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The focus of this review is to evaluate the influence of b2-adrenergic receptor (ADRB2) polymorphism on human physiological

function and in turn on athletic performance. A narrative review is conducted on available literature using MedLine, Pubmed

and the Cochrane Library to document the location and function of ADRB2 receptors, and specifically to address the influence

of genetic polymorphisms on cardiovascular, respiratory, metabolic and musculoskeletal systems and athletic performance.

Search terms included ADRB2, endurance and polymorphism. Previous literature exploring the genetic composition of athletes

has proposed that alterations in the genetic structure result in an enhancement in their capacity to achieve successful aerobic

phenotypes such as a higher VO2max and increased fat oxidation. Polymorphism of the Gly16Glu27 haplotype is believed to

promote positive aerobic phenotypes and regulate optimal lipolysis. Greater knowledge of the ADRB2 polymorphism can aid in

understanding the specific phenotypes that are altered, which may influence performance. Until the interaction between fatigue

and athletic performance is better understood, the development of appropriate training principles to enhance genetically

polymorphic aerobic phenotypes remains complicated. Following the review, there is still no distinctive evidence for the

predictive ability of the polymorphism of ADRB2 genotype for the purpose of identifying potential elite athletes.
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INTRODUCTION

Endurance performance can be defined as the ability to exert the
highest possible performance, power and velocity for a period of time
beyond 20min.1 Endurance performance demands precise mainte-
nance of optimal cardiovascular control of parameters such as heart
rate, stroke volume, cardiac output and mean arterial blood pressure.
Elite endurance athletes, such as distance runners, road cyclists and
triathletes, demonstrate extraordinary feats of prolonged physiological
functioning because of enhancement in aerobic phenotype. Central
and peripheral physiological attributes such as increased left ventri-
cular contractility, an increased proportion of type I muscle fibers with
greater mitochondrial and capillary density reflecting higher VO2max,
higher lactate threshold, increased fat oxidation capacity and greater
control toward maintaining acid-base homeostasis, separate these
athletes from other sports people and the general population.2–4

The Human Genome Project5 states that a 0.1% variation separates
the DNA of any two given individuals. This 0.1% variation is
due to single-nucleotide polymorphisms as a result of epigenetic
factors influencing the nucleic acid. Polymorphism can be defined
simply as natural variations within the nucleic acid that express a
unique trait. Indeed, genetic polymorphisms have been associated
with a number of disease manifestations such as coronary heart
disease and hypertension.6

Training-induced increases in muscle mitochondrial density pro-
mote efficient oxygen and substrate utilization by working muscles,
leading to the delay in the onset of muscle fatigue due to substrate
depletion. Although these adaptations can be enhanced through
long-term training preparations, responses elicited from individuals
differ even if it is derived from similar training regimes, thus high-
lighting the influence of genetic variation on performance.
Studies exploring the b2-adrenergic receptor (ADRB2) have high-

lighted the importance of this gene in endurance performance because
of its expression throughout the cardiovascular, respiratory, metabolic
and musculoskeletal systems, along with its influence on lipid meta-
bolism to regulate energy expenditure from adipose tissue.7 Under-
standing the influence of ADRB2 receptors on various systems around
the body has potential applications for endurance athletes, as it has
been shown to enhance aerobic phenotype. Phenotypes such as an
increase in stroke volume and cardiac output are due to the inter-
action between catecholamines and the vast number of b-receptors
expressed throughout the body. Catecholamine regulation is impor-
tant as it has a central role in energy expenditure.8

The cytogenetic location of the ADRB2 gene is on Chromosome 5,
between bands q31 and q32.9 The most distinctive polymor-
phisms that have been identified in the gene encoding the ADRB2
receptor protein include Arg16Gly and Gln27Glu10 (Figure 1).11
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These polymorphisms are associated with increases in lipolytic sensi-
tivity (Arg16Gly and Gln27Glu variants), as well as with expressing
unique properties in relation to binding and signal transduction, such
as regulating vascular tone.8,12

The abnormal function of the b-receptor is related to numerous
diseases affecting the heart, lungs and vessels, such as heart failure,
asthma and hypertension.13 This implies that knowledge of the
specific phenotypes that are altered because of single-nucleotide
polymorphism allows for understanding the abnormal function of
the b-receptor, and thus determines the physiological effects during
physical exertion.
The focus of this review is to determine the potential influence of

single-nucleotide polymorphisms of the ADRB2 gene on endurance
performance in athletes through the examination of receptor function
on cardiovascular, respiratory, metabolic and musculoskeletal systems,
as well as epigenetics and its interaction with the environment to
develop potential implications in tailoring training regimens in
individuals with genetic polymorphisms.

THE b2-ADRENERGIC RECEPTORS

b-receptors can be found throughout the body, facilitating a sympa-
thetic nervous system response of ‘fight-or-flight.’ b-receptors can be
further divided into b1, b2 and b3, with the b2-adrenergic receptors
belonging to the G-protein-coupled receptor super family that is
primarily found presynaptically.14 The receptor consists of an extra-
cellular amino terminal, seven transmembrane domains and an
intracellular carboxyl terminal.15 The stimulation of catecholamine
functions through Gas receptors to cause a conformational change in
the receptor and thus stimulates adenylate cyclase to increase intra-
cellular cAMP. The second messenger system leads to the stimulation
of protein kinase A, which phosphorylates endoplasmic reticulum
proteins to promote the opening of ligand-gated Ca2+ channels to
facilitate muscular contraction through myosin phosphorylase.14

Stimulation of b2-receptors promotes relaxation of smooth muscle
in the gastrointestinal tract, and also aids in bronchodilation; it
promotes gluconeogenesis and glycogenolysis in the liver and skeletal
muscles, as well as insulin secretion; in the cardiovascular system,
b2-receptor stimulation increases heart rate, stroke volume, cardiac

output and arterial dilation and increases renin secretion from the
kidney, thus having a role in regulating blood pressure14,16 (Figure 2).
In addition, ADRB2 receptors are also found in fat cells, in which
they actively engage in lipolysis.17 Stimulation of ADRB2 receptors in
adipocytes is due to increased sympathetic activity and catecholamine
release.18

The inhibition of b-receptors has been shown to decrease the
cardiovascular drift (increased oxygen uptake with fat contributing
as the main fuel source) during prolonged exercise, possibly because
of the influence of ADRB2 on lipolysis.19 In addition, b2-receptors
are prone to desensitization; however, studies have suggested that
differences in phenotype, such as increased receptor expression, are
likely to promote superior cardiovascular performance.20–22 Thus,
it can be seen that alteration of the gene responsible for these actions
can influence phenotypical characteristics and potentially lead to
enhanced aerobic capacity and performance.

THE GENETIC INFLUENCE OF ADRENERGIC-b2 RECEPTORS

Currently, there are potentially two major physiological mechanisms
proposed that influence the genetic composition of ADRB2 receptors.
Wolfarth et al.7 propose that, first, catecholamines have a crucial
role in the regulation of substrate mobilization and thus influence
body mass and composition. The same study also indicated that
homozygous Arg16 allele subjects could benefit favorably from
catecholamine stimulation resulting in a lower body weight because
of the regulation of fat mobilization by ADRB2 receptors,23 and in
addition from an optimal weight-to-strength ratio as a consequence of
achieving a lean body mass, allowing for efficient mobilization of
substrates to maximize endurance performance. Second, the poly-
morphisms of the cardiovascular phenotypes such as increased myo-
cardial inotropy, chronotropy and cardiac output, as well as enhanced
gluconeogenesis, bronchodilation and vasodilatation, are likely to
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Figure 1 The cytogenetic location of ADRB2 receptors and localization of

single-nucleotide polymorphisms (SNPs).11

Figure 2 Summary of the impact of ADRB2 gene polymorphism on the

cardiovascular, pulmonary, metabolic and musculoskeletal system.
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improve cardiovascular function and manifest in a higher VO2 peak
because of the vast distribution of b-adrenoceptors expressed through
the body.7,14 Exploring each system is necessary to understand the
impact of polymorphism of ADRB2 on endurance performance.

Musculoskeletal system
The contribution of genetic variation toward skeletal muscle fiber-type
proportions has been estimated between 40 and 50%.24 Consequently,
understanding the influence of genetic polymorphism on the
musculoskeletal system is essential.
Endurance athletes have the ability to delay the onset of fatigue

by promoting increased oxygen and substrate delivery to working
muscles. The main by-products of oxidative metabolism from
endurance exercises are the accumulation of hydrogen ions (lactic
acid–acidosis) and heat (hyperthermia).25 An increase in mito-
chondrial and capillary density and myoglobin content in type I
muscle fibers increases the aerobic efficiency of muscle fibers and
promotes glycogenolysis in the muscle from substrates in the liver
and adipose tissue, allowing the athlete to continue to exert force for
a longer duration.14,26,27

ADRB2 receptors have an important and significant role in skeletal
muscle function. Furthermore, it is known that 99% of muscle
adrenergic receptors are b2-receptors.28 The enhanced signaling
of cAMP from the ADRB2 gene influences the glucose pathway
through the activation of glycogen phosphorylase and the inhibition
of glycogen synthase. Research conducted on mutant hyperactive
glycogen synthase male mice showed an inverse relationship between
the level of expression of b2-receptors and muscle glycogen content.29

This suggests that the increased levels of cAMP decrease fructose-2,
6-bisphosphate, and thus suppress glycolysis.29 Endurance athletes
may benefit from such a phenotype as glucose content is spared,
thus delaying the onset of fatigue through the prolonged use of fat as
the main energy source.
Epinephrine stimulates b2-receptors to promote lipolysis,30,31 which

encourages glycerol to enter the glycolysis pathway and thus generate
pyruvate and, consequently, lactate.32 The lactate entering the
Cori cycle functions to synthesize glucose to preserve blood glucose
homeostasis.27 This increase in lactate also increases the activity of
the Na+K+-ATPase pump and thus the conversion of muscle glycogen
to lactate—promoting the protective mechanism of the body to use
lactate as a form of energy rather than glucose oxidation.32 As a result,
epinephrine stimulation promotes high rates of aerobic glycolysis,
allowing organs such as the heart and the brain to maintain specific
functions that require a high rate of cytoplasmic ATP.33,34

Further investigations on pathological conditions affecting skeletal
muscles have illustrated the importance of the ADRB2 gene in the
regulation of skeletal muscle function. A study by Xu et al.35 observed
a significant disequilibrium between ADRB2 polymorphisms at
amino-acid positions 16 and 27, and a greater incidence of Myasthenia
Gravis in homozygous Arg16 patients. This is because of increased
ADRB2 receptor antibodies lowering nicotinic-receptor expression
and thus disturbing the immune response to the disease. This blocking
of nicotinic receptors prevents the binding of acetylcholine at the
neuromuscular junction and leads to a loss of muscle force.14

In contrast, homozygous Glu27 patients do not fully express the
mature form of the receptor and are thus less likely to induce antibody
formation.35 Consequently, there is increased nicotinic-receptor
expression, thus permitting the binding of acetylcholine to nicotinic
receptors at the neuromuscular junction.36

Endurance athletes may benefit from such a phenotype as the
neurochemical processes of muscle contraction remain unhindered,

lowering the susceptibility of nicotinic-receptor blockage, allowing
more binding sites to become available, thus increasing muscle force.
As the majority of these studies have been based on the clinical
population, further research on the athletic population is necessary to
determine the influence of homozygous Glu27 alleles on the physio-
logy of skeletal muscle contractility to allow a better understanding
of the impact that this variation has on prolonging muscle force
during endurance activities.

Cardiovascular system
The impact of ADRB2 receptors on cardiovascular function is
large. Approximately 30% of b2-adrenoceptors are found in the
atria of the heart, allowing for calcium influx to stimulate ventricular
contraction.37 Homozygous Gly16 alleles were found to influence
the cardiovascular function of a nonathletic, healthy population
during rest, light and heavy exercise by demonstrating greater stroke
volume, cardiac output and mean arterial pressure, in addition to
the enhanced left ventricular ejection fraction.38,39 This implies that
polymorphism of the Arg16Gly haplotype in ADRB2 receptors
enhances the cardiovascular function during exercise. This is poten-
tially significant for endurance athletes requiring greater cardiac
output during high-intensity activity.
It has been proposed that the difference between individuals

expressing homozygous Arg16 and Gly16 alleles is due to an associa-
tion observed between the ADRB2 receptor density per lymphocyte,
which is related to the degree of b-adrenergic receptors located on the
myocardial tissue, and stroke volume among homozygous Gly16 allele
carriers.20 An impact on exercise performance has been seen in healthy
subjects expressing the homozygous Gly16 allele, demonstrating
an increase in exercise capacity up to 2 h.40 Furthermore, exposure
to b-agonists delayed the downregulation of b-receptors in subjects
with Glu27 alleles.41 Although the exact mechanism is unknown, it is
likely that the response of increased receptor density to an agonist
is not linear because of a reduction in active receptor signaling after
agonist-induced desensitization.42,43

ADRB2 also influences vascular function through the promotion
of vasodilatation from b2-receptors located in the vascular endo-
thelium of blood vessels.14 A particular study showed that normo-
tensive Gly16 allele subjects expressed lower vascular resistance at
rest following isometric handgrip exercises at 40% of maximal
contraction.44 Furthermore, numerous studies have illustrated
that normotensive subjects expressing homozygous Arg16 alleles
showed a greater potential for desensitization in venous circulation
as a result of isoproterenol infusion in forearm blood flow, along
with attenuated blood flow, when compared with homozygous Gly16
alleles.22,45

Another potential suggestion is the impact of polymorphism of
ADRB2 receptors in the cardiovascular system in response to sym-
pathomimetic stimulus during exercise until fatigue. As subjects
become tired, central command in the brainstem causes vagal with-
drawal, resulting in increased epinephrine levels, thus increasing the
heart rate and cardiac output.46 This suggests that perhaps myocardial
b-receptors are stimulated in response to cardiac sympathetic nerve
activity, leading to increased chronotropy and inotropy.47

On the basis of these findings, Dishy et al. proposed that the
optimal haplotype combination for cardiovascular response during
short-term exercise is Gly16Glu27. This is because of increased
receptor numbers, resistance to desensitization and enhanced stroke
volume and cardiac output.22 Furthermore, the Gly16Glu27 haplotype
combination may be used as a marker for talent identification of
athletes at an early age.
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Respiratory system
ADRB2 receptors located primarily in the lungs are essential for the
maintenance of bronchial smooth muscle homeostasis. Spanning from
the trachea to the alveoli, b2-receptors aid in the maintenance of gas
exchange by regulating airway tone, to promote bronchodilation
during exercise and enhance ventilation with minimal airway resis-
tance.48 Some studies have observed that genetic polymorphisms
only influence bronchodilation during heavy exercise, and not at
rest or recovery.20,48

Previous studies have explored the influence of vagal withdrawal
and catecholamine release in the regulation of airway tone. The study
by Snyder et al.48 observed minimal increases in forced expiratory flow
at 50% of the forced vital capacity (FEF50) during light exercise in
healthy subjects expressing homozygous Gly16 alleles. As this occurred
at a time when catecholamine levels were unchanged, vagal withdrawal
is most likely to have influenced exercise-induced broncodilation in
these subjects.49

The influence of variations in ADRB2 during long-duration exercise
demonstrated that Gly16 allele individuals sustained bronchodilation
for a longer duration when compared with Arg16 allele individuals.20

The onset of bronchoconstriction is likely to be observed because of
bronchial hyperresponsiveness as a result of receptor downregula-
tion.50 Furthermore, healthy homozygous Arg16 subjects illustrated a
sharp decline below baseline levels in their maximal expiratory flow
rates during recovery, whereas Gly16 subjects consistently maintained
FEF50 levels above baseline—suggesting that the Gly16 allele is more
resistant to alveolar-vascular desensitization48 (that is Gly16 allele
subjects were able to oxygenate blood more efficiently from the
alveolar-capillary gas exchange, thus permitting FEF50 levels to be
maintained above baseline during recovery). This may be explained by
the increased receptor reserve that is found in airways. Receptor
reserve is characterized by the amount of additional receptors available
for stimulation and signaling, as adjacent receptors become desensi-
tized.51 Liang and Mills51 found that receptor density in the lungs is
B18 2fmolmg�1, compared with 85 fmolmg�1 found in the heart.
This difference allows for increased receptor sites for agonist stimula-
tion, thus promoting enhanced gas exchange. Endurance athletes will
benefit from enhanced gas exchange, as it improves diffusion of
oxygen to working muscles while removing carbon dioxide from
circulation.
It was also found that Arg16 subjects have greater lung fluid

accumulation, along with a reduced diffusing capacity for carbon
monoxide.52,53 A reduced alveolar-capillary exchange thus causes
a reduction in oxygen delivery. Therefore, endurance athletes will
not benefit from such a phenotype as it disrupts the delivery of
substrates to working muscles and leads to hypoxia and damage
to cells. A reduced simulation of epithelial sodium channels in the
lungs is seen in Arg16 subjects, which lessens fluid removal capacity
from the lungs and consequently affects pulmonary function during
prolonged exercise.20

Metabolic system
Training-induced increases in muscle mitochondrial density promote
oxygen and substrate delivery to working muscles. Mobilization of
adipose tissue triglycerides provides the largest fuel source during
endurance exercise. b-receptors facilitate lipolysis during exercise
through the stimulation of sympathetic nervous system activity,
which counteracts circulating insulin action on adipocytes during
prolonged exercise.18,54

Stimulation of the sympathetic nervous system through the onset
of exercise promotes the release of catecholamines—epinephrine and

norepinephrine. The b2-receptor subtype is more effective under
epinephrine exposure.14 Savard et al.30 and Wahrenberg et al.31

observed a 20–35% increase in lipolysis in response to catecholamines
after 30 and 90min of aerobic exercise in healthy subjects, respectively.
This is supported by the findings of Crampes et al.,55 in which
endurance-trained athletes showed increased epinephrine-stimulated
lipolysis in adipocytes.
The Arg16Gly polymorphism has been shown to affect lipolysis

because of the sensitivity of b2-receptors in adipose tissue. Specifically,
obese homozygous Gly16 and Glu27 subjects reported a 50% enlarge-
ment in adipocytes and a fivefold increase in lipolytic sensitivity to
agonists.8 Although additional investigations are required to combine
the knowledge of ADRB2 receptors and their impact on the metabolic
system during endurance exercises, it can, however, be hypothesized
that endurance athletes expressing the Gly16Glu27 haplotype are likely
to benefit from enhanced lipolysis, thus allowing for the improvement
in aerobic phenotypes.
There is still inadequate evidence to confidently outline the poly-

morphic impact of ADRB2 receptors on cardiovascular, respiratory,
metabolic and musculoskeletal systems on aerobic phenotypes.
A greater understanding of specific phenotypes that are altered
because of single-nucleotide polymorphism and receptor interaction
with substrates and catecholamines will further enhance our
knowledge of their influence to benefit athletic performance.

THE INFLUENCE OF THE ENVIRONMENT ON POTENTIAL

TRAINABILITY OF ENDURANCE PHENOTYPES EXPRESSED

IN POLYMORPHIC ADRB2 RECEPTORS

To fully understand athletic performance, it is necessary to consider
the interaction between the genetic composition of an athlete and
their environment. The notion of ‘nature vs nurture’ can greatly
influence the development and performance of an athlete.55

Epigenetics, or external factors that alter the phenotype without
affecting the genotype, are an important consideration when
exploring gene–environment interactions.56 Homogeneous genotypes,
as found among monozygotic twins, are altered by epigenetic factors
that affect each tissue independently, thus modifying the unique
expression and function of the gene. Factors such as smoking
habits, diet and level of physical activity are likely to influence the
division and differentiation of cells, resulting in phenotype modi-
fications.57,58 Hawley59 expanded on this notion by stating that
chronic adaptations to skeletal muscle physiology are likely to
be due to the cumulative effects of external factors that have
influenced the aerobic phenotype. As a result, geographical locations,
altitude and training regimes heavily influence the development of
the athlete.
By understanding the gene–environment interaction, it allows for

the facilitation of a model for training regimes on the basis of
genotype. Aspects such as intensity and volume of training can aid
in the enhancement of genetic polymorphisms to further augment
the physiological enrichment and performances during endurance
activities. This can also promote the usage of genotyping as a means
for talent identification.
Training protocols aim to increase the availability of oxygen and

substrates and promote efficient energy production of working
muscles.60 Popular techniques to improve fatigue resistance and
increase endurance have been a form of interval training—consisting
of numerous exercise bouts, incorporated with short rest intervals of
activity at a lower intensity.61 The objective is to improve lactate
kinetics, stimulate neurological muscle fiber recruitment patterns and
enhance fatigue resistance and athletic performance.62–65
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As noted previously by Savard et al.,30 Wahrenberg et al.31 and Levy
et al.,32 epinephrine stimulation of b2-receptors increases the activity
of the Na+K+-ATPase enzyme. Evidence shows that endurance athletes
have an increased concentration of the Na+K+-ATPase enzyme in
the plasma membrane.66 A possible explanation is the activation of
Na+K+-ATPase enzyme by catecholamines, thus stimulating action
potentials and force production in skeletal muscles.67 It is thus
possible that training regimes can take advantage of the force
production capacity of skeletal muscles through the implementation
of high-intensity sprint training exercises to increase Na+K+-ATPase
concentration and thus increase the amount of force produced by
muscle fibers on stimulation.68

The polymorphism of subjects expressing homozygous Gly16 alleles
demonstrated greater potential for trainability because of higher
aerobic performances and increased responses to exercises.38 Snyder
et al.20 also proposed that the Gly16Glu27 haplotype represents a
more positive response to exercise. On the contrary, studies have
shown that the homozygosity of the Glu27 allele and the Glu27Glu
haplotypes in healthy subjects can lead to significantly lower levels of
oxygen consumption and thus a reduction in VO2max.

23 Thus, it is
more likely that healthy subjects expressing the homozygous Gly16
alleles have the greatest potential for the trainability of endurance
performance, as it is highly expressed in the cardiovascular, respiratory
and metabolic systems.8,38,39,49 However, conflicting evidence exists to
suggest that homozygous Gly16 allele carriers are negatively associated
with endurance performance.7

Hypoxic training is also considered as an effective way to increase
endurance capacity,69 as ADRB2 receptors are highly expressed in the
lungs and blood vessels. Conducting aerobic exercises at high altitude
produces a hypoxic environment, leading to increased hematocrit and
blood viscosity.70 Consequently, there is an increased secretion of
erythropoietin, which increases myoglobin content and thus increases
oxygen-carrying capacity.71 This increase in oxygen delivery is because
of a smaller difference in the alveolar-arterial oxygen partial pressure,
suggesting enhanced pulmonary gas exchange in response to
hypoxia.72 Furthermore, at high altitudes, ADRB2 receptors may be
involved in increased oxygen delivery during acclimatization.73

There is a scarcity of literature exploring the physiological responses
of highly trained athletes to a modified training program. As endur-
ance athletes already exhibit superior aerobic performance, modifica-
tion of training protocols to promote high-intensity training has
been suggested.74 A study by Hickson et al.75 illustrated that the
implementation of high-intensity interval-style training can improve
aerobic performance. The study consisted of running or cycling for
6 days per week at 100% of VO2max for 6�5mins with a 2-min break
in between bouts. The findings showed that there were increases in
VO2max and time to exhaustion. Numerous other studies76–78 have
also illustrated the advantage of high-intensity interval-style training
as a necessity to further challenge endurance athletes to obtain training
benefits.
There is a further lack of evidence to provide optimal intensity and

volume of training, as most elite athletes are unwilling to experiment
with their training programs.79 Acknowledging the influence of
environmental factors on the alteration of phenotype can establish a
direction toward developing potential training regimes. The protocol
adopted by numerous studies to examine the influence of genetic
polymorphisms follows a similar intensity of between 75 and 80% of
VO2max, conducted 2–3 times a week.21,60,79 Consequently, further
investigations are necessary to optimize the intensity and volume of
training on the basis of the ADRB2 genotype. This may be achieved by
examining the effects of manipulation of training variables, such as

high volumes vs high-intensity training. Further investigations into
tailoring training protocols to specific genotypes should also prove
beneficial. Although there are currently very limited studies in this
field, the introduction of high-intensity sprint exercises to homo-
zygous Glu27 allele subjects may improve force production capacity,
or reducing rest periods between high-intensity interval training in
homozygous Gly16 allele subjects could improve respiratory function,
as it is shown that they are able to maintain FEF50 levels above baseline
during recovery. These speculations need to be addressed scientifically
in the future to allow tailored training regimes to maximize the
athletic performance of ADRB2 polymorphic subjects.
It is important to note that no single aspect, whether it is genetic or

environmental, can influence the phenotype of an athlete. Rather,
understanding the influence of epigenetic factors on phenotypes can
provide an insight into the interaction of genes and environment on
athletic performance.80,81 Furthermore, until a greater understanding
of the interaction between fatigue and athletic performance is deter-
mined, developing appropriate training practices to enhance aerobic
phenotypes remains complicated.82

CONCLUSION

In conclusion, the polymorphisms of ADRB2 receptors can positively
or negatively influence the cardiovascular, respiratory, metabolic and
musculoskeletal systems to enhance endurance phenotypes because of
the vast expression of b-adrenoceptors throughout the body. The
Gly16Glu27 haplotype seems to elicit a more positive response toward
exercise. Future investigations should aim to gather information
toward understanding the impact of ADRB2 receptors, particularly
on metabolic and musculoskeletal systems, in addition to gaining
greater insight into the implications of pathological studies on athletic
performance.
Further knowledge of the gene–environment interaction and

specific epigenetic factors can aid in the appreciation of the demo-
graphics and population that are more likely to enrich the gene
polymorphism. This information can aid in the development of
training protocols and talent identification criteria that take into
account the specific demands of the sport. As the Gly16Glu27
haplotype combination has been shown to be optimal for short-
term exercise, future studies should direct their attention toward
developing training protocols to further optimize this phenotype.
Antipodal reports indicate the use of genotyping for the purpose of
optimizing training and talent identification. Future studies need to
explore this notion to provide evidence for any correlation. However,
there is still no distinctive evidence for the predictive value of these
variants for the purpose of identifying potential elite athletes.83
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