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The connection between physical activity and cognitive function has become a focus of attention in educational research in recent years. Regular exercise has been shown to have significant positive effects on physical health, but it also appears to have a significant impact on cognitive function and academic performance. Of all the exercise modalities, resistance training has drawn interest for its ability to improve cerebral abilities in addition to physical well-being. However, there is limited available knowledge exploring the relationship between resistance training regimens and academic performance. This narrative review aims to investigate the underlying mechanisms linking resistance training to academic performance. Firstly, we will examine the biological mechanisms and psychosocial links that potentially connect resistance training to academic performance to find and describe the different mechanisms by which resistance training improves academic performance. In the next part of the work, we delve into the existing observational and intervention studies that have explored the relationship between resistance training and academic performance. Lastly, we provide practical recommendations for including resistance training in institutional education settings, emphasizing the need of dispelling myths and addressing barriers to increase participation as well as the relevance of considering key training variables and adaptation of protocols to developmental stages, always guided by a properly trained professional. Overall, the available evidence supports that resistance training provides potential benefits to the academic performance of youth students with many biological and psychosocial factors that explain this relationship. However, most of the studies are observational, and broader interventional studies are needed to understand and maximize the benefits of this type of physical exercise.
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1 Introduction

The concept of strength has different meanings depending on the context. If the idea is applied to sports education and the scope of the present study, it refers to the ability of a muscle to overcome external resistance. Strength is supported by several morphological and neural factors including muscle cross-sectional area and architecture, musculotendinous stiffness, motor unit recruitment, frequency encoding, motor unit synchronization, and neuromuscular inhibition (Suchomel et al., 2018). Resistance training consists of the introduction of exercises and movement patterns periodically that stimulate the muscle’s ability to exert force and combine stimulation of its hypertrophy (Phillips and Winett, 2010). Although resistance training has traditionally been related to the maximum amount of weight with which an individual can perform one repetition (1RM), other authors defend the need to include not only this element but also other variables such as the number of repetitions, the number of series, rest intervals between series, time under tension, order of exercises and critically, the effort perceived by each subject (Phillips and Winett, 2010). There are multiple practices that challenge the muscles and that can be considered resistance training, from the most basic requirements (Hollingsworth et al., 2020) to preparations that push the human body to the limit (Winwood et al., 2015). Within the various practices, bilateral training, accentuated eccentric training and loading, as well as variable resistance training, can produce the greatest comprehensive strength adaptations. However, bodyweight, isolation, plyometric, unilateral or kettlebell exercises, despite having less potential to improve maximal strength, are still relevant and truly useful for strength development, challenging the expression of strength in a limited time and differentially challenging motor demands (Suchomel et al., 2018).

Resistance training has multiple benefits for those individuals who practice it regularly. The relevance of including resistance training programs has been demonstrated in a wide variety of fields, whether for esthetic purposes (Rosenthal et al., 2021), to achieve specific physical performance (Ferland and Comtois, 2019) or even as a therapeutic approach (Montoro et al., 2015; Avilés-Martínez et al., 2022). Strength has been established as a direct indicator of health, contributing to an improvement in the quality of life and basic physical abilities (Celis-Morales et al., 2018; Alizadeh et al., 2023). The regular inclusion of resistance training programs improves lean body mass and exerts direct benefits on the musculoskeletal system, which is one of the pillars of maintaining acceptable standards of living in the individual (Bellido and Bellido, 2016; Nava-Bringas et al., 2018; Ortega et al., 2021). In fact, the musculoskeletal system is especially vulnerable to numerous pathologies and conditions, and may be a premature indicator to detect dysfunction in the body (Bhimani et al., 2021; Damluji et al., 2023). On the other hand, resistance training also exerts notable benefits on the different organs and systems of the body, as well as on mental, emotional and social well-being (Maestroni et al., 2020). Brain and muscle are connected through different mechanisms by the denominated muscle-brain axis (Burtscher et al., 2021; Rai and Demontis, 2022). A growing body of evidence supports that the mind-muscle connection during exercise is essential not only for progressing in the training programs (Calatayud et al., 2016), but also for maximizing the cognitive benefits of physical activity in the brain (Blomstrand et al., 2023). Therefore, scientific evidence conclude that resistance training is essential not only for ensuring a global health of the subject, but also for maximizing mind and brain functioning.

In the pursuit of academic excellence, both students and educators continually seek innovative strategies to improve cognitive skills and optimize learning outcomes. The predominant perception of physical exercise as a means to improve cardiovascular health and muscular strength has undergone a paradigm shift in recent years. While traditional approaches have focused primarily on intellectual exercises such as studying, reading, and problem-solving (Azer et al., 2013), emerging research has highlighted the potential impact of physical activities, such as endurance, flexibility, or resistance training, on cognitive function and academic performance (Trudeau and Shephard, 2009). Whereas various observational and interventional studies have provided initial evidence of an association between resistance training and academic performance, there is a lack of comprehensive studies analyzing the different interconnections, the relevance and perspectives from including regular resistance training to enhance academic performance in institutional education. This narrative review delves into the promising relationship between resistance training and academic performance, intending to uncover the underlying mechanisms that connect both factors while analyzing the available literature and offering practical recommendations to include resistance training programs in institutional settings.

The primary research question guiding the investigation into the relationship between resistance training and academic performance is:

• What are the underlying links between resistance training and academic performance?

Subsequently, the inquiry will be divided into three main points exploring different aspects of these links.

Firstly, to describe the link between resistance training and academic performance we aimed to respond the following question:

• What are the specific biological and psychosocial mechanisms underlying the relationship between resistance training and academic performance?

Secondly, to analyze the available studies connecting resistance training and academic performance we focus on the following questions:

• What evidence from observational studies supports the relationship between resistance training and academic performance and what findings have intervention studies revealed about the impact of resistance training on academic performance?

Lastly, to offer practical recommendations for including resistance training programs in institutional settings we propose the following questions:

• What key training variables should be considered when implementing resistance training programs by proper professional trainers in educational settings?

• How can resistance training protocols be adapted to different developmental stages and individual factors like sex to optimize academic performance?



2 Resistance training and academic performance—what are the links?

Physical education as a teaching and training instrument has its origins in Greek paideia, an educational ideal in which both cultural and physical instruction as a whole was valued. In fact, during the Hellenistic era, the concept of “citizen” was not conceived without athletic preparation carried out in the gym during his adolescence (Alonso-Troncoso, 2009). Within the educational landscape, the importance of promoting not only cognitive skills but also general well-being is increasingly recognized (Haapala, 2022). Thus, integrating physical activity, specifically resistance training, into academic settings is a promising strategy not only to improve physical health but also to potentially elevate cognitive abilities essential for academic performance. As it will be herein explored, resistance training promotes a broad range of biological and psychosocial effects potentially related to academic performance. In this section the main mechanisms that explain the association between resistance training and academic performance will be described.


2.1 Biological mechanisms

To understand the biological effects of resistance training, it is essential to highlight that physical exercise in general operates as a hormetic agent. In other words, it acts as a stressor in the body that follows a biphasic dose–response curve inducing a series of adaptations. Progressive and beneficial in the body as long as a minimum threshold is reached, and a maximum threshold is not exceeded (Mattson, 2008). Thus, the maximum benefits of physical activity in general and resistance training are observed at a certain dose, with both its deficiency and excess being associated with negative results (Peake et al., 2015). However, the ideal resistance training dose where the maximum benefits will be reported for each person will vary depending on their characteristics and a series of factors that will not be covered below, entering into important variables such as personalization and adaptation of the training to each person. In this section we will consider that the individual receives an optimal dose of exercise without considering these details through which the described mechanisms exert a favorable effect, and its impact, from a general perspective, at the level of academic performance.

In this context, it is known that there are multiple ways in which the two factors can be interconnected. It is important to understand that this type of physical activity exerts direct biological effects on the brain, regulating the production of certain neurotransmitters and neuromodulators, as well as indirectly through its actions in the different tissues of the body (Maestroni et al., 2020). For example, the modulatory effect of resistance training has been described on a large number of neuromodulators related to academic performance such as lactate, brain-derived neurotrophic factor (BDNF), insulin-like growth factor 1 (IGF-1), vascular endothelial growth factor (VEGF), acetylcholine, dopamine, norepinephrine and serotonin (Basso and Suzuki, 2017). The regulation of these neurochemical agents is translated and accompanied by structural and functional changes in different areas of the brain (neuroplasticity) (Silverman and Deuster, 2014), in the renewal and formation of new neurons (neurogenesis) (Azevedo et al., 2023), in increasing cerebral blood flow (Cheng et al., 2022) leading to positive improvements in mood, behavior and cognitive functioning (Basso and Suzuki, 2017). According to previous works, these brain changes related to physical activity among other factors has shown a positive correlation with academic performance (Alghadir et al., 2020), thus demonstrating the potential benefits from resistance training in this field.

On the other hand, resistance training regulates the activity of different neuroendocrine axes such as the hypothalamus-pituitary–adrenal, hypothalamus-pituitary-somatotropic and hypothalamus-pituitary-gonadal (Cano Sokoloff et al., 2016; Anderson et al., 2019), whose relevance in academic performance has been demonstrated in previous studies (Martin and Steinbeck, 2017; Alghadir et al., 2020; Hinds and Sanchez, 2022). On the other hand, we must also highlight the important benefits of resistance training on a systemic level. In more detail, resistance training directly modulates the production of so-called organokines, endocrine products produced and released by the muscle (myokines), adipose tissue (adipokines), the liver (hepatokines) or the intestine that orchestrate and regulate several metabolic and immunoinflammatory processes (Lőrincz et al., 2023). In more detail, resistance training seems to improve insulin sensitivity and has positive effects on weight control and different variables, especially in children and adolescents with overweight or obesity (Kazeminasab et al., 2023). The association between obesity and academic performance is a topic of great relevance, due to an uninterrupted increase in the prevalence of pediatric obesity during recent decades (Jebeile et al., 2022). In fact, a negative association between obesity and academic results has been established in 32 countries studied, after controlling for confounding factors. In more detail, it is known that children with a healthy weight are 13% more likely to perform well in school than children with obesity (Devaux and Vuik, 2019), although the multifactorial dimension of this entity resulting from the interconnection of biological, social, cultural, psychological, educational and individual factors must be understood and addressed as a whole. Regarding the immunological effects of resistance training, available literature has shown that acute and chronic resistance training is able to induce several changes in the immune system, being the latter the most favorable to improve immunity and reduce systemic inflammation (Fortunato et al., 2018; Salimans et al., 2022). Likewise, it is worth highlighting the favorable effect of resistance training on the diversity and functionality of the gut microbiota both in healthy subjects and in individuals with different clinical pathologies (Boytar et al., 2023). In this sense, previous works have shown the direct association between metabolic health, and a proper balance of the gut microbiota and the immune system in the academic performance of young people (Esteban-Cornejo et al., 2016; Holmes et al., 2018; Lapidot et al., 2023), thus demonstrating that physical exercise in general and resistance training can critically benefit individuals trained from these mechanisms in the educational system.

The benefits of resistance training on bone health are also well known to everyone, having a direct and positive impact not only on older people or people at risk of bone pathology but also on children and adolescents. Unfortunately, it has been reported that a large number of children and adolescents (particularly adolescent girls) do not meet the recommended 60 min of physical activity per day and, especially, with adequate bone loading stimulation to optimize bone accumulation and health (Faigenbaum et al., 2009). Although to our knowledge a direct relationship between bone health and academic performance has not been demonstrated, the functionality of this organ is essential for the health of elderly individuals and young subjects, which eventually influences academic performance (Kohl and Cook, 2013). Likewise, resistance training has very positive effects on the cardiovascular system, which is directly associated with better academic results according to different studies, systematic reviews and meta-analyses (Sardinha et al., 2016; Álvarez-Bueno et al., 2020; Ishihara et al., 2021). Finally, habitual physical activity and resistance training are commonly related to other lifestyle variables like proper nutrition and sufficient sleep, whereas sedentarism, an unbalanced diet and inadequate resting leads to different physical and mental concerns (Fraile-Martinez et al., 2022). By controlling these variables and others like (ab)use of screens or the consumption of toxic substances, resistance training can have an enormous and synergistic impact with these factors on the academic performance of young people (Sánchez-Hernando et al., 2021), demonstrating the necessity to encourage and integrate resistance training into a healthy lifestyle to maximize its benefits.

The different biological effects of resistance training potentially involved in academic performance are detailed in Figure 1.
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FIGURE 1
 Biological effects of resistance training related to academic performance.




2.2 Psychosocial links

Resistance training is also closely linked to a series of psychological and social effects that may be involved in improving students’ academic performance. One of the most notable effects of resistance training is its ability to favorably influence the individual’s emotional management and mental health. Among other effects, habitual resistance training has been associated with both anxiolytic and antidepressant effects (Strickland and Smith, 2014; Gordon et al., 2018), and as mentioned previously, there is a clear relationship between resistance training and better management and reduction of stress perceived by students who practice it regularly (Becker et al., 2021). The benefits of resistance training on mental health are due to its biological effects described above and the improvements in different psychosocial domains that will be addressed in this section. Current scientific literature supports the clear and worrying inverse association between growing mental health problems and academic performance in children, adolescents and young people, mainly due to alterations in different cognitive domains or absenteeism that the affected subjects present (Agnafors et al., 2021; Jeffries and Salzer, 2022). In this sense, resistance training represents a key element that should be considered for the best academic performance of students, especially in those groups more vulnerable to stress or with signs of mental health problems.

A fundamental psychological consequence reported from resistance training has to do with the improvement of self-confidence and self-esteem of the subject who practices it, not only on a physical level but also extrapolated to other areas of life (Collins et al., 2019). Past studies (Bartholomew et al., 2011) have shown how 12 weeks of scheduled resistance training is associated with improvements in different domains of strength, which promotes an improvement in the subject’s physical self-perception and general self-esteem. Likewise, resistance training, separately or in combination with aerobic training, also significantly improves self-esteem and self-perception in overweight or obese young people, these benefits being superior to aerobic training alone (Goldfield et al., 2015). The importance of self-confidence and self-esteem in academic performance is supported by the available scientific literature (Mathew, 2017). Therefore, the benefits of exercise in this psychological domain is another critical point to explain the observable relationship between resistance training and academic performance.

The direct benefits of resistance training in enhancing social skills are also a key factor considered in the scientific literature. In more detail, carrying out collective activities in different areas (including physical or resistance training) has a favorable translation toward improvements in team work and performance (Salas et al., 2008; Mcewan et al., 2017). Likewise, other studies have found that subjects who train strength and perform regular physical activity tend to have more prosocial behaviors and exhibit more confidence than those who do not train (Di Bartolomeo and Papa, 2019). The enhancement of social skills and teamwork has many benefits in young people, having shown how interventions that improve these domains have a very positive impact on academic performance, as supported by recent scientific evidence (De Prada et al., 2022).

On the other hand, studies have also observed a relationship between resistance training has been linked to improved attention, concentration and working memory, together with enhanced language and arithmetic skills (Haapala, 2022), thus affecting academic performance. For example, the inclusion of strength and speed programs in children showed a considerable improvement in the Numbers Test when compared to those who did not perform such a training program (Polevoy, 2022). These benefits of resistance training in attention may be especially important in vulnerable children and adolescents who have conditions such as attention deficit hyperactivity disorder (ADHD), also improving their sociability, motor skills and neuropsychological parameters (Kamp et al., 2014). According to a systematic review and meta-analysis (Robinson et al., 2023), the inclusion of strength programs has shown a favorable association between the improvement of attention and of other cognitive domains (cognitive flexibility, inhibition, working memory, planning and fluid intelligence) with academic performance in children and adolescents, although more studies are still required to establish more conclusive results.

Discipline, perseverance, and the generation of study and healthy living habits are essential to maximize students’ academic performance (Simba et al., 2016; Innocent and Opiyo Andala, 2021). Previous work has shown how resistance training, total physical activity, a low body mass index (BMI) and the intake of healthy foods are positively associated with academic performance, while few hours of sleep, consumption of ultra-processed foods, physical inactivity, high BMI, and substance abuse have a negative relationship with it (Kristjánsson et al., 2010; Reuter and Forster, 2021). Although these associations are clearer in children and adolescents, the impact that these habits or BMI itself may have on the academic performance of university students seems to be less evident, making it necessary to conduct more studies that evaluate the impact of regular resistance training on this group (Calestine et al., 2017). Similarly, resistance training also helps with planning, problem-solving, and executive function, with these facts having a favorable impact on school performance (Robinson et al., 2023). Finally, the inclusion of physical training programs in children and adolescents promotes important improvements in enjoyment, perceived autonomy, intrinsic motivation, self-determination, and task completion by students, thus having a direct effect on academic performance (Kelso et al., 2020).

Figure 2 details the relationship of resistance training with the psychosocial benefits associated with the academic performance of students.
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FIGURE 2
 Psychosocial effects of resistance training related to academic performance.





3 Resistance training regimes for improving academic performance

In this section, the current literature that exists around the implementation and relation between resistance training with academic performance will be assessed. First, the main studies that detail the effects of resistance training on academic improvement will be collected, although the vast majority of them are observational rather than interventional. Then, important specific considerations and recommendations will be made in order to include resistance training regimes considering multiple training variables according to available literature.


3.1 Observational and intervention studies connecting resistance training with academic performance

Various interventional studies have found a potential causal role between promoting exercise and resistance training with academic performance, whereas the vast majority of the studies are only observational. However, and as, it will be later remarked, an adequate programming and supervision of resistance training is essential for maximizing their results and ensuring the safety in young subjects. Although everyone can benefit from resistance training, there are important variables that can determine the extent to which its implementation can be effective, such as gender, age, or the existence of different underlying conditions or circumstances. For instance, Cappelen et al. (2017) reported how encouraging and promoting gym attendance leaded to a significant increase of total grade points of 0.15 standard deviations of 400 college students when compared to a control group of 382 students. Intriguingly, these effects were 2-fold greater if the student had struggled with lifestyle before the intervention. Similarly, studies have observed that male students with greater strength and cardiopulmonary capacity were those who obtained better academic performance, as well as female students who had greater flexibility, strength, endurance and cardiopulmonary capacity (Kuo-Ming et al., 2012). Thus, the authors observed how girls can benefit from more types of training, and not only that, but they also reported how physical skills boosted academic performance twice as much in their case as in boys. Other studies have also found similar differences in the association between physical fitness and academic performance according to gender. Van Dusen et al. (2011) observed that out of 254,743 school student records, the associations between cardiovascular fitness and academic performance were stronger in girls than in boys, particularly in reading and math outcomes. Thus, it could be concluded that in general females benefit more clearly from their physical fitness in academic performance as well as from different types of training, while in men, although they also benefit, they do so in a less strong manner and more focus on strength. However, regarding the implementation of RT programs, the literature supports that females can also benefit from this type of interventions through improving their self-acceptance, personal growth, flow state mind, social affiliation and autonomy (Hall and Noonan, 2023), which eventually as previously stated improve academic performance. Overall, scientific evidence seems to indicate that although there are sex-related differences across males and females, the inclusion of RT programs has a great impact for both groups, and even it could be greater for women, as they often are less engaged in strengthening-related activities.

On the other hand, it seems that age may play a certain role in the assimilation of resistance training and its relationship with academic performance; however, the available evidence in this regard is highly heterogeneous. On the one hand, there are studies that have shown a direct association between strength tests and academic performance in children between 9 and 12 years old, observing more significant effects in older boys and girls (Du Toit et al., 2011). On the other hand, other works (Gouveia et al., 2020) have shown how those students with better physical fitness (including functional strength, among other parameters) showed a greater improvement in academic performance at a 1-year follow-up, with this effect being magnified in younger students. In fact, they found that the interaction of physical fitness with age predicted 45.7% of the variance in the change in academic performance. In any case, the evidence shows a direct association between strength levels and academic performance even in university students. In this sense, Keating et al. (2013) observed in university students a direct relationship between the number of weekly strength sessions they performed with the average grades they obtained. Similarly, Peña et al. (2019) also reported a direct association between maximum strength and academic performance in university students. Thus, it can be concluded that although age may be an important factor to understand how much resistance training affects academic performance, its benefits are observed both at school and at college and university, therefore, the support of these institutions in the regular performance of resistance training for their students.

The implementation of resistance training can even magnify its effects in more vulnerable subjects or with different conditions. For example, and as mentioned previously, overweight and obese students can especially benefit from the introduction of these programs, as demonstrated by Cadenas-Sanchez et al. (2020). After evaluating a total of 106 overweight/obese children, they observed how field-based cardiorespiratory fitness was associated with linguistic skills, field-based muscular strength with grade point average, natural and social sciences, and foreign language; Speed-agility was correlated to some language-related skills and the laboratory-based muscular strength presented an association with mathematical skills. However, they found that the effects of muscular strength and speed/agility were attenuated and disappeared in many cases after additional adjustments for body mass index and cardiorespiratory fitness, concluding that these variables were interdependent. Resistance training (especially conventional versus other types of interventions) has also demonstrated notable benefits in improving academic performance in children and adolescents with psychosocial disorders (Barahona-Fuentes et al., 2021). There are also studies that have shown how levels of physical fitness and strength serve to discriminate between students with low and high academic performance (Du Toit et al., 2011; Keating et al., 2013). thus suggesting how these students could benefit even more from these interventions. Similarly, Smail and Horvat (2006) have also observed how community- and school-based strength programs improve physical functioning and work-related skills. in subjects with intellectual disability, being further proof that the most vulnerable individuals can show great benefits by improving their strength levels.

Collectively, while there is evidence to suggest a positive association between physical activity and strength with academic performance, more intervention studies specifically targeting resistance training and academic performance are needed. In Table 1, main results collected in our study are summarized.



TABLE 1 Summary of the main intervention and observational studies directly relating resistance training with academic performance.
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3.2 Practical recommendations for including resistance training in institutional education

Although many studies focus on the effects of resistance training in elderly subjects and adults with or without pathologies, the introduction of resistance training programs in children and adolescent populations has experienced exponential growth in recent years (Pochetti et al., 2018). It is important to highlight that there are still certain myths and misunderstandings regarding resistance training in children and adolescents, particularly regarding its safety, negative effects on development and other points that still represent an important barrier to break down (Brooks et al., 2022). Indeed, it is possible that this could be one reason of the low proportion of intervention studies relating resistance training with academic performance. Likewise, family situation or purchasing power can considerably affect the initiation of a child or adolescent into strength programs (Paredes et al., 2021). The teaching and introduction of basic principles of physical conditioning carried out at an early age, regardless of the context, can entail a series of advantages on a physical and psychological level, which can improve the student’s academic performance as previously mentioned. However, the short duration imposed on it is not commensurate with the multiple benefits it is capable of providing to the physical and mental health of the child or adolescent. Thus, in many cases, the physical education taught in educational centers is the only direct contact the child/adolescent has with sport and unfortunately the number of hours taught in this subject is usually 1.5 to 3 h per week (García-Baños et al., 2020), figures much lower than the recommendations of moderate-vigorous physical activity at least 1 h a day and musculoskeletal strengthening 3 or more times a week (Landry and Driscoll, 2012).

The protocol to follow and the control of the different training variables (including the exercises performed, the order, the series, the repetitions, the load, the contractions, the intensity of the effort and the volume of strength) represent key pillars of the research in this field (Fisher, 2013). According to a systematic review, study duration and training volume are variables directly correlated with favorable results in resistance training studies in children and adolescents (Behringer et al., 2010). On the other hand, the intensity and recovery times between exercises are also important resistance training variables in this group. According to the literature (Lloyd et al., 2014), training intensity and volume are two inverse and complementary variables that must be balanced to minimize the risk of injury, due to poor technique. and execution of the exercise (excess intensity) or over training (excess volume). In fact, injuries that have been reported in resistance training studies in this population have been attributed to misuse of equipment, excessive weight, inefficient technique, and lack of supervision by qualified adults (Dahab and McCambridge, 2009). Thus, it is essential that resistance training is carried out under adequate supervision and programming to provide maximum benefits to young people.

According to studies and competent authorities, there is no recommended minimum age to start RT programs in young people (Behm et al., 2008). However, training and instruction should be appropriate for this group of individuals, and involve a warm-up, cool-down, and appropriate exercise choice. With respect to training in younger children, the main objective proposed is to create a series of customs and practices in the childhood, without going into so much detail in physical conditioning. In accordance with the bibliography could it would be interesting to introduce any type of physical activity that allows increasing the activity factor, thus avoiding harmful habits such as a sedentary lifestyle, which can be one of the main factors of obesity during adolescence and youth (Fisberg et al., 2016). On the other hand, it is known that children’s ability to gain muscle mass increases proportionally with age and maturity, and although it does not seem to have a clear association with the onset of puberty (Behringer et al., 2010). Thus, the research carried out in this field reminds that training must be designed appropriately for the emotional and developmental stage of the participant for their safety, and not only their chronological age (Myers et al., 2017).

Regarding resistance training in children and adolescents, it would be interesting to focus first on movements and practices inherited from calisthenics and gymnastics. These linked disciplines have numerous advantages. Apart from the proper effects on strength, it promotes other physical benefits such as flexibility, body control and agility (Desai et al., 2019) as well as muscular endurance (Mear et al., 2022), while presenting a low injury rate (Hart et al., 2018). Regarding the facilities necessary for its implementation, it is worth highlighting the few requirements for both infrastructure and material to carry them out. To give some examples, exercises such as abdominal crunch, different variations of jumping, push-ups, handstands or squats could be implemented. As the academic year progresses, the introduction of more complex exercises such as pull-ups, Nordic curls and parallel dips could begin to be considered, as well as introducing elements such as elastic bands, rings or suspension straps (TRX). The estimated training volume according to scientific evidence (Behm et al., 2008), could be around 2–3 times/week on non-consecutive days, with 1–2 sets Initially, progressing to 4 sets of 8–15 repetitions for 8–12 exercises.

As the child or adolescent progresses and master the different movement patterns based on the management of their own body weight, the strength program should adapt and evolve. The focus could be directed at a global activation of the muscles, with all the benefits that this entails and that was previously mentioned, including avoiding poor posture and achieving optimal muscle balance (Villarrasa-Sapiña et al., 2018). The training methodology should opt for the introduction of basic movement patterns. Among them, they would mainly highlight hip dominants, knee dominants, as well as both vertical and horizontal pushes and pulls. For example, exercise like shoulder press, chest press, rows, pulldowns, squats or deadlifts. Then, the introduction of new elements such as dumbbells or bars could be considered, but maintaining the basis of the training in your own body weight, elastic bands and suspension straps (Myers et al., 2017). However, it is essential to start the young person with exercises that involve all the main muscle groups with a relatively light weight, one to three sets of 6 to 15 repetitions, maintaining the 2 to 3 non-consecutive days per week. As more experience is gained, it is recommended to gradually increase the loads and add multi-joint exercises (Miller et al., 2010). Advanced movements such as Olympic-style lifting, plyometrics and balance training are also recommended, including different approaches such as simple power or strength exercises as well as strength-endurance and strength-power exercises (Behm et al., 2008; García-Baños et al., 2020). Children show a capacity to recover from rapid fatigue, with 1 min of rest between sets being sufficient for most of them and up to 2–3 min when the training intensity is increased (Lloyd et al., 2014). To adapt the intensity of the training to the programming, the estimation of measurements such as 1RM can be especially useful if you have the necessary materials for it; Otherwise the measurement of grip strength, vertical jump or long jump have been shown to have a direct relationship with 1RM in children and adolescents (Lloyd et al., 2014). Each session of Exercise should be adequately supervised for safety and to provide feedback on technique and form, regardless of the adolescent’s resistance training experience.

On the other hand, it would also be interesting to consider gender when it comes to personalized physical training programming, due to the differences discussed above. This circumstance becomes especially relevant during puberty, where sexual dimorphism is accentuated. During late adolescence and youth there is a tendency to individualize the study and consider the sexes as important training variables (Ramírez-Vélez et al., 2019). Regarding resistance training, women have demonstrated a superior capacity for muscle and hormonal recovery between sessions (Judge and Burke, 2010), being able to tolerate a greater number of effective repetitions and weekly volume (Hunter, 2014, 2016). In contrast, men generally have greater ease with high loads and greater absolute strength and power relative to differences in body mass, lean body mass, and muscle thickness between men and women (Bartolomei et al., 2021). Likewise, although musculoskeletal growth and development show very similar trends between genders, male and female strength and (neuromuscular) coordination patterns diverge significantly during and after puberty, with boys being the ones who naturally show an increase in power, strength, and body coordination with chronological age while untrained girls, on average, show little improvement in these domains during puberty (Faigenbaum and Myer, 2010). Also previous works have found that in general, more men than women met recommendations for muscle-strengthening activities in different countries (Nuzzo, 2020), and despite the participation rate was relatively low for both sexes, they evidenced the gender-related disparities for RT among men and women. As the literature support (Hurley et al., 2018), this gap is an important barrier to overthrow, especially if we consider that the benefits and effects of the same RT programs in men and women are quite similar and even women appear to receive more benefits and greater gains in relative strength, particularly in the upper body of untrained subjects (Roberts et al., 2020). Therefore, considering gender differences seems to be important for youth training, also considering other relevant factors such as physiognomy, socioeconomic context or adherence must also fit with individualized programming.

Finally, despite not specifically focused on academic performance, past works have remarked the association between resistance training and improvements in cognitive domains, which may indirectly impact on academic performance. For instance, the inclusion of a 10 weeks programs based on calisthenics and gymnastic exercises on children between 4 to 6 years old leaded to significant improvements in attentional networks in this group (Wick et al., 2021). Likewise, a systematic review collecting 36 randomized clinical trials (4,577 students) observed that acute exercises significantly improved working memory, inhibitory control, and cognitive flexibility in children and adolescents (Liu et al., 2020). High versus low/moderate intensity physical exercises might have differential biological and cognitive effects especially considering time course; although both types of trainings lead to improvements in cognitive functions (Brush et al., 2016; Hötting et al., 2016). The inclusion of physical training in real-world settings also seems to have significant benefits on cognitive improvement in children and adolescents (Shi et al., 2022). Globally, there is still a lack of evidence to make specific recommendations or aid in the selection of exercises that could bring the greatest benefits for cognitive improvement and other variables impacting academic performance in children and youths. Generating adherence to resistance training and an adequate programming personalized to age and individual factors might probably be the most important points to consider in these populations.




4 Conclusion

Throughout this work, we have tried to collect the available scientific evidence that connects the inclusion of resistance training programs with the academic performance of young students. The present narrative review aims to provide a comprehensive investigation integrating insights from various disciplines such as exercise science, psychology, and education. By exploring biological mechanisms, psychosocial factors, observational and intervention studies, our main objective is to provide and defend a holistic understanding of the relationship between resistance training and academic performance. Moreover, our study also intends to be practical, presenting actionable recommendations for implementing resistance training programs in educational settings. Overall, resistance training can influence in a very positive way through different mechanisms the academic performance of children, adolescents and university students, although there are certain groups that can benefit to a greater degree from its implementation, such as untrained subjects (especially females) or people with psychosocial disorders, overweight or obesity. The implementation of these programs seems to be useful in students of different ages, and the integration of multiple variables in future studies is also necessary to establish a clear causality between strength and academic performance.

Likewise, there are multiple questions still to be answered, mainly around which protocols can bring the maximum benefits to students or in what context it should be carried out, considering its inclusion with other types of training such as aerobic and flexibility training, whose benefits in the academic performance have also been demonstrated.
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