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Abstract
β-Blockers are an important cardiovascular drug class, recommended as first-line treatment of
numerous diseases such as heart failure, hypertension, and angina, as well as treatment after
myocardial infarction. However, responses to a β-blocker are variable among patients. Results of
numerous studies now suggest that genetic polymorphisms may contribute to variability in responses
to β-blockers. This review summarizes the pharmacogenetic data for β-blockers in patients with
various diseases and discusses the potential implications of β-blocker pharmacogenetics in clinical
practice.
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Excessive activation of the adrenergic nervous system contributes to the pathophysiology or
symptoms of many cardiovascular diseases. β-Blockers are competitive antagonists at the β-
adrenergic receptors, thereby modulating activities in this pathway.1 β-Blockers are among the
most widely prescribed of all drug classes, with more than 120 million prescriptions in the
United States in 2004, and atenolol was the fourth most commonly prescribed of all drugs,
with 42 million prescriptions in the same year.2 Currently, 17 β-blockers have been approved
by the U.S. Food and Drug Administration (Table 1). Although most of their pharmacologic
effects are attributed to their ability to block β-adrenergic receptors, there are many differences
among the agents. For example, some are relatively selective for the β1-adrenergic receptors,
whereas others are nonselective. Further, some have ancillary properties in addition to their
β-blocking effects, such as intrinsic sympathomimetic activity, α-adrenergic–receptor
blockade, and direct vasodilating effects. There is also variability in the pharmacokinetic
properties of the various β-blockers. However, all β-blockers antagonize the β1-adrenergic
receptor, and this effect is believed to be responsible for most of the therapeutic benefit
associated with β-blocker therapy.

β-Blockers are recommended as a first-line agent for various diseases, including heart failure,
hypertension, and angina, as well as after myocardial infarction.3-6 However, β-blocker therapy
often produces variable responses among patients.7, 8 Genetic differences may contribute to
this variability in responses to β-blockers. Pharmacogenetics is the study of genetic
contributions to variable drug response, with the clinical potential to optimize therapy by
identifying (predicting) the patients who will respond well (or poorly) to a given drug or those
who are at high risk for adverse events from the drug.
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In this review, the pharmacogenetics literature on β-blockers are summarized and the potential
clinical implications of these data are discussed. Studies were identified in the MEDLINE
database from 1966–July 2006 by combining the following Medical Subject Heading search
terms: genetic polymorphism, single nucleotide polymorphism, pharmacogenetics, adrenergic
β antagonists, as well as individual β-blocker names. We also reviewed the references of all
identified articles.

Minor allele frequencies and the functional consequences of the major polymorphisms
discussed in this review are summarized in Table 2.9-12

Blood Pressure and Antihypertensive Responses
The original indication for β-blockers was hypertension, and β-blockers remain among the
most commonly prescribed antihypertensives. However, response to these drugs is highly
variable whereby 30−60% of patients with hypertension who are treated with β-blocker
monotherapy will fail to achieve adequate blood pressure control.7, 8 This variability may be
accounted for, in part, by genetic polymorphisms. Table 3 summarizes data from
pharmacogenetic studies on blood pressure responses to β-blockers.13-24 In particular, various
polymorphisms in the genes involved in sympathetic and renin-angiotensin-aldosterone
systems (RAAS) have been explored for the variability. Ser49Gly and Arg389Gly, two
common single nucleotide polymorphisms (SNPs) in the β1-adrenergic receptor gene
(ADRB1), have been most extensively studied. In vitro studies showed that the serine-to-
glycine change at codon 49 increased agonist-promoted receptor down-regulation and that
receptors containing Arg389 had higher basal and isoproterenol-stimulated receptor activities
(Table 2).9, 10 Because β1-adrenergic receptors containing Ser49 and/or Arg389 have higher
activity, one might expect that patients carrying Ser49 and/or Arg389 would have a better
response to β-blocker therapy.

Data from several studies suggest that blood pressure responses to β-blocker therapy may differ
by ADRB1 genotypes. In a study from our laboratory, homozygosity for Arg389 was
significantly associated with about 3-fold greater daytime diastolic blood pressure changes
after a minimum of 4 weeks of treatment with a stable dose of metoprolol in 40 patients with
hypertension (p=0.0018).13 Of note, no difference was seen in S-metoprolol area under the
plasma concentration–time curve between Arg389Arg and Gly389 carriers, suggesting the
finding was not due to differences in an individual's pharmacokinetics, but due to differences
in pharmacodynamics. In addition, the response was significantly associated with ADRB1
haplotype: Ser49Arg389/Ser49Arg389 had the greatest daytime reduction in diastolic blood
pressure. Based on these findings, a statistical model was developed to predict treatment blood
pressure (BP): Treated BP (mm Hg) = 18.82 + (0.79 × baseline daytime diastolic BP) − 8.3 (if
Arg389Arg) − 5.1 (if Ser49Ser).13 The Ser49Arg389/Ser49Arg389 haplotype was also
identified as a predictor for a good systolic blood pressure response to metoprolol in 61 Chinese
patients with hypertension, suggesting its predictability across races.14 Consistent with the
previous study, this study also found that Arg389Arg was significantly associated with a greater
decrease in both systolic and diastolic blood pressure compared with Arg389Gly and
Gly389Gly. In healthy volunteers, Arg389Arg had significantly greater reduction in systolic
blood pressure than Gly389Gly after 1 day of metoprolol treatment.15 Again, plasma
concentrations 3 hours after metoprolol were not significantly different between Arg389Arg
and Gly389Gly, suggesting differences in response were not due to variability in metoprolol
pharmacokinetics.

Association of ADRB1 polymorphisms with blood pressure responses to the other β-blockers
has not been well established. Although, compared with Gly carriers, Arg389Arg was
associated with a significantly larger decrease in resting systolic blood pressure and mean
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arterial blood pressure with atenolol treatment in healthy volunteers,16 blood pressure
responses to atenolol in patients with hypertension have not been associated with the ADRB1
SNPs.17, 18 Bisoprolol has also been investigated but was not associated with the ADRB1 SNPs.
17

The discrepancy of the findings between metoprolol and atenolol or bisoprolol may be
multifactorial. Whether there are differences in the pharmacogenetic associations for these
drugs is not clear. However, it would be somewhat surprising to see differences given the
similarities in their pharmacology. Probably a more likely explanation in the case of the
discrepancies for the ADRB1 studies is differences in study design and in the care with which
the blood pressure data were collected. Specifically, the studies with positive associations were
all prospectively conducted to test pharmacogenetic hypotheses, whereas most of the negative
studies were pharmacogenetic associations that were tested on existing databases (Table 3).
Since retrospective studies, such as database analyses, are more likely confounded and biased,
25 caution should be exercised in interpreting results of retrospective analyses. In addition,
most of the negative studies did not account for the β-blocker pharmacokinetics, an important
source of confounding. Finally, how the phenotype (blood pressure data) was determined is
also important. Given the minute-to-minute variability in blood pressure, failure to collect
blood pressure data in a very controlled or precise fashion (e.g., by ambulatory blood pressure
monitoring) may lead to a variability in the blood pressure data that is too great to discern any
impact of genetics on the blood pressure response to β-blockers. Also, differences in obtaining
blood pressure data may have caused differences in observations on effects of ADRB1
genotypes on systolic and diastolic blood pressure among the studies.

Data on the association between ADRB1 polymorphism and blood pressure response to a β-
blocker may also help explain the underlying physiologic mechanism for the differences in
blood pressure response to a β-blocker between Caucasians and African-Americans. Compared
with African-Americans, Caucasians have a higher frequency of Arg389Arg genotype (53%
vs 34% in African-Americans) in the ADRB1 gene. Also, Arg389Arg has been identified as a
predictor of good response to metoprolol. Therefore, the genotype frequency difference
between the two races may play a role in causing response differences to β-blocker therapy.
This will be confirmed by prospective studies powered to evaluate the relative influence of
ADRB1 polymorphisms on clinical responses to β-blockers in both African-Americans and
Caucasians.

Other genes involved in regulation of various cardiovascular systems such as β2-adrenergic
receptor gene (ADRB2), G protein β3 subunit gene (GNB3), and G protein α subunit gene
(GNAS) have been tested for their association with β-blocker response. However, none of these
have reported positive associations in more than one study. Specifically, ADRB2 has been
tested in two studies, but neither showed this gene to be associated with response.19, 20 Only
one study each has reported on the association of SNPs in GNB3 and GNAS with blood pressure
response to β blockers, respectively.20, 21 However, given the small sample sizes and positive
association in a subgroup in the studies, further studies are needed to confirm the findings.

The SNPs in the genes in RAAS have also been studied.22, 23 However, only two SNPs (A-6G
and Met235Thr alleles in angiotensinogen gene [AGT]) out of 30 SNPs in seven genes were
significantly associated with systolic blood pressure responses.23 Of the 10 SNPs in lipid
metabolism genes, only one SNP (16730C>T) in the low-density lipoprotein receptor
(LDLR) gene was found to be associated with greater systolic blood pressure reduction after
atenolol treatment.24 Physiologic implications of the findings are not clear at present.

Replication of positive associations in a second, independent cohort is an essential criterion
for having confidence that a noted genetic association might be real. Among the studies focused
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on blood pressure response to β-blockers, only the SNPs in the ADRB1 gene meet this test.
Although not all studies testing this gene have shown associations with blood pressure
response, four different studies from four different laboratories have shown such associations.
More important, the direction of the association was the same in all studies, namely, Arg389
homozygotes had the greatest blood pressure lowering, and the Ser49Arg389 haplotype was
associated with the best response. Also note that these associations are consistent with the
previous in vitro study data, which suggested that the Ser49 and Arg389 forms of the receptor
would lead to higher levels of receptor activation and to better response to β-blocker therapy.
Thus, it is also possible that in the future a patient's ADRB1 genotype may be used to predict
blood pressure response to a β-blocker by using a statistical model such as the one previously
proposed.13 If this could be validated prospectively, then the current empiric selection process
for antihypertensive drugs could become more objective and individualized. Further studies
are required for the genes that have had single studies with a positive association, but at present
the data are strongest for the potential role of ADRB1 on blood pressure response to β-blockers.

Heart Rate Response
Heart rate is controlled by the sympathetic and parasympathetic nervous systems, with
stimulation of cardiac β-adrenergic receptors (notably β1-adrenergic receptors) leading to
increases in heart rate, counterbalanced by the parasympathetic nervous system to decrease
heart rate. In fact, the negative chronotropic response on exercise heart rate is considered the
gold standard for assessing the degree of β1-adrenergic–receptor blockade.2 As such, numerous
studies have tested changes in resting heart rate and exercise heart rate before and after a β-
blocker relative to ADRB1 genotypes (Table 4).15, 16, 18, 21, 26 In healthy volunteers,
metoprolol treatment was associated with greater reduction in both resting and exercise heart
rates in Arg389Arg compared with that in Gly389Gly,15 whereas atenolol was not.16 Of note,
the heart rate was corrected for plasma metoprolol concentrations in the former study.15 In
hypertension, neither Ser49Gly nor Arg389Gly was associated with heart rate changes after
atenolol, bisoprolol, or metoprolol treatment,18, 21, 26 even after the heart rates were adjusted
for by S-metoprolol concentrations. Thus, among five studies testing for an association with
the negative chronotropic response, only one healthy volunteer study, which enrolled only
Arg389Arg and Gly389Gly homozygotes, showed an effect of this polymorphism on response.
Therefore, the data suggest that the ADRB1 SNPs (particularly codon 389) are not associated
with heart rate response to β-blockers. To our knowledge, there have been no studies
specifically targeted at an angina population. However, given that the primary benefit of β-
blockers in angina is through their negative chronotropic effects, it is unlikely that the
ADRB1 genes would be strongly associated with β-blocker efficacy in angina.

Other Outcomes in Hypertension
Table 5 summarizes β-blocker pharmacogenetic association studies that evaluated responses
other than blood pressure and heart rate in hypertension.27-32 Left ventricular hypertrophy,
myocardial stiffness, and progression of atherosclerosis, all of which are well-known predictors
of cardiovascular morbidity and mortality in hypertension, were studied. As shown in Table
5, despite numerous genes and SNPs being tested, only three have shown positive associations,
and in each case the associations appeared to be modest. Further, no SNPs have been replicated
for association in a second population. All of these studies were in relatively small samples
and of inadequate duration to observe the full benefits of β-blockers on the given phenotype.
Thus, larger and longer studies are needed to better elucidate the role of genetics in these β-
blocker response phenotypes.
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Heart Failure
Heart failure is characterized by activation of the sympathetic nervous system and RAAS.33

β-Blockers have been shown to improve morbidity and prolong survival in patients with heart
failure.5 However, prognosis of heart failure varies, suggesting interindividual variability in
response to the current drug therapy among patients. Most β-blocker pharmacogenetics studies
in heart failure have focused on the β-adrenergic receptor genes (Table 6).34-43

Despite their well-documented benefits, there is substantial evidence that β-blocker dosages
often are not optimally titrated, in part because of concerns about decompensation during
titration. One study testing the relationship between initial tolerability to metoprolol controlled
release–extended release (CR/XL) found that Arg389 homozygotes better tolerated the
initiation of a β-blocker, as indicated by less need for increased diuretic doses during the
titration period.34 The ADRB1 polymorphisms were associated with initial tolerability, with
haplotype being most informative. Specifically, 52% of patients who were Ser49Ser and
Arg389Gly required an increase in diuretics, whereas none of the patients who were Ser49Gly
and Arg389Arg required an increased diuretic dose during titration. Patients with other
genotype combinations required increased diuretic doses, at rates that were intermediate
between these two groups. If these findings were replicated, it might provide a mechanism for
identifying those patients who will need careful attention and close follow-up during the β-
blocker titration period.

Left ventricular ejection fraction (LVEF) is considered a good surrogate marker for predicting
the adverse outcomes in systolic heart failure, with the degree of improvement in LVEF
typically being strongly associated with survival benefit.44 As such, several studies have tested
the pharmacogenetic associations between the β-adrenergic receptor genes and improvement
in LVEF, with somewhat mixed results. Two studies showed significant associations between
ADRB1 genotype and LVEF, with Arg389 homozygotes demonstrating the greatest
improvement in LVEF.35, 36 However, two other studies showed no association between this
gene and LVEF improvement.37, 38 One study testing the role of ADRB2 and LVEF response
to carvedilol found that those who were Gln27 homozygotes had a significantly lower
proportion of good responders (i.e., those with improvement in LVEF) compared with those
who were Glu27 carriers,39 although another study did not find this gene to be associated with
change in LVEF.37 Thus, at present it is not possible to draw clear conclusions about the
relationship between change in LVEF and β-adrenergic receptor genotype.

Association of Arg389Gly with clinically more important adverse outcomes such as death or
hospitalization due to heart failure exacerbation has also been examined. Bucindolol is an
investigational and nonselective β-blocker. In the β-Blocker Evaluation of Survival Trial
(BEST), bucindolol did not provide overall survival benefit compared with placebo.45 In a post
hoc analysis, however, Arg389Arg was significantly associated with fewer adverse outcomes
in patients receiving bucindolol versus placebo (hazard ratio 0.66), whereas those who were
Gly389 carriers did not obtain such benefit from the drug.38 The study results suggested that
pharmacogenetics studies might help select the patients who will be more responsive to the
drug. In addition, the genotype associated with survival benefit from bucindolol is the same
genotype associated with improved LVEF in some studies. In the Metoprolol CR/XL
Randomized Intervention Trial in Chronic Heart Failure (MERIT-HF), there was no
association between ADRB1 genotype and outcomes (death and hospitalization). As such, some
have concluded the lack of a pharmacogenetic effect for β-blockers with these important
outcomes.46 However, the MERIT-HF genetic substudy treated those who received metoprolol
CR/XL and the placebo as a same group in the analysis and simply compared outcomes between
genotype groups, irrespective of their treatment assignment. This makes it hard to evaluate the
genetic association of the outcomes relative to β-blocker therapy.
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The interaction between genes and either β-blocker therapy or dose has also been studied. The
angiotensin-converting enzyme gene (ACE) contains an insertion (I)/deletion (D)
polymorphism, of which D/D has been associated with elevated plasma ACE level,12 and
higher rates of the adverse outcomes in heart failure. However, this deleterious effect of D/D
was not seen in patients with systolic heart failure who received a β-blocker at baseline.40, 41

In idiopathic dilated cardiomyopathy, the ADRB1 Gly49 carrier state was suggested as a
predictor of adverse outcomes in patients who received a low dose of β-blocker (≤ 50% of
target dose).42 However, the carrier state was not associated with adverse outcomes in those
who were received high doses of a β-blocker.42 Thus, these studies suggest that certain
genotypes may be at increased risk of adverse outcomes and that β-blockers may attenuate the
risk associated with that genotype. In this scenario, it is not possible to discern a
pharmacogenetic effect if all or most subjects are treated with optimal β-blocker doses.

β-Blocker therapy has also been shown to improve morbidity and mortality in patients who
survive acute coronary syndromes (ACS).4, 5 One group of authors followed 735 patients with
ACS for survival for 3 years, of whom 597 were receiving a β-blocker when they were
discharged.43 In this study, the common SNPs in ADRB1 were not associated with the outcome,
independent of whether patients were receiving a β-blocker or not. However, among patients
who were receiving a β-blocker, those homozygous for both Arg16 and Gln27 in ADRB2 had
a significantly higher 3-year mortality rate than patients with Gly16Gly/Glu27Glu or the other
diplotypes (20%, 6%, and 11%, respectively, p=0.002), suggesting that additional therapy and/
or monitoring is required for this risk group.

Noncardiovascular Diseases
Table 7 summarizes studies of β-blockers for noncardiovascular diseases.47-49 Most of these
focus on topical β-blockers, commonly used to modulate intraocular pressure (IOP) in patients
with glaucoma.50 Interindividual variability has been shown to exist in IOP responses to β-
blockers, leading to the interest in pharmaco-genetic studies.51 In 48 healthy volunteers,
Arg389Arg in ADRB1 was associated with higher baseline IOP and greater reduction in IOP
after topical betaxolol therapy for 3−6 weeks compared with that in Gly389 carriers.47

However, ADRB2 genotypes were not associated with IOP and systemic hemodynamic
responses to a single dose of ocular timolol in 89 healthy volunteers.48 Ser49Ser in ADRB1
and 393T>C in GNAS1 were associated with higher systolic and diastolic blood pressure,
compared with Gly49 carriers, after 4 weeks of therapy with topical timolol in a group of 19
patients with glaucoma and 18 healthy volunteers.49 Although these studies were quite small
and mostly conducted in healthy volunteers, they suggest that further pharmacogenetic studies
of β-blockers in patients with glaucoma are warranted.

β-Blocker Responses and CYP2D6 Gene Polymorphism
Differences in drug metabolism can cause variability in pharmacokinetics, which may produce
variable responses. Many of the β-blockers are substrates for the cytochrome P450 (CYP) 2D6
enzyme, including metoprolol, carvedilol, propranolol, labetalol, and timolol.52 Among the
β-blockers, metoprolol is most highly dependent on the CYP2D6 enzyme, with 70−80% of its
metabolism through this pathway. The CYP2D6 gene is highly polymorphic with about 80
alleles reported.53 Patients are commonly classified as ultraextensive metabolizers, extensive
metabolizers, intermediate metabolizers, or poor metabolizers based on the number of copies
of functional CYP2D6 alleles. The well-known influence of CYP2D6 genotype on metoprolol
pharmacokinetics54-56 has led to obvious questions about the effect of these kinetic differences
on adverse effects or efficacy. These studies are summarized in Table 8,34, 57-59 which
highlights that despite the dramatic effects of CYP2D6 genotype on pharmacokinetics, this
does not appear to translate into differences in efficacy or adverse effects.
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In a case-control study, adverse events associated with metoprolol therapy were 4.9−5.2-fold
more likely to occur in poor metabolizers than in non–poor metabolizers (p<0.0001).57

However, it was a retrospective study with a small sample size. Prospective studies with larger
samples did not confirm these results. Specifically, although the expected effects of
CYP2D6 genotype on pharmacokinetics of metoprolol were observed, rates of efficacy or
adverse effects were not significantly different between the poor metabolizer and non–poor
metabolizer groups.34, 58, 59 This was perhaps most surprising in patients with heart failure,
in whom therapy must be started at very low doses (concentrations). However, even in this
population, CYP2D6 genotype was not associated with poor tolerability to metoprolol CR/XL
on initiation of therapy.32 Although no studies have compared adverse-event rate or efficacy
of metoprolol between ultraextensive and extensive metabolizers, it is unlikely that there would
be differences in the adverse-event rate between the two groups. It is possible that
ultraextensive metabolizers would require higher doses to achieve β-blockade, but this would
be easy to detect and address clinically (without genotyping) since resting heart rate is a
sensitive marker for the degree of β-blockade.

Thus, the studies suggest CYP2D6 genotype influences neither efficacy nor toxicity with
metoprolol. Since the other β-blockers are much less reliant on CYP2D6 than metoprolol, it is
also likely that their efficacy and toxicity will not be significantly influenced by CYP2D6
genotype. Thus, despite the clinical availability of CYP2D6 genotyping, data suggest such
genotyping would be of little clinical benefit.

Discussion of the β-Blocker Pharmacogenetics Literature
We have summarized the current β-blocker pharmacogenetics literature. Perhaps not surprising
is that most of the studies focus on the primary target for the β-blockers, the ADRB1 gene.
Within this gene, Arg389Gly is particularly interesting. Specifically, the Arg389 homozygous
genotype has been associated in numerous settings with better response to β-blockers, including
hypertension (blood pressure lowering), heart failure (tolerability to β-blocker initiation, LVEF
improvement, survival), and glaucoma (IOP lowering). Although not all studies showed a
positive association, the positive ones are always in the same direction (e.g., Arg389Arg is a
predictor of better response). However, the direction of the association with many other widely
studied polymorphisms in pharmacogenetics, such as ACE I/D and the common ADRB2 SNPs
has not been consistent, even in studies showing a significant association. The findings relative
to the codon 389 polymorphism are also biologically supported by the results from the
functional studies.10 As such, the ADRB1 codon 389 polymorphism represents a starting point
from which β-blocker therapy might be individualized in the future.

Among the other genes that have been studied, results have been less consistent, with either
nonreplication in a second cohort or testing in only a single study to date. Nonetheless, some
of these represent interesting findings that warrant replication. Perhaps most notable in this
group are the data suggesting that patients with ACS who are homozygous for both Arg16Gly
and Gln27Glu in ADRB2 were found to have higher risk for adverse outcomes even while
receiving a β-blocker.45

Many factors may have played a role in producing the conflicting data summarized in the
various tables. Statistical factors such as small sample size, post hoc database analysis, and
uncorrected multiple comparisons may have caused discrepancies. Various nonstatistical
factors including differences in study design and population, pharmacologic properties of the
drugs, inaccurate measurement of the phenotype, and lack of pharmacokinetic assessment may
also have contributed. Future pharmacogenetic studies should take these factors into
consideration and aim to minimize such factors in the study design.
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Potential Clinical Implications of β-Blocker Pharmacogenetics
One of the goals of pharmacogenetics research is to provide clinicians with a tool with which
to individualize therapy based on a person's genetic make-up. Although the data for β-blockers
are not yet to that point, one can envision that such tools might be available in the near future
(i.e., 5−10 yrs), particularly for diseases like hypertension or glaucoma. Specifically, the data
on the ADRB1 gene are relatively strong, and if they can be shown to be predictive
prospectively, it might be translated to practice. A similar approach could work in glaucoma,
if similar data could be accrued. Use of pharmacogenetic data in patients with heart failure or
after ACS might be further in the future since the primary goal of therapy in these settings is
event reduction. This requires large clinical trials, for which there are likely to be few, if any,
with β-blockers. Alternatively, such data will have to come from existing clinical trial data that
have yet to be analyzed for pharmacogenetics, or from observational cohorts with strong
prescription drug use data (which are available through some group health organizations).
Nonetheless, heart failure and after an ACS are settings where pharmacogenetics could provide
greater benefit, since the response (i.e., prevention of death, stroke, and myocardial infarction)
cannot be measured in an individual patient. Specifically, if a patient is unlikely to benefit from
β-blocker therapy based on their genotype, then they could avoid exposure to the drug, as well
as the atten-dant risks, and perhaps receive an alternative therapy that would be beneficial.
However, this level of evidence will be difficult to accrue and, therefore, is less likely to be
available in the near term.

Conclusion
The β-blocker pharmacogenetics literature provides hope for the potential clinical utilization
of genetic information to individualize β-blocker therapy. Although the ADRB1 gene is
considered to hold great hope for providing part of the genetic picture as it relates to variable
drug response, identification of additional genes that also contribute to response variability
will be important. This will help explain a sufficient degree of the variable responses to a β-
blocker in order to be useful clinically.
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Table 1
Characteristics of β-Blockers Approved in the United States

β-Receptor Property, Agent Intrinsic Sympathomimetic Activity Dosage Forms Available Major Elimination Route Data Available on
Pharmacogenetics

β1-Selective antagonist

    Acebutolol Yes Oral Liver No

    Atenolol No Oral Kidney Yes

    Betaxolola No Oral, ophthalmic Liver, kidney Yes

    Bisoprolol No Oral Liver, kidney Yes

    Esmolol No Intravenous Liver, kidney No

    Metoprolol No Oral, intravenous Liver Yes

Nonselective antagonist

    Carteolol Yes Oral,b ophthalmic Kidney No

    Levobunolol No Ophthalmic Liver No

    Metipranolol No Ophthalmic Liver, kidney No

    Nadolol No Oral Kidney No

    Penbutolol Yes Oral Liver No

    Pindolol Yes Oral Kidney No

    Propranolol No Oral, intravenous Liver Yes

    Sotalol No Oral Kidney No

    Timolol No Oral, ophthalmic Liver Yes

Combined α1 and β-antagonist

    Carvedilol No Oral Liver Yes

    Labetalol No Oral, intravenous Liver No

a
L-isomer is no longer approved in the United States.

b
Oral dosage form is no longer available in the United States.
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Table 2
Summary of Minor Allele Frequency and Functional Consequences of the Important Genetic Polymorphisms

Gene Polymorphism Minor Allele Frequency of Minor
Allele by Race

Functional Consequences

ADRB1 Ser49Gly9 Gly Caucasians 12−16%
African-Americans 23
−28%
Hispanics 20−21%
Asians 14%

Gly49 allele has greater agonist-
promoted receptor downregulation

Arg389Gly10 Gly Caucasians 24−34%
African-Americans 39
−46%
Hispanics 31−33%
Asians 20−30%

Arg389 allele has higher basal and
agonist-simulated adenylyl cyclase
activity

ADRB2 Gly16Arg11 Arg Caucasians 39%
African-Americans 49%
Asians 51%

Gly16 allele has greater agonist-
promoted downregulation

Gln27Glu11 Glu Caucasians 25%
African Americans 19%
Asians 9%

Glu27 allele is resistant to receptor
downregulation

ACE I/D12 Ia Caucasians 40−48%
African-Americans 37
−43%
Asians 58−70%

D allele is associated with higher
plasma ACE level

ADRB1 = β1-adrenergic receptor gene; Ser = serine; Gly = glycine; Arg = arginine; ADRB2 = β2-adrenergic receptor gene; Gln = glutamine; Glu =
glutamate; ACE = angiotensin-converting enzyme gene; I = insertion; D = deletion.

a
Insertion allele is a major allele in Asians.
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