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of guiding the strategy of oral anticoagulation1. Recently, the 
use of bucindolol in HF was approved in genetic testing to 
evaluate the Arg389Gly polymorphism, which will identify 
the individuals who will respond to this type of beta-blocker. 

The objective of this review is to present the main scientific 
evidence of the role of polymorphisms of adrenergic receptors 
in the pathogenesis and progression of beta-blockers in HF 
and in their response to them. 

Beta-adrenergic receptor polymorphisms
Studies on the adrenergic system have supported the 

hypothesis that genetic variants of the central or peripheral 
adrenoreceptors have a role in the physiology of cardiovascular 
diseases, such as arterial hypertension and heart failure2. 

The family of beta-adrenergic receptors (β1, β2 and β3) 
is highly polymorphic. Recently, several functionally relevant 
polymorphisms of α2, β1 and β2 ADR receptors, and their 
specific genotypes were associated with the incidence and 
clinical severity of heart failure. 

There are seven common polymorphisms for the adrenergic 
receptors (two for beta-1 and three for beta-2, one for beta-3 
and one for alpha-2c), which will be analyzed regarding their 
involvement in the pathogenesis, therapeutic response and 
prognosis of HF (Figure 1)3,4. 

Beta-1 adrenergic receptor polymorphisms
The beta-1 adrenergic receptor gene is located at 

chromosome 10q 24-26. This gene has a codon sequence 
that codifies a protein with 477 amino acids intercalated 
by an untranslated region containing 86 base pairs in the 
extremity 5’ and an untranslated region containing 900 base 
pairs in extremity 3’. 

Eleven single-nucleotide polymorphisms (SNPs) have been 
described for the beta-1 gene, of which 8 result in amino 
acid change in the receptor. Two of these SNPs are the most 
common ones and are to date the most often described SNPs 
in literature. 

The position 1165 of the gene can be occupied, more 
frequently, by a cytosine or by a guanine, alternating the 
amino acid at position 389 of the protein, in the carboxy-
terminal extremity between Arginine (Arg) and Glycine (Gly), 
respectively. As for the position 145 of the gene, it is more 
frequently occupied by an adenine, or, less frequently, by a 
guanine, altering the amino acid at position 49 of the protein, 
in the amino-terminal extremity, between serine (Ser) and 
Glycine (Gly), respectively (Figure 2)5,6.

Summary
Heart failure (HF) is a complex disease, which involves 

several physiopathological mechanisms and different 
genetic polymorphisms. The adrenergic system is directly 
related to this pathology, as it participates in cardiovascular 
autoregulation and has a crucial role in the deterioration 
of cardiac function. The beta-blockers appeared as a great 
advance in cardiology for the treatment of HF; however, the 
drug response varies according to each patient, as several 
factors are associated, such as the genetic one. This review 
aims at assessing the genetic involvement in the development 
of HF, the drug response and the prognosis. 

Introduction
Currently, the clinical treatment for heart failure (HF) 

has a wide range of available drugs and beta-blockers are 
recommended for all stages of HF. However, there is great 
variability regarding response to treatment, with a survival 
rate that can vary from less than a year to more than 10 years. 

In spite of the decrease in mortality, a significant number of 
patients from clinical trials do not benefit from the treatment 
with beta-blocker and 10% to 15% of the patients present 
adverse effects, which prevents their use. 

The customized medicine is based on the identification of 
genetic variations that can predict the disease development 
and evolution and drug response (efficacy/safety). These 
variations represent the first genetic bases to determine 
the diagnosis, prognosis and therapeutic strategy guided by 
pharmacogenetics in HF. 

The recent advances in molecular biology have facilitated 
the inclusion into clinical practice of tests that evaluate the 
polymorphisms in the cardiovascular area. One example 
is warfarin, with the approval by the Food and Drug 
Administration (FDA) of the rapid laboratory test to detect 
the CYP2C9 and VKORC1 polymorphisms, with the objective 
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Figure 1 - Adrenergic system polymorphisms.

Figure 2 - Beta-1 receptor polymorphisms. q - allelic frequency (NCBI).

Among the other SNPs described for the beta-1 
adrenergic receptor, are: Ala59Ser, Arg318Ser, Lys324Arg, 
Ala343Thr, Glu352Asp, Arg399Cys, Arg400Leu, His402Arg, 
Thr404Ala and Pro418Ala. However, these polymorphisms 
are rare (frequency of 1% to 2%), and there are not many 
studies about them7,8.

Arg389Gly
The amino acid at position 389 of the beta-1 adrenergic 

receptor is located close to the seventh transmembrane 
domain, in the intracytoplasmic tail and it is supposed to be 
a Gs-protein binding domain6. 

When this polymorphism was cloned for the first time, 
the allele present was Gly389, and, therefore, this allele 
was considered to be the wild-type allele for a long time, 
although it was less frequent9. The Arg389 allele is highly 
conserved among species, which suggests that it is the 
ancestral allele7. 

The allelic prevalence is of approximately 70% for beta-
1 Arg389 and 30% for beta-1 Gly38910. The frequency of 
the Gly allele in Caucasians and Asians is 27%, whereas the 
frequency in African-Americans is of 42%11. The knowledge 
of the frequency of polymorphisms in different ethnic groups 
is relevant, as different genotypes are related to susceptibility, 
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response to therapy and distinct prognosis in cardiac diseases, 
as demonstrated by several studies. 

Ser49Gly
At the amino terminal extremity of the beta-1 adrenergic 

receptor, in the extra-cytoplasmic domain, is the amino acid 
at position 49. The change in the amino acid at this position 
can alter the conformation of the transmembrane and 
intracytoplasmic portions of the protein. Moreover, it has a 
role in the catecholamine signaling and down-regulation of 
this receptor2,12. 

The Ser49Gly polymorphism is in linkage disequilibrium 
with Arg389Gly in Caucasians and African-Americans and 
all homozygotes for Gly389 are also homozygotes for Ser49 
(Figure 3)9. This disequilibrium was demonstrated in a study 
with 700 women, in which only three of the four genotypic 
possibilities were found when 1,254 alleles were analyzed. The 
Gly49/Gly389 genotype was the only one that was not found5.

Allelic frequency
There is no statistically significant difference regarding the 

prevalence of the Gly49 allele in Caucasians and Asians and 
this frequency is 15% in both populations. Among African-
Americans, different genotypic frequencies were identified by 
two groups. Johnson and Terra found a frequency of 29% for 
the Gly49 allele, whereas Moore et al13 observed a frequency 
of 13% of the same allele11,13.

The functional role of polymorphisms in the beta-1 
adrenergic receptors 

In vitro experiments have demonstrated that the Arg389 
allele is related to a slightly higher basal sympathetic activity 
then the one presented by the Gly389 allele. Additionally, 
β1-Arg389 presents a faster desensitization, has higher affinity 
for the Gs protein and produces an activation of the effector 
enzyme adenylyl cyclase that is three-fold higher than the one 
induced by the Gly389 allele4,14. 

Experiments carried out in rats have shown that the Arg 
variant is related to a higher and better signaling in acute stages, 
but it becomes decreased chronically, with lower receptor-
binding capacity. These same studies demonstrated that this 

variant is related to an improvement in the hemodynamic 
activity and ventricular function in response to beta-blocking, 
which demonstrates the importance of such studies for the 
development of more effective and personalized therapies15. 

The functional meaning of this amino acid change is 
mainly in the control of the beta-1 adrenergic receptor 
desensitization. The Ser49 variant is relatively more resistant 
to down-regulation than the Gly49, as it is more glycosylated, 
presenting higher levels of expression, particularly in 
diseases where the sympathetic activation is increased. 
As demonstrated by prior studies of G-protein binding 
receptors, the level of the protein N-glycosylation influences 
the desensitization, at the prolonged exposure to agonist as 
well as at the short exposure11. 

It was verified, however, that the polymorphism at position 
49 does not seem to have an effect on ligand binding, 
G-protein binding or internalization promoted by the exposure 
to agonist. Actually, although the rate of internalization of both 
receptors is the same, there is 25% more degradation of the 
Gly49 receptor, favoring the down-regulation11.

Although there is a consensus regarding the polymorphism 
at position 389 regarding its influence in the adenylyl cyclase 
activation, the same cannot be said of polymorphism Ser49Gly. 
Rathz et al12 did not find, in their experiments, differences in 
the levels of activation of the adenylyl cyclase enzyme among 
the variants. However, Levin et al16 demonstrated that, when 
the density of the receptors was increased 10-fold, the cells 
that expressed Gly49 had an increased basal and agonist-
dependent activity for the adenylyl cyclase. Additionally, Gly49 
was more sensitive to the antagonists such as metoprolol and 
presented increased affinity for the agonists16,17. 

Susceptibility to heart failure
Considering the alterations that genetic variations of beta 

receptors can cause in the adrenergic system function and their 
impact on the predisposition to diseases and the therapeutic 
response, these polymorphisms have been related to the 
propensity to, evolution and outcome of several cardiac 
diseases and among them, heart failure (HF). 

As described before, the Arg389 allele has a higher 
stimulating effect on the sympathetic system, whereas the 
Gly389 allele presents an increase of the down-regulation 
as a protective effect to the increased sympathetic activity 
in HF. Therefore, several studies have been developed to 
verify whether there is a correlation between the beta-1 
polymorphisms and susceptibility to HF. In most studies, no 
statistically significant differences were found regarding the 
isolated frequencies of the Arg389 and Gly389 alleles in 
patients with HF, when compared to controls. 

Exercise capacity in HF
When the Gly and Arg alleles are compared at position 

389 with the capacity to perform physical exercises in HF, 
those carrying the Gly allele presented a better performance, 
although there was a similar increase in heart rate and blood 
pressure at maximum exertion2. Wagoner et al18 evaluated 
263 patients with dilated cardiomyopathy and demonstrated 
that individuals homozygous for Arg389 had a significantly Figure 3 - Beta-1 adrenergic haplotype frequencies.

Position 49 Position 389
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higher VO2 peak. That suggests that the early detection of 
polymorphisms can identify those with lower physical capacity, 
and thus, direct individualized exercise programs18. 

As for the Ser49Gly polymorphism, the sample population 
was not controlled for this codon alone. However, it was 
observed that this polymorphism can modulate the functional 
responsiveness of codon 389. Therefore, it is verified that the 
analysis of the haplotype must also be carried out and perhaps, 
it might be more important than the study of the SNPs alone17. 
In patients with HF, the Ser49/Gly389 haplotype presented 
lower VO2 peaks, whereas patients carrying Gly49/Arg389 
presented better VO2

2 peaks.

Response to beta-blocker and prognosis in HF
In the last ten years, beta-blockers (metoprolol, bisoprolol 

and carvedilol) have been associated with a significant 
decrease in all causes of mortality and hospitalization of 
patients with HF, being recommended by the guidelines as the 
standard therapy. However, as demonstrated in the Merit-HF, 
there was a decrease in mortality of only 34% of the patients 
using metoprolol, when compared to placebo19. Such fact 
was determinant to justify the studies with the polymorphisms 
with the objective of identifying patients that respond to such 
therapy, taking into account the interindividual variations. 

Terra et al evaluated 61 patients with systolic dysfunction 
and ejection fraction (EF) < 40%, titrating the dose of 
metoprolol up to 200 mg/d or the maximum tolerated dose. 
At the echocardiographic follow-up, after three months 
of medication use, these authors observed that patients 
homozygous for Arg389Arg presented a better EF response, 
with decreased systolic and diastolic cavitary diameters, in 
comparison to those carrying the Gly allele20,21. 

The BEST study evaluated the use of non-selective beta-
blocker (bucindolol) for the treatment of HF-functional class 
III-IV. The BEST-Genetic sub-study analyzed the impact of the 
beta-1 adrenergic polymorphism on the treatment with beta-
blocker and verified a considerable improvement in survival 
and decrease hospitalization rate in patients homozygous for 
Arg389Arg, in contrast to those carrying the Gly allele3.

However, the results of the sub-study of the Merit-HF 
study with 600 patients did not confirm that the different 
responses to the beta-blocker use were associated with these 
polymorphisms22. 

Terra et al20,21 observed that those carrying Gly49 presented 
a significant improvement in the degree of left ventricular 
remodeling after treatment with metoprolol, when compared 
to individuals homozygous for Ser49Ser. Moreover, these 
authors verified that the Arg389Arg genotype does not affect 
the tolerance to metoprolol at the initial phase of the titration, 
whereas patients carrying the Gly389 allele and homozygous 
for Ser49 presented higher levels of decompensation, indicated 
by the concomitant increase of other medications for HF20,21.

Börjesson et al23, evaluated 184 patients treated for long 
periods with beta-blockers and verified that those carrying 
1 or 2 Gly49 alleles presented better improvement in 
5-survival than those homozygous for Ser49Ser, who had 
a higher probability of presenting the following outcomes: 
hospitalization, heart transplant and death. 

In a prospective study with 375 patients with HF, 
Magnusson et al24 demonstrated that the influence of codon 
49 on the prognosis and treatment with beta-blockers is more 
pronounced than that of codon 389. Thus, patients carrying 
1 or 2 Gly49 alleles treated with low-dose beta-blocker 
presented a lower rate of mortality than patients homozygous 
for Ser49.

Studies with the Arg389Gly polymorphism did not show 
an association with the survival rate15. However, that occurs 
when there is linkage disequilibrium between codons 49 and 
389. Patients carrying the Gly49 variant almost always carry 
Arg in codon 389, whereas those carrying Ser49 might carry 
Arg or Gly in codon 389. 

Table 1 summarizes the main effects of the beta-1 
adrenergic receptor polymorphisms on prognosis and the 
response to beta-blockers in HF.

Adrenergic beta-2 receptor polymorphisms 
The adrenergic beta-2 receptor is codified by a gene 

without introns and located in chromosome 5q31-32. To 
date, 12 SNPs (single-nucleotide polymorphisms) have been 
described for the beta-2 receptor gene. Of these, 5 (Arg16Gly, 
Gln27Glu, Trh164Ile, Val34Met and Ser220Cys) cause 
alterations in the receptor amino acids and have functional 
significance (Figure 4). The consequences of the Ser220Cys 
polymorphism are yet to be understood and it is estimated 
that the Val34Met polymorphism, which is quite rare, does 
not cause changes in the beta-2 receptor function. The others 
have shown to be associated with functional alterations of 
the receptor.

Arg16Gly
The substitution of cytosine by guanine in position 46 of 

the beta-2 gene determines the substitution of Arginine (Arg) 
by Glycine (Gly) in codon 16. 

At the start of the investigations on the Arg16Gly 
polymorphism, it was believed that Arginine was the most 
frequent allele in the population (wild-type allele). However, 

Table 1 - Beta-1 adrenergic receptor polymorphisms and their effect 
on the prognosis and the response to beta-blockers in HF

Polymorphism Effect Study

Arg389Gly Arg389Arg>Gly389Gly: ↑ EF after 3 
months of metoprolol use. Terra et al

Arg389Gly
Arg389Arg >Gly389Gly: improvement 

in survival and hospitalization with 
bucindolol use.

Best-Genetic

Arg389Gly Arg389=Gly389: response to 
beta-blockers.

Merit-HF 
sub-study 

Ser49Gly Gly49 > Ser49Ser: improvement in LV 
remodeling with metoprolol use. Terra et al

Ser49Gly Gly49 >Ser 49Ser: improvement in 
5-year survival with beta-blocker use.

Börjesson 
et al

Ser49Gly Gly49 > Ser49Ser: lower mortality rate 
with low beta-blocker dose. 

Magnusson 
et al

EF - ejection fraction; LV - left ventricle
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Figure 4 - Beta-2 receptor polymorphisms.

subsequent studies demonstrated that Glycine was actually 
the most frequent allele (Arg/Gly, allelic frequency 0.40/0.60). 
However, as it was originally described that way, the Arginine 
allele maintained the “wild-type” denomination and the 
Glycine allele maintained the “mutant” allele denomination2. 

Gln27Glu
The substitution of the adenine nucleotide by the guanine 

nucleotide at position 79 of the beta-2 adrenergic receptor 
gene results in the substitution of the glutamine amino acid 
by glutamic acid in codon 27. The glutamine allele, as it is 
more frequently found in the population, is called the “wild-
type” allele. The glutamic acid, as it is less frequently found in 
the population, is called the “mutant” allele (Gln/Glu, allelic 
frequency 0.55/0.45)2. 

Trh164Ile
The presence of a different nucleotide at position 491 of 

the gene will determine the presence of a different amino 
acid in codon 164 (Trh164Ile)17.

Arg16Gly/Gln27Glu
It is currently known that there is a remarkable linkage 

disequilibrium between codons 16 and 27, so that individuals 
who are homozygous for Glu27Glu almost always present the 
Glycine amino acid in homozygosis in codon 16 (Gly16Gly). 
The homozygote Gln27Gln individuals can be homozygous 
(Arg16Arg or Gly16Gly) or heterozygous (Arg16Gly) for codon 
16. The Arg16Glu27 haplotype is found in less than 1% of the 
population and, therefore, it is very rare11.

Allelic frequency 
The frequency of the alleles involved in the beta-2 receptor 

polymorphisms varies among different ethnic groups. In African-
Americans, the frequency of the Arg16 allele is 49%, whereas, 
in Caucasians and Asians, it is 46% and 59%, respectively. 

Regarding the Glu27 allele, the allelic frequency is 20% among 
African-American individuals. In Caucasians and Asians, the 
allelic frequency of Glu27 is 35% and 7%, respectively.

The frequency of Ile164 in Caucasians and African-
Americans is 2% to 4%; in Asians, it is 0% to 1% and in Latin-
Americans, 3%25,26.

The functional role of beta-2 adrenergic receptor 
polymorphisms

It is well established that polymorphisms in codons 16 
and 27 do not alter the binding capacity of catecholamines 
to beta-2 receptor and adenylyl cyclase activity. However, 
studies have demonstrated that these polymorphisms are 
strongly associated with the susceptibility of these receptors 
to the down-regulation phenomenon17. 

In vitro studies have shown a higher degree of desensitization 
in the Gly16 variant in relation to the Arg16 variant, after the 
administration of isoprenaline. The same experiment also 
indicated that the Glu27 variant, as it causes an alteration 
in the conformation of beta-2 receptor, presents a higher 
degree of resistance to the down-regulation phenomenon 

than the Gln27 variant27. Therefore, it is presumed that the 
Glu27 polymorphism produces a beta-2 receptor with a 
higher degree of responsiveness to adrenergic agonists2. The 
Gly16Glu27 haplotype demonstrated to be more susceptible 
to the down-regulation phenomenon when compared to the 
Gly16Gln27 haplotype. One hypothesis for this fact would 
be the prevalence of the effect of Gly16 on the effect of the 
Glu27 variant. The Arg16Glu27 haplotype is the one that 
presents higher resistance to desensitization28. 

In v ivo ,  three haplotypes have been studied: 
A r g 1 6 G l n 2 7 T h r 1 6 4 ,  G l y 1 6 G l u 2 7 T h r 1 6 4  a n d 
Gly16Gln27Thr164. After two weeks of oral treatment with 
isoprenaline the Gly16Glu27Thr164 haplotype was the one 
that presented lower desensitization29,30. In other studies, the 
intravenous treatment with isoprenaline resulted in higher 
desensitization of the Arg16Gln27Thr164 haplotype31,32. 
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These results, which indicate a lower resistance of Arg16 
to the down-regulation phenomenon, are different from the 
in vitro results. A possible hypothesis for that would be the 
exposure of the beta-2 adrenergic receptors to a basal level 
of endogenous catecholamines in a human model, which 
would allow a higher endogenous desensitization of Gly16. 
Thus, when exposed to an exogenous agonist, the Gly16 
polymorphism, already desensitized, would present lower 
susceptibility to the down-regulation phenomenon33. 

Susceptibility to HF
Many studies have investigated a possible association 

between heart failure and the beta-2 adrenergic receptor 
polymorphisms and different results have been described in 
the literature. It is known that the proportion between beta-1 
and beta-2 receptors is 80:20 in healthy hearts. However, in 
HF, this proportion is 60:40, which indicates that the beta-2 
polymorphism can modify the disease progression11. 

Heckbert et al34 carried out studies in a sample with 
more than 5,000 elderly individuals aiming at finding a 
possible association between the Arg16Gly and Gln27Glu 
polymorphisms and the risk of developing cardiovascular 
diseases. The results suggest that the individuals carrying the 
Glu27 allele present a lower risk of developing coronary events 
than the patients carrying the Gln27 allele in homozygosis. 

Forleo et al35, in their studies, concluded that Gly16Glu27 
patients with dilated cardiomyopathy presented a higher risk 
of developing heart failure than Gly16Gln27 patients17,35. 

However, as for the beta-1 polymorphism, there does not seem 
to be a significant difference between the allelic frequency 
of beta-2 receptors in patients with and without HF, which 
indicates that this polymorphism must not be associated 
with susceptibility to this disease. Covolo et al36 did not find 
significant differences in the distribution of different alleles 
between patients with HF and controls17,36. 

Two studies have demonstrated that the frequency of the 
Ile164 polymorphism is similar between healthy patients and 
those with HF and concluded that this polymorphism is not a 
risk factor for HF, either37,38. 

Exercise capacity in HF
Some studies have verified the association between the 

different polymorphisms of beta-2 receptor and the capacity 
to perform physical exercises.

Wagoner et al18, after determining the genotype of 230 
outpatients with HF, submitted them to cardiopulmonary 
exercise tests. The results showed that the individuals 
homozygous for Gly16 presented worse VO2 peaks, 
when compared to individuals homozygous for Arg16. 
Moreover, when the genotypes of positions 16 and 27 were 
simultaneously evaluated, the Gly16Gln27 homozygotes 
were the ones that presented worse performance, with 
the best performance being associated with the individuals 
homozygous for Arg16Glu279.

As for the patients with HF and Thr164Ile, they had a lower 
VO2 peak (15.0 ± 0.9 ml·kg-1·min-1) than the ones presenting 
Thr164Thr (17.9 ± 0.9 ml·kg-1·min-1, p < 0.0001). The 

percentage of the reached O2 peak was also lower in patients 
with Ile164Thr (62.3 ± 4.5% vs 71.5 ± 5.1%, p = 0.045)18.

The exercise tests with Swan Ganz catheter measurements 
demonstrated lower variations in cardiac index, systemic 
vascular resistance, systolic volume and O2 in Ile164 patients. 

Response to beta-blockers and prognosis in HF
Regarding the response to medications, studies have 

shown that Arg16 and Glu27, when in homozygosis, promote 
a higher degree of vasodilation in response to adrenergic 
agonists. In turn, in vivo studies have demonstrated that the 
combinations of the Arg16 and Gln27 alleles showed the 
highest degree of desensitization measured by the agonist 
during the vasodilation response11. 

Studies carried out by Kayne et al39 that assessed patients 
with HF treated with beta-blockers indicated that the risk 
of death of heart transplant was significantly higher in 
individuals that carried the Arg16Gln27 haplotype. When 
the Gln27 polymorphism was analyzed alone, patients that 
were homozygous for this allele showed little improvement 
in cardiac function when they received carvedilol, when 
compared to those carrying the Glu27 allele. These results 
were confirmed by Metra et al. At the time, the patients 
with chronic HF were treated for more than one year with 
carvedilol and it was verified that the left ventricular ejection 
fraction (LVEF) in individuals that were homozygous for 
Glu27 was much higher than in individuals homozygous for 
Gln27. No statistical significance was observed in studies 
that tried to correlate the response to carvedilol and the 
Arg16Gly polymorphism alone. However, due to the linkage 
disequilibrium, patients homozygous for Glu27 that presented 
better response to carvedilol are almost always carriers of the 
Gly16 allele in homozygosis17,39,40.

De Groote et al41, in their experiments, observed in patients 
with the Gly16Gln27 haplotype a tendency to lower survival, 
when compared to patients with the two other haplotypes, 
demonstrating, once more, that the analysis of the SNPs alone 
might not be enough to characterize the disease evolution 
and that perhaps more studies are necessary before one can 
establish an association between beta-2 polymorphism and 
HF prognosis41. 

In a recent study, patients homozygous for the Arg16Gln27 
haplotype presented a high risk of mortality, whereas those 
homozygous for the Gly16Glu27 haplotype presented 
a decrease in this risk. Similar data have been recently 
published by Shin et al42 who verified, in 227 patients with 
chronic HF treated with beta-blockers, that the individuals 
homozygous for the Arg16Gln27 haplotype presented a 
hazard ratio for adverse events (defined by death or heart 
transplant) of 1.9117,42.

Despite the several studies carried out on the Thr164Ile 
polymorphism, its role in HF prognosis remains unknown. In 
a study with 256 patients, Liggett et al analyzed their survival 
over a one-year period. The Thr164Ile patients had a 42% 
survival, whereas the Thr164Thr patients presented a survival 
rate of 76%. However, three subsequent studies could not 
demonstrate such association35,41,43. 
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Forleo et al35 analyzed 171 patients with dilated 
myocardiopathy and did not find any difference regarding the 
risk of HF evolution (defined as the need for hospitalization, 
heart transplant or death) and this polymorphism35. 

De Groote et al44 analyzed 444 patients with HF and 
Barbato et al43, 31 patients with HF. These authors did not 
find an association between the Thr164Ile polymorphism and 
patients’ survival in 3.5 and 2 years, respectively. However, 
the by Barbato et al demonstrated a faster worsening in HF 
(increase in diuretics use or the need for hospitalization) in 
Ile164 patients than in Thr164 ones41,44.

Table 2 summarizes the main effects of the polymorphisms 
of adrenergic beta-2 receptors on prognosis and response to 
beta-blockers in HF. 

Adrenergic beta-3 receptor polymorphisms
The adrenergic beta-3 receptor gene is located in 

chromosome 8p11.1-8p12 and it is primarily expressed in 
white and brown adipose tissue2 .

The most common polymorphism of this receptor is located 
in codon 64, where is a substitution of tryptophan by Arginine 
(Trp64Arg), in the beginning of the first intracellular loop28.

The presence and function of the adrenergic beta-3 in 
the human heart are still debatable. Some studies have 
tried, without success, to establish an association between 
arterial hypertension, coronary disease and this receptor 
polymorphism. However, the current studies are more 
directed at the confirmation of the association between the 
Trp64Arg polymorphism with obesity, insulin resistance and 
early-stage diabetes mellitus.

Adrenergic alpha-2c receptor and adrenergic beta-1 
polymorphisms

The adrenergic alpha-2c receptor is a post-synaptic 
receptor that prevents the release of noradrenaline at the 
sympathetic terminal and the deletion of four consecutive 
amino acids (Del322-325) results in a variant of this receptor 
that is hypofunctional and is associated to high levels of 
noradrenaline. 

Small et al45 demonstrated, in a sample of 84 Black 
patients, that individuals homozygous for the deletion (322-
325) in the alpha-2c receptor gene had a 5-fold higher risk 
of developing HF when compared to the group that did not 
have this genotype. 

Perspectives
As in genomics, transcriptomics and proteomics, 

metabolomics is opening new horizons for the more complete 
analysis of the individual. Metabolomics is considered the link 
between the genotype and the phenotype. With the global 
analysis of metabolites, one can have a detailed view of the 
phenotype, which expedites diagnoses, the development of 
new pharmacological products and the identification of side 
effects of new drugs. 

In general, it is believed that the use of molecular biology 
techniques, associated to the conventional morphological 
and clinical-laboratory criteria will allow a more precise 
diagnosis and, consequently, a deeper understanding of the 
physiopathology of cardiac diseases. 

The deep knowledge of the process of disease development 
and the influence of individual factors shall pave the way for 
a personalized and individual Medicine and for the use of 
differentiated therapeutic regimens.
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Table 2 - Beta-2 adrenergic receptor polymorphisms and their effect 
on the prognosis and the response to beta-blockers in HF

Polymorphism Effect Study

Arg16Gln27 Arg16Gln27: higher risk of death or 
heart transplant Kayne et al

Gln27Glu Gln 27 < Glu 27: response to carvedilol. Kayne et al

Gln27Glu Glu > Gln: EF improvement with 
carvedilol. Metra et al

Arg16Gly and 
Gln27Glu No correlation with HF prognosis. Liggett et al

Gly16Gln27 Gly16Gln27: lower survival rates. De Groote 
et al

Arg16Gln27/ 
Gly16Glu27

Homozygotes Arg16Gln27 > 
homozygotes Gly16Glu27: risk of 

mortality and heart transplant.
Shin et al

Thr164Ile Thr164Thr > Thr164Ile: better survival. Liggett et al

Thr164Ile Thr164 = Ile 164: risk of HF evolution. Forleo et al

Thr164Ile Thr164 = Ile 164: survival of 3.5 years. De Groote 
et al

Thr164Ile Ile164 > Thr164: faster HF worsening. Barbato 
et al

EF - ejection fraction; HF - heart failure.
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