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Abstract
Introduction: Mesotherapy is a medical technique
that administers medications directly to the affected
area, using reduced and localized doses to achieve a
specific therapeutic effect. Objective: To explore the
potential of mesotherapy combined with HMB (beta-
hydroxy-beta-methylbutyrate) in promoting muscle
hypertrophy. Methodology: This study consists of a
review of the scientific literature, covering articles,
meta-analyses, and experimental studies on the
synthesis, metabolism, efficacy, dosage, and
mechanisms of action of HMB. Theoretical
Framework: HMB, a metabolite of leucine, is
recognized for its anticatabolic effects and is gaining
attention for its ability to enhance athletic
performance and promote muscle hypertrophy. The
role of HMB in preserving and increasing muscle
mass underscores its effectiveness in both sports and
clinical contexts, particularly in debilitated
individuals. However, the efficacy of HMB may vary
depending on the context of application, exercise
intensity, and the health status of individuals.
Conclusion: It is concluded that mesotherapy
associated with HMB is a promising approach for
promoting muscle hypertrophy, especially under
specific conditions. However, its efficacy is
influenced by various factors, and future research
should focus on controlled clinical studies to
determine the optimal conditions for HMB use.

Keywords: Mesotherapy; hypertrophy; HMB; muscle
mass.

Resumo
Introdução: A mesoterapia é uma técnica médica
que administra medicamentos diretamente na área
afetada, utilizando doses reduzidas e localizadas

para alcançar um efeito terapêutico específico.
Objetivo: Explorar o potencial da mesoterapia
combinada com o HMB (beta-hidroxi-beta-
metilbutirato) na promoção da hipertrofia muscular.
Metodologia: Este estudo consiste em uma revisão da
literatura científica, abrangendo artigos, meta-análises
e estudos experimentais sobre a síntese, metabolismo,
eficácia, posologia e mecanismos de ação do HMB.
Teórico Referencial: O HMB, um metabólito da
leucina, é reconhecido por seus efeitos anticatabólicos e
vem ganhando destaque por sua capacidade de
melhorar o desempenho atlético e promover a
hipertrofia muscular. O papel do HMB na preservação
e aumento de massa muscular ressalta sua eficácia
tanto em contextos esportivos quanto clínicos,
especialmente em indivíduos debilitados. No entanto, a
eficácia do HMB pode variar de acordo com o contexto
de aplicação, a intensidade do exercício e o estado de
saúde dos indivíduos. Conclusão: Conclui-se que a
mesoterapia associada ao HMB é uma abordagem
promissora para a promoção da hipertrofia muscular,
especialmente em legislação específica. Entretanto, sua
eficácia é influenciada por diversos fatores, e futuras
pesquisas devem se concentrar em estudos clínicos
controlados para determinar as condições ideais para o
uso do HMB.

Palavras-chave: Mesoterapia; hipertrofia; HMB; massa
muscular.

I. INTRODUCTION

Mesotherapy is a medical technique that
aims to administer medications directly to the
affected area using intradermal or superficial
subcutaneous routes. This therapeutic approach,
which does not differ from conventional medicine in
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terms of the medications used, is characterized by
the application of reduced doses near the diseased
region [1]. This localized application seeks to
achieve a specific pharmacological effect without
the need for high doses that affect systemic
circulation. It is essential that the technique be
performed after a thorough clinical evaluation and
a favorable diagnosis [2].

HMB (beta-hydroxy-beta-methylbutyrate)
is a natural metabolite derived from the breakdown
of leucine, a branched-chain amino acid. In recent
years, the popularity of this supplement has grown,
motivating various studies to investigate its effects
on athletic performance in both trained athletes and
untrained individuals [3]. In a meta-analysis
conducted by NISSEN and SHARP in 2003 [4],
involving 250 supplements for muscle mass gain,
only six showed consistent evidence of increased
muscle mass, with only two, creatine and HMB,
being considered effective for this purpose.
Additionally, studies such as that of Holecek in
2017 [5] report the positive effects of HMB on
power and endurance exercises, including the
reduction of exercise-induced muscle damage,
increased hypertrophy and muscle strength,
improved performance in aerobic exercises,
resistance to fatigue, and regenerative capacity,
both in untrained individuals exposed to strenuous
exercise and in trained individuals subjected to
periods of high physical stress.

Skeletal muscle hypertrophy results from
an increase in the cross-sectional area of muscle
fibers. This adaptive aspect is common in muscle
tissues subjected to physical exercise, especially
strength training. The magnitude of hypertrophy is
directly related to the type and intensity of exercise,
with strength training generally inducing more
significant hypertrophy compared to other types of
physical exercise [6]. According to Schiaffino et al.
(2021) [7], muscle hypertrophy can be triggered by
various mechanisms, including the action of
hormones and growth factors that act as positive
regulators of muscle growth, as well as by
neutralizing negative regulators. By stimulating
protein synthesis, altering the transcriptional level,
and activating ribosomal RNAs and specific

muscle genes, muscle growth can be controlled
during the hypertrophy process.

Mesotherapy offers a localized therapeutic
approach, aiming to administer medications directly
to the affected area, which may have potential in
promoting muscle hypertrophy without the adverse
effects associated with systemic administration.
Meanwhile, HMB (beta-hydroxy-beta-
methylbutyrate) has gained prominence as a
supplement with the potential to improve athletic
performance and promote muscle hypertrophy.
Therefore, this study aims to analyze the potential of
mesotherapy and HMB in promoting muscle
hypertrophy, exploring their theoretical foundations,
scientific evidence, and clinical applications.
Additionally, it seeks to identify gaps in the literature
and suggest directions for future research in this area,
aiming to contribute to the development of more
effective strategies in the field of bodybuilding and
physical conditioning.

II. METHODOLOGY

This literature review manuscript followed a
systematic approach to identify, analyze, and
synthesize relevant information on the potential of
mesotherapy and HMB (beta-hydroxy-beta-
methylbutyrate) in promoting muscle hypertrophy.
The review focused on analyzing studies that
investigate the effects of mesotherapy and HMB on
muscle hypertrophy. The main research question was:
"What is the scientific evidence on the use of
mesotherapy and HMB in promoting muscle
hypertrophy?" Included in the review were clinical
studies, literature reviews, meta-analyses,
randomized clinical trials, observational studies, and
systematic reviews published in the last 20 years
(2004-2024). Excluded were articles that did not
directly address the effects of HMB or mesotherapy
on muscle hypertrophy, as well as studies with very
small samples or insufficient methodological quality.
The search was conducted using scientific databases
such as PubMed, Scopus, Web of Science, and
Google Scholar. Additionally, references from the
selected articles were reviewed to identify further
relevant studies. A combination of keywords and
MeSH terms was used, including "mesotherapy,"
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"HMB," "muscle hypertrophy," "supplementation,"
"physical exercise," "protein metabolism," and
"localized therapy." These terms were combined to
broaden and refine the search results.

III. THEORETICAL FRAMEWORK

A. Synthesis and Metabolism of HMB

Leucine, one of the essential amino acids,
is a natural precursor of beta-hydroxy-beta-
methylbutyrate (HMB), a relevant metabolite.
Initially, leucine is converted into alpha-
ketoisocaproic acid (alpha-KIC) through a
reversible transamination. Alpha-KIC, present at
concentrations similar to leucine, seems to have the
ability to inhibit the manipulation of muscle
proteins. The metabolic pathway of synthesized
KIC can diverge depending on cellular location: in
the mitochondria, it is converted into isovaleryl-
coenzyme A (isovaleryl-CoA) by KIC
dehydrogenase, while in the cytoplasm, it is
converted into HMB by KIC dioxygenase [8].
Studies indicate that only about 5% of leucine is
synthesized and converted into HMB in the cytosol
[9].

In a study from the 1990s, it was found
that the KIC-dioxygenase enzyme is identical to
the tyrosine dioxygenase enzyme, whose
stimulating effects include improved performance
during training and reduced fatigue [10]. Focusing
on the metabolic pathway through KIC
dioxygenase, where the description of HMB occurs,
it is observed that part of the synthesized HMB can
be excreted in the urine, ranging from 10% to 40%
of the total, besides the conversion of HMB into
HMG-CoA, an essential substrate for the enzyme
HMG-CoA reductase, important in cholesterol
synthesis [9].

A proposed theory suggests that stressed
and injured muscle cells may not be able to
produce enough HMG-CoA for cholesterol,
impairing their cellular functions, including cell
membrane integrity. Thus, HMB supplementation
could be an adequate source of HMG-CoA to
maintain adequate cellular cholesterol
concentrations for various functions. Additionally,

studies indicate that HMB may help reduce muscle
damage caused by the release of creatine
phosphokinase (CPK) from muscle cells and that the
inhibition of cholesterol synthesis in muscle by drugs
may, in the worst case, result in muscle cell death
[10]. The calcium salt of HMB is the most common
form in supplements, with a recommended daily
dose of 3g [11].

B. Effects of HMB (Effects on Protein Metabolism
in Skeletal Muscle)

HMB demonstrates its efficacy as an anti-
catabolic agent, promoting increased strength and
muscle mass while reducing the protein breakdown
caused by intense physical exercise, contrasting with
anabolic agents that focus on protein properties [12].
Through the activation of AMPK kinase and Sirt 1,
HMB stimulates mitochondrial biogenesis, resulting
in greater oxygen consumption, improved
carbohydrate and lipid metabolism, as well as fat
breakdown and reduced fat mass [13].

Studies on chronic adaptations indicate
positive effects of HMB supplementation on muscle
mass, body composition, and strength in both men
and women, due to its various mechanisms of action
in protein manipulation and synthesis [14]. Research
also points to a significant increase in peak and
anaerobic power with HMB use, without affecting
aerobic influence or anabolic, catabolic, and
inflammatory mediators, reinforcing its association
with muscle mass and strength gains [15].

Furthermore, HMB can increase
intramuscular glycogen and ATP levels [16]. Studies
conducted by Pimentel et al. (2011) [17] also
demonstrate an increase in mTOR expression and
p70s6k phosphorylation, both regulators of protein
synthesis in skeletal muscle, supporting HMB’s
ability to combat muscle atrophy in pathological
conditions. HMB reduces muscle damage related to
intense exercise and muscle protein breakdown,
indicating that its metabolism into HMG-CoA in
muscles, mammary tissue, and immune cells, as well
as its role in cholesterol synthesis, may be crucial for
optimal cell growth and function [18].

C. HMB as a Nutritional Supplement



REVISTA CIENTÍFICA SOPHIA | Uniavan | Balneário Camboriú (SC), v. 17, n. 1, dezembro. 2025 p-ISSN 2176-
2511/ e-ISSN 2317-3270 DOI:10.5281/zenodo.17887818

The inclusion of new dietary supplements
is being considered to preserve muscle mass.
Examples include vitamin D, creatine, fish oil, and
oral nutritional supplements (ONS), administered
in isolation with nutritional guidance. HMB is
produced in the body in small amounts as a leucine
metabolite, representing 0.66% of total leucine
turnover. Although HMB can also be found in
foods such as cauliflower, avocado, catfish, and
grapefruit, it would be impractical to reach the
necessary dose solely through diet. Therefore, this
nutrient can be supplemented in isolation, often
combined with amino acids like arginine and
glutamine [19].

From the perspective of muscle mass
increase, HMB supplementation shows significant
effects, especially in situations where muscle
proteolysis is more intense, such as in non-
exercising individuals exposed to this stimulation.
Additionally, with the benefits brought by
supplementation in sports contexts, HMB is also
being applied in clinical practice for some
pathological conditions [20]. A clinical trial
conducted on hospitalized individuals treated with
ONS supported evidence that HMB can prevent
lean mass loss during bed rest, offering a positive
benefit for malnourished and bedridden patients
[21].

Muscle functionality, lean mass, and
muscle strength show positive increases with HMB
supplementation, especially in disease cases that
affect physical function and lead to muscle mass
loss. However, while many studies relate a
significant increase in hypertrophy with HMB
supplementation, not all studies achieve the same
results. Therefore, it is crucial to consider factors
such as underlying disorders, dosage used, and
exercise intensity. It is suggested that HMB
supplementation is most effective in situations
where there is some pathology leading to muscle
mass loss, while its effects in trained individuals
are minimal [22].

The β-hydroxy-β-methylbutyrate (HMB)
supplement has gained prominence for its potential
benefits in increasing muscle mass, strength, and
hypertrophy. Its mechanisms are associated with

anti-catabolic effects, with studies indicating that its
free acid form (HMB-FA) may be even more
effective, especially in trained and untrained
individuals. Recently, several studies have explored
its efficacy in untrained populations, showing an
increase in protein synthesis stimulation and a
reduction in inflammatory response.

A study involving patients with cirrhosis
revealed promising results when comparing HMB
supplementation with a control group. There were
improvements in liver function scores, increased
body mass index, and reduced LDL cholesterol and
apolipoprotein B. Surprisingly, HMB-treated patients
showed increased liver function, providing an
additional beneficial effect of the supplement [23].
Another study, this time focusing on resistance
training combined with HMB in an elderly
population, did not indicate significant changes in
the HMB-supplemented group. However, the
placebo group showed a significant decrease in
various body measurements, while the HMB group
maintained their measurements. Although HMB did
not improve outcomes, it appears to preserve body
composition. Furthermore, resistance training proved
effective in improving body composition and
increasing grip strength in elderly patients with
sarcopenia after hip arthroplasty. HMB
supplementation was also associated with preventing
muscle mass and strength loss in these individuals
[24].

D. Dosage and Medicinal Forms

Repeatedly employed in isolation in sports
contexts, several studies aim to evaluate the
effectiveness and potential enhancement of HMB
supplementation. This report disagrees on the
athletic performance of endurance rowers subjected
to a combination of creatine monohydrate and
3g/day of HMB for 10 weeks. During the study, the
supplementation showed a positive synergistic effect
on aerobic power, although it did not present
significant results in terms of muscle mass gain [25].
HMB supplementation during resistance training in
debilitated individuals has shown promising results.
With the intake of 3g/day for six weeks, there was a
significant improvement in muscle mass in younger
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individuals, effectively inhibiting protein release.
Prolonged HMB supplementation may improve
muscle mass and function in conjunction with
resistance training in the elderly [26].

A study conducted with a group of healthy
elderly women monitored their physical
performance, muscle strength, and body
composition alterations using oral supplementation
of 1.5g of calcium HMB over eight weeks. HMB
was chosen due to its muscle-preserving properties,
such as improving whole-body protein synthesis,
increasing collagen synthesis, and controlling
protein release, as well as enhancing cholesterol
synthesis in cell membranes. It also reportedly
presents beneficial effects in pathologies with
severe muscle mass loss [27].

The most common form of HMB
supplementation is as calcium salt (Ca-HMB), but
the free acid model of HMB (HMB-FA) has also
shown excellent results in terms of lean mass,
strength, hypertrophy, and biochemical markers,
including several hormones. This efficacy can be
attributed to the absorption kinetics of HMB-FA,
which is superior to Ca-HMB, especially when
administered in capsule form. Therefore, it is
noteworthy that the HMB-FA form is emerging as
a more frequent choice for supplementation [13].

E. Toxicity and Adverse Effects

In a study conducted by Kreider et al.
(1999) [28], involving 40 athletes undergoing
resistance training, doses of 3 to 6g of Ca-HMB
(calcium salt) were administered over 28 days.
There was a significant increase in serum and
urinary concentrations, with no negative data on
general markers, and no signs of toxicity in rinses,
liver, muscle enzymes, or body fat. Another study,
involving male university students divided into two
groups, also received the requested doses of 3g and
6g for eight weeks, without adverse effects on lipid
profile, liver enzymes, renal function, or immune
system [29].

Animal trials also did not show toxicity or
adverse effects with HMB (as calcium salt)
supplementation over 90 days in male and female
rats. Although there was an increase in inorganic

phosphorus markers in male rats, it was not
sufficient to be considered an adverse effect. The
estimated doses of CaHMB were 3.49g/kg body
weight for males and 4.16g/kg body weight for
females, with no adverse effects [30].

Therefore, both human and animal studies
have not demonstrated any degree of toxicity or
adverse effects of HMB within the range of 3g/day
to 6g/day for humans. Furthermore, higher doses in
animals also do not exhibit toxicity. Thus, the use of
HMB as a nutritional supplement appears
increasingly justified due to its ability to reduce
proteolysis [11]. HMB has also been tested in the
form of free acid gel to enhance its availability in
tissues. Studies have shown positive results for both
oral administration via gelatin capsule and sublingual
administration after ingestion in healthy or sick
individuals [31].

F. Possible Mechanisms of Action of HMB

One of the most discussed mechanisms of
HMB action is its potential as a precursor to
cholesterol. In the cytosol, HMB is converted to
HMG-CoA, which is then used in cholesterol
synthesis. Cholesterol plays crucial roles in cell
function and growth, participating in repairs and the
formation of new cell membranes. For muscles,
cholesterol is necessary, especially during periods of
intense training when the demand for cholesterol
exceeds endogenous production. Increasing HMB
levels through supplementation can, therefore, boost
the concentration of HMG-CoA available for
cholesterol synthesis, which is essential for muscle
health, considering that endogenous production is the
primary source of cholesterol [32].

In studies focused on reversing cachexia in
cancer patients, HMB has shown positive results.
The loss of skeletal muscle mass is a prominent
feature in these individuals, resulting from the
manipulation of myofibrillar proteins and
suppression of protein synthesis. Supplementation
with β-hydroxy-β-methylbutyrate (HMB) becomes
necessary due to its ability to inhibit protein
manipulation and mitigate the decrease in protein
synthesis. When combined with arginine and
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glutamine, its efficacy in muscle loss recovery is
further enhanced [33].

Additionally, regarding acute endocrine
response, free acid HMB (HMB-FA) has
demonstrated the ability to increase levels of
growth hormones GH and IGF-1. A study
conducted with twenty high-performance male
athletes showed that the ingestion of 1 g of HMB-
FA thirty minutes before an intense exercise
protocol resulted in increased GH and IGF-1
responses. This indicates that HMB
supplementation may promote a more robust
anabolic response [34].

Evidence presented by ELEY, RUSSELL,
and TISDALE (2008) [35] highlights the efficacy
of β-hydroxy-β-methylbutyrate (HMB) in
attenuating muscle atrophy. In catabolic contexts,
such as responses to lipopolysaccharides, tumor
necrosis factor-alpha, and angiotensin II, HMB has
been shown to reduce muscle atrophy. This occurs,
in part, through the attenuation of elongation factor
phosphorylation and possibly through increased
phosphorylation of mTOR, as well as reduced
phosphorylation of eukaryotic initiation factor
alpha, which in turn initiates the activation of
double-stranded RNA.

In research on cancer cachexia, HMB was
investigated as a potential supplement capable of
providing beneficial effects and helping to reduce
muscle mass loss. One of its mechanisms of action
involves reducing protein breakdown and
increasing levels of growth hormones (GH) and
IGF-1 expression in muscle tissue, through
activation of the mTOR pathway. In a study
conducted on animals with cachexia (PIF, TNF-
alpha), HMB showed stimulation of protein
synthesis through phosphorylation and activation
of mTOR, while in animals with MAC 16 tumors,
it also showed positive results for the activation of
the mTOR/p70s6K pathway. Increased
phosphorylation of the mTOR pathway may result
in reduced effects of PIF on protein synthesis [36].
Similarly, as HMB has shown to stimulate protein
synthesis in rat myotubes, a mechanism of action
via the PI3K/Akt and MAPK/ERK pathways has
been suggested. The involvement of PI3K/Akt in
the effects of leucine and HMB on L6 myotubes

was tested, pre-incubated with PI3K phosphorylation
inhibitors before treatment with leucine or HMB.
Results did not indicate changes in ERK1/2 signaling
effects by leucine or HMB, but blocking PI3K
signaling reduced the effects of HMB. Finally, the
effects of leucine and HMB on PKB/Akt
phosphorylation were investigated, demonstrating
that incubation with HMB resulted in a significant
increase in PKB/Akt phosphorylation, while leucine
had no effect [37].

Moreover, HMB has been shown to have
effects on routine, differentiation, fusion, and
survival of muscle cell cultures. HMB induced
myoblast regulation, with the MAPK/ERK pathway
being necessary for this effect. It also prevents
apoptosis of muscle cells triggered by cellular
deprivation or staurosporine. Additionally, it has
been demonstrated that HMB, through PI3K-
dependent Akt phosphorylation, stimulates IGF-1
mRNA synthesis. Considering all these data, it is
suggested that HMB reduces muscle atrophy and
promotes hypertrophy by inhibiting protein
breakdown, having a positive impact on skeletal
muscle during normal growth or exercise conditions
[38].

G. Applications of HMB Mechanisms to
Performance Indices and Lean Mass

HMB is often used in the form of Calcium
Salt (Ca-HMB), particularly in studies focused on
strength and lean mass gains. However, recently,
there has been an increase in the use of HMB in its
free acid form (HMB-FA). In a three-month study,
individuals who combined strength training with
HMB-FA supplementation showed significant results
compared to the placebo group. They experienced an
average increase of 7kg in muscle strength and mass,
which was three times greater than the placebo group
[39].

Another study involving vertical jump
athletes highlighted the benefits of HMB
supplementation. Although it did not impact
delayed-onset muscle soreness, supplementation
with 3g of HMB-FA showed positive effects on
recovery of work capacity and vertical jump
performance recovery. These effects suggest a
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relationship with stimulation of protein synthesis
and prevention of proteolysis, indicating the
effectiveness of HMB-FA supplementation in post-
strength training recovery [40].

A more recent study conducted by
SARRIA (2022) [41] with sarcopenic elderly
individuals also revealed promising results for
HMB. The supplementation was reported to
preserve and increase muscle mass, reduce fat mass,
prevent weight loss, and improve physical
performance and functional recovery. Additionally,
some sarcopenic elderly individuals recovered
from the condition, and those with pre-frailty
experienced an increase in body weight and body
mass index. The study also included healthy
elderly individuals, confirming improvements in
performance and muscle mass due to
supplementation, even after a ten-day safety period,
with less loss of lean mass compared to the placebo
group.

H. The Effect of HMB on the mTOR Kinase
Pathway

The mTOR kinase pathway, although
unfamiliar to many, is of extreme importance to
our body. Also known as mammalian target of
rapamycin or mechanistic target of rapamycin, it
belongs to the family of kinases associated with
phosphoinositide 3-kinase and is a serine/threonine
kinase. This highly conserved protein, consisting of
2,549 amino acids, is present in our cells in the
form of two complexes: mTORC1 and mTORC2.
It plays a crucial role in protein and lipid synthesis,
the catabolic process, the ubiquitin-proteasome
system, and the regulation of cell growth, survival,
and actin cytoskeleton formation. Dysfunction of
mTOR may be related to various pathologies,
making it an effective pathway for treating these
diseases [42].

A study conducted by SALTO et al. (2015)
[43] in mice investigated the effect of HMB on
neurite growth in Neuro2a cells. It was shown that
HMB promotes differentiation into neurites
independently of cellular dependency. Additionally,
it is reported that HMB leads to mTOR
phosphorylation, resulting in increased protein

synthesis in Neuro2a cells. The study revealed that
HMB acts through the mTORC2 complex,
influencing Torin1 activity and the myocyte
enhancer factor 2. Activation of the mTOR pathway
in neurite growth induced by HMB was confirmed
by immunoblotting, showing an increase in mTOR
phosphorylation. Thus, the study demonstrated that
HMB promotes an increase in neurites in Neuro2a
cells, with its neuronal differentiation correlated to
glucose transport and activation of mTOR by
mTORC2, resulting in increased protein synthesis.

When the body attempts to maintain
homeostasis, imbalances may occur, leading to
significant muscle mass loss. In such cases, HMB
acts directly through the mTOR pathway. mTOR
phosphorylation leads to the activation and induction
of proteins that, in turn, suppress the manipulation of
muscle proteins regulated by the ubiquitin-
proteasome system, a crucial system for regulating
protein synthesis and manipulation processes over
time [44].

Recently, a study on circadian rhythm
alterations in myotubes treated with HMB showed
activation of the P70S6K and S6 protein effects,
independently of mTOR. The goal was to investigate
the signaling of the pathway involved in the
circadian clock, and it was observed that activation
of these proteins occurred when myotubes were
treated with HMB in combination with direct and
indirect mTOR inhibitors. Therefore, concerning the
circadian rhythm, HMB does not activate mTOR but
rather the protein effects of P70S6K and S6,
resulting in advanced high-amplitude rhythms [45].

I. Ergogenic Effects of HMB Supplementation in
Athletes

Ergogenic aids aim to enhance strength and
muscle mass gains. β-Hydroxy β-methylbutyrate
(HMB) emerges as one of the most promising
options currently available for this purpose. A study
on its long-term effects on reducing muscle damage
in athletes who combined HMB with creatine
monohydrate showed positive outcomes. As
previously mentioned, HMB can influence glycogen
synthesis, delay fatigue, increase testosterone levels,
stimulate protein synthesis through insulin-like
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growth factor (IGF-1), and enhance mTOR
phosphorylation. However, the study demonstrated
that supplementation did not result in significant
changes in physical damage prevention but showed
positive results in faster muscle recovery [25].

Furthermore, HMB has also shown a
significant impact on increasing lean mass and
reducing immunological markers, such as creatine
kinase and lactate dehydrogenase, as well as
decreasing LDL cholesterol levels. In double-blind
studies involving athletes in canoeing and
resistance training, HMB was associated with
significant increases in power and muscle thickness
compared to the placebo group [46].

HMB continues to be widely used by
athletes in endurance and strength-power sports,
proving to be a valuable supplement for improving
strength and facilitating faster muscle recovery. To
help reduce tissue catabolism and promote muscle
anabolism, HMB can be applied during periods of
intense training and dense competition, allowing
for quicker recovery. It can also be useful during
injury recovery phases [47]. One of the main
advantages of HMB is its anti-catabolic action,
which is especially useful when athletes need to
manage heavy loads, injuries, or excessive muscle
loss, as seen in certain pathological conditions such
as sarcopenia, muscular dystrophy, and rheumatoid
cachexia [13].

J. Absorption Rate and Bioavailability of Various
Chemical Forms of HMB

Studies indicate that the free acid form of
HMB (HMB-FA) is absorbed more rapidly
compared to the more commonly used calcium salt
form (CaHMB). Oral or sublingual administration
of HMB-FA results in higher and faster plasma
peaks than CaHMB, with minimal urinary
excretion, indicating more effective absorption in
the body. The faster absorption rate of HMB-FA
likely initiates its action in areas closer to the
gastrointestinal tract, facilitating the absorption of
hydrophilic compounds in the sublingual mucosa
and acidic compounds in the stomach [39].

As demonstrated by FULLER et al. in
2015 [48], a comparative study evaluating the

bioavailability of HMB using HMB-FA and CaHMB
in capsules administered in water showed that HMB-
FA is absorbed more rapidly. However, when
administered in water, despite its superior absorption
rate, the HMB-FA evaluation rate was lower
compared to capsules, suggesting that the capsule
formulation improved the determination and
availability of HMB. Blood levels confirm the higher
bioavailability of HMB-FA in humans.

On the other hand, in a permeability assay
conducted on an artificial membrane with CaHMB
and HMB-FA, both demonstrated high permeability
through the lipid bilayer, similar to other highly
permeable molecules such as testosterone and
propranolol. This suggests that both forms of HMB
move freely across intestinal membranes, achieving
plasma concentrations after oral administration.
Although the model used in this study was in rats
and not humans, the acquisition mechanisms are
similar, and it was found that the bioavailability of
CaHMB is higher than that of HMB-FA, considering
the post-absorptive mechanisms that lead to greater
plasma concentration [49].

K. Ideal Doses, Timing, and Duration of HMB

In most studies on HMB supplementation, a
common dosage is 3g/day. However, previous
research has also demonstrated safety with doses of
up to 6g/day in individuals. These doses, both 3g/day
and 6g/day, are suitable for individuals weighing
around 80kg. The results from these studies have
consistently shown positive outcomes, including
muscle mass gain, increased strength, and other
relevant effects. However, there were no significant
differences between the results of individuals
receiving 6g/day compared to those receiving 3g/day
[50].

BECKER et al. (2016) [46] also noted that
the most commonly used dosage in human studies is
3 grams per day of HMB. In terms of endogenous
production, this amount is equivalent to 600g of
high-quality protein, with only 3 grams of HMB
produced. Therefore, external supplementation is
crucial, as the amount of protein required to produce
HMB internally would be impractical. According to
the literature, the dosage and duration of treatment
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vary based on several factors, including the form of
HMB supplementation and the individuals
engaging in physical exercise. HMB effects can be
either acute or periodic. For acute effects,
administering 3g/day of Ca-HMB at least 60
minutes before intense exercise is suggested, with
consumption up to two hours before the workout if
combined with glucose. On the other hand, HMB-
FA can be consumed 30 to 60 minutes before
exercise due to its faster effect. For periodic effects,
a daily intake of 3g, divided into three equal
portions, is recommended for at least two weeks
before engaging in exercises that cause muscle
damage [51].

L. The Effectiveness of HMB Supplementation for
Untrained Participants

Functional composition indices were used
to assess the effects of HMB supplementation
combined with vitamin D in elderly individuals,
both trained and untrained, over a one-year period,
estimating changes in muscle strength. These tests
cover daily activities, with notable improvements
in a common task like standing up from a chair,
which requires muscle strength, power, and
balance. The most reported results were in the
untrained elderly group that received HMB
supplementation, either alone or combined with
other amino acids [52].

In contrast, a study conducted by
ALVARES and MEIRELLES (2008) [53] found
no evidence of changes in muscle mass in
untrained individuals with HMB supplementation.
Over a four-week supplementation period in
untrained individuals, no significant changes in
hypertrophy were observed. However, when the
same dosage was administered to the same
individuals in combination with resistance training,
consistent results were obtained in terms of gains
in strength, lean mass, and reduction in body fat.

As mentioned earlier, HMB has shown
several proven positive effects for increasing
muscle mass, including reducing the catabolic
effect of prolonged exercise, decreasing muscle
soreness and fatigue, lowering muscle injury
markers, reducing fat-free mass, and increasing

strength and endurance. These effects have been
consistently observed in studies with exercise
beginners, indicating greater effectiveness in
untrained individuals or those in the early stages of
physical activity [54].

M. The Effectiveness of HMB Supplementation for
Experienced Athletes

A study conducted with combat sports
athletes demonstrated positive results with the
inclusion of HMB, particularly in terms of load, peak
anaerobic power, speed, and post-exercise lactate
concentrations, with no changes in blood markers.
This study highlighted the effectiveness of HMB
supplementation in combat sports athletes, resulting
in reduced body fat and increased peak anaerobic
power, among other benefits, with no apparent
adverse effects even with long-term supplementation
[13].

Considering that rowing is a high-intensity
sport that demands much from its practitioners, a
recent study investigated HMB supplementation
combined with creatine in rowers, yielding positive
results for aerobic power. These results suggest a
possible synergy between HMB, which promotes the
transformation of muscle fibers from fast-twitch to
slow-twitch, along with elevated expression of the
coactivator gamma 1-alpha (PGC-1α). These
findings indicate that HMB has significant potential
to improve variables related to aerobic capacity,
suggesting its use as a supplement for enhancing
rowing performance in competitions [55].

In a similar study conducted by
DURKALEC and JESZKA (2015) [56] with elite
rowers, HMB also proved effective in enhancing
aerobic capacity. In addition to the well-known
mechanisms of action, such as maintaining cell
membrane integrity and improving carbohydrate,
glycogen, and fat metabolism efficiency, an increase
in aerobic activity under specific training conditions
was observed. Therefore, the growth in aerobic
adaptation can be attributed to the increased
availability of energy substrates, as well as improved
physical capacity following intense training, and a
shorter post-exercise recovery period with HMB
supplementation in rowers.
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N. The Effectiveness of HMB Supplementation in
the Elderly

A study on interventions for sarcopenia in
elderly adults highlighted HMB supplementation.
During a 24-week program, community-dwelling,
healthy, and bedridden elderly individuals were
supplemented with HMB. Although no significant
improvement in muscle mass was observed,
positive results from HMB supplementation
included improvements in muscle strength,
physical performance, and the prevention of
muscle loss a common issue among elderly
individuals with this condition [57].

Physical training and protein
supplementation emerge as effective strategies for
delaying problems such as frailty and functional
impairment in the elderly population. HMB is a
promising supplement for this purpose, as it
stimulates protein synthesis and mitigates rapid
muscle loss. However, a meta-analysis indicated
that HMB, on its own, has a low significant impact
on delaying muscle loss compared to physical
exercise. Nonetheless, when combined with
exercise, HMB shows positive results in reducing
or delaying muscle loss in the elderly [58].
An analysis of muscle strength in the elderly
population demonstrated that HMB and HMB-
containing supplements were effective in
increasing muscle strength. In a double-blind study,
individuals supplemented with HMB showed
greater muscle strength compared to the control
group. HMB was shown to increase strength in
both upper and lower limbs, highlighting its
importance as a safe therapeutic supplement for the
elderly population [59].

O. Effects of HMB Supplementation on Strength
and Body Composition

Muscle loss is believed to be directly
related to aging. Therefore, HMB, in combination
with arginine and glutamine, has been used as a
supplement to combat excessive muscle loss due to
its anti-catabolic properties. HMB improves body
composition through a synergistic effect of amino

acids, stimulating mTOR signaling pathways
involved in muscle protein synthesis. With aging,
there is a dysregulation in the activation of these
pathways, and HMB appears to address this by
activating them more directly [60].

A meta-analysis conducted by ROWLANDS
and THOMSON (2009) [61] revealed an increased
level of overall strength in untrained weightlifters,
but no significant impact on trained lifters.
Additionally, untrained individuals showed a greater
gain in lower body strength compared to upper body
strength. As for body composition, HMB
supplementation did not demonstrate significant
differences in either trained or untrained individuals.
This study suggests that the response to HMB is
more pronounced in untrained individuals, possibly
due to a lower capacity for adaptation to resistance
training.
HMB supplementation, at the recommended dose of
3g/day, is safe and does not cause adverse effects.
Therefore, HMB is one of the most recommended
supplements for athletes, regardless of gender or age,
as it reduces post-exercise physical damage,
accelerates injury recovery, increases lean muscle
mass, and improves strength and aerobic capacity.
When following the recommendations, HMB
consumption poses no risks, even over extended
periods, such as one year [8].

P. Effects of HMB Supplementation on Protein
Homeostasis in Skeletal Muscle

As demonstrated in previous studies, HMB
has the ability to inhibit protein turnover in the
proteasome and vary protein levels in visceral tissues,
promoting changes in body metabolism and
increasing muscle mass. This anabolic effect is
directly related to skeletal muscle. In addition to
benefits in muscle and skeletal systems, recent
research is also exploring the effects of HMB on
bone tissue, showing that its introduction may induce
increased bone mass [62].

A study conducted on rats supplemented
with HMB showed a reduction in protein breakdown
and protein synthesis throughout the body. There
was a significant decrease in proteasome-dependent
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proteolysis in skeletal muscle, with no significant
changes in other organs. Only a decrease in protein
synthesis was observed in the heart, colon, kidney,
and spleen, while the liver showed an increase.
Thus, the anabolic protein effect of HMB on
skeletal muscle is related to the prevention of
proteolysis in the proteasome, and changes in
protein synthesis in visceral tissues may affect
various functions, including overall homeostasis
[63].

Skeletal muscle plays a crucial role in
maintaining protein and glucose homeostasis, and
its dysfunction is directly linked to the
development of diabetes. As is known, diabetes
can lead to muscle loss, which reduces glucose
uptake and worsens the disease. Therefore,
nutritional supplementation is increasingly
recommended to improve protein turnover and
increase glucose uptake. In this study, a
combination of HMB with arginine and lysine was
proposed. While HMB stimulates protein synthesis,
arginine and lysine enhance glucose uptake,
preventing muscle loss and progression of diabetes.
It is concluded that this combination is effective in
controlling glucose levels and preventing muscle
atrophy associated with disease advancement [64].

Q. Analysis of HMB Research Trends Over the
Past Two Decades

Articles from the past twenty years (2004-
2024) were analyzed (Fig. 1 and 2). The color blue
(Fig. 1) represents the keyword "HMB (beta-
hydroxy-beta-methylbutyrate)," the color orange
represents the intersection of "HMB" and "protein
metabolism," and the color green represents the
intersection of "HMB" and "supplementation. We
observed a significant increase in research starting
from 2013, primarily focusing on the use of HMB
(beta-hydroxy-beta-methylbutyrate). In the second
graph (Fig. 2) , the color blue represents the
intersection of the keywords "HMB" and "muscle
hypertrophy," the color orange represents the
intersection of "HMB" and "localized therapy," and
the color green represents the intersection of
"HMB" and "physical exercise." Here, we note that
starting from 2015, HMB began to be increasingly
associated with physical exercise.

Figure 1: Trend of Publications on HMB (Beta-Hydroxy-Beta-
Methylbutyrate) from 2004 to 2024: Focus on Protein
Metabolism and Supplementation

Figure 2. Research Growth on HMB and Muscle Hypertrophy
from 2004 to 2024: Associations with Localized Therapy and
Physical Exercise

V. CONCLUSION

It is concluded that both oral HMB
supplementation and HMB mesotherapy are
effective in promoting muscle hypertrophy and
increasing strength. However, mesotherapy has
proven to be superior, enhancing the effects of HMB
and reducing muscle damage. These findings suggest
that HMB mesotherapy could be a promising
strategy to improve outcomes in resistance training
programs, particularly for individuals seeking to
optimize muscle growth and recovery. Further
studies are needed to fully understand the
mechanisms behind this enhancement and to explore
the clinical and sports applications of this technique.
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