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Abstract: The global epidemic of adolescent obesity is becoming increasingly severe, posing 

significant threats to both the physical health of adolescents and their psychological well-being 

and social adaptability. Exercise biomechanics, as an interdisciplinary field that integrates 

biology, mechanics, physics, and medicine, focuses on examining the mechanical behavior of 

organisms during physical activity and its implications for physiological and pathological 

processes. This paper aims to provide a comprehensive review of recent advancements in the 

research on molecular mechanisms related to exercise biomechanics in the context of 

adolescent obesity intervention to offer scientific theoretical support for the prevention and 

treatment of obesity. In recent years, researchers have elucidated the impact of exercise 

interventions on the expression and signaling of obesity-related genes by modulating critical 

pathways, including fat metabolism, inflammatory responses, and insulin sensitivity. This has 

been achieved through the application of advanced technologies such as high-throughput 

sequencing, proteomics, and metabolomics, thereby providing molecular-level insights into the 

mechanisms by which exercise contributes to the prevention and treatment of obesity in 

adolescents. Building upon this foundation, the present paper aims to further investigate future 

research directions and the potential applications of exercise biomechanics to enhance the 

optimization and development of intervention strategies for adolescent obesity. 
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1. Introduction 

In contemporary society, the prevalence of obesity among adolescents has 

emerged as a significant global public health concern, with its incidence increasing 

across various countries and regions [1]. The World Health Organization reports that 

the global obesity rate among adolescents has nearly tripled since 1975 [2]. Globally, 

about 18% of boys and 15% of girls aged 11–17 years are obese. This rate is 

particularly pronounced in middle- and high-income countries, such as the United 

States, where adolescent obesity rates have reached 20 percent. In the Asian region, 

China’s adolescent obesity rate has increased nearly fivefold over the past 20 years, 

with about 12 percent of adolescents now overweight or obese [3]. Obesity not only 

poses a substantial threat to the physical health of adolescents, elevating the risk of 

chronic conditions such as cardiovascular disease, diabetes mellitus, and non-alcoholic 

fatty liver disease [4], but it may also contribute to psychological issues, social 

adaptation challenges, and a diminished quality of life [5]. Consequently, the 

prevention and management of obesity in adolescents are of paramount importance. 

Obesity is characterized by an imbalance in energy metabolism, resulting in 

excessive accumulation of body fat. This condition is typically associated with a range 

of factors, including poor dietary habits, insufficient physical activity, genetic 
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predisposition, and socioeconomic status [6]. Exercise biomechanics is a scientific 

discipline that examines the structural and functional alterations in organisms as a 

result of movement and force. This field encompasses various domains, including 

mechanics, biology, anatomy, and physiology, and seeks to elucidate the mechanisms 

by which exercise influences the health and disease state of organisms [7]. 

In the domain of obesity intervention, the insights derived from exercise 

biomechanics have been extensively applied in clinical practice [8,9]. Exercise, 

recognized as a non-pharmacological intervention, has demonstrated efficacy in 

reducing body fat content, enhancing insulin sensitivity, and modulating adipokines 

and inflammatory factors secreted by the adipocytes. Consequently, it plays a 

significant role in the prevention and management of obesity [10,11]. According to a 

study published in the Journal of Adolescent Health, which followed more than 1000 

adolescents over a 10-year period, individuals who maintained a regular exercise 

routine during adolescence had a 40 percent lower risk of obesity in adulthood [12]. 

Nevertheless, the precise molecular mechanisms underlying the effects of exercise 

intervention remain inadequately understood, thereby constraining its targeted 

application in the prevention and treatment of obesity. 

The objective of this paper is to present a comprehensive overview of the 

advancements in research concerning the molecular mechanisms underlying 

interventions for adolescent obesity, specifically from the perspective of exercise 

biomechanics. Initially, this paper will delineate the fundamental principles of exercise 

biomechanics and its relevance to obesity research. Subsequently, the focus will shift 

to the impact of exercise on the progression of obesity, particularly through the 

modulation of fat metabolism, inflammatory responses, insulin signaling pathways, 

and other molecular mechanisms. Finally, this paper will address the limitations 

inherent in current research, propose future research directions, and explore how the 

theoretical findings of exercise biomechanics can be effectively translated into 

intervention strategies within clinical practice. Through these discussions, this paper 

aspires to establish a novel scientific foundation for the prevention and treatment of 

obesity in adolescents, thereby fostering the advancement and broader application of 

exercise biomechanics in the domain of obesity intervention. 

2. The role of exercise biomechanics in adolescent obesity 

interventions 

2.1. Overview of sports biomechanics 

Sports biomechanics, an interdisciplinary field that encompasses biology, 

physics, engineering, and medicine, is focused on the examination of the mechanical 

phenomena exhibited by organisms during physical activity and the regulatory 

mechanisms influencing physiological and pathological conditions [13]. Research 

within this domain encompasses the characteristics of biomechanical systems, 

including bones, muscles, joints, and cardiovascular systems, as well as the 

interactions and functional expressions of these systems during exercise [14]. 

The research scope of sports biomechanics is extensive, encompassing a 

significant proportion of the field dedicated to the technical analysis of competitive 
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sports, computer simulations, sports equipment, and facilities, as well as applied 

biomechanics research, which is experiencing a gradual upward trend. With 

advancements in science and technology, various testing methods in sports 

biomechanics, including photoelectricity, magnetic resonance, and laser techniques, 

are increasingly being utilized. These innovations enhance the accuracy and validity 

of sports testing data [15,16]. Such technological progress offers robust tools for a 

comprehensive understanding of the molecular mechanisms underlying the effects of 

exercise on obesity. 

In the investigation of obesity and the remodeling of adipose tissue, the 

significance of exercise biomechanics is paramount. The process of adipose tissue 

remodeling is intricately linked to the pathogenesis of obesity, and physical activity 

serves as a crucial mechanism for modulating the function and distribution of adipose 

tissue [17]. Exercise can influence the remodeling process of adipose tissue by 

affecting the metabolic and inflammatory states of adipocytes [18,19]. Furthermore, 

the impact of exercise on skeletal muscle, which is a metabolically active tissue, 

warrants attention; alterations in its mass and functionality are closely associated with 

obesity and overall metabolic health [20]. 

2.2. The role of exercise biomechanics in obesity interventions 

2.2.1. Improvement of skeletal muscle function 

Research in exercise biomechanics has demonstrated that regular exercise 

training significantly improves skeletal muscle strength, endurance, and flexibility, 

leading to an increase in muscle mass and a reduction in body fat percentage [21]. 

Exercise contributes to muscle hypertrophy and functionality by promoting muscle 

protein synthesis while simultaneously decreasing muscle protein degradation, which 

is essential for enhancing body composition and exercise capacity in obese adolescents 

[22]. Specifically, exercise training activates various signaling pathways within 

muscle tissue, including the mammalian target of rapamycin (mTOR) signaling 

pathway, which is pivotal in regulating protein synthesis and cellular growth [23]. 

Furthermore, exercise enhances muscle oxidative capacity by increasing both the 

quantity and functionality of intramuscular mitochondria, a factor that is critical for 

energy expenditure and fat oxidation [24]. 

At the molecular level, mechanical stress induced by exercise activates muscle 

satellite cells, which are crucial for muscle regeneration and repair. The activation and 

proliferation of these satellite cells are vital for the enhancement of muscle size and 

function [25]. Furthermore, exercise has been shown to decrease inflammatory 

markers in muscle tissue, including tumor necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6), both of which are significant inflammatory factors associated 

with obesity and metabolic disorders [26,27]. 

The impact of exercise on skeletal muscle encompasses a transition in muscle 

fiber composition, characterized by an increase in the proportion of slow-twitch 

muscle fibers (Type I), which is linked to endurance training, as well as an increase in 

the proportion of fast-twitch muscle fibers (Type II), which is associated with strength 

training [28,29]. This transition influences not only muscle strength and endurance but 

also the metabolic characteristics of the muscle, which can have beneficial effects on 
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obesity and metabolic health. 

Exercise biomechanics enhances skeletal muscle function through a variety of 

molecular mechanisms, which encompass the promotion of muscle protein synthesis, 

an increase in mitochondrial function, the activation of muscle satellite cells, a 

reduction in inflammation, and modifications to muscle fiber types. These findings 

establish a scientific foundation for the development of exercise intervention strategies 

aimed at improving the physical health and metabolic status of obese adolescents.  

2.2.2. Regulation of energy metabolism 

In the context of energy metabolism, the influence of exercise biomechanics is 

evident in the modulation of gene expression associated with metabolic processes. 

Exercise has been shown to down-regulate the expression of genes involved in 

lipogenesis while simultaneously up-regulating genes that facilitate fatty acid 

oxidation and energy expenditure. This dual action contributes to a reduction in fat 

accumulation and promotes the mobilization of stored fat [30]. Such metabolic 

regulation is crucial for reestablishing energy homeostasis in obese adolescents and 

mitigating the risk of obesity-related comorbidities. Specifically, exercise influences 

energy metabolism through the activation of the AMP-activated protein kinase 

(AMPK) signaling pathway, which promotes fatty acid oxidation, while concurrently 

inhibiting the mTOR signaling pathway, thereby decreasing protein synthesis [31,32]. 

Exercise plays a crucial role in the regulation of energy metabolism by 

influencing mitochondrial function. Mitochondria, often referred to as the cellular 

energy factories, experience an increase in both quantity and functionality as a result 

of exercise, thereby enhancing the energy efficiency of the cell [33]. Research has 

demonstrated that endurance exercise promotes mitochondrial biosynthesis and 

enhances oxidative phosphorylation capacity, both of which are vital for the regulation 

of energy metabolism and the mitigation of obesity [34]. Furthermore, exercise 

modulates energy metabolism through its impact on the P53 signaling pathway, a 

tumor suppressor protein that is integral to the cellular stress response and energy 

metabolism [35]. By regulating P53 activity, exercise can alter the metabolic state of 

cells, subsequently influencing energy metabolism and fat accumulation [36]. 

Exercise can regulate energy metabolism through its influence on autophagy. 

Autophagy is a cellular process characterized by self-digestion, which facilitates the 

removal of damaged organelles and proteins, thereby maintaining the stability of the 

intracellular environment. In a randomized controlled trial conducted by Kenneth L. 

Kehl et al., obese adolescents were divided into an exercise intervention group and a 

control group. The results indicated that adolescents in the exercise intervention group 

experienced an average reduction in BMI of 2.5 units after two years, while the control 

group showed a reduction of only 0.5 units [37]. Engaging in exercise can activate 

autophagy and enhance the reutilization of intracellular energy, resulting in beneficial 

effects on energy metabolism regulation and the mitigation of obesity [38]. 

2.2.3. Improvement of cardiovascular function 

The health of the cardiovascular system is of paramount importance in the context 

of obesity intervention. Research in exercise biomechanics indicates that regular 

engagement in aerobic exercise can lead to reductions in blood pressure, 

improvements in lipid profiles, and enhancements in the cardiac pumping function 



Molecular & Cellular Biomechanics 2025, 22(4), 1417.  

5 

[39]. These physiological changes contribute to improved cardiovascular fitness and a 

decreased incidence of cardiovascular disease among obese adolescents. Recent 

studies have elucidated the molecular mechanisms through which exercise enhances 

cardiovascular function [40]. Specifically, aerobic exercise facilitates endothelium-

dependent vasodilation and increases vascular elasticity and blood flow, which are 

critical for lowering blood pressure and enhancing vascular health [41]. Empirical 

evidence demonstrates that exercise upregulates the expression of endothelial-type 

nitric oxide synthase (eNOS) and elevates nitric oxide (NO) production, thereby 

promoting vasodilation and improving endothelial function [42]. Furthermore, 

exercise has been shown to attenuate the activity of the sympathetic nervous system 

and reduce the release of catecholamine hormones, which is significant for lowering 

both blood pressure and heart rate [43]. 

Aerobic exercise has been shown to positively influence lipid profiles by 

elevating levels of high-density lipoprotein cholesterol (HDL-C) while simultaneously 

decreasing levels of low-density lipoprotein cholesterol (LDL-C) and triglycerides 

(TG). These alterations contribute to a diminished risk of atherosclerosis and the 

prevention of cardiovascular disease [44]. A systematic review found that obese 

adolescents who participated in six months of aerobic exercise experienced a reduction 

in systolic and diastolic blood pressure of 10 mmHg and 7 mmHg, respectively. 

Additionally, their HDL-C levels were significantly higher, while LDL-C and TG 

levels were significantly lower [45]. In a randomized controlled trial involving obese 

adolescents, participants demonstrated a significant improvement in vascular 

endothelial function, as evidenced by a 25% increase in flow-mediated vasodilation 

following a 12-week exercise intervention [46]. Furthermore, exercise enhances 

cardiovascular health through the modulation of inflammatory factor expression. 

Specifically, it has been observed that exercise reduces the levels of inflammatory 

markers such as TNF-α and IL-6, both of which are significant contributors to the 

pathogenesis of cardiovascular disease [47]. By mitigating these inflammatory factors, 

exercise aids in alleviating the chronic inflammatory state, thereby lowering the risk 

of cardiovascular disease. 

3. Molecular mechanisms of exercise biomechanics interventions in 

adolescent obesity 

3.1. Obesity-related gene regulation 

3.1.1. Peroxisome proliferation-activated receptors 

Research in the field of exercise biomechanics has demonstrated that exercise 

training can modulate the expression of the peroxisome proliferator-activated 

receptors (PPARs) gene family, which subsequently influences adipocyte 

differentiation and the process of lipogenesis [48]. Specifically, exercise has been 

shown to down-regulate the expression of PPARγ, leading to a reduction in both the 

number and volume of adipocytes, while simultaneously up-regulating the expression 

of PPARα to enhance fatty acid oxidation. This regulatory mechanism operates at the 

molecular level, contributing to the mitigation of obesity incidence [49]. PPARs are 

integral members of the nuclear receptor superfamily and function as ligand-activated 
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transcription factors that play a pivotal role in the regulation of lipid metabolism and 

inflammatory responses [50]. Notably, PPARγ is crucial for adipocyte differentiation, 

whereas PPARα is involved in fatty acid oxidation and energy metabolism. 

The impact of exercise on PPARs extends beyond adipose tissue to include 

muscle and various other tissues. For instance, PPARδ is involved in the regulation of 

energy homeostasis and lipid metabolism; its activation has been shown to enhance 

fatty acid oxidation and increase energy expenditure [51]. Furthermore, the activation 

of PPARs can influence the chronic inflammatory state by modulating the expression 

of inflammatory factors, which holds significant implications for the management of 

obesity and metabolic syndrome. 

In the context of exercise training, the regulatory function of PPARs may be 

influenced by both the intensity and duration of the exercise. In animal models, 

exercise training has been shown to activate PPARδ, which enhances fatty acid 

oxidation and energy expenditure. For instance, mice that underwent 8 weeks of high-

intensity interval training (HIIT) exhibited a 30% increase in PPARδ activity in 

adipose tissue, accompanied by a 20% reduction in fat content. A study involving 

obese adolescents demonstrated a significant decrease in PPARγ expression and an 

increase in PPARα expression following a 12-week aerobic exercise intervention [52]. 

This alteration was closely linked to a reduction in adipocyte volume and an 

enhancement in fat oxidation [53]. These findings underscore the significance of 

exercise biomechanics in the regulation of PPAR expression and activity, thereby 

offering potential molecular targets for the development of novel therapeutic strategies 

aimed at combating obesity and metabolic disorders. 

3.1.2. Adipocytokines 

Exercise exerts a substantial influence on the secretion of adipocytokines, 

including leptin and lipocalin [54]. The modulation of leptin levels can significantly 

affect appetite and energy expenditure, while elevated lipocalin levels are correlated 

with enhanced insulin sensitivity and anti-inflammatory effects [55]. Through these 

mechanisms, exercise plays a crucial role in regulating fat metabolism and maintaining 

energy homeostasis, thereby offering a molecular basis for interventions aimed at 

addressing adolescent obesity. Further exploration of this domain reveals that the 

impact of exercise on adipocytokines extends well beyond these initial findings. 

Leptin, primarily secreted by white adipose tissue, exhibits levels that are directly 

proportional to the quantity of body fat present [56]. Engaging in physical exercise has 

been shown to decrease leptin levels, a modification that correlates with appetite 

suppression and an increase in energy expenditure, thereby facilitating the reduction 

of body fat accumulation. Furthermore, leptin plays a crucial role in modulating the 

activity of the sympathetic nervous system and influencing fatty acid oxidation [57]. 

Lipocalin, recognized as an insulin sensitizer, typically experiences an elevation in 

levels following exercise, which contributes to the amelioration of insulin resistance 

[58]. Additionally, lipocalin possesses anti-inflammatory properties, leading to a 

reduction in circulating levels of inflammatory mediators such as TNF-α and IL-6 [59]. 

The effects of exercise on lipocalin exhibit considerable heterogeneity across 

different populations and various forms of exercise. For instance, research indicates 

that high-intensity interval training (HIIT) significantly elevates lipocalin levels, 
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whereas moderate-intensity continuous training (MICT) demonstrates a 

comparatively lesser impact [60]. These findings imply that both the intensity and type 

of exercise may play a crucial role in the regulation of adipocytokines. Furthermore, 

exercise has been shown to affect the expression of additional adipocytokines, 

including resistin and retinol-binding protein 4 (RBP4) [61]. Resistin is an 

adipocytokine associated with insulin resistance, while RBP4 has been correlated with 

retinal function and energy metabolism [61]. Additionally, exercise influences the 

progression of obesity and metabolic syndrome by modulating the expression of these 

factors. 

3.2. Regulation of muscle energy metabolism 

3.2.1. Mitochondrial function 

The significance of exercise biomechanics is evident in the enhancement of 

muscle mitochondrial function. Engaging in regular physical activity increases both 

the quantity and functionality of mitochondria, which in turn promotes fatty acid 

oxidation and diminishes fat accumulation [62]. This physiological process not only 

optimizes muscle energy metabolism but also presents a novel target for the prevention 

and treatment of obesity. As intracellular energy converters, the functional state of 

mitochondria has a direct impact on cellular energy supply and metabolic efficiency 

[63]. Adaptive changes in mitochondria induced by exercise encompass increased 

mitochondrial biosynthesis, enhanced oxidative phosphorylation capacity, and the 

regulation of mitochondrial dynamic homeostasis [64]. 

Exercise specifically activates peroxisome proliferator-activated receptor gamma 

coactivator 1α (PGC-1α), which serves as a crucial transcriptional coactivator that 

enhances mitochondrial biosynthesis and the expression of genes associated with 

oxidative phosphorylation [65]. Lin et al. found that obese adolescents experienced a 

25% increase in muscle mitochondrial density and a 30% enhancement in 

mitochondrial oxidative phosphorylation capacity after 8 weeks of resistance training. 

This change was strongly correlated with increased fat oxidation and reduced fat 

accumulation [66]. Additionally, another study demonstrated that after 12 weeks of 

high-intensity interval training (HIIT), obese adolescents exhibited a 40% increase in 

muscle expression of PGC-1α, which further stimulated mitochondrial biosynthesis 

[67]. Furthermore, exercise optimizes both the structure and function of the 

mitochondrial network by modulating the dynamic equilibrium between 

mitochondrial fusion and fission processes [68]. Mitochondrial fusion is facilitated by 

the mitochondrial fusion proteins Mfn1 and Mfn2, while mitochondrial division is 

governed by Drp1 (dynamin 1) [69]. This dynamic equilibrium is vital for sustaining 

mitochondrial function and promoting cellular health. 

Engagement in physical exercise has been shown to enhance mitochondrial 

quality control through the modulation of mitochondrial autophagy, commonly 

referred to as mitophagy. This process involves the selective degradation of damaged 

mitochondria, thereby safeguarding cells from oxidative stress by eliminating 

dysfunctional mitochondrial components [70]. Consequently, exercise stimulates 

mitochondrial autophagy, leading to improved mitochondrial integrity and overall 

cellular health. 
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3.2.2. Enzymes related to sugar metabolism 

Exercise exerts a substantial regulatory influence on the activity of enzymes 

associated with glucose metabolism, a factor that is particularly critical in the context 

of obesity intervention. By enhancing the activity of glycolytic and oxidative enzymes 

within muscle tissue, exercise contributes to the reduction of blood glucose levels and 

diminishes the conversion of sugars into fats, thereby inhibiting excessive lipogenesis 

at its origin [71]. This process encompasses several key metabolic enzymes that play 

a dual role, being integral not only to energy production but also to the direct regulation 

of cellular gene expression. 

In the glycolytic pathway, several enzymes, including hexokinase (HK), 

phosphofructokinase 1 (PFK1), 6-phosphofructokinase-2/fructose bisphosphatase-2 

(PFKFB), pyruvate kinase (PK), and lactate dehydrogenase (LDH), are integral to 

metabolic processes [72]. These enzymes not only facilitate energy metabolism but 

may also play a direct role in the regulation of gene expression in tumor cells through 

their non-metabolic functions. For instance, PFKFB3 is a crucial enzyme in glycolysis 

that not only enhances the glycolytic process but also modulates cell signaling and 

gene expression via its non-metabolic activities [73]. In the gluconeogenic pathway, 

key rate-limiting enzymes such as fructose-1,6-bisphosphatase (FBP) and 

phosphoenolpyruvate carboxykinase 1 (PCK1) are also influenced by exercise [74,75]. 

These enzymes are essential for maintaining glucose homeostasis and may indirectly 

regulate gene expression by altering the metabolic state within the cell. Furthermore, 

exercise has been shown to regulate transcription factors associated with glucose 

metabolism, such as PPARγ coactivator-1α (PGC-1α), which serves as a 

transcriptional coactivator with a central role in the regulation of glucose and lipid 

metabolism [76]. PGC-1α promotes the expression of genes involved in glycolysis and 

oxidative phosphorylation, thereby enhancing the efficiency of energy metabolism in 

muscle tissue. 

3.3. Oxidative stress regulation 

3.3.1. Antioxidant enzymes 

Exercise training has been shown to enhance the activity of antioxidant enzymes, 

including superoxide dismutase (SOD) and glutathione peroxidase (GPx), thereby 

mitigating oxidative stress and alleviating inflammatory responses and cellular 

damage associated with obesity [77]. This adaptive response is crucial for maintaining 

intracellular stability and safeguarding the organism against oxidative injury. During 

physical activity, the body generates an increased amount of reactive oxygen species 

(ROS), which, if allowed to accumulate excessively, can lead to detrimental effects on 

cellular structure and function [78]. Nevertheless, through consistent exercise training, 

the organism can bolster its endogenous antioxidant defense system, which 

encompasses vital antioxidant enzymes such as SOD and GPx [79]. SOD serves as the 

primary line of defense, facilitating the disproportionation of superoxide anion radicals 

(O2
−) into hydrogen peroxide (H2O2), while GPx subsequently reduces H2O2 to water, 

utilizing reduced glutathione (GSH) in the process. 

Engaging in exercise training enhances the activity of antioxidant enzymes, 

which not only mitigates oxidative stress but also contributes to the amelioration of 
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the inflammatory state associated with obesity [80]. Chronic low-grade inflammation 

is a significant factor in the development of insulin resistance and metabolic disorders 

in individuals with obesity. By elevating the activity of antioxidant enzymes, exercise 

training effectively reduces circulating levels of inflammatory mediators, such as 

TNF-α and IL-6, thereby diminishing the inflammatory response [81]. Furthermore, 

exercise training can modulate the expression and functionality of antioxidant 

enzymes through the influence of non-coding RNAs, including microRNAs 

(miRNAs) and long non-coding RNAs (lncRNAs) [82]. These non-coding RNAs are 

crucial in regulating lipid metabolism and oxidative stress, and exercise training can 

impact the activities of antioxidant enzymes by modifying their expression patterns. 

3.3.2. Inflammatory factors 

Physical exercise exerts a significant modulatory effect on serum levels of 

inflammatory mediators, including TNF-α and IL-6, in adolescents with obesity. These 

inflammatory mediators are pivotal in the inflammatory responses associated with 

obesity, as they not only exacerbate inflammation in adipose tissue but are also closely 

linked to insulin resistance and the progression of metabolic syndrome [83]. Lo et al. 

found that individuals who engaged in regular exercise had significantly lower levels 

of inflammatory factors and oxidative stress markers in adulthood compared to those 

who did not exercise [84]. Engaging in regular exercise is crucial for both the 

prevention and management of complications related to obesity, as it contributes to the 

reduction of these inflammatory mediators and the amelioration of the inflammatory 

state. Exercise training has been shown to decrease macrophage infiltration in 

individuals with obesity, which is a key mechanism for lowering TNF-α and IL-6 

levels. In the context of obesity, macrophages secrete substantial quantities of 

inflammatory mediators, thereby intensifying the inflammatory response and 

promoting insulin resistance [85]. Through the modulation of macrophage function, 

exercise effectively diminishes the release of these detrimental inflammatory 

mediators. 

Furthermore, physical exercise possesses the capacity to modulate the 

inflammatory response through its influence on the expression of adipokines. For 

instance, adiponectin, an adipokine known for its anti-inflammatory properties, 

typically exhibits diminished levels in states of obesity. Engaging in exercise has been 

shown to elevate lipocalin levels, which subsequently mitigates the inflammatory 

response [86]. Lipocalin functions by inhibiting the production of TNF-α and IL-6 via 

the activation of the AMPK signaling pathway, thereby enhancing the inflammatory 

state. Additionally, exercise can affect the expression of inflammatory mediators by 

modulating oxidative stress [87]. ROS are critical contributors to obesity and 

inflammation; however, exercise training has been demonstrated to enhance the 

activity of antioxidant enzymes and diminish oxidative stress, which consequently 

leads to a reduction in inflammatory mediators. Specifically, exercise increases the 

activity of SOD and GPx, while simultaneously decreasing the accumulation of ROS, 

thereby lessening the inflammatory response [88]. 
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4. Sports biomechanics intervention strategies 

4.1. School-based interventions 

School-based interventions that integrate dietary and physical activity 

components have been demonstrated to be effective strategies for preventing obesity 

among children and adolescents [89]. These interventions typically encompass the 

reinforcement of physical education, the promotion of recess activities, and the 

education of healthy eating habits, with their efficacy substantiated by numerous 

studies conducted globally. In Italy’s “EAT” project, school interventions included 

increased physical education time, healthier dietary choices, and homework programs. 

Results indicated a 15 percent reduction in obesity rates among adolescents 

participating in the project within one year. Given that schools play a pivotal role in 

the daily lives of adolescents, they represent an optimal setting for the design and 

implementation of obesity prevention programs grounded in the principles of exercise 

biomechanics. Such programs not only enhance students’ physical fitness but also 

cultivate lifelong habits of physical activity participation [90]. The school environment 

offers a distinctive opportunity for obesity interventions, as students spend a 

considerable amount of time in school each day, thereby making it an ideal context for 

disseminating health knowledge and encouraging healthy behaviors. For instance, 

schools can establish nutrition education programs that instruct students on food 

choices, the interpretation of nutrition labels, and the development of healthy eating 

habits [91]. Furthermore, schools can foster a supportive environment by providing 

healthy food options and motivating students to engage in physical activity [92]. 

Physical activity constitutes a fundamental element of school-based interventions 

aimed at combating obesity. Engaging in regular physical activity not only enhances 

students’ physical health but also contributes positively to their social skills and self-

esteem [93]. Schools can promote increased levels of physical activity among students 

by extending the duration of physical education classes, offering a diverse range of 

physical activities, and encouraging participation in extracurricular physical activities 

[94]. Furthermore, school-based interventions can incorporate family and community 

engagement to augment their effectiveness. For instance, schools may collaborate with 

parents to establish homework programs and family-oriented physical activities, as 

well as to provide workshops focused on healthy eating [95]. In this manner, school-

based interventions can extend their influence beyond the confines of the school 

environment, thereby addressing obesity more comprehensively and holistically. 

4.2. Interventions in non-school settings and setting portfolios 

The implementation of exercise biomechanics interventions in non-school 

settings, such as families, neighborhoods, and sports clubs, is of paramount 

importance. These environments offer diverse contexts that enable interventions to 

address adolescent obesity across various cultural and socioeconomic backgrounds 

[96]. The significance of the family in obesity interventions should not be 

underestimated, as it serves as the primary environment in which children are raised. 

In a community intervention study conducted in the United States, the body mass 

index (BMI) of obese adolescents was reduced by an average of 1.5 units over a six-
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month period through physical activity and healthy eating education provided in 

community centers [97]. Family exercise programs can motivate family members to 

engage in physical activities together, thereby not only enhancing children’s levels of 

physical activity but also fostering improved interaction and communication among 

family members [98]. Conversely, community sports activities can leverage public 

spaces and resources to provide youth with accessible opportunities for sports 

participation, while simultaneously promoting social interaction and cohesion within 

the community [99]. Collaborative programs with sports clubs can offer professional 

instruction and training, facilitating the development of specific sports skills and 

interests among youth [100]. 

Despite the existing body of literature, there remains a notable scarcity of 

research in this field, coupled with a lack of rigorous evaluation and consistent 

reporting standards. Future investigations should prioritize the exploration of 

interventions within these contexts to assess their applicability and effectiveness 

across diverse cultural and socioeconomic backgrounds. For example, it would be 

advantageous to investigate the impact of family exercise programs on the health 

behaviors and weight management of family members, as well as to evaluate how 

community-based physical activity initiatives affect the physical activity patterns and 

social networks of adolescents [101]. Moreover, the adoption of an interdisciplinary 

research framework that integrates behavioral science, environmental planning, and 

public health strategies would provide more comprehensive and nuanced insights into 

obesity interventions beyond school settings. 

5. Discussion 

Exercise biomechanics methods offer distinct advantages for intervening in 

adolescent obesity, including noninvasiveness, operational simplicity, and ease of 

promotion. However, there are notable limitations in practical application. The 

effectiveness of exercise biomechanics interventions exhibits significant individual 

variability among adolescents. These differences are influenced not only by genetic 

backgrounds and lifestyle habits but also by a combination of factors such as 

psychological conditions, underlying health issues, obesity severity, and 

comorbidities. For instance, the mental health status of obese adolescents can directly 

impact their adherence to and the effectiveness of exercise interventions. Research 

indicates that psychological factors, including motivation, self-efficacy, and anxiety 

levels, play a crucial role in the exercise intervention process. Furthermore, the 

absence of precise intervention programs and long-term research data creates 

uncertainty regarding sustainable weight management and health improvement for 

obese adolescents. 

Although studies have identified certain molecular mechanisms through which 

exercise biomechanics interventions impact obesity—such as the upregulation of 

CTRP9 levels and the reduction of pro-inflammatory factor levels—the overall 

mechanism of action remains incompletely understood, particularly at the gene level 

and within molecular signaling pathways. The application of bioinformatics, 

genomics, and other multidisciplinary technologies in the investigation of exercise 

biomechanics has not yet sufficiently illuminated the pathogenesis of obesity or the 
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molecular pathways through which exercise interventions exert their effects. 

Furthermore, research into complex mechanisms such as obesity memory is still in its 

early stages, which may hinder the assessment and maintenance of the effects of long-

term interventions on obesity. 

Currently, research methods in exercise biomechanics primarily focus on 

laboratory and clinical trials, which are often short-term interventions with limited 

sample sizes. This limitation makes it challenging to comprehensively assess the long-

term effects of interventions and their potential side effects. Furthermore, there is a 

notable absence of large-scale, multicenter, long-term cohort studies, which restricts 

the systematic evaluation of intervention effects across diverse populations. Future 

research should integrate bioinformatics, genomics, and other multidisciplinary 

technologies to thoroughly investigate the pathogenesis of obesity and the mechanisms 

through which exercise interventions exert their effects at the molecular level. 

Additionally, the incorporation of virtual reality, wearable devices, and other 

innovative technologies can facilitate real-time monitoring of exercise biomechanical 

parameters and enable personalized interventions. These advancements not only 

enhance the precision of interventions but also improve the engagement and adherence 

of adolescents. Reason: Improved clarity, vocabulary, and technical accuracy while 

maintaining the original meaning. 

6. Conclusion 

This article presents a comprehensive review of the advancements in research 

concerning exercise biomechanics within the context of interventions for adolescent 

obesity, with particular emphasis on its molecular mechanisms. Exercise biomechanics 

has shown considerable potential for intervening in adolescent obesity through various 

biological processes, including the precise regulation of relevant gene expression, the 

optimization of muscle energy metabolic pathways, and the reduction of oxidative 

stress. However, a significant knowledge gap remains regarding the specific molecular 

mechanisms by which exercise biomechanics contribute to obesity intervention. 

Future research should conduct in-depth analyses of these pathways to provide robust 

theoretical support and practical guidance for the prevention and treatment of 

adolescent obesity. 

Given the intricate nature of interventions for adolescent obesity, it is anticipated 

that the integration of exercise biomechanics with additional strategies—such as 

nutritional interventions, psychological counseling, and behavioral modification—

will enhance the efficacy of these interventions. This comprehensive approach aims to 

improve both the physical and mental health of adolescents. Central to this endeavor 

is interdisciplinary collaborative research, which necessitates the amalgamation of 

expertise from diverse fields, including biology, medicine, psychology, and sociology, 

to collectively advance the development of effective strategies for the prevention and 

treatment of adolescent obesity. Through these collaborative efforts, we aim not only 

to provide more effective health management programs for adolescents but also to 

contribute valuable scientific insights and practical experiences to global initiatives 

aimed at obesity prevention and control. 
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