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Background/Aims: We evaluated the association between coding region variants of ad-
renergic receptor genes and therapeutic effect in patients with congestive heart failure 
(CHF).
Methods: One hundred patients with stable CHF (left ventricular ejection fraction [LVEF] 
< 45%) were enrolled. Enrolled patients started 1.25 mg bisoprolol treatment once daily, 
then up-titrated to the maximally tolerable dose, at which they were treated for 1 year. 
Results: Genotypic analysis was carried out, but the results were blinded to the investi-
gators throughout the study period. At position 389 of the β-1 adrenergic receptor gene 
(ADRB1), the observed minor Gly allele frequency (Gly389Arg + Gly389Gly) was 0.21, and 
no deviation from Hardy-Weinberg equilibrium was observed in the genotypic distri-
bution of Arg389Gly (p = 0.75). Heart rate was reduced from 80.8 ± 14.3 to 70.0 ± 15.0 beats 
per minute (p < 0.0001). There was no significant difference in final heart rate across 
genotypes. However, the Arg389Arg genotype group required significantly more bisopr-
olol compared to the Gly389X (Gly389Arg + Gly389Gly) group (5.26 ± 2.62 mg vs. 3.96 ± 2.05 
mg, p = 0.022). There were no significant differences in LVEF changes or remodeling be-
tween two groups. Also, changes in exercise capacity and brain natriuretic peptide level 
were not significant. However, interestingly, there was a two-fold higher rate of readmis-
sion (21.2% vs. 10.0%, p = 0.162) and one CHF-related death in the Arg389Arg group. 
Conclusions: The ADRB1 Gly389X genotype showed greater response to bisoprolol than 
the Arg389Arg genotype, suggesting the potential of individually tailoring β-blocker 
therapy according to genotype. 
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INTRODUCTION

Pharmacogenomic effects continue to draw medical 
attention because they can substantially influence the 
therapeutic response. β-Blockers are a cornerstone 
treatment of congestive heart failure (CHF) [1-3]. Impor-
tantly, β-adrenergic receptor signaling genes are highly 
polymorphic, which substantially affects the incidence 
[4], prognosis [5-7], and therapeutic response of CHF. 
Among many single nucleotide polymorphisms (SNPs) 
in the β adrenergic receptor genes, Arg389Gly in the β-1 
adrenergic receptor gene (ADRB1) and Arg16Gly and 
Glu27Gln in the β2-adrenergic receptor gene (ADRB2) 
have been widely investigated. 

The ADRB1 variant encodes a Gly substitution for the 
highly conserved Arg389 within a region of the receptor 
that couples to intracellular signaling molecules [8]. In 
vitro, ADRB1 Arg389 increases its coupling to Gs com-
pared with Gly389, increasing the activity of the β-1 ad-
renergic receptor [9]. In contrast, the Gly389 in ADRB1 
reduced the receptor sensitivity as if it were partially 
blocked [10-13]. In the Heart Failure: A Controlled Trial 
Investigating Outcomes of Exercise Training (HF-AC-
TION)  study, CHF patients with the Arg389Arg genotype 
were suggested to require a higher dose of β-blockade to 
achieve a treatment response similar to that of Gly car-
riers [14].

The ADRB2 polymorphism was mainly studied for 
its β-agonist therapeutic response in asthma patients. 
Similarly, ADBR2 Gly16 reduced β2-adrenergic recep-
tor activity compared with Arg16 [15]. Although there 
has been no report showing variation in blood pressure 
(BP) or heart rate (HR) decrease in response to β-blocker 
therapy according to ADBR2 polymorphism [16], the 
ADRB2 Glu27 allele was reported to greatly improve sys-
tolic function in treatment with carvedilol, a nonspecific 
β-receptor blocker, compared with that of the Gln vari-
ant [17].

Remarkably, SNPs in ADRB1 and ADRB2 have distinct 
prevalence according to genetic background of the stud-
ied population. These interethnic differences might 
affect the clinical variability in β-blocker response [18]. 
African Americans have been shown to have a lower sen-
sitivity to β-blocker therapy. In contrast, Chinese people 
have a higher sensitivity to β-blockers compared to other 
populations and show a stronger response to β-blocker 

therapy, requiring lower doses [19,20]. If genetic poly-
morphism exerts substantial impact on the pharmaco-
logic response of β-blockers, individual dosing might be 
necessary to maximize the effect during CHF treatment. 
In this regard, this study aimed to investigate the asso-
ciation between ADRB1 polymorphism and therapeutic 
effect of bisoprolol in Korean patients with CHF.

METHODS

Study population
Chronic stable CHF patients of New York Heart Asso-
ciation (NYHA) class II to III with left ventricular ejec-
tion fraction (LVEF) ≤ 45% were recruited from 10 hos-
pitals across Korea. Patients were excluded if they had 
one of the following conditions: decompensated CHF 
(NYHA class IV); acute myocardial infarction, unstable 
angina, coronary artery bypass graft, percutaneous cor-
onary intervention, or valve surgery within 3 months; 
uncontrolled CHF due to hypertrophic obstructive car-
diomyopathy; mild-to-severe valvular stenosis or severe 
(grade III/IV) valvular regurgitation; hypersensitivity to 
β-blockers; or systolic BP (SBP) < 90 mmHg at screening 
or HR < 55 beats per minute (bpm) based on a resting 
ECG at screening. Female patients with child bearing 
potential and pregnant or nursing women were not in-
cluded in the study. The study was approved by the In-
stitutional Review Board of each  institute and the Korea 
Food and Drug Administration and was conducted in 
accordance with Korean Good Clinical Practice and the 
Declaration of Helsinki. All patients provided written 
informed consent prior to participation. This study was 
registered at ClinicalTrials.gov (ID: NCT 01104558).

Bisoprolol dosing
Patients were started with 1.25 mg bisoprolol treatment 
once a day; the dose was progressively up-titrated per 
2-week interval to 2.5, 3.75, and 5 mg successively, taking 
into account the patient’s HR and tolerability based on 
subjective symptoms. The recommended maintenance 
dose of bisoprolol was 5 mg. However, if patients toler-
ated increased dosage, a maximum maintenance dose 
of 10 mg was recommended. After 12 weeks of up-titra-
tion, the bisoprolol doses were fixed and maintained 
throughout the study period. Standard CHF treatment 
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and concomitant medications for various medical con-
ditions were allowed at the investigator’s discretion. The 
study design is summarized in Fig. 1. 

 
Genotyping
Patients were genotyped for ADRB1 Arg389Gly (rs1801253), 
ADRB2 Gly16Arg (rs1042713), and ADRB2 Gln27Glu 
(rs1042714). Cells in whole blood were lysed using a cell 
lysis solution. RNA was then removed using the RNA-di-
gesting enzyme RNAse. Proteins were removed by pro-
tein precipitation solution. Finally, genomic DNA was 
recovered by precipitation in alcohol. A TaqMan SNP 
genotyping assay (5’ nuclease assay) was used for ampli-
fying and detecting specific SNP alleles in the purified 
genomic DNA samples (1 to 20 ng) using real-time poly-
merase chain reaction system. Importantly, the patients 
and investigators were blinded to the genotypic results 
throughout the study period.

Clinical follow-up
BP, HR, and clinical events were monitored during 
the 52-week study period. Echocardiographic param-
eters such as LV dimension, LVEF, and E/A ratio were 
measured at baseline and 24 weeks after initiation of 
β-blocker therapy and then analyzed by two indepen-
dent cardiologists who were blinded to patient infor-
mation. The patients also underwent a 6-minute walk 
test at baseline and 24 weeks after the initiation of statin 
therapy.

Outcome
The primary endpoint was difference in LVEF after 
bisoprolol treatment. Secondary endpoints included 
change in 6-minute walk test, serum B-natriuretic pep-

tide (BNP) level, BP, and HR level after bisoprolol treat-
ment. Clinical endpoints included readmission and/
or mortality throughout the study. For safety, adverse 
events, vital signs, and clinically significant abnormal 
values among the laboratory test results were evaluated 
[21].

Statistical analysis
As no previous data was available for the distribution 
pattern of the genetic polymorphisms of β-adrenergic 
receptor in Korean CHF patients, this study was initiat-
ed as an exploratory study with 100 patients. Statistical 
analysis was conducted using SAS 9.2 software (SAS In-
stitute Inc., Cary, NC, USA). Results were expressed as 
mean, standard deviation, minimum, and maximum for 
baseline data including demographics, medical history, 
physical examination, and drug history. No adjustment 
was performed for baseline covariates. Changes in the 
efficacy parameters after bisoprolol therapy were evalu-
ated within each genetic polymorphism by paired t test 
and two-sample t test. Variables with skewed distribu-
tion were log-transformed before analysis.

RESULTS

Study population
Of the 117 screened patients from 10 study institutions, 
100 were prescribed bisoprolol after screening, 18 with-
drew during the study, and 82 completed the study (Fig. 
2). The majority of the patients were male (73%), and the 
mean age was 56.2 ± 13.2 years. NYHA class distribution 
was 97% in class II and 3% in class III. Genotyping was 
carried out in 83 patients. Baseline BP was 120.7 ± 21.7/78.1 

     0 Week
• Laboratory test
• Evaluation
• 6-Minute walk test
• Echocardiography

      24 Weeks
• Laboratory test
• Evaluation
• 6-Minute walk test
• Echocardiography

     52 Weeks
• Clinical follow-up 

-2 Weeks 0 12 Weeks 24 Weeks

Bisoprolol fixed doseTitrationScreening

Bisoprolol stepped up-titration and maintenance

52 Weeks

Figure 1. Study design.
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± 12.6 mmHg, and baseline HR was 80.8 ± 14.3 bpm. The 
baseline LVEF was 32.3% ± 8.0%, and the median BNP 
level at baseline was 820 pg/mL (25 and 75 percentile val-
ues of 228.2 and 1,177.5 pg/mL, respectively). Overall, 94% 
of patients were treated with renin-angiotensin system 
inhibitors (angiotensin converting enzyme inhibitor or 
angiotensin receptor blocker), and 34% of patients were 
treated with spironolactone. Of all patients, 51% were 
treated with digoxin, and 15% of patients were previous-
ly treated with β-blockers that were replaced with bisop-
rolol without a washing period. 

β-Adrenergic receptor polymorphism
At position 389 of ADRB1, 53 patients were homozygous 
for the Arg genotype, five patients were homozygous for 
the Gly genotype, and 25 patients were heterozygous. 
The observed minor Gly allele frequency (Gly389Arg 
+ Gly389Gly) was 0.21, and no deviation from Har-
dy-Weinberg equilibrium was observed in the genotype 
distribution of Arg389Gly (p = 0.75). The proportion of 
Gly carriers was lower than the reported proportion 
among blacks (range, 0.41 to 0.42) or whites (range, 0.27 
to 0.28) [14,22]; however, the observed level was similar to 
the reported proportion among Japanese dilated cardio-
myopathy patients (0.20) [23].

Both coding region variations of ADRB2 deviated 
from Hardy-Weinberg equilibrium and thus were ex-
cluded from further analyses. At position 16 of the β-2 
adrenergic receptor (ADRB2), 14 patients were homozy-

gous for the Arg genotype, 28 patients were homozygous 
for the Gly genotype, and 41 patients were heterozygous 
(p = 0.02). At position 27 of the β-2 adrenergic receptor, 
one patient was homozygous for the Glu genotype, 67 
patients were homozygous for the Gln genotype, and 15 
patients were heterozygous (p = 0.02). 

Baseline characteristics according to ADRB1 poly-
morphism
Next, we compared the baseline characteristics of pa-
tients according to ADRB1 polymorphism. We merged 
the Gly389Arg group (n = 25) and the Gly389Gly group 
(n = 5) into the Gly389X group because the patient num-
ber in each group was far smaller than in the Agr389Arg 
group. The baseline characteristics of the patients be-
tween the two groups did not significantly differ except 
for a higher prevalence of diabetes mellitus (p = 0.023) in 
the Gly389X group (Table 1).

Tolerability to bisoprolol treatment according to 
genotype
Starting at a 1.25 mg dose once a day, the bisoprolol dose 
was up-titrated at 2-week intervals to 2.5, 3.75, and 5 mg 
and then to the maximal tolerated dose determined by 
the investigators. The final dose after 12 weeks was 4.79 ± 
2.50 mg. There was no significant BP change from base-
line to week 12; SBP changed from 120.7 ± 21.7 to 122.0 ± 
19.7 mmHg (p = 0.571), while diastolic BP changed from 
78.1 ± 12.6 to 76.4 ± 13.4 mmHg (p = 0.246), respectively. 
However, HR was reduced significantly from 80.8 ± 14.3 
to 70.0 ± 15.0 bpm (p < 0.0001). 

Interestingly, the ADRB1 Arg389Arg genotype group 
required a significantly larger amount of bisoprolol 
compared with the Gly389X (Gly389Arg + Gly389Gly) 
group (5.26 ± 2.62 mg vs. 3.96 ± 2.05 mg, p = 0.022) (Fig. 3A 
and 3B). Although the bisoprolol dose was higher in the 
ADRB1 Arg389Arg genotype group, there was no signifi-
cant difference in HR reduction between the two groups 
(–8.9 ± 14.8 bpm vs. –11.9 ± 15.1 bpm, p = 0.43) (Fig. 3C).

 
Left ventricular remodeling following bisoprolol 
treatment according to genotype
Following 24 weeks of bisoprolol therapy, LVEF was sig-
nificantly improved from 32.3% ± 8.0% to 41.0% ± 9.9% 
(p < 0.0001). Left ventricular volume was also significant-
ly reduced with end-systolic volume from 104.1 ± 45.7 to 

117 Screening

100 ITT group

82 PP group

              18 Withdrawal
6 Violation of inclusion/exclusion criteria
    3 Moderate valvular stenosis
    1 Severe valvular regurgitation
    1 LVEF > 45% 
    1 Heart rate of 52 beats per minute
2 Withdrawal of consent 
1 Lost to follow-up
7 Missing final echocardiographic evaluation
1 Missing of genetic analysis results
1 Non-compliance to β-blocker washout period

Figure 2. Study f low chart. ITT, intention-to-treat; LVEF, 
left ventricular ejection fraction; PP, per-protocol.
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79.5 ± 41.3 mL (p < 0.0001). Left ventricular end-diastolic 
pressure estimated by E/e’ wave ratio was also signifi-
cantly decreased (p < 0.001) (Table 2). 

 There was no significant difference either in base-
line or final LVEF between the ADRB1 Arg389Arg and 

Gly389X groups (Fig. 4A). Moreover, the reduction in left 
ventricular volume or end-diastolic pressure estimated 
by E/e’ wave ratio was not significantly different between 
the two genotype groups (Fig. 4B and 4C). 

Table 1. Baseline characteristics of the patients by ADRB1 genotype

Characteristic
Arg389Arg group

(n = 52)
Gly389X group

(n = 30)
p value

Age, yr 54.5 ± 13.6 59.3 ± 12.1 0.111a

Male sex, % 76.9 66.7 0.225b

Body weight 66.8 ± 12.6 67.0 ± 12.7 0.919a

Height 165.4 ± 10.2 162.5 ± 8.4 0.184a

Heart failure duration, yr 3.04 ± 2.9 3.30 ± 4.17 0.737a

Medical history, %

Diabetes mellitus 7.7 26.7 0.023b

Hypertension 26.9 43.3 0.101b

Atrial fibrillation 26.9 30.0 0.479b

Previous myocardial infarction 23.1 13.3 0.219b

NYHA functional class 0.601b

II 51 (98.1) 29 (96.7)

III 1 (1.9) 1 (3.3)

Vital signs

Systolic blood pressure 119.5 ± 24.5 122.8 ± 15.8 0.501a

Diastolic blood pressure 78.1 ± 14.1 78.2 ± 9.9 0.167a

Heart rate 79.8 ± 13.5 82.6 ± 15.6 0.401a

Echocardiographic parameters

LVEF, % 32.0 ± 7.9 32.9 ± 8.4 0.616a

LV diastolic volume 153.4 ± 50.5 144.0 ± 53.5 0.429a

LV systolic volume 107.3 ± 44.7 98.5 ± 47.6 0.407a

B-natriuretic peptide, pg/mL 824.35 (243.75–1,119.75) 807.90 (175.63–1,242.75) 0.619a

6-Minute walk test, m 405.6 ± 163.5 392.0 ± 155.3 0.725a

Medication, %

ACE inhibitors 38.5 40.0 0.537b

ARBs 53.8 56.7 0.494b

Spironolactone 32.7 36.7 0.448b

Loop diuretics 61.5 73.3 0.200b

Digoxin 51.9 50.0 0.524b

Aspirin 53.8 43.3 0.246b

Values are presented as mean ± SD, number (%), or median (interquartile range).
ADRB1, β-1 adrenergic receptor gene; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; LV, left ven-
tricular; ACE, angiotensin converting enzyme; ARBs, angiotensin receptor blockers.
aThe p values are computed from two sample t-test.
bThe p values are computed from chi-square test.
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Short-term and long-term functional improvement 
according to genotype
Following 24 weeks of bisoprolol therapy, exercise ca-
pacity evaluated by 6-minute walk test was significantly 
improved from 401 ± 160 to 416 ± 138 m (p < 0.001) (Ta-
ble 2). Moreover, there was no significant difference in 
change between the ADRB1 Arg389Arg genotype group 
and the Gly389X group (Fig. 5A)

Overall BNP level was also significantly reduced from 
1,294.3 ± 2,679.0 to 987.0 ± 1,657.8 pg/mL (p = 0.023). In-
terestingly, BNP level only significantly decreased in the 
Gly389X group from 960.2 ± 783.9 to 581.2 ± 539.7 pg/mL 
(p = 0.005), whereas there was no significant change in 
the Arg389Arg group (1,510.8 ± 3,284.5 to 1,213.4 ± 2,001.2 
pg/mL, p = 0.269) (LogBNP change in Fig. 5B).

Then, we investigated clinical events including read-
mission and mortality for 1 year. All patients continued 

bisoprolol treatment after the study. Although there was 
no statistical significance, a two-fold higher rate of read-
mission (21.2% vs. 10.0%, p = 0.162) and one CHF-related 
death were observed in the Arg389Arg group (Fig. 5C). 

DISCUSSION

This study showed the substantial difference in re-
sponse to β-blocker according to genotypic variations 
of adrenergic signaling genes. As no previous data was 
available for the distribution pattern of the genetic poly-
morphisms of β-adrenergic receptor in Korean CHF 
patients, we enrolled 100 patients with chronic stable 
CHF in an exploratory study. Although the number of 
patients was relatively small, the genetic distribution of 
ADRB1 Arg389Gly variation did not deviate from Har-
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Figure 3. Bisoprolol response on heart rate according to β-1 adrenergic receptor gene 1 (ADRB1) genotype. (A) Up-titration 
curve of bisoprolol according to ADRB1 genotype. (B) Final bisoprolol dose after 12 weeks of up-titration. The p values are com-
puted from two sample t test. (C) Heart rate change after 6 months of bisoprolol treatment according to ADRB1 genotype. The 
p values are computed from paired t test between baseline and week 24. bpm, beats per minute.

Table 2. Hemodynamic and functional parameters after bisoprolol treatment

Variable Pretreatment 24 Weeks of treatment p value

Echocardiographic parameters

LVEF, % 32.3 ± 7.9 41.0 ± 9.9 < 0.001

LV diastolic volume 150.0 ± 51.5 130.1 ± 48.7 < 0.001

LV systolic volume 104.1 ± 45.7 79.5 ± 41.3 < 0.001

E/e’ ratio 14.4 ± 6.8 13.2 ± 5.6 < 0.001

B-natriuretic peptide, pg/mL 820.75 (228.20–1,177.50) 440.60 (202.75–1,015.05) < 0.001

6-Minute walk test, m 400.9 ± 159.8 416.5 ± 137.8 < 0.001

Values are presented as mean ± SD or median (interquartile range).
LVEF, left ventricular ejection fraction; LV, left ventricular.

A B C
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dy-Weinberg equilibrium. We utilized the β-blocker, 
bisoprolol, and the patients, echocardiographers, and 
investigators were blinded to the genotypic results 
throughout the study period, thereby minimizing the 
confounding effect. HR was significantly reduced by bi-
soprolol treatment. Although final HR was not signifi-
cantly different between the genotypes, the patients in 
the Arg389Arg genotype group required a higher dose 
of bisoprolol compared with the Gly389X (Gly389Arg + 
Gly389Gly) group. This finding suggests that patients 
with the Arg389Arg genotype require a larger amount of 

β-blocker to achieve a similar HR reduction compared 
with other genotypes. In contrast, there was no signif-
icant BP change from baseline to week 12. Bisoprolol 
dose was up-titrated as scheduled, but other medication 
was modulated according to the investigators’ decision. 
Therefore, reduction in anti-hypertensive medication 
might result in the observed BP stability. There were 
no significant differences in changes in LVEF, exercise 
capacity, or BNP level change between the two groups. 
However, there was a two-fold higher rate of readmis-
sion and one CHF-related death in the Arg389Arg group. 

p = 0.91p = 0.26p = 0.73
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Figure 5. Short-term and long-term functional improvements according to β-1 adrenergic receptor gene 1 (ADRB1) genotype. (A) 
Six-minute walk test before and 24 weeks after bisoprolol therapy. The p values are computed from paired t test between base-
line and week 24. (B) B-natriuretic peptide (BNP) level before 24 weeks after bisoprolol therapy. As BNP level showed a skewed 
distribution, the results were compared after log-transformation. The p values are computed from paired t test between base-
line and week 24. (C) Cardiovascular event for 1 year after bisoprolol treatment. The p values are computed from chi-square 
test. LogBNP, log-transformed B-natriuretic peptide.
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ADRB1 is encoded by an intron-less gene located 
on chromosome 10q24-26, consisting of a short 5’ un-
translated region of 86 base pairs (bp), an open reading 
frame that encodes a protein of 477 amino acids, and a 
3’ untranslated region of about 900 bp [24]. The allele 
frequency of ADRB1 Gly389 among Asians was reported 
to be in the range of 0.20 to 0.30, which is quite lower 
than those in Caucasians (range, 0.24 to 0.34) and Afri-
can Americans (range, 0.39 to 0.46) [23,25]. The allele fre-
quency of ADRB1 Gly389 observed in this study was 0.21, 
which is similar to a previous report in Asians. ADRB1 
Arg389 was reported to contribute to greater activity of 
β-1 adrenergic receptor compared to Gly389 [9,10,12,13]. 
In healthy individuals, HR responses to dobutamine, a 
β-1 agonist, were more than three-fold greater among 
ADRB1 Arg389 compared with Gly389 homozygotes [26]. 
As expected, we observed that an approximately 33% 
higher dose of bisoprolol was required to reduce the 
HR to the same range in the ADRB1 Arg389Arg group 
compared with in the Gly389X group. This finding has 
important clinical implication considering that it is 
often suggested that Asians have higher sensitivity to 
β-blockers compared to other populations, thereby re-
quiring smaller doses [19,20]. In contrast, the allele fre-
quency of ADRB1 Arg389 among Asians was even higher 
than in Caucasians and African Americans. 

In various β-blocker trials of CHF patients, it has 
been strongly suggested that HR reduction is more im-
portant than β-blocker dose [27,28]. This suggestion is 
rational because the large difference in β-blocker effi-
cacy according to genotype supports the importance of 
HR-guided therapy rather than the absolute drug dose 
itself. 

Although the ADRB1 Arg389Gly genotype polymor-
phism is the most widely studied among various poly-
morphisms of adrenergic receptor genes, whether the 
Arg variant is protective or harmful is still controversial. 
Specifically, the genetic impact is different between epi-
demiologic and intervention studies with β-blockers. In 
the β-blocker ‘naïve’ state, the Gly389X genotype group 
was reported to have a better prognosis and greater 
survival [18,29]. In contrast, there was a report that sug-
gested lack of benefit of the Gly389 allele [30]. Although 
Cresci et al. [7] suggested that the Arg389Arg genotype 
is protective in CHF progression, another report by 
Ogimoto et al. [23] reported that ADRB1 Arg389 allele 

carriers combined with deletion (range, 322 to 325) of the 
alpha2c receptor gene had more than a 10-fold higher 
risk of CHF. Conversely, homozygous Arg389 CHF in-
dividuals showed significantly better exercise capacity 
compared to homozygous Gly389 individuals [31] and 
were more sensitive to β-blockade, showing negative 
left ventricular remodeling [32,33] and better survival [7], 
reflecting comparatively better cardiac catecholamine 
signaling [8]. 

 Remarkably, the results of previous studies suggest 
that the therapeutic impact of the ADRB1 genotype dif-
fers according to selectivity and dose of β-blockers [34]. 
The response to metoprolol, having high β-1 selective 
blocking activity, is better with the ADRB1 Arg389Arg 
genotype, resulting in improved LVEF and greater HR 
reduction [35,36]. Inhibition of the highly active ADRB1 
Arg389Arg genotype is theoretically valuable in CHF [37]. 
In contrast, the ADRB1 Arg389Arg genotype combined 
with the ADRB2 Gln27 carrier, which was suggested to 
physiologically down-regulate β-2 adrenergic receptor, 
was reported to be associated with increased mortality 
in carvedilol, nonspecific β-1, and β-2 blocker treatment 
[37]. Similarly, CHF patients with the ADRB1 Arg389Arg 
genotype receiving low-dose (< 25 mg/daily) carvedilol 
showed a two-fold higher death risk compared with 
high-dose (> 25 mg/daily) users, which was not conferred 
in ADRB1 Gly carriers [14]. Lastly, bucindolol, which has 
a partial inverse β-agonistic effect, was reported to re-
duce mortality in ADRB1 Arg389Arg genotype CHF pa-
tients but had no clinical response in Gly389 carriers 
[10]. The reason for the beneficial response of the ADRB1 
Arg389Arg genotype in advanced CHF patients might be 
due to the more sensitive and therefore less demanding, 
adrenergic agonist binding affinity [38]. 

In this study, although the extent of HR reduction was 
the same between the two genotype groups, BNP lev-
el was more highly decreased in the Gly389X genotype 
group than in Arg389Arg genotype group in spite higher 
β-blocker dose in the Arg389Arg group. Despite being 
statistically nonsignificant, the readmission rate was 
two-fold higher in the Arg389Arg group, and there was 
one heart failure-related death in this group. Together, 
these findings suggest a higher risk in the Arg389Arg 
genotype. This finding might be related to the relative-
ly modest dose of β-blocker and HR reduction in this 
study resulting in the incomplete blockade of more ac-
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tive β-1 adrenergic receptor in the Arg389Arg genotype. 
Therefore, we cannot exclude the possibility that the re-
sults might be different if a higher dose and greater HR 
reduction were achieved in the Arg389Arg genotype.

The findings of our study should be considered in 
the context of several limitations. First, this study used 
a highly selective β-1 blocker, bisoprolol. Therefore, our 
findings may not apply to different types of β-blockers 
used to treat CHF patients. Second, although we adjusted 
for numerous predictors of left ventricular remodeling, 
the possibility of important unidentified confounding 
factors other than ADRB1 genotype cannot be excluded. 
Third, this study did not assess the effect of genotype 
on circulating markers of either sympathetic activation 
or the renin-angiotensin system. Fourth, the prevalence 
of diabetes mellitus was higher in the Gly389 genotype 
group. We did not evaluate the degree of diabetic au-
tonomic dysfunction in the diabetic patients enrolled. 
If diabetic autonomic dysfunction was significant, HR 
response to β-blockers might be blunted [39]. However, 
the HR response to bisoprolol was greater in the ADRB1 
Gly389X genotype, which suggests that diabetic auto-
nomic neuropathy was negligible in this study. Last-
ly but most importantly, due to small sample size, we 
could not investigate the combined effects of multiple 
genotypes of the adrenergic receptor-related genes, the 
association of which was previously suggested [23].

In conclusion, in CHF patients, the ADRB1 Gly389X 
genotype showed greater response to bisoprolol than 
did the Arg389Arg genotype. The ADRB1 Gly389X gen-
otype was also shown to have better prognosis than the 
Arg389Arg genotype. The pharmacogenomic effects ob-
served in this study implicate the importance of individ-
ually tailoring β-blocker therapy. 
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