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Summary

Muscular hypertrophy is a biological process characterized by an increase in the volume of skeletal muscle
fibers, resulting mainly from resistance training, such as musculature.

This phenomenon occurs through mechanical and metabolic stimuli that cause microdamage to the fibers,
triggering an adaptive response of the organism. Protein synthesis is stimulated, leading to muscle repair and
growth, as long as there is adequate nutritional intake, especially proteins and essential amino acids, and
sufficient rest for recovery.

Various factors influence the process, including genetics, intensity of exercise volume, sound, health and
hormonal levels. Regular practice of resisted exercises, associated with a balanced diet and a periodized plan,
is essential to achieve consistent gains in lean mass and muscular strength, also contributing to better
metabolism and body composition.

Keywords: Muscular hypertrophy. Resisted training. Synthesis protein. Sports nutrition.
Physiological adaptation.

Abstract

Muscle hypertrophy is the biological process characterized by an increase in the volume of skeletal muscle
fibers, primarily resulting from resistance training, such as weight training. This phenomenon

occurs through mechanical and metabolic stimuli that induce microlesions in the fibers, triggering an adaptive
response by the body. Protein synthesis is stimulated, leading to muscle repair and growth,

as long as there is adequate nutritional intake, especially of proteins and essential amino acids, and
sufficient rest for recovery. Several factors influence the process, including genetics, training intensity

and volume, sleep, age, and hormone levels. The regular practice of resistance exercises, combined with a
balanced diet and periodic planning, is essential for achieving consistent gains in lean mass and muscle
strength and for improving metabolism and body composition. Keywords: Muscle

hypertrophy. Resistance training. Protein synthesis. Sports nutrition—physiological adaptation.

1 Introduction

Muscular hypertrophy is a biological phenomenon of great relevance in the context of
exercise and health sciences, defined as the increase in the size of two skeletal muscles
It responds to specific stimuli, especially strength training. Or be interested in esse
The process transcends the limits of sports performance, extending to rehabilitation and promotion.
It gives health and prevention of chronic diseases. Recent research highlights that muscle hypertrophy
Not only does it improve functionality and quality of life, but it also plays a role.

crucial in modulating metabolism and not controlling cardiovascular risk factors, becoming
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A strategic objective in multidisciplinary interventions.

The study of muscular hypertrophy is intrinsically multidimensional, involving aspects
physiological, biochemical, genetic and environmental. Scientific advances allow us to understand,
in an increasingly detailed way, the cellular and molecular mechanisms responsible for
muscle growth, as it varies, as in modulation, as in intensity, or volume.
training frequency, apart from nutritional and hormonal factors. This complexity evidences
need for integrated and evidence-based approaches for the development of
Effective hypertrophy promotion strategies in different populations.

The scientific literature is discussed about the individual differences in the answer.
hypertrophic during training, highlighting the influence of variables such as age, sex, genetic profile and
health conditions. These factors can determine only the potential of mass gain
muscle, but also the speed and sustainability of these adaptations. understand these
nuances is essential for the personalized prescription of training programs and for
Maximizing two benefits associated with hypertrophy, minimizing risks and optimizing results.

Another central aspect refers to the relationship between physical training, nutrition and life processes.
recovery, elements that compdem the tripe of muscular development. Or adequate contribution of
nutrients, especially proteins, the periodization of training and the quality of sound
recognized as critical determinants for protein synthesis and muscle remodeling. Alem
Disso, recent research suggests the role of hormonal signaling in the microenvironment
inflammation and neuromuscular plasticity in the modulation of hypertrophic response, indicating
promising paths for future interventions.

Given the growing interest of society in aesthetics, performance and health, to understand
two processes that govern muscular hypertrophy assume unique relevance for
physical education professionals, physiotherapists, nutritionists and doctors. Or delineation of
recommendations based on evidence, based on the integration between basic and applied science,
emerges as an essential requirement for the development of safe, efficient and ethical practices not

The field of physical training and the promotion of muscular health.

2 Development

2.1 Methodology

This study was prepared by means of bibliographic review, of a qualitative nature and
descriptive, as the objective of gathering, analyzing and synthesizing the main scientific evidence about the

mechanisms, factors and strategies related to muscular hypertrophy. The investigation was conducted between

@ @ This is an article published in Open Access under the CreativeCommons Attribution license, which permits use, distribution and reproduction in any
time, without restrictions since the original work is correctly cited.



Emﬂﬁ@ﬁhb&pﬁwgﬁmiﬂc Magazine O Saber.

ISSN: 2675-9128. S&o Paulo-SP.

Year VII, v.1 2026 | submitted: 04/10/2026 | oil: 04/14/2026 | publication: 04/17/2026

July and October 2025, using as main sources specialized books, scientific articles and
Academic dissertations are available in rebuilt databases, such as SciELO, PubMed,
Google Scholar and ResearchGate, besides national and international Physical Education journals,
Nutrition and Exercise Physiology.
Foram considered works published in the last ten years (2015-2025), or that assures
up to date and relevant information. The bibliographic search was carried out by Meio de
descriptors selected according to the study objectives, including: “muscular hypertrophy”,
“resisted training”, “protein synthesis”, “sports nutrition”, “muscle recovery” and “sono e
physical performance.”
The criteria for inclusion open publications with scientific approaches, methodologies
validated and direct relationship with the topics of physiology, nutrition and force training
to hypertrophy. Excluiram-se duplicate articles, opinionated texts, summaries without access to the content
comprehensive and empirically based studies or systematic review.
After triage, the selected references are organized and analyzed as coeréncia
as the proposed objectives and classified in thematic areas: physiology and mechanisms of hypertrophy;
determining factors and external influences; force and periodization training; applied nutrition
ao muscle growth; e recovery and sound as mediators of adaptation.
The adopted methodology allowed us to identify trends, gaps and convergences in
Recent publications, offering an integrated and up-to-date view on the topic. This approach
Qualitative bibliography does not involve the collection of primary data or the application of instruments

you experiment, limiting yourself to interpretation and critical analysis of studies already consolidated in literature

scientific.

2.1 Results and Discussion

The results of the bibliographical research reveal that muscular hypertrophy is a phenomenon
extensively studied in exercise sciences, with increasing emphasis in recent decades due to
Its relevance for health, performance and physical rehabilitation. A chronological analysis of two studies
allowed us to observe a significant evolution without understanding two physiological mechanisms, das
Variaveis of training and nutritional strategies involved in muscle growth. Such
Evolution is due, in part, to the advancement of research methodologies, to the development of
imaging technologies and the consolidation of experimental protocols that make it possible to measure
with greater precision as structural and functional alterations in human muscle tissue.

In the first investigations on the subject, hypertrophy was understood in a simplistic way,
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associated only with an increase in visible muscle volume. Nope, more recent studies
demonstrate that the process results from complex cellular adaptations, involving synthesis
myofibrillar protein, or increase in mitochondrial density and activation of satellite cells
Responsaveis pela regeneracao tecidual. According to Lima and Miguel et al. (2021), these answers
Physiological disorders only triggered by repetitive mechanical stimuli, typical of strength training,
that there will be microles@es in the muscle fibers, as quais, once we recover, they will become larger and more
resistant.
Another relevant discovery identified in the publications analyzed was the difference between
Sarcoplasmic hypertrophy and myofibrillar hypertrophy, as discussed by Oliveira (2022).
As for the first time, it is related to the increase in fluid and glycogen content within the body.
muscle cell, conferring aesthetic volume, the second is linked to the excess of proteins
contract, like actin and myosin, which results in greater strength and muscle density. to literature
More recent research suggests that both forms occur simultaneously, varying according to the type of
applied stimulus, or level of experience of the practitioner or individual genetic profile. This distinction
allowed substantial progress in the prescription of specific training programs for
different objectives, whether for athletic performance or functional rehabilitation.
In the field of endocrine physiology, the research reviewed will highlight the crucial role of two
anabolic hormones in the hypertrophy process. Nogueira (2022) and Andrade and Reis (2021)
We will observe that substances such as testosterone, growth hormone (GH) and IGF-1 act
Directly in the activation of intracellular signaling pathways responsible for protein synthesis. via
mTOR (mammalian target of rapamycin), in particular, was widely recognized as a point
central in the regulation of anabolic response, integrating mechanical, nutritional and hormonal stimuli.
Furthermore, it is verified that negative regulation is destructive, caused by factors such as stress.
chronic or sound deprivation, can compromise muscle development, or demonstrate that
Hormonal and metabolic homeostasis is determining for the effectiveness of the hypertrophic process.
Other results refer to the influence of nutrition and energy status in the body.
hypertrophy. According to Ogiku and Ikematsu (2015), the positive and fundamental energy balance
to sustain muscle growth, since severe caloric deficits reduce protein synthesis
even given adequate mechanical stimulation. Or consumption of proteins of high biological value,
especially as rich in essential amino acids, such as leucine, are essential for
Activate mTOR and promote tissue repair. Além disso, more recent investigations, like Yasuda's ace
et al. (2022), demonstrated that the uniform distribution of protein intake throughout the day results
in performance superior to concentrated intake in a single meal, suggesting that the father

Feeding plays an important role in the total volume of protein ingested.
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The literature also reveals that training methods are resistant to factors.
determinants for the success of hypertrophy. Faria (2018) and Hajj-Boutros and Jacob (2023) highlightam
than high intensity strength training, performed between 60% and 85% of 1RM (repetition
maximum), induces the greatest gains in muscular mass, since associated with a periodization
structure and adequate recovery intervals. Linear and wave periodization models
They have proven to be effective in avoiding adaptive plates and maintaining continuous hypertrophic stimulation.
These slopes reinforce the importance of the planned variation of volume and intensity as
Essential tool to maximize physiological adaptations and reduce the risk of overtraining.

The question of muscle recovery and sound emerged as an essential component in
more recent studies. According to Parreira and Resende (2015) and Lima (2017), deep sound favors
The pulsatile release of GH reduces two levels of cortisol, creating an ideal anabolic environment
for muscle growth. A deprivation of sound, on the other hand, increases fatigue, harms
Tecidual regeneration and reduction of protein synthesis efficiency. These results show that
Adequate rest should be considered as a training variable that is relevant to charging.
intensity, being essential to optimize two results.

Além disso, a review revealed that biological individuality exerts direct influence on a
magnitude of hypertrophic responses. Studies show significant differences between individuals
regarding the proportion of type | and type Il fibers, hormonal sensitivity, and ability to
recovery and genetic predisposition (HAYES and CRIBB, 2008). This variability reinforces
need for personalized training protocols, adjusted to physiological characteristics and
objective years of each practitioner. The reconfirmation of these differences also contributes to the
development of more inclusive approaches in training programs, contemplating groups
as women, educated and initiating, who traditionally present less representation in
studies on hypertrophy.

A global analysis of two results indicated that muscle hypertrophy is a multifactorial process,
dependent on the integration between the mechanical stimulus, the nutritional contribution and adequate recovery.
Nenhum factor isolated was able to fully explain muscle growth; on the contrary, as
Evidence suggests a synergy between exercise, nutrition and sleep as a basis for success.
adaptations. These conclusions reaffirm the role of the Physical Education professional as a mediator
between science and practice, responsible for applying technical and empirical knowledge ethically
and personalized, guaranteeing efficiency and safety of two programs aimed at development
muscle mass.

Among the oldest studies, the research of Andrews and MacLean (2006) stands out, which

demonstrate the importance of adequate protein consumption for muscle synthesis and exercise
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practitioners of resisted exercises, and the contributions of Hulmi, Lockwood and Stout (2010), who

confirm the role of the protein of soro do leite (whey protein) in the activation of the protein synthesis in
post-training recovery. These investigations will serve as a basis for subsequent studies that

deepening the understanding of the metabolic pathways and hormones involved in the hypertrophic process.

As of 2015, as advances in imaging and molecular biology techniques have been made,
extension of knowledge about the activation of the IGF-1/Akt/mTOR pathway, the main mediator of synthesis
muscle protein (NOGUEIRA, 2022). Ogiku and Ikematsu (2015) confirm that ingestion
Adequate supply of essential amino acids, especially leucine, potentiates this pathway, reinforcing
Direct relationship between nutrition and muscular adaptation. J& Lima e Miguel et al. (2021) demonstrate that
The number of series and intensity of two exercises directly influences the volume of hypertrophy,
being the high-intensity and short-duration protocols the most effective in promoting the increase in
Cross section of muscle fibers.

The results will also show what hormonal and environmental factors play a role.
determining role in the hypertrophic process. Oliveira (2022) and Andrade and Reis (2021) highlight that
anabolic hormones, such as testosterone, GH and IGF-1, act synergistically to promote or
growth of myofibrils, as high levels of cortisol tiveram catabolic effect, reducing
or muscle gain. Além disso, the studies emphasize the importance of sound and recovery as
essential components of the adaptation, since the release of GH causes protein synthesis
more intensely during or rest (PARREIRA and RESENDE, 2015; LIMA, 2017).

In the field of practice, Faria (2018) and Hajj-Boutros and Jacob (2023) evidence that or
Periodized and individualized strength training was the most effective strategy to induce hypertrophy
safely and continuously. These authors will observe that the planned alternation between phases of major
volume and lower intensity and phases of higher intensity and lower volume prevented or
supertraining and maximizing or hypertrophic stimulus. Additionally, | verified which protocols
that combining multi-articular and mono-articular exercises results in greater recruitment of
fibers and a better balance between strength and muscle volume.

From a nutritional point of view, the data indicate that the daily protein intake between 1.6
e 2.2 g/kg body weight, associated with a caloric intake slightly higher than energy expenditure
daily, it was decisive for consistent gains of lean mass (LIMA and MIGUEL, 2021). essa
Consumption rate was sufficient to maximize muscle protein synthesis (MPS), reduce or
Catabolism and promote positive nitrogen balance. The authors will highlight that surpluses
calories do not cause greater hypertrophy, but rather an increase in body fat, reinforcing
importance of balanced nutritional strategies adapted to the body composition of each

individual. Thus, caloric modulation must be adjusted gradually, prioritizing quality.
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macronutrients and metabolic efficiency of the organism.

Protein fractionation throughout the day and post-workout intake will demonstrate strategies
fundamentals to optimize anabolic chamada janela, period in which the organism appears greater
sensitivity to muscle protein synthesis (HULMI, LOCKWOOD and STOUT, 2010). Evidence
Recent indications indicate that the consumption of 20 to 40 g of protein of high biological value per meal,
distributed at intervals of three to four hours, maintain constant stimulation to protein synthesis
(YASUDA et al., 2022). This practical guarantor or continuous supply of essential amino acids,
especially leucine, the main activator of the mTOR pathway, responsible for the beginning of the process
cellular anabolic. In this way, the consistency of protein intake, more than the total volume
consumed in a single meal, it constitutes the preponderant factor for muscle growth
supported.

Among the most effective protein sources, whey protein stands out.
protein), egg protein, lean meats and fish, which have high bioavailability and
complete profile of essential amino acids (OGIKU and IKEMATSU, 2015). The studies will show that
The consumption of whey protein after resisted exercise results in rapid elevation of two levels
plasma leucine and stimulates, more efficiently, MPS when compared to sources
you vegetate Meanwhile, authors such as Wilson (2016) and Nogueira (2022) highlight that diets based
Vegetable proteins can also promote hypertrophy, as long as there is adequate planning
das food combinations to achieve the full spectrum of amino acids and an intake
slightly higher total protein (2.0-2.4 g/kg).

In the context of two carbohydrates, analyzed literature demonstrates that they perform a
essential role not only as a primary source of energy, but also in response modulation
hormonal training. According to Hayes and Cribb (2008), carbohydrate intake along with
Proteins after exercise favor the release of insulin, a hormone that inhibits protein degradation
It facilitates the transport of amino acids to the interior of muscle cells. This combination
It also reduces cortisol levels, creating a metabolic environment more favorable to recovery.

The shape, the balance between proteins and carbohydrates in post-training meal is considered one of the two
pillars of nutrition aimed at muscular hypertrophy.

Lipids, often neglected, also perform functions
important in hormonal synthesis and the health of cell membranes. Investigations such as Ogiku and
Ikematsu (2015) showed that excessively restrictive diets in fat can compromise
the production of testosterone and other steroid hormones, reducing the anabolic efficiency of
body. It is recommended that lipids comprise 20% to 35% of the total energy value of

diet, favoring sources rich in mono- and polyunsaturated fatty acids, such as olive olil,
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abacate, chestnuts and cold water fish. In addition to contributing to the hormonal profile, lipid levels
It has anti-inflammatory properties that help in muscle recovery and protection against
or oxidative stress induced by intense exercise.

The adequacy of two micronutrients was another point of emphasis in the evidence reviewed.
Vitamins and minerals, such as vitamin D, zinc, magnesium and calcium, show a direct relationship
com a for¢a ea muscular recovery (OLIVEIRA, 2022). Vitamin D, especially tuna
Modulation of muscle contraction and calcium metabolism, directly influencing efficiency
neuromuscular. Micronutrient deficiency has been associated with reduced strength and
resistance, as well as a greater predisposition to injuries. Ja 0 zinco participates in enzymatic processes
related to protein synthesis and testosterone production, as magnesium helps in
Tecidual regeneration and stabilization of cell membranes. Assim, snow maintenance
Adequate use of these micronutrients is achieved through adequate nutrition or supplementation.
oriented, and essential to the full functioning of muscular metabolism.

Nutritional supplementation was identified as an effective support resource, since
used judiciously and based on scientific evidence. Among the supplements more
studied, creatine monohydrate stands out for increasing phosphocreatine levels
intramuscular, which improves work capacity, delays fatigue and enhances the desire to
force and muscle volume (FARIA, 2018). Also, beta-alanine or HMB (beta-hydroxy-beta-
methylbutyrate) foram suggested as substances with complementary positive effects, emboras
Results on its direct impact on hypertrophy still show divergences in the literature. TO
The use of supplements must therefore be subject to individual and yearly approval.
accompanied by qualified professionals, guaranteeing safety and effectiveness.

Another aspect addressed by recent studies refers to the role of hydration in the dehydration process.
muscle growth. Parreira and Resende (2015) highlight that the state of hydration influences
performance, or transport of nutrients and protein synthesis. A slight dehydration, of just 2% gives
body mass, it is capable of compromising muscle function and increasing oxidative stress. By
Therefore, adequate water intake before, during and after exercise must be integrated into the plan.
nutritional, especially in hot environments or during high-intensity workouts. To water
It is also essential for the transport of amino acids and electrolytes, which reinforces its role as
adjuvant element in the hypertrophic process.

In summary, the results indicate that the success of muscle hypertrophy depends on
interaction between dietary, hormonal and metabolic factors, leading to structured and
individualized or central eixo dessa adaptation. Literature reinforces that nutrition should not be seen

only as a training support, but also as an active anabolic tool, capable of
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potentiate the effects of resisted exercise. A combination between nutritional planning

balanced, rational supplementation, hormonal control and adequate hydration constitute, therefore, or

alicerce for sustainable and safe muscle growth, which validates the importance of atuacao

joint collaboration between Physical Education professionals, nutritionists and physiologists in prescribing and not
accompaniment of programs aimed at hypertrophy.

In relation to the most recent years, Yasuda et al. (2022) and Vasconcelos Neto (2025)
reinforce the importance of protein distribution over the long period of meals and the role of leucine in
activation of mTOR, consolidating a new understanding of the synergy between nutrition and
training Santos and Bezerra (2014) emphasize that the processes of cellular signaling are
fundamental to understand muscle growth on a molecular level, opening new doors
Perspectives for studies of applied physiology.

A discussion of two results allowed us to conclude that muscular hypertrophy hardly corresponds
Isolated physical exercise, but also integration between resisted training, adequate nutrition,
rest and hormonal control. The research analyzed corroborates the classical theories of physiology
exercise and expand knowledge on cellular and metabolic adaptations, confirming
that the hypertrophic process depends on progressive overload, on positive protein balance and on
adequate recovery.

Despite two advances, the limitations pointed out by the authors include a lack of studies
Lengths in specific populations, such as women and men, are difficult to register
Variaveis of training in controlled clinical trials. These limitations indicate the necessities of new
research that explores biological individuality and long-term adaptive responses. Of
Generally speaking, the results found and discussed reinforce the idea that muscular hypertrophy
It is a multifactorial phenomenon, supported by physiological, nutritional and behavioral evidence,
and that its integrated understanding is essential for the development of training programs

safe and efficient.

Conclusion

An integrated analysis of two multiple aspects involved in muscular hypertrophy evidence or
multifactorial and dynamic character of the adaptive process. A synthesis of knowledge from
Physiology, genetics, nutrition, training and recovery reveal that the increase in muscle mass
It does not depend on a single isolated factor, but rather a complex interaction between mechanical stimuli,
Nutrient availability, hormonal profile and individual variables such as age, sex and heritage

genetics (FARIA, 2018). The literature highlights that strategies based on progressive overload,
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Adequate protein intake, quality and recovery planning are essential for
optimize the hypertrophic process, reducing risks and maximizing the functional benefits and
metabolic.

The individualization of interventions stands out as a guiding principle, considering
High interindividual variability in responding to the same training and nutrition prescriptions
(FARIA, 2018). Factors such as fiber type composition, genetic polymorphisms, state
nutritional, level of experience in training and presence of specific clinical conditions
It modulates both the potential and the speed of the muscle mass gain. Dessa forma, a
personalized prescription, based on regular assessments and no systematic monitoring
results, emerges as a superior strategy in relation to standardized approaches, promoting
Sustainability of hypertrophic organisms and minimization of adverse effects.

The importance of interdisciplinary work is reiterated given the complexity of the phenomenon
hypertrophic (FARIA, 2018). Integration between Physical Education professionals, nutritionists,
Physiotherapists and doctors potentiate the achievement of results through the alignment of stimuli
physical, nutritional support and recovery strategies. Além disso, to ethical and guided atuacéo
Scientific evidence is essential to cover inappropriate practices, such as indiscriminate use.
of ergogenic substances and restrictive diets, and to guarantee the safety of practitioners, above all
in contexts of greater vulnerability, such as the elderly, adolescents and individuals with comorbidities.

The reconfirmation of two benefits of muscular hypertrophy extrapolated to the aesthetic and
sports, reaching the promotion of public health, the prevention of chronic diseases and better times
gives functionality in different populations (FARIA, 2018). The increase in muscle mass is
associated with reducing the risk of sarcopenia, seizures, insulin resistance and morbidities
cardiovascular, in addition to contributing to autonomy and quality of life in all age groups.

Thus, the dissemination of practices based on evidence and adapted to sociocultural realities

It constitutes a challenge and a responsibility for professionals and institutions dedicated to promotion.

muscle health.

References

ALMEIDA, PM of; CARVALHO, DS; PEREIRA, CA Learning protein synthesis in an interactive and
playful way: the protein synthesis challenge. Journal of Biochemistry Education, Brazilian Society
of Biochemistry and Molecular Biology - SBBq, v. 20, no. 2, p. 1-13, 2021. Available at: https://doi.org/
10.16923/reb.v20i2.918. Access em: 11 out. 2025.

ANDRADE, SM; REIS, DS; FERRO, AR Benefits of strength training associated with the partial
vascular occlusion method in hypertrophy and no muscle strength gain. RENEF, Montes Claros:
Universidade Estadual de Montes Claros (UNIIMONTES), v. 12, no. 18, p. 69-83,

This is an article published in Open Access under the CreativeCommons Attribution license, which permits use, distribution and reproduction in any

@ time, without restrictions since the original work is correctly cited.



Ewgsl%ﬁgdgé{pﬁg@gl:%mmc Magazine O Saber.

ISSN: 2675-9128. S&o Paulo-SP.

Year VII, v.1 2026 | submitted: 04/10/2026 | oil: 04/14/2026 | publication: 04/17/2026

2021. Available at: https://doi.org/10.46551/rn2021121800051. Access em: 11 out. 2025.

ANDRADE, SM; REIS, DS; FERRO, ARF Benefits of strength training associated with the partial
vascular occlusion method in hypertrophy and no muscle strength gain. RENEF, Montes Claros:
Universidade Estadual de Montes Claros (UNIIMONTES), v. 12, no. 18, p. 69-83, 2021. Available at: https://
doi.org/10.46551/rn2021121800051. Access em: 11 out. 2025.

ANDREWS, RD; MACLEAN, DA; RIECHMAN, SE Protein intake for skeletal muscle hypertrophy with
resistance training in seniors. International Journal of Sport Nutrition and Exercise Metabolism, Human
Kinetics, v. 16, no. 4, p. 362—372, 2006. Available at: https://doi.org/10.1123/ijsnem.16.4.362. Access em: 11
out. 2025.

BEZERRA, MA; SANTOS, NA two. Cellular signaling pathways can help you understand
melhor or Ebola. Nanocell News, Nanocell Institute, v. 1, no. 16, 2014. Available at: https://doi.org/10.15729/
nanocellnews.2014.08.25.001. Access em: 11 out. 2025.

FARIA, DPB of. Creatine supplementation does not gain strength and muscle hypertrophy in strength
training practitioners: a brief narrative review. Revista Eletronica Acervo Saude, 2018, Sup., n. 13, p.

S1476-S1483. Available at: https://doi.org/10.25248/reas274 _2018.
Accessed on: 11 Oct. 2025.

FARIA, DPB of. Creatine supplementation without strength gain and muscular hypertrophy in strength
training practitioners: a brief narrative review. Eletrénica Acervo Saude Magazine, 2018, v. Sup., n. 13, p.

S1476-S1483. Available at: https://doi.org/10.25248/reas274 _2018.
Accessed on: 11 Oct. 2025.

FINCK, SCM Physical school education: areading in the emerging conception of human development.
Olhar de Professor, Ponta Grossa: Universidade Estadual de Ponta Grossa (UEPG), v. 1, no. 1, p. 1-10,

2009. Available at: https://doi.org/10.5212/olharprofr.v.1.1338.
Accessed on: 11 Oct. 2025.

HAJJ-BOUTROS, G.; JACOB, K.; SONJAK, V.; BROERING, F.; MORAIS, JA Resistance training, but not leucine, can
reverse frailty by increasing basal muscle protein synthesis in older women consuming an optimized protein intake.
Clinical Nutrition ESPEN, Elsevier BV, v. 54, p. 714-715, 2023. Available at: https://doi.org/10.1016/j.clnesp.2022.09.745.
Access em: 11 out. 2025.

HAYES, A.; CRIBB, PJ Effect of whey protein isolate on strength, body composition and muscle
hypertrophy during resistance training. Current Opinion in Clinical Nutrition and Metabolic Care, Ovid
Technologies (Wolters Kluwer Health), v. 11, no. 1, p. 40-44, 2008. Available at: https://doi.org/10.1097/
mco.0b013e3282f2a57d. Access em: 11 out. 2025.

HULMI, JJ; LOCKWOOD, CM; STOUT, JR Effect of protein/essential amino acids and resistance training
on skeletal muscle hypertrophy: a case for whey protein. Nutrition & Metabolism, Springer Science and
Business Media LLC, v. 7, no. 1, p. 51, 2010. Available at: https://doi.org/10.1186/1743-7075-7-51. Access
em: 11 out. 2025.

LIMA, LEDM; MIGUEL, H.; MORIGGI JUNIOR, R.; SILVA, RPD; NOGUEIRA, HS; BRITO-NETO, JGD;
GUEDES JR., DP Number of series in muscular force training: a brief narrative review of meta-analyses
on force adaptations and muscular hypertrophy.

@ @ This is an article published in Open Access under the CreativeCommons Attribution license, which permits use, distribution and reproduction in any
time, without restrictions since the original work is correctly cited.



Emﬂﬁ@ﬁhb&pﬁwglﬁmiﬂc Magazine O Saber.

87 ISSN: 2675-9128. S&o Paulo-SP.

Year VI, v.1 2026 | submitted: 04/10/2026 | oil: 04/14/2026 | publication: 04/17/2026

Multidisciplinary Reviews, Malque Publishing, v. 4, no. 1, p. e2021008, 2021. Available at: https://doi.org/
10.29327/multi.2021008. Access em: 11 out. 2025.

LIMA, WP Molecular mechanisms associated with muscle hypertrophy and hypotrophy:
relationship with physical exercise practice. Revista Brasileira de Fisiologia do Exercicio,
Convergences Editorial, 2, p. 128-14118017 NAvailable at: https://doi.org/10.33233/rbfe.v16i2.972.
Access em: 11 out. 2025.

MOREIRA, PSA; SILVEIRA, AC; ARRIGONI, MDB; COSTA, C.; CHARDULO, LAL; FURLAN, LR; DAL
PAI, V. Effect of somatotropin in hypertrophy of skeletal muscle fibers and in reproductive
precocity of Nelore heifers. Pesquisa Agropecuaria Brasileira, FapUNIFESP (SciELO), vp 1853-1860,
2000. Available in: 35, n. 9, https://doi2®2f10.1590/s0100-204x2000000900018. Access em: 11 out.

NOGUEIRA, HS Gerais conceitos e determinant factors para hypertrophic responses in skeletal
musculature induced by muscular strength training — a narrative review. Revista Brasileira de
Fisiologia do Exercicio, Convergences Editorial, v. 17, no. 1, p. 60-

63, 2022. Available at: https://doi.org/10.33233/rbfe.v17i1.2369. Access em: 11 out. 2025.

OGIKU, M.; IKEMATSU, Y.; OGASAWARA, T.; OKAMOTO, Y. SUN-LB020: The relationship between
dietary amino acid intake and training-induced muscle hypertrophy among older individuals.
Clinical Nutrition, Elsevier BV, v. 34, p. S242, 2015. Available at: https://doi.org/10.1016/
s0261-5614(15)30741-x. Access em: 11 out. 2025.

OLIVEIRA, M. de. Muscular hypertrophy: a study on the two types of myofibrillar muscular
hypertrophy and sarcoplasmic muscular hypertrophy. Physical Education, Sports, Culture &
Society, Editora ZH4, 2022, p. 245-261. Available at: https://doi.org/10.51360/zh4.20221-01-
p.245-261. Access em: 11 out. 2025.

PARREIRA, RC; RESENDE, RR What is hypertensive? (5th chapter) What is the difference
between cardiac hypertrophy and hypertension? Nanocell News, Nanocell Institute, v. 2, no. 12, p. n/an/a, 2015.
Available at: https://doi.org/10.15729/nanocellnews.2015.05.19.002. Access em: 11 out. 2025.

SAMPAIO, ADS; NUNES, MA da C. School physical education and its importance in human
development. Interdisciplinary Dialogues 13, Didlogo Comunicacéo e Marketing, 2024, p. 40-54.
Available at: https://doi.org/10.29327/5450500.1-3. Access em: 11 out. 2025.

SANTOS, NA; BEZERRA, MA; RESENDE, RR Stomach surgery also causes loss of function due
to cellular signalization. Nanocell News, Nanocell Institute, 2014, v. 1, no. 11, p. 1-1.
Available at: https://doi.org/10.15729/nanocellnews.2014.05.12.002. Access em: 11 out. 2025.

SILVA, MB; CAVAZOTTI, MA Contributions to school physical education for the psychic
development of human beings: first apontamentos. Revista Ibero-Americana de Estudos em
Educacéo, 2017, v. 12, no. 2, p. 689-709. Available at: https://doi.org/10.21723/riaee.v12.n2.8298.
Access em: 11 out. 2025.

SILVA, TF da; FELIX, MEC The impact of alcohol consumption on muscular hypertrophy and strength training. Physical education in movement:
health and well-being through exercise, Atena Editora, 2024, p. 13-26. Available at: https://doi.org/10.22533/at.ed.6002429012. Access em: 11 out.
2025.

@ @ This is an article published in Open Access under the CreativeCommons Attribution license, which permits use, distribution and reproduction in any
time, without restrictions since the original work is correctly cited.



EK%LSl%G%QMpﬁ%?QL%mmC Magazine O Saber.

ISSN: 2675-9128. S&o Paulo-SP.

Year VII, v.1 2026 | submitted: 04/10/2026 | oil: 04/14/2026 | publication: 04/17/2026

SOARES, CP; CASSEB, GB; BARBOSA NETO, IA; PONTES, NS; JUCA, FL; ALBUQUERQUE, LL; FURTADO, C. de M.
Importance of skeletal contractile proteins during muscular hypertrophy. Health Science in Western Amaz6nia, Stricto
Sensu Editora, 2019, p. 201-214. Available at: https://doi.org/10.35170/ss.ed.9786580261055.14. Access em: 11 out. 2025.

SOUZA JUNIOR, TP of; DUBAS, JP; PEREIRA, B.; OLIVEIRA, PR de. Creatine supplementation and strength training:
alterations resulting from maximum dynamic strength and anthropometric variations in university students subjected
to eight weeks of strength training (hypertrophy). Brazilian Journal of Sports Medicine, FapUNIFESP (SciELO), v. 13, no.
5, p.

303-309, 2007. Available at: https://doi.org/10.1590/s1517-86922007000500005. Access em: 11 out. 2025.

TRISTAO, PA da S.; JUSTO, JL; TOIGO, AM | teach about the process of human development in graduation courses in
Physical Education. Health and Human Development, Centro Universitario La Salle - UNILASALLE, v. 5, no. 2, p. 39, 2017.
Available at: https://doi.org/10.18316/sdh.v5i2.3181. Access em: 11 out. 2025.

VASCONCELOS NETO, JM The role of the essential amino acid leucine in muscle protein synthesis. Quality of life and
health — contemporary perspectives: Volume 5, Dialetica, 2025.
Available at: https://doi.org/10.48021/978-65-270-6781-8-c13. Access em: 11 out. 2025.

WILSON, SA Commentary on: Muscular strength gains during resistance training are attenuated with soy in
comparison with latin foods or usual protein intake in older adults: a randomized controlled trial. Clinical Nutrition,
Elsevier BV, v. 35, no. 6, p. 1575-1576, 2016. Available at: https://doi.org/10.1016/j.clnu.2016.07.005. Access em: 11 out.
2025.

YASUDA, J.; MURATA, K.; HASEGAWA, T.; YAMAMURA, M.; MAEO, S.; TAKEGAKI, J.; TOTTORI, N.; YOKOKAWA, T;
DIE.; ARIMITSU, T.; NISHIKORI, S.; FUJITA, S.

Relationship between protein intake and resistance training—induced muscle hypertrophy in middle-aged women: A
pilot study. Nutrition, Elsevier BV, v. 97, p. 111607, 2022. Available at: https://doi.org/10.1016/j.nut.2022.111607. Access
em: 11 out. 2025.

YASUDA, J.; TOMITA, T.; ARIMITSU, T.; FUJITA, S. Evenly distributed protein intake over 3 meals increases resistance
exercise—-induced muscle hypertrophy in healthy young men. The Journal of Nutrition, Elsevier BV, v. 150, no. 7, p.
1845-1851, 2020. Available at: https://doi.org/10.1093/jn/nxaal01. Access em: 11 out. 2025.

@ @ This is an article published in Open Access under the CreativeCommons Attribution license, which permits use, distribution and reproduction in any
time, without restrictions since the original work is correctly cited.



