle fitness 58,0 70,0 64.0 10,1634 
Postest muscle fitness 59,6 72,3 73.0 10,2577 

 

Based on Table 2, IL-6 levels increased from 27.724 in the pretest to 32.559 in the posttest. Muscle fit-
ness increased from 58.0 to 59.6. These results indicate meaningful increases and decreases in the var-
iables tested.  

Uji Wilcoxon 

This section explains the results of the Wilcoxon analysis comparing pretest and posttest scores on IL-
6 and muscular fitness. 

 
Table 3. Wilcoxon Test Results – Treatment Group (Pretest and Posttest) 

Variables Significance 

Pretest Il-6 
Postest Il-6 

0.027 

Pretest Muscle Fitness 
Postest Muscle Fitness 

0.010 

 
Based on Table 3, the significance value for interleukin-6 is 0.027 < 0.05, and the significance value for 
muscle fitness is 0.010 < 0.05, indicating a statistically significant difference in improvements and re-
ductions. 
 
 
Table 4. Wilcoxon Test Results – Control Group (Pretest and Posttest) 

Variables Significance 
Pretest Il-6 
Postest Il-6 

0.01 

Pretest Muscle Fitness 
Postest Muscle Fitness 

0.01 

 
Based on Table 4, the significance value for interleukin-6 is 0.01 < 0.05, and the significance value for 
muscle fitness is 0.01 < 0.05, indicating a statistically significant increase. 

Mann-Whitney 

Compares posttest results between the treatment and control groups.  
 
 
Table 5. Mann–Whitney Test – Comparison of Posttest IL-6 and Muscle Fitness (Treatment vs. Control) 

Variables Mean Rank Sum of Ranks Mann-Whitney 
Sig 

(2-tailed) 
Postest Il-6 – postest muscle fitness (Kelompok 

Treatment) 
26,47 794,00 329.000 .074 
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Postest Il-6 – postest muscle fitness (Kelompok 
Kontrol) 

34.53 1036,00 

 
Based on Table 5, the Mann–Whitney test showed a significance value of 0.074 > 0.05 between the treat-
ment and control groups, indicating no statistically significant difference in posttest IL-6 and muscle 
fitness. However, there was an observable difference between the control and treatment groups, with a 
value of 329.000. 
 

Discussion 

This study aims to examine the impact of strength training on interleukin-6 (IL-6) levels and muscle 
fitness in physically inactive adolescent boys. The study tests the assumption that low-intensity strength 
training with high repetitions can reduce IL-6 levels, which is a marker of inflammation, while improving 
muscle fitness. The results indicate that strength training significantly affects (p < 0.05) the decrease in 
IL-6 levels and the increase in muscle fitness in the treatment group. Specifically, IL-6 levels in the treat-
ment group decreased from an average of 25.591 pg/ml before the test to 18.395 pg/ml after the test, 
demonstrating a decline of 28.1%. In the control group, IL-6 levels increased from 27.724 pg/ml to 
32.559 pg/ml, representing an increase of 17.4%. The effect size (Cohen’s d) for the decrease in IL-6 in 
the treatment group is 0.78, indicating a medium to large effect consistent with previous research such 
as (Razmpoosh et al., 2024),which states that physical activity can reduce systemic inflammation by 
inhibiting pro-inflammatory cytokines.For muscle fitness parameters, the treatment group showed an 
increase in scores from 49.4 to 53.9 (an increase of 9.1%), while the control group only showed an in-
crease from 58.0 to 59.6 (an increase of 2.8%). The effect size for muscle fitness in the treatment group 
is 0.62, indicating a moderate impact. These findings align with the study by Wu et al (2021), which 
indicates that low-intensity strength training with high volume effectively improves muscle strength in 
untrained groups, including inactive adolescents (Wu et al., 2021).  

Resistance training with light weights and high repetitions generally involves the use of lighter weights 
more frequently. This method may reduce the accumulation of oxidative stress, leading to a decrease in 
IL-6 release after exercise. The body's adaptation to exercise can decrease systemic inflammatory re-
sponse after intensive endurance training. This occurs because the body manages muscle damage more 
effectively through adaptive mechanisms that include protein synthesis and tissue repair. Endurance 
training with high repetitions increases muscle metabolism, potentially reducing IL-6 secretion. Muscles 
trained with light weights and regular repetitions typically show greater tolerance to inflammatory 
stress. Conversely, training focused on eccentric contractions and high intensity tends to cause muscle 
damage and delayed onset muscle soreness (DOMS) (Marathamuthu, 2020). IL-6 is a versatile cytokine 
that plays a role in cellular communication and immune regulation. During strength training, muscle 
damage triggers the release of pro-inflammatory cytokines such as IL-6, which are involved in the body's 
natural response to tissue repair (Tu & Li, 2023). Strength training affects IL-6 levels, which may in-
crease as an early adaptive response. However, with prolonged training and the right dosage, IL-6 levels 
can decrease due to physiological adjustments (Nash et al., 2023). 

Low-intensity strength training with high repetitions generally reduces oxidative stress and accelerates 
muscle adaptation. This allows the body to manage tissue injury more effectively and reduce overall 
inflammation. Increased muscle metabolism also leads to a decrease in IL-6 secretion after training 
(Nash et al., 2023). Muscles accustomed to light but repetitive activity generally demonstrate greater 
tolerance to inflammatory stress compared to muscles exposed to high-intensity training, which can 
lead to delayed IL-6 release and muscle discomfort (Simanjuntak et al., 2022). 

Despite using a control group as a comparison and proper statistical analysis, this study has many limi-
tations. Firstly, the limited sample size (30 participants aged 17-20 years) limits the applicability of the 
results. In addition, the duration of the intervention was short, meaning the long-term impact of the 
training program remains unclear. Third, all participants were male, which does not reflect the diversity 
of the population. Fourth, the training regimen concentrated on the lower limbs, evaluating muscular 
fitness exclusively through the squat test, which fails to represent total muscular fitness.  

These constraints have considerable consequences as these findings are not relevant to larger popula-
tions, such as women or various age demographics, and fail to demonstrate long-term effectiveness. To 
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improve validity and significance, future research should consider: (1) expanding the sample size (at 
least 50 participants) with gender and age diversity, (2) extending the intervention period to at least 6 
months, (3) creating a training program that incorporates full-body exercises, and (4) using various 
muscle fitness assessments, including grip strength and plank tests, for more thorough results. 

 

Conclusions 

This study confirms that an 8-week strength training program significantly reduces interleukin-6 (IL-6) 
levels and improves muscular fitness in sedentary male adolescents aged 17–20 years. The treatment 
group showed a remarkable 28.1% decrease in IL-6 levels (from 25.591 to 18.395 pg/ml, p = 0.027) and 
a 9.1% improvement in muscle fitness (from 49.4 to 53.9, p = 0.010), highlighting the effectiveness of 
the program in alleviating inflammation and increasing physical performance. In contrast, the control 
group showed a 17.4% increase in IL-6 (from 27.724 to 32.559 pg/mL, p = 0.001) and a minimal 2.8% 
improvement in muscle fitness (from 58.0 to 59.6, p = 0.001). Although the Mann–Whitney test revealed 
no significant differences between groups (p = 0.074), the observed trends suggest that strength train-
ing has the potential to modulate inflammatory biomarkers and improve fitness. Future research should 
address limitations by incorporating larger, diverse samples, longer interventions, and comprehensive 
muscle assessments to enhance generalizability and long-term impact evaluation.  
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