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Abstract

Resistance training (RT) is a key factor in promoting muscle hypertrophy and overall muscle health. Recent research
highlights the role of RT frequency in optimizing hypertrophic outcomes. The purpose of this literature review is to
explore the influence of training frequency on muscle hypertrophy and evaluates its effectiveness in tailoring programs
to individual needs. A total of 63 research papers published between the years 2019 to 2024 were accessed and used
for this review that met the criteria. The review indicates that while training volume is the primary driver of
hypertrophy, frequency adjustments may enhance outcomes in specific contexts, such as recovery capacity and
advanced adaptations. This review underscores the potential of frequency as a variable to optimize RT programs for
improved muscle health.
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1. Introduction

Skeletal muscle hypertrophy, which is essential for both physical function and metabolic health, can be strongly
stimulated by resistance training (RT) [1]. Muscle satellite cells (MuSCs) are necessary for both hypertrophy and
regeneration, although the ways in which they are activated vary depending on the process [2]. Recent research has
brought attention to the intricate biochemical processes that underlie hypertrophic increases, highlighting the
complementary benefits of protein consumption and resistance training [3]. However, some research indicates that size
and force are not always correlated, indicating that the relationship between muscular hypertrophy and strength is not
always proportionate [4]. Both internal and external factors, such as mechanotransduction and gene expression, as well
as exercise programming and diet, affect this variability in response to RT-induced hypertrophy [1]. Understanding
these mechanisms is crucial for developing effective strategies to enhance muscle mass and function in various
populations, including those with muscle atrophy or sarcopenia [2,3].

Reduced muscle mass, strength, and function are the hallmarks of sarcopenia, a degenerative skeletal muscle condition
[5]- Malnutrition, age, chronic illnesses, and a lack of physical activity are all linked to it. As people age, the prevalence
of sarcopenia rises, ranging from 3% to 24% [6]. Numerous detrimental health effects, such as falls, incapacity,
metabolic abnormalities, and an increased risk of death, can result from sarcopenia [7,8]. Muscle mass measures and
functional tests that assess physical performance or muscle strength are part of the diagnosis process. A multimodal
approach is necessary for management, combining anti-inflammatory drugs, physical activity, and consumption of
protein and fatty acids [6]. It has been demonstrated that resistance training is a successful strategy for both preventing
and treating sarcopenia in older persons. Resistance training dramatically increases body fat mass, muscle strength, and
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physical performance in older people with sarcopenia, according to meta-analyses [9,10]. In particular, the most
effective technique seems to be moderate-intensity resistance training using elastic bands, done three times a week for
a minimum of 12 weeks [10]. Residents of nursing homes who participated in a 12-week resistance training program
saw improvements in their physical performance, muscle strength, and prevalence of sarcopenia [11]. Since blood-flow-
restricted low-load resistance training (20-30% of 1RM) can increase muscle growth and function without having the
possible adverse consequences of high-load training on arterial compliance, it has also become a viable strategy for
older persons [12]. These results demonstrate the value of resistance training in the treatment of sarcopenia.

Muscle strength and mass are greatly increased by resistance training (RT), and up to a certain degree, a dose-response
connection is seen [13]. Intensity, volume, frequency, and duration are important factors that affect the results of RT
[13,14,15,16]. While volume influences both strength and hypertrophy, RT load and weekly frequency largely influence
strength improvements [14]. Adaptations can also be influenced by other factors such as attention, range of motion,
time under strain, contraction type, repetitions to failure, and inter-set rest [15]. To maximize RT results, these variables
must be properly manipulated [16]. Training frequency is one of these variables that is still hotly debated in the scientific
community. Research has shown that different muscle hypertrophy outcomes are influenced by individual
characteristics like genetics, dietary habits, and daily activities [17,18]. Knowing the ideal RT frequency is essential for
creating training plans that optimize muscle growth while lowering the possibility of overtraining.

The goal of this review of the literature is to compile the most recent data about the function of RT frequency in
maximizing muscle growth. The overall advantages of resistance training, the control of hypertrophy, important RT
variables that affect muscle growth, and, lastly, the optimal RT frequency for optimizing hypertrophy will all be covered.
By discussing these subjects, this study aims to offer useful advice to researchers, fitness experts, exercise physicians,
physiotherapists, rehabilitation specialists, and enthusiasts who want to maximize muscle health through training
methods based on scientific knowledge.

2. Material and methods

To review the impact of resistance training frequency on increasing muscle mass and its implications for health, Google
Scholar, a web-based search engine that offers a quick and simple way to search and access published literature from
articles, journals, and books, was used to conduct the systematic literature review. The search was conducted using the
keywords "frequencies, muscle mass, muscle hypertrophy, resistance training." and the following thematic search
terms: "muscle hypertrophy, regulation, health benefits.". For this review, publications from 2019 to 2024 were
gathered. The systematic review search produced a variety of findings. Some of the articles were unique to either
resistance training and muscular hypertrophy, resistance training and muscle mass, resistance training and frequency,
or even only resistance training, while others had all of the topic keywords. This literature review attempts to give a
thorough overview of the impact of resistance training frequency on muscle hypertrophy by combining the pertinent
research and emphasizing the various muscle gains and optimal frequencies.

3. Results

The result search at Google Scholar for information on the role of resistance training frequency in muscle hypertrophy,
a total of 353,900 results were retrieved from both thematic searches: 32,900 from the “frequencies, muscle mass,
muscle hypertrophy, resistance training” and 321,000 from the “muscle hypertrophy, regulation, health benefits.”
Among the results obtained from the search, 31,600 were published within the years 2019-2024. Publications that
reviewed the role of resistance training frequency in muscle hypertrophy showed 1,200 publications between 2019 and
2024.

However, using the previously stated search criteria, only 63 papers in total are selected for this literature review. The
effects of varying resistance training frequencies on muscle growth were the specific focus of some of the publications
that were obtained for this study. The resistance training elements that promote muscular growth are also explained in
this review. Some research looked at the effects of resistance training on muscle health and other medical specialties,
while others investigated the wider health advantages of resistance training, such as its effects on the body's metabolism
and physical condition.
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4. Discussion

4.1. The benefits of resistance training

Resistance training (RT) is an important part of physical activity since it provides numerous health advantages in
different areas. Reductions in blood pressure and improved lipid profiles improve cardiovascular health, and increases
in fat-free mass and resting metabolic rate help manage weight [19]. By improving bone density, muscle mass, and
flexibility, RT fortifies the musculoskeletal system and helps treat diseases including osteoporosis and arthritis [19,20].
According to neuropsychology, RT improves cognitive performance while lowering stress, anxiety, and depression
[19,21]. Additionally, it fights sarcopenia and frailty, lowers the incidence of falls and fractures in middle-aged and older
persons, and works well in both the early and late stages of neuromuscular aging [22,23,24]. Additionally, RT improves
general physical function and body composition, particularly in older populations and those who are overweight or
obese, and is linked to a lower risk of mortality from cardiovascular disease, cancer, and all causes [25,26]. Crucially, RT
is accessible to a wide range of people since these advantages can be obtained with lesser loads carried to failure [21,27].

In addition to enhancing overall health and athletic performance, resistance training is a potent intervention for
controlling and preventing chronic diseases. It significantly increases strength and mobility and improves balance,
coordination, and rehabilitation outcomes for a variety of musculoskeletal ailments [28,29]. RT helps middle-aged and
older women become more functionally independent by strengthening their muscles, increasing bone density, and
lowering their risk of fractures [30]. With moderate to significant gains in strength, gait speed, and mobility, the
intervention has shown significant promise in addressing the impacts of neuromuscular aging and sarcopenia in older
persons [22,23]. Consistent monitoring is advised during RT programs despite its many benefits in order to reduce the
possibility of adverse effects, which are uncommon but do occur [31]. RT is a key component in attaining long-term
health and vitality by reducing cardiovascular risk factors, enhancing physical functioning, and encouraging healthy

aging.

4.2. Skeletal muscle hypertrophy regulation

Skeletal muscle growth is regulated by intricate molecular mechanisms such as satellite cell activity, transcriptional
activation, and protein synthesis. This mechanism depends on the mTORC1 pathway, which is also involved in protein
synthesis and ribosome biogenesis [32]. New research suggests that mTOR signaling can be activated without Akt to
promote hypertrophy, despite the fact that muscle growth has traditionally been linked to the IGF-1/Akt pathway [33].
Satellite cell-mediated myonuclear addition and ribosome biogenesis are thought to be essential for sustaining muscle
growth, however their requirement is still debatable [34]. Through the PI3K/Akt/mTOR and PI3K/Akt/GSK3(
pathways, IGF-1 promotes protein synthesis and inhibits protein breakdown by controlling E3 ubiquitin ligases and
maybe autophagy. Furthermore, IGF-1 activates satellite cells, which prevent atrophy and encourage muscle
regeneration, both of which contribute to overall hypertrophy [35].

Resistance exercise training causes skeletal muscle growth through a complex interplay between molecular cues and
mechanical stimulation. Ribosome biogenesis has emerged as a critical factor, driven by increased ribosomal RNA
transcription and regulated by mTORC1 signaling [36,37,38]. The mTORC1 pathway is essential for coordinating
protein synthesis and degradation in response to mechanical stress, which emphasizes its role in regulating muscle
mass [39]. Moreover, translational regulatory mechanisms that affect muscle growth include RNA-binding proteins and
microRNAs [40]. Resistance training activates key signaling pathways, such as IGF-1-PI3K-Akt-mTOR and Myostatin-
SMAD3, that regulate the balance between hypertrophy and atrophy [41,42]. Recent advances in human research, which
emphasize the importance of ribosome biogenesis and translational capacity in exercise-induced hypertrophy, have
broadened our understanding of these regulatory processes [43].

4.3. Resistance training factors to increase muscle hypertrophy

Resistance training (RT), a very effective non-pharmacological technique for improving muscle growth, strength, and
physical function, is essential for individuals of all ages [44]. Important elements influencing RT adaptations include
exercise choice, training volume, frequency, and intensity. Higher training volume, specifically more sets per exercise,
is positively connected with muscular hypertrophy and strength improvements, even though too much volume may
hinder muscle growth [45,46]. Programs that last 12 weeks or more and involve exercise at least three days a week are
particularly beneficial for older adults since they build muscle and strength [47,48].

RT intensity has a significant effect on strength increases, but its effect on hypertrophy is yet unknown [14]. Multi-joint

exercises are recommended for their effectiveness because they train greater muscle mass than single-joint workouts
[46]. Additionally, factors such as blood flow restriction, eccentric contractions, and range-of-motion manipulation can
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be used to further improve hypertrophy [49,50]. Optimizing adaptations necessitates tailoring RT parameters to each
person's requirements, including metabolic stress and mechanical tension, and monitoring results with regular one-
repetition maximum (1RM) assessments [46]. Even though RT can effectively reverse age-related muscle loss, the
anabolic response declines with age. This implies that more treatments might be required to enhance outcomes [48].

4.4. The optimal resistance training frequency on muscle hypertrophy

According to recent studies, when training volume is equal, the frequency of resistance training may not have a
significant effect on muscle hypertrophy [51,52,53,54]. When volume was matched, several studies have found no
discernible differences in muscle growth between training frequencies of one to three times per week and two to three
times per week. The results are consistent for both upper and lower body exercises and both trained and untrained
individuals [51,52,55]. Similarly, when volume is equal, it has been demonstrated that resistance training three or six
times a week results in comparable hypertrophy [56]. High and low frequency in well-trained men shows no significant
difference in muscle growth [57]. Training muscle groups 1 day per week vs. 2 days per week with equated sets per
muscle group resulted in similar neuromuscular and morphological adaptations in trained men [58]. Higher training
frequencies in older persons do not significantly enhance muscle growth, although they may marginally increase
maximal strength [59]. However, a slight hypertrophic benefit for greater training frequencies was noted in trials that
did not equate volume [52].

Individual responses may differ, even though the majority of research indicates that weekly training frequency can be
selected according to personal desire without limiting muscle growth, provided that total volume is maintained [51,52].
Individual responses to high versus low frequency training have been used to identify differences in hypertrophy and
strength gains [17]. In comparison to lower-frequency split-body exercises, higher-frequency whole-body training may
also result in more hypertrophy [60,61]. Similar increases in muscle mass, strength, and quality have been
demonstrated across a range of demographics, including trained males and elderly women, when muscle groups are
trained two to three times per week [62,63]. Nevertheless, there is still little evidence supporting frequency higher than
three times per week, especially when non-equated quantities are involved [52].

It is important to take into account a number of limitations when interpreting these results. The generalizability of the
conclusions of many studies is limited by their small scale or reliance on observational methodologies. Furthermore,
differences in individuals' dietary intake, which have a big impact on muscle development, were frequently overlooked.
Studies examining the impact of doing resistance training four or more days a week or combining resistance training
frequency with non-equated volume are similarly lacking. To gain a better understanding of the relationship between
frequency, volume, and muscle hypertrophy, future studies should concentrate on long-term trials that account for
dietary factors and look into greater training frequencies

5. Conclusion

In conclusion, the findings of 63 earlier studies demonstrate that resistance training (RT) is an important tactic for
encouraging muscle growth and enhancing muscle health. Frequency is a supporting factor in muscle growth, especially
when it comes to customizing programs to meet the needs and recuperation capacity of each individual, but training
volume is still the key factor. Research indicates that training frequency has little effect on hypertrophy when volume
is matched; however, tailored modifications may maximize results depending on variables like training status and
recuperation capacity. It also emphasizes the necessity of additional research to examine the long-term impacts of these
interventions under equal settings and in combination with RT frequency and non-equated volume. Gaining insight into
both responses may help create fresh approaches to the prevention and management of muscle-wasting conditions,
ultimately raising the quality of life for those who are susceptible to these illnesses.
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