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Abstract. Insulin resistance is a complication present in subjects with obesity and has been identified as a key
factor in the appearance and progression of diabetes mellitus. Numerous studies highlight the benefits of a high-
protein diet for both the treatment of obesity and insulin resistance. However, despite these benefits, a high protein
diet has been linked to worse metabolic dysfunction, and even worsened insulin resistance. Thanks to studies in
metabolomics, it has been postulated that branched-chain amino acids may be mediating these contradictory effects
of a high protein intake and its relationship with insulin resistance. This narrative review compiles emerging
evidence regarding the paradoxical effect that branched-chain amino acids can have on body homeostasis.
Different contexts such as the presence of obesity, dietary patterns, origin of proteins that contain branched-chain
amino acids, physical exercise, intestinal microbiota, sex as well as genetic load, are variables to take into account
to evaluate the role of these amino acids.
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EFECTO DUAL DE LOS AMINOACIDOS DE CADENA RAMIFICADA
Y SU RELACION CON LA RESISTENCIA A LA INSULINA

Resumen. La resistencia a la insulina es una complicacion presente en sujetos con obesidad y se ha identificado
como un factor clave en la aparicion y progresion de la diabetes mellitus. Numerosos estudios resaltan los
beneficios de una dieta con alto contenido de proteinas tanto para el tratamiento de la obesidad como para la
resistencia a la insulina. No obstante, a pesar de dichos beneficios, una dieta hiperproteica se ha relacionado con
una peor disfuncién metabdlica, e incluso empeorando la resistencia a la insulina. Gracias a estudios en
metaboldmica se ha postulado que los aminoacidos de cadena ramificada pueden estar mediando estos efectos
contradictorios de una alta ingesta de proteinas y su relacién con la resistencia a la insulina. En la presente revision
narrativa se recopila la evidencia emergente en cuanto al efecto paradéjico que pueden desempefiar los
aminoacidos de cadena ramificada en la homeostasis del organismo. Diferentes contextos como la presencia de
obesidad, patrones dietéticos, origen de proteinas que contengan aminoacidos de cadena ramificada, ejercicio
fisico, microbiota intestinal, sexo, asi como la carga genética, son variables a tener en cuenta para evaluar el rol
de estos aminoécidos.
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Introduction

Insulin resistance (IR) is a common characteristic that can present pathologies such as
obesity and type 2 diabetes mellitus (DM2); in addition to atherosclerosis, dyslipidemia, and
hypertension, which are commonly included in the metabolic syndrome, which has a great
impact on the mortality and morbidity of individuals (1) (2). In order to alleviate this situation,
it is common to perform dietary-nutritional interventions with a modification of macronutrients,
usually by increasing the number of proteins and decreasing carbohydrates or fats. All this with
the aim of reducing the fat percentage and consequently improving other parameters such as IR

).

Proteins are one of the three macromolecules present in food. Due to their great
structural diversity, they are capable of performing a large number of crucial functions in the
homeostasis of the human organism such as body composition, food intake, satiety, protein
synthesis, among others (4) (5). In the short term, diets with a high protein intake can influence
weight control; in addition, thanks to their insulinotropic effect, they can help glycemic control
(6) (7). However, paradoxically, different studies have related a high dietary protein intake with
poorer metabolic health (8). Similarly, in some long-term investigations, a greater association
has been found between a diet rich in protein and the risk of insulin resistance (9) (10).

For some time now, the results of various investigations have pointed to the structural
units of proteins as possible mediating agents of this association and, specifically, to the
branched-chain amino acids (BCAA) (11) (12). BCAAs comprise leucine, isoleucine, and
valine, which are essential amino acids, which implies that the organism can only obtain them
through food or through muscle catabolism. In comparison with other essential amino acids,
BCAA s are found in greater proportion in dietary proteins, ranging from 17% to 30% in some
food groups, with some dairy products such as cheese (30.41%), fish and seafood (17.57%),
red meat and poultry (29.73%) having the highest content (13). Potential beneficial effects of
BCAAs on adiposity and metabolic syndrome have been reported (14). These results have been
supported by mechanistic research in rats where it has been reported that BCAAS improve
glucose uptake in muscles (15).

24 (2022) MLSHN, 1(1), 23-41.



Dual effect of branched-chain aminoacids and their relationship with insulin resistance

Despite the potential benefits of BCAAS, in recent years, metabolomic studies have
shown a significant relationship between high circulating levels of BCAAs and insulin
resistance. It is noteworthy that obese subjects presented a higher level of 20% and 14% for
valine and leucine/isoleucine, respectively, compared to lean subjects (16).

The aim of this narrative review is to describe the dual effect that, depending on the
context, branched-chain amino acids can have on human health. It will also describe the
different specific aspects that can modulate the role of these amino acids.

Method

A search for articles was conducted during the period February to May 2020 with a
subsequent update from December 1 to December 10, 2021. All articles reviewed were in
English. The PubMed database as the main source and Google Scholar as a complementary
source. Articles were included where the potential beneficial as well as detrimental effects of
high consumption of branched-chain amino acids on health were analyzed, with a special
emphasis on their relationship with insulin resistance. Boolean operators such as AND were
used to narrow the results. The reference list of these as well as the list of recommended "related
articles” in PubMed were consulted. Some search terms used were “excessive consumption
AND branched-chain amino acids,” "insulin resistance AND branched-chain amino acids,"
"obesity AND branched-chain amino acids.”" A total of 85 original articles were obtained, of
which 14 articles were used to discuss their results. The characteristics taken into account for
the selection of the latter 14 articles were that the interventions were in humans, original articles
no more than 10 years old, quantification of branched-chain amino acids either by plasma
analysis or dietary intake to analyze their impact after the experiment.

Results

A search for articles was conducted during the period February to May 2020 with a
subsequent update from December 1 to December 10, 2021. All articles reviewed were in
English.

Digestion, absorption, and catabolism of branched-chain amino acids

Proteins, after being ingested in the diet, are broken down in the gastrointestinal system.
First, digestion begins in the stomach mediated by pepsins, and it then continues in the small
intestine with the help of pancreatic proteases released by the exocrine pancreas. As a result of
these processes, the proteins are transformed into amino acids and smaller oligopeptides.
Finally, brush border peptidases finish digesting the oligopeptides into free amino acids,
dipeptides, and tripeptides, which are taken to the enterocyte where they undergo further
digestion. BCAAs, unlike other essential amino acids, differ in having aliphatic side chains with
a branch point as shown in Figure 1.

Figure 1. Chemical structure of BCAAs. The dotted rectangle indicates the basic structure of
all amino acids. Generic BCAAs have an aliphatic side chain with a branching point. [Source:
Own elaboration]
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In blood plasma, after a meal rich in BCAAs, these amino acids increase approximately
2 to 3 times and then decrease to their initial value after approximately 3 hours. Furthermore, it
should be noted that the kinetics of their absorption will differ according to the source of protein
ingested (17) (18). After absorption, BCAAs are not taken to the liver to be metabolized as is
the case with other amino acids. About 80% of BCAAs are transported to the blood circulation
to be directly absorbed by peripheral tissues, such as skeletal muscle and adipose tissue, where
they are directly metabolized (8).

Already in the extrahepatic tissues (mainly muscle and adipose tissue), BCAAs can
undergo further catabolism. In their first reactions BCAAs are metabolized simultaneously.
First, BCAAs undergo reversible transamination by branched-chain amino acid
aminotransferases (BCATS), which convert them to branched-chain alpha-ketoacids (BCKAS),
alpha-ketoisocaproate, alpha-ketoisovalerate, and alpha-keto-beta-methylvaleric for leucine,
valine, and isoleucine, respectively. BCKAs can be released into the bloodstream and absorbed
by other tissues; however, the normal pathway they take is to continue to the next step in their
catabolism, which involves irreversible oxidative decarboxylation, mediated by the branched-
chain keto acid dehydrogenase complex (BCKDC) located on the mitochondrial surface. It is
noteworthy that BCKDCs have a higher activity in the liver and lower activity in muscle,
adipose tissues, and brain (20). This fact is of great relevance since, as will be discussed later,
the defects in BCAA catabolism in extrahepatic tissues have been postulated as a potential
pathway for the development of insulin resistance.

Finally, oxidized alpha-keto acids diverge into alternate metabolic pathways to produce
branched-chain acyl-CoA esters: acetyl-CoA and Succinyl-CoA for leucine, valine, and
isoleucine, respectively, as depicted in Figure 2 (21) (22).

Figure 2. Catabolism of branched-chain amino acids. BCAAs undergo a first reaction in the
cytosol mediated by BCAT producing a-ketoacids. Next, the keto acids undergo an irreversible
oxidative decarboxylation by BCKDC at the mitochondrial membrane. Finally, BCAAs can be
incorporated into the Krebs cycle for energy production. Depending on the context, BCAAs
can produce glutamine or acylcarnitines, the latter of which are related to the genesis of IR.
[Source: Image adapted from: Holecek M. Nutr Metab (Lond). 2018 May 3;15:33. (23)]
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Actions of branched-chain amino acids on the health of the body

Undoubtedly, due to their characteristics, BCAAs play very relevant roles in the
homeostasis of the organism. Therefore, it is important to maintain a correct balance of these
amino acids.

BCAAs are of particular relevance in health due to their close relationship with
important metabolic pathways. Among these, protein synthesis is one of the most recognized
functions performed by proteinogenic amino acids, including BCAAs. Which is of particular
importance for muscle proteins that are in constant protein turnover. BCAAs induce an anabolic
state as long as there is a good availability of all essential amino acids for muscle protein
synthesis; representing up to 35% of essential amino acids present in muscle (24) (25). This has
been studied especially during training to achieve a greater synthesis of muscle proteins during
exercise (26). Furthermore, because of their ability to be incorporated into the Krebs cycle,
BCAAs are involved in energy production where, through their catabolites, they can act as
metabolic substrates (23).

Likewise, in recent years it has been demonstrated the important role that BCAAs can
have in different aspects of health such as the functioning of the gastrointestinal tract, blastocyst
development, fetal growth, immune function, among others, which indicates the important role
that BCAAs play in the homeostasis of the organism (27).

Reduced branched-chain amino acid balance

The extrahepatic tissues, as well as the enzymes involved in the processing of BCAAs,
play an important role in maintaining the levels of these amino acids at optimal levels. However,
in certain situations where these variants are put out of balance, a marked role is observed in
the clinical manifestations of various diseases. An excess of BCAAs has been related to
important metabolic disorders, while in other scenarios their contribution is crucial to improve
the prognosis of serious pathologies. Therefore, it is necessary to know the specific context of
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health or disease in order to determine the different variables where BCAAs can play a dual
role.

Several studies highlight the therapeutic effects that BCAAs can have in different
conditions characterized by a basic catabolic state, where the concentrations of these amino
acids are diminished. Such is the case of liver cirrhosis (LC), which is characterized by
alterations in the structure and function of the liver (28). In this pathology there is a marked
decrease in plasma BCAA concentration that may be caused by reduced food intake,
hypercatabolism, and ammonia detoxification in skeletal muscle. Because some tissues are able
to utilize BCKAs to produce the amino acid glycine. This reduces ammonia accumulation and,
consequently, the concentration of BCAA (29). Although there are divergences in clinical
studies on the use of BCAA in LC, supplementation with these amino acids when their
requirements are not reached in the diet results in a greater regulation of ascites, cachexia,
hepatic encephalopathy, and even insulin resistance (30) (31) (32) (33).

Similarly, other diseases that present low urea and high ammonia levels in the blood,
such as urea cycle disorders, result from the detoxification of ammonia in the liver. In these
disorders it is common to find an increase in the amino acid glycine, as well as a decrease in
BCAA levels, especially when acute metabolic decompensation occurs. These alterations
support the important role that BCAAs may play in homeostasis (34) (35). Similarly low levels
of both BCAAs and a-keto acids have been reported in blood plasma and skeletal muscle in
patients with untreated chronic renal failure, and during dialysis (36). The metabolic acidosis
present in CKD, together with hemodialysis, represent the main factor for the depletion of
proteins in general and specifically of BCAA and their catabolites (37). The normalization of
BCAA together with a-ketoacids in plasma, through oral supplementation, was associated with
an improvement in appetite and nutritional status (38) (39).

High branched-chain amino acid balance

Elevated BCAA levels and their negative role in health are evidenced by inborn errors
of BCAA metabolism such as maple syrup urine disease (MSUD). In this pathology, alterations
in BCAA catabolism occur, affecting the action of BCKDCs, thus causing a marked elevation
of both BCAAs and their catabolites in urine, blood, and tissues. These higher levels are toxic
to the brain and lead to irreversible neurological complications or even death for patients. In
animal models with MSUD, it has been shown that BCAA administration can cause
hippocampal DNA damage (40). Therefore, the exhaustive control of BCAAs in the diet is
essential to improve the clinical and prognostic outcome of this disease (41).

On the other hand, abnormally elevated BCAA levels have been reported in obese
subjects since the 1960s (42). Subsequent metabolomic studies have correlated these elevated
BCAA levels with the risk of insulin resistance and future type 2 diabetes mellitus (43) (16).
These results were confirmed by animal studies where administration of BCAAs together with
a high-fat diet resulted in increased insulin resistance (16). The above conclusions are in line
with another study which concluded that a BCAA-restricted diet improved insulin sensitivity
in skeletal muscle of rats (44).

Additionally, in another study, this time in humans, a decrease in plasma BCAA was
found in obese subjects when they underwent weight loss surgery. These changes were
paralleled by an increase in mitochondrial BCAT and BCKD in omental and subcutaneous fat
(45). Another study described a reduction of BCAA and acylcarnitines after weight reduction
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in obese adolescents, resulting in improved insulin sensitivity (46). In addition, after an
overnight fast, high levels of BCAA are still observed (47).

These results seem to point to excess adiposity as a potential mediator in the detrimental
effects of BCAAs. Obesity, along with chronic excessive dietary energy intake, are the main
predisposing factors for the development of IR (48) (49). Although there are multiple factors
that contribute to the development of obesity, it is well known that energy intake in excess of
expenditure is a major contributor to its development. Likewise, obesity triggers inflammation
that affects multiple organs crucial in insulin action and glucose regulation (such as skeletal
muscle, adipose tissue, and liver) and in the development of IR (50). The accumulation of
excessive energy in the form of fat causes mechanical stress on the adipose cell, resulting in
chronic low-grade inflammation caused by activation of the innate immune system (51) (52).

Apart from adipose tissue, this inflammation is also present in other peripheral tissues.
The liver may also experience activation of inflammatory pathways during obesity, as
macrophages increase along with local production of chemokines and inflammatory cytokines
that may predispose to IR in hepatocytes (53) (54). For their part, myocytes in skeletal muscle
are another cell type that is associated with increased obesity-related inflammation through the
infiltration of immune cells that may contribute to IR locally in this tissue (55).

Branched-chain amino acids and their relationship to insulin resistance

In some research, like BCAAS, other amino acids have been associated with an
increased risk of IR. However, in the case of BCAAs, there are mechanisms described by which
increased BCAAs may contribute to future metabolic problems such as IR. Therefore, further
understanding of the pathways that may be mediating between BCAAs and the development of
IR is needed.

Mammalian target of rapamycin pathway

The mTOR complex is a serine/threonine of the PI3K-related kinase family. The mTOR
pathway is the main pathway capable of coordinating local nutrients for cell growth and
proliferation. The mTOR is the component of two multiprotein complexes known as mTORC1
and mTORC2 (56). The function of mTORCL is to maintain a balance between anabolism and
catabolism in response to various stimuli, including the concentration of BCAA. BCAAs,
through the Rag family of GTPases, can act as a nutrient signal and activate the mTORC1
pathway at the lysosomal surface (57). Chronic activation of mMTORC1 causes negative
feedback leading to serine phosphorylation of the insulin receptor substrate (IRS), which
impacts on Akt and consequently leading to IR in different tissues such as skeletal muscle, liver,
and adipose tissue (58).

Figure 3. Proposed mechanism by which branched-chain amino acids contribute to insulin
resistance through activation of mMTORCL1. After insulin binding to the a-subunit of the insulin
receptor, it recruits IRS which triggers a signaling cascade activating the phosphatidylinositol-
3-kinase (PI13K)/Akt pathway responsible for most of the metabolic actions of insulin in tissues
such as liver, skeletal muscle, and adipose tissue. BCAAs, through chronic stimulation of
MTORCL, are able to phosphorylate different IRS serines, resulting in decreased insulin actions
such as glucose uptake and glucose synthesis in tissues crucial in their metabolism. [Source:
Image adapted from: Yoon MS. Nutrients. 2016 Jul 1;8(7):405. (59)]
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Altered branched-chain amino acid catabolism in peripheral tissues

The catabolism of BCAAs in the different peripheral tissues such as skeletal muscle,
adipose tissue, and liver is well regulated to maintain a correct negative and positive balance of
BCAA:s. Interestingly, these same tissues are key organs in the metabolization of glucose and
in the normalization of fasting and postprandial plasma insulin levels. Impairment of BCAA
catabolism would occur in a manner similar to a domino effect, with excess fat being a major
catalyst. Obesity through various pathways, including inflammation, could impair catabolic
pathways in tissues, including adipose, leading to an overload on other tissues as discussed
below.

Excess fat in adipose tissue, by mechanisms yet to be further explored, may exert an
influence on genes encoding key enzymes in BCAA metabolism such as BCAT and BCKDH,
leading their enzymes to decrease their transcription and activity (45). This is supported by
studies where down-regulation of BCAA enzyme mRNA was seen to be caused by selective
overexpression in adipose tissue of Glut4 in animals with an obese phenotype (60).

In several investigations in transgenic rats with alterations in mitochondrial BCAT, as
well as in BCKD, cause sustained changes in plasma BCAA concentrations (61) (62) Therefore,
the reduction of these enzymes may have an impact on BCAA catabolism in this tissue causing
other tissues such as muscle and liver to have to break down a greater amount of BCAA.

By increasing BCAA catabolism in the ME, an intermediate in valine catabolism, 3-
hydroxy-isobutyrate (3-HIB) is formed. 3-HIB regulates transendothelial transport as well as
uptake of free fatty acids from plasma into muscle cells. This leads to an elevated accumulation
of lipid oxidation products within muscle fibers such as diacylglycerides and ceramides
triggering insulin resistance in this tissue (63).

In skeletal muscle, the expression of BCKDH is very low, which hinders the complete
breakdown of the BCKA previously generated. Therefore, BCKA are transported to the liver
since this organ has a higher expression of BCKDH compared to skeletal muscle (64). They
can then be broken down to produce acyl-CoA and propionyl-CoA, which are then introduced
into the Krebs cycle for oxidation. However, if the production of acyl-CoA and propionyl-CoA
exceeds the oxidative capacity of the mitochondria, acylcarnitines can be produced, impairing
mitochondrial CAT. Consequently, the liver's ability to oxidize fatty acids and glucose is
reduced causing these products to accumulate excessively, altering insulin, signaling and
causing hepatic IR.
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In addition, the production of acetyl-CoA is able to increase gluconeogenesis and
lipogenesis, which added to the oxidative stress of mitochondria, further promotes IR in this
organ (65). Although mechanistic studies in rats supplemented with BCAA have highlighted
positive effects such as improved glucose tolerance, decreased inflammation in adipose tissue,
and improved insulin signaling in adipose tissue in insulin-resistant db/db mice.

In primates, including humans, BCAA metabolism is less active in the liver than in rats
(66) (67). This is because the activity of catabolic enzymes is much higher in rats than in
primates, so the capacity to eliminate branched-chain alpha-ketoacids is much higher.
Specifically, 83%, 3%, and 1% of BCKDs in rats are expressed in liver, skeletal muscle, and
brain, respectively. Whereas in primates, 13%, 54%, and 20% are expressed in liver, muscle,
and brain, respectively. Therefore, the best models for testing BCAA overdoses would be in
nonhuman primates (68).

Other aspects to take into account
High BCAA levels as a consequence of IR

The question remains as to whether the consumption of foods rich in BCAA is capable
of increasing IR; or, on the contrary, the increase in BCAA is a subsequent consequence of IR.
Since the antiproteolytic action of insulin is altered and as a consequence protein catabolism
increases secondary to IR (69). However, in the study conducted by Asghari et al. (70), it was
described that a high BCAA intake is related to an increased risk of IR in overweight adults
followed for 2.3 years. Another study by Zhen et al. (71) prospectively analyzed the association
between long-term BCAA intake and DM2 incidence. The population consisted of normal-
weight and overweight Americans. The study showed a strong correlation of BCAA intake with
an increased risk of DM2. Notably, total BCAA intake was positively associated with BMI and
protein intake. However, it was not clearly distinguished whether these effects were mediated
by BCAA, total protein, or animal protein. In contrast to the above results, in the trial conducted
by Woo et al. (72), where they selected 12 heterogeneous individuals between 20 and 60 years
of age, obese and prediabetic, no significant differences were observed for body weight, fat
mass, muscle mass, BMI, fasting plasma glucose and insulin, and HOMA-IR after BCAA
supplementation for 4 weeks. In addition, BCAA consumption did not cause an increase in
plasma BCAA. However, as the authors point out, BCAA concentrations could have been
affected by the gut microbiome, as gut bacteria are capable of synthesizing fatty acids from AA
including BCAA (73). Additionally, the final results of the study by Nagata et al. (74) suggest
that high intakes of BCAAs were associated with a decreased risk of diabetes in women. While
in men, total BCAA intake was not significantly associated with diabetes risk after controlling
for covariates. In addition, higher leucine intake was significantly associated with a decreased
risk of diabetes. Interestingly, in another study (75), after analyzing more than 8000 Chinese
individuals predisposed to have DM2 with normal weight and overweight, it was found that
higher BCAA intake and DM2 risk depended on the context of dietary patterns and not only on
BCAA intake.

Modification of BCAA concentrations by diet

Another important factor is whether the amounts of BCAA in the diet will have an
impact on plasma concentrations. Some studies have addressed this question such as the one
conducted by Karusheva et al. (76), where they investigated whether lower BCAA intake
improved short-term insulin sensitivity in overweight and obese subjects aged 40 to 60 years.
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The sources of BCAA were both foods available from grocery stores and markets as amino acid
supplements. After the intervention, it was found that the basal plasma BCAA level went from
507%90 to 422+56 pmol/L, representing a decrease of 17%. In addition, we found a decrease
in insulin secretion; increased postprandial insulin sensitivity; increased stimulation of
mitochondrial efficiency in adipose tissue and, finally, we found alterations in the composition
of the intestinal microbiome in favor of bacteroidetes.

Another study with a larger sample size concluded that BCAA concentrations are
directly related to the risk of DM2. High BCAA concentrations were positively related to the
consumption of legumes and red meat. In addition, it was shown that basal BCAA
concentrations were significantly higher in men than in women. Also, BCAA levels decreased
in participants receiving the intervention (411+113 to 363+80.5 nmol/nL), and the improvement
in BCAA concentration occurred independently of weight loss, although there was a greater
decrease in subjects with greater weight loss (77).

Similar results were obtained by Ruiz Canela and collaborators (78), who investigated
the association of one-year changes in BCAA and aromatic amino acids (AAA) in 892 patients
with type 2 diabetes, overweight, or slightly obese within the PREDIMED trial. It was
concluded that the Mediterranean diet + extra virgin olive oil intervention was associated with
significant reductions in BCAA after one year.

In contrast to these results, another study evaluated that a specific short-term dietary
intervention modestly modified fasting BCAA levels in healthy individuals. The researchers
used diets low in BCAAs, using plant foods and supplements free of these amino acids; on the
other hand, in the high BCAA diet, they used foods such as meat and supplements high in
BCAAs. However, the authors point out that it is possible that dietary manipulation of BCAA
may be more effective in obese people or those with insulin resistance who are known to have
dysregulation of BCAA metabolism (79).

Recently, an isocaloric dietary intervention with BCAA restriction (-50%) was
performed on 12 healthy individuals for 7 days. For this purpose, the participants followed diets
low in BCAA while consuming a BCAA-free supplement. At the end of the study, the initial
plasma BCAA value was significantly reduced from 437+60 to 217+40 pmol/L. Similarly,
there was an improvement in insulin resistance. It is worth mentioning that the low number of
subjects and the short intervention are important factors to take into account for the
interpretation of their results (80).

Genetic variability

Genome-wide association studies (GWAS) are showing results on how the genetic
variability of each individual plays a key role in the changes and effects of plasma BCAAs.
Specifically, it has been described that some polymorphisms such as rs1440581 may be related
to insulin resistance (81). In this line, it has been described that increased BCAA intake is
associated with an increased predisposition to DM2 when the genetic predisposition was high
(82). Similarly, these amino acids were found to be able to increase the risk of both DM2 and
glycosylated hemoglobin in incident diabetes patients with high genetic susceptibility for
altered BCAA metabolism (83).

Physical exercise

32 (2022) MLSHN, 1(1), 23-41.



Dual effect of branched-chain aminoacids and their relationship with insulin resistance

Physical exercise can be another very potent factor in mediating the effects that BCAAs
and their catabolites can trigger in the body. Physical exercise is able to act on the ME and
affect the major organ in the regulation of BCAA catabolism. Although more research is
needed, some actions such as improving the oxidative potential of mitochondria may lead to
increased elimination of BCAA intermediates, in turn, improving IR (84). Similarly, it has been
described that physical exercise triggers mechanisms for more efficient elimination of BCAA-
and acylcarnitine-derived catabolites in the ME via glycine conjugation in the liver in obese
individuals (85).

Conclusion

Emerging evidence points to the great relevance that a high intake of dietary BCAAs
can play in the health of people particularly with metabolic disorders such as insulin resistance.
High plasma levels of branched-chain amino acids lead to a worsening of metabolic health,
while their limited intake has an impact on the improvement of some parameters such as blood
glucose homeostasis. It is important to emphasize that these effects become noticeable in people
who present a basic alteration, as is the case of excess adiposity. Therefore, a dietary pattern
that not only quantifies the proportions of macronutrients but also the quality and quantity of
their functional units. In this case, branched-chain amino acids could be a therapy to be
considered to combat the complications associated with obesity such as insulin resistance.
Future studies should take into account variables such as physical exercise, genetic load, as well
as gut microbiota, sex, and dietary patterns in both the quality and type of protein and other
accompanying dietary components such as fats.
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