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Abstract: Background: Genetic factors contribute to the variability in individual response to antihypertensive medi-
cations. We sought to investigate the frequencies of allele and genotype for CYP2D6 and ADRB1 genetic polymor-
phisms and explore their potential impact in influencing the selection of antihypertensive beta-receptor blockers. 
Methods: The study population was selected from the Han Chinese patients in Zhongda Hospital, which contained 
2419 Han Chinese hypertensive individuals and 151 normotensive controls. Each of the above participants under-
went venous blood sampling. Then, the gene chip platform was adopted to evaluate the CYP2D6 and ADRB1 genetic 
polymorphisms. The allele as well as genotype frequencies for each gene, along with the combined genotypes, 
were subjected to analysis. Results: The frequency of *1/*1 wild-type homozygous for CYP2D6 was 9.71%, while 
the frequency of *1/*10 heterozygous or *10/*10 mutant homozygous was 59.16% or 31.13%, respectively, as 
established by gene chip analysis. Similarly, we observed that the genotype frequencies of GG wild-type homozy-
gous for ADRB1 was 10.29%, while that of GC heterozygous, or CC mutant homozygous was 44.98%, or 44.73%, 
respectively. Notably, combined genotypes *1/*10 + CC (25.88%) and *1/*10 + CG (27.78%) had the highest 
frequencies. Importantly, no substantial differences in the distributions of CYP2D6 and ADRB1 polymorphism were 
noted between hypertensive patients and normotensive controls, or among all different grades of hypertension. 
Conclusion: These findings provide insights into the CYP2D6 and ADRB1 polymorphisms in hypertensive patients 
from Han Chinese, which show significant differences compared to other geographic groups of Han Chinese hyper-
tensive patients. These results offer valuable information for future prospective clinical studies on the antihyperten-
sive effects of beta-receptor blockers in Han Chinese hypertensive patients.
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Introduction

Hypertension is strongly linked to the morbidity 
and mortality of cardiovascular disease [1]. A 
nationwide hypertension survey conducted 
between 2012 and 2015 revealed that hyper-
tension among adults in China aged 18 years 
and above had a prevalence of 27.9% [2]. The 
Chinese population’s lifestyle is characterized 
by a diet high in salt, fat, and sugar, high psy-
chosocial stress, and low physical activity [3]. 
Consequently, with the growing elderly popula-
tion and inappropriate lifestyles, the preva-
lence of hypertension is projected to increase 
in China. Failure to adequately control hyper-
tension will undoubtedly pose a prominent pub-
lic health challenge in the coming decades [4]. 

Currently, improvement in blood pressure man-
agement is an effective approach to control 
hypertension. Although the approval of numer-
ous antihypertensive drugs, the control rate of 
hypertension in the Chinese population is still 
unpromising, at 15.3% [2]. Patients with hyper-
tension often experience a trial-and-error pro-
cess in finding the right drug due to variable 
responses. Genetic factors may influence the 
inter-individual variability in response to hyper-
tensive therapeutic agents, including beta-
receptor blockers, calcium-channel blockers, 
and angiotensin receptor antagonists [5].

Genes encoding the metabolic enzymes, par-
ticularly the cytochrome P450 (CYP), are 
involved in the biotransformations that occur in 
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phase I and phase II and have an impact on the 
interindividual variations in antihypertensive 
drug response [6]. Over the past few years, vari-
ous CYP enzymes have been investigated, and 
these enzymes include CYP1A2, CYP2C9, 
CYP2C19, and CYP2D6 [7]. The CYP2D6 
enzyme, in particular, exhibits considerable 
genetic diversity, with more than 100 different 
alleles identified, categorized as nonfunctional 
alleles (e.g. *3, *4, *5, *6, *7, *8, *11, *13, 
*15), reduced functional alleles (e.g. *9, *10, 
*14, *41, *49, *59), and functional alleles (e.g. 
*1, *2) [8]. Homozygous individuals for the 
nonfunctional alleles were established as poor 
metabolizers (PM), individuals with heterozy-
gous nonfunctional alleles or homozygous 
diminished functional alleles were defined as 
intermediate metabolizers (IM), while those 
with homozygous or heterozygous functional 
alleles were considered extensive metabolizers 
(EM). Different metabolism phenotypes result 
in variant responses to antihypertensive beta-
receptor blockers. Numerous studies reveal the 
involvement of CYP2D6 in the metabolism of 
beta-receptor blockers, for instance, carvedilol 
and metoprolol [6, 9, 10]. Specifically, the clear-
ance and concentration of carvedilol have been 
reported to be influenced by the CYP2D6 geno-
type [6, 9]. Metoprolol is mainly metabolized by 
CYP2D6 [6, 9]. The CYP2D6 genotype has been 
shown to impact the metabolic ratio, with 
patients lacking CYP2D6 metabolic capacities 
experiencing greater reductions in diastolic and 
systolic blood pressure during metoprolol treat-
ment compared to patients with active CYP2D6 
phenotypes [11]. The Dutch Pharmacogenomics 
Working Group (DPWG) also recommends 
CYP2D6 genotyping when using metoprolol, 
suggesting alternate drug selection or a 75% 
dose decrease for PM, a 50% dose decrease 
for IM, and a dose increase for EM [12]. 

The beta1-adrenergic receptor, encoded by the 
ADRB1 gene, serves as the primary target pro-
tein for all beta-receptor blockers [9]. Variants 
of the ADRB1 gene have been identified as pre-
dictors of antihypertensive drug response [13]. 
Among the ADRB1 polymorphisms, the most 
extensively studied ones are Ser49Gly (rs18- 
01252) and Gly389Arg (rs1801253), which 
may lead to remarkable changes in the func-
tioning of beta-receptor blockers. Of particular 
interest is the Gly389Arg polymorphism, as its 
different variants have been associated with 

variations in antihypertensive treatment res- 
ponses among diverse populations [13-17]. 
The substitution of Gly with Arg at residue 389 
(Gly389Arg) due to the G→C exchange at 1165 
bp is the focus of attention. Two studies have 
reported that Chinese hypertension patients 
carrying the Gly389Gly genotype for the 
Gly389Arg polymorphism demonstrate a sig-
nificantly improved antihypertensive effect 
when treated with metoprolol in contrast with 
patients with other genotypes [13, 18]. 
Additionally, Chinese hypertensive patients car-
rying the Arg389Arg genotype experience a 
great reduction in BP when treated with 
carvedilol in contrast with individuals carrying 
the Gly allele [19].

Beta-receptor blockers are widely utilized in the 
treatment of hypertension. Previous studies 
have established a connection between the 
antihypertensive efficacy of beta-receptor 
blockers and genetic variations in CYP2D6 and 
ADRB1 polymorphisms. Beta-receptor blockers 
are mainly metabolized by CYP2D6, while 
ADRB1 serves as their target protein. The 
CYP2D6*10 allele is the most prevalent in the 
Asian population [8], and the presence of the 
CYP2D6*10 genotype significantly impacts the 
pharmacokinetics of metoprolol [18]. Notably, 
several studies find ADRB1 Gly389Arg poly- 
morphisms are linked to different responses  
to hypertensive therapeutic agents among 
Chinese hypertensive patients. Consequently, 
this study focused on investigating the frequen-
cies of CYP2D6*10 and ADRB1 allele and gen-
otype polymorphisms and exploring the link 
between hypertension grades and CYP2D6 and 
ADRB1 polymorphisms in Han Chinese hyper-
tensive patients. The study findings may poten-
tially provide useful insights for the selection of 
beta-receptor blockers, for instance, carvedilol 
and metoprolol, in the treatment of hyperten-
sive patients of Han Chinese descent.

Materials and methods

Study subjects

This retrospective study was conducted in 
accordance with the Ethics committee of 
Zhongda Hospital, Southeast University (No. 
2020ZDSYLL014-P01). The baseline charac-
teristics of hypertensive patients had been 
described previously [20]. Briefly, 2570 Han 
patients were included in the present study 
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from February 2017 to December 2019, 
encompassing 2419 hypertensive patients and 
151 normotensive controls. Further to note, all 
the subjects in the study were patients from the 
Zhongda Hospital. Upon admission, blood pres-
sure measurements were taken. Hypertension 
was denoted as systolic blood pressure (SBP) 
>140 mmHg and diastolic blood pressure (DBP) 
>90 mmHg. The essential hypertensive popula-
tion included in this study had not received any 
antihypertensive medication prior to participa-
tion. Among the hypertensive patients, aged 
from 20 to 98 years old, there were 1405 males 
and 1014 females. Patients with secondary 
hypertension like endocrine diseases or kidney 
disease were not included in this study.

Genotyping procedures for CYP2D6 and 
ADRB1

CYP2D6 and ADRB1 alleles and genotypes 
were estimated by gene chip. Briefly, DNA 
extraction was carried out from the whole blood 
utilizing an automatic nucleic acid extraction 
and purification system (NP968-C), following 
the instruction of the DNA extraction kit. The 
protocol followed to carry out the polymerase 
chain reaction (PCR) is as follows: 94°C for 3 
min for pre-denaturation, then at 94°C for 30 s, 
56°C for 30 s, and extension at 70°C for 30 s 
for 40 cycles, and at 70°C for 2 min for elonga-
tion. PCR was performed following the manu-
facturer’s specifications by the ABI7500 real-
time PCR system. Subsequently, 3 μL amplifica-
tion products of CYP2D6 or ADRB1 were dis-
pensed into the gene chip and incubated at 

occurrences. Categorical variables were pre-
sented as numbers and frequencies. Com- 
parisons between different groups were per-
formed by means of a chi-square test. A value 
of P<0.05 was statistically significant.

Results

The allele and genotype frequency of CYP2D6 
and ADRB1 polymorphisms in Han Chinese 
hypertensive patients

The allele frequency, as well as genotype distri-
butions of CYP2D6 or ADRB1 in Han hyperten-
sive patients, were depicted in detail in Tables 
1 and 2, correspondingly. Pertaining to CYP2D6, 
we observed allelic frequencies of 39.29% and 
60.71% for the CYP2D6*1 and CYP2D6*10 
alleles, correspondingly. Further evaluations 
depicted that the frequency of wild-type homo-
zygotes genotype (*1/*1) was 9.71%. On the 
other hand, the frequency of mutant heterozy-
gotes (*1/*10) or homozygotes (*10/*10) was 
59.16% or 31.13%. For ADRB1, we identified a 
frequency of 32.78% for G alleles and 67.22% 
for C alleles. While the frequency of the wild-
type homozygotes (GG) genotype was 10.29%, 
the frequency of mutant heterozygotes geno-
type (GC) or homozygotes genotype (CC) was 
44.98% or 44.73%. We compared the allele fre-
quencies of CYP2D6 and ADRB1 with respect 
to previously published reports in Han and 
other ethnic Chinese hypertensive populations. 
There were significant differences in ADRB1 
allele frequencies and CYP2D6 and ADRB1 
genotype frequencies among the different geo-

Figure 1. Schematic diagrams of the CYP2D6 and ADRB1 gene chip. R is 
the chip hybridization positioning reference, *1 and *10 are the wild-type 
and mutant-type probe sites of CYP2D6 gene, respectively. G and C are the 
wild-type and mutant-type probe sites of ADRB1 gene, respectively. P is the 
positive reference probe site for CYP2D6 and ADRB1, while N is the nega-
tive reference probe site. There are 5 replicates of wild-type probe, muta-
tion-type probes, positive reference probes, and negative reference probes.

41°C for hybridization. The 
genotypes of CYP2D6 and 
ADRB1 for each sample were 
scanned by the GenePix4100A 
scanner and determined by 
the GenePix6.0 software. The 
gene chip schematic diagrams 
for CYP2D6 and ADRB1 were 
depicted in Figure 1. 

Statistical analysis

Statistical Package for the 
Social Sciences for Windows 
(IBM SPSS Statistics, version 
26) was utilized for data analy-
sis. The allele and genotype 
frequencies were computed as 
per the observed number of 
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graphic hypertensive populations (P<0.05) [13, 
18, 21, 22]. However, the CYP2D6 and ADRB1 
allele frequencies in this study were consistent 
with other studies conducted in Han Chinese 
hypertensive patients [18].

The combined genotype and phenotype of 
CYP2D6 and ADRB1 in Han Chinese hyperten-
sive patients

Among the 2,419 Han hypertensive Chinese 
individuals included in this study, the most 
combined genotype of CYP2D6 and ADRB1 
were *1/*10 + GC and *1/*10 + CC, whose 
frequencies were 27.78% (672/2419) and 

25.88% (626/2419). The least combined geno-
type was *1/*1 + GG, whose frequency was 
just 1.62% (29/2419). All results were showed 
in Table 3.

The relationships between the genotype dis-
tributions of CYP2D6 and ADRB1 and various 
grades of hypertension among Han Chinese 
hypertensive patients

In the study examining the genetic polymor-
phisms of CYP2D6 and ADRB1 among various 
grades of hypertension among Han hyperten-
sive Chinese, the participants were divided into 
three grades based on their blood pressure 

Table 1. The CYP2D6 and ADRB1 allele frequencies of Chinese hypertensive patients in the present 
study and previous studies

Populations Number
Allele frequencies of CYP2D6 Allele frequencies of ADRB1

CYP2D6*1 (%) CYP2D6*10 (%) ADRB1-G (%) ADRB1-C (%)
Jiangsu-Han 4838 39.29 60.71 χ2=5.521a P=0.137a

χ2=1.845b P=0.174b

32.78 67.22 χ2=33.5a P<0.001a

χ2=1.716b P=0.190b
Fujian [13] 522 35.40 64.6 40.2 59.8

Fujian [21] 186 41.40 58.60 38.71 61.29

Hunan [22] 446 - - 23.9 76.1

Hunan-Han [18] 250 43.6 56.4 28.8 71.2
a: χ2 and p value among geographic Chinese hypertensive patients; b: χ2 and p value between geographic Han Chinese hypertensive patients.

Table 2. The genotype frequencies of CYP2D6 and ADRB1 in Han Chinese hypertensive patients

Populations Number
Genotype frequencies of CYP2D6 Genotype frequencies of ADRB1

CYP2D6*1/*1 CYP2D6*1/*10 CYP2D6*10/*10 ADRB1- 
GG

ADRB1- 
GC

ADRB1- 
CC

Jiangsu-Han 2419 9.71 59.16 31.13 χ2=66.37
P<0.001

10.29 44.98 44.73 χ2=55.81
P<0.001Fujian [13] 261 15 44.4 40.2 18 45.2 37

Fujian [21] 93 24.73 33.33 41.94 24.73 27.96 47.31

Hunan [22] 223 - - - 6.6 34.6 58.9

Hunan-Han [18] 125 21.60 44.00 34.40 6.40 44.80 48.80

Table 3. The combined genotype distributions of CYP2D6 and ADRB1 in Han Chinese hypertensive 
patients

CYP2D6 genotype ADRB1 genotype
Reactions for β-receptors blockers

Frequencies % (N)
Metabolizing capacity Sensitivity

*1/*1 CC EM normal 4.13 (100)
*1/*1 GC EM Slightly increased 4.38 (106)
*1/*1 GG EM Significantly increased 1.20 (29)
*1/*10 CC IM normal 25.88 (626)
*1/*10 GC IM Slightly increased 27.78 (672)
*1/*10 GG IM Significantly increased 5.50 (133)
*10/*10 CC PM normal 14.72 (356)
*10/*10 GC PM Slightly increased 12.82 (310)
*10/*10 GG PM Significantly increased 3.60 (87)
EM: Extensive metabolizers, IM: Intermediate metabolizers, PM: Poor metabolizers.
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(BP) levels. The criteria were defined as follows 
for each grade: grade 1 (systolic BP 140-159 
mmHg or diastolic BP 90-99 mmHg); grade 2 
(systolic BP 160-179 mmHg or diastolic BP 
100-109 mmHg); grade 3 (systolic BP ≥180 
mmHg or diastolic BP ≥110 mmHg) [20]. As 
depicted in Table 4, statistical analysis revealed 
no remarkable differences in genetic polymor-
phisms of CYP2D6 and ADRB1 between nor-
motensives control individuals and hyperten-
sive patients, as well as among the three 
grades of hypertensive patients.

Discussion

Hypertension is a polygenic and multifactorial 
ailment. The efficacy of antihypertensive medi-
cations relies on factors including age, ethnici-
ty, gender, gene-gene interactions, and gene-
environment interplay. Genetic factors play a 
pivotal function in characterizing an individual’s 
response to antihypertensive drugs. Therapies 
tailored to genetic polymorphisms have shown 
remarkable effectiveness, aiding in the preven-
tion of major adverse events and reducing 
treatment costs. This study investigated the 
frequencies of alleles and genotypes in hyper-
tensive patients of Han Chinese descent. 
Furthermore, the study revealed that the com-
bined genotypes *1/*10 + CC and *1/*10 + 
CG were the most prevalent among the Han 
hypertensive population. Notably, no substan-
tial variations were seen in the genotype distri-
butions of CYP2D6 and ADRB1 between nor-
motensive individuals and hypertensive pa- 
tients within the Han Chinese population, or 
among the three hypertension grades.

CYP2D6*10 stands as the predominant allele 
in the Chinese population [23]. Previous stud-
ies have shown that the frequency of the 

CYP2D6*10 allele is up to 64.6% in Chinese 
hypertensive patients (Table 1). In this study, 
which encompassed a substantial sample size, 
the frequency of the CYP2D6*10 allele was 
60.71% in Han Chinese hypertensive patients 
living in Jiangsu province, which was consistent 
with Han Chinese hypertensive patients living 
in Hunan province [18]. However, the CYP2D6 
genotype frequencies of *1/*1, *1/*10, and 
*10/*10 were 9.71%, 59.16%, and 31.13% in 
the present study, respectively, which was 
inconsistent with other studies in different eth-
nic and geographic populations [13, 18, 21]. 
Therefore, a significant difference in the 
CYP2D6 genotype polymorphisms among dif-
ferent ethnic and geographic populations 
becomes evident, thereby accentuating the sig-
nificance of the study. Moreover, the CYP2D6 
genotype frequencies of the Han Chinese 
hypertensive population in the present study 
did not align with those reported by Liu et al., in 
their investigation involving 125 Han Chinese 
hypertensive patients from Hunan province 
[18]. Different geographic populations and 
sample sizes contribute to the contradictory 
results. Hiltunen et al., have affirmed that a 
small sample size had inadequate power to 
identify the single nucleotide polymorphism 
[24]. Collectively, these results indicated most 
Han hypertensive patients carried the 
CYP2D6*10 mutation allele. Consequently, 
individuals harboring this mutation are antici-
pated to exhibit reduced drug clearance, result-
ing in elevated concentrations of antihyperten-
sive beta-receptor blockers. Decreased drug 
dose is recommended to control blood pres-
sure for individuals carrying the mutation.

In addition, the allele frequencies of ADRB1-G 
in Chinese hypertensive patients are up to 

Table 4. The genotype distributions of CYP2D6 and ADRB1 in different grades of hypertensive pa-
tients and normotensive controls

Genotype Normotensive % (N)
The grades of hypertension (N)

P value
Grade 1 Grade 2 Grade 3

CYP2D6*1/*1 6.62 (10) 9.29 (13) 10.11 (62) 9.60 (160) χ2=1.58c P=0.45c

χ2=0.35d P=0.99dCYP2D6*1/*10 60.93 (92) 60.00 (84) 58.24 (357) 59.42 (990)
CYP2D6*10/*10 32.45 (49) 30.71 (43) 31.65 (194) 30.97 (516)
ADRB1-CC 42.38 (64) 43.57 (61) 42.74 (262) 45.56 (759) χ2=4.71c P=0.10c

χ2=2.95d P=0.57dADRB1-GC 41.72 (63) 48.57 (68) 46.00 (282) 44.30 (738)
ADRB1-GG 15.89 (24) 7.86 (11) 11.26 (69) 10.14 (169)
c: p value between normotensives and hypertensive patients; d: p value among all three grades of hypertensive patients.
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40.2% in the previous studies, and the allele 
frequencies were relatively low in Hunan prov-
ince (Table 1). So, there was a significant differ-
ence in the ADRB1-G allele frequencies among 
the different geographic hypertensive popula-
tions. However, the G allele frequency in the 
present study was 32.78% in 2419 Han Chinese 
hypertensive patients living in Jiangsu province, 
which is similar to that in the previous study of 
Han Chinese hypertensive patients living in 
Hunan province (P>0.05) [18]. In addition, 
there was a significant difference in the ADRB1 
genotype frequencies among the different geo-
graphic hypertensive populations [13, 18, 21, 
22]. Liu et al. reported the genotype frequen-
cies of ADRB1 were 6.40% for GG, 44.80% for 
GC, and 48.80% for CC in a small Han Chinese 
hypertensive population living in Hunan [18]. 
The genotype frequencies of ADRB1 in this 
study were 10.29% for GG, 44.98% for GC, and 
44.73% for CC in Han Chinese hypertensive 
patients, which was consistent with Liu et al. 
reports (P>0.05).

Importantly, the study additionally examined 
the combined genotypes of CYP2D6 and 
ADRB1. The results showed *1/*10 + CC 
(25.88%) and *1/*10 + CG (27.78%) were the 
two combined genotypes with the highest fre-
quencies. Beta-receptor blocker of antihyper-
tensive drugs is primarily metabolized by 
CYP2C9, and ADRB1 is the target protein of 
beta-receptor blocker. It can be inferred that 
just half of Han Chinese hypertension patients 
(53.66%) poses an intermediate metabolizing 
capacity, along with nearly normal sensitivity to 
beta-receptor blockers for antihypertensive 
treatment as per our outcomes. 

The study did not depict any substantial differ-
ences in the genotype distributions of CYP2D6 
and ADRB1 between normotensive individuals 
and hypertensive patients within the Han 
Chinese population, nor among the three differ-
ent grades of hypertensive patients. However, 
according to Wang et al., for ADRB1 polymor-
phism, individuals carrying the GG genotype 
exhibited a more pronounced response to 
metoprolol in Han Chinese hypertensive 
patients [14]. Conversely, two European pro-
spective studies did not ascertain any link 
between ADRB1 polymorphism and the antihy-
pertensive response to beta-receptor blockers 
[25, 26]. Moreover, under strictly regulated con-
ditions, Hiltunen et al. did not establish any cor-

relation between ADRB1 and CYP2D6 polymor-
phisms and the antihypertensive impact of 
beta-receptor blockers utilizing the GWAS  
technology [25]. The contradictory results could 
be attributed to variations in ethnic groups  
and sample sizes. Thus, the antihypertensive 
response to beta-receptor blockers appears to 
be complex. It is advisable to monitor the plas-
ma concentration of these drugs and the risk of 
adverse reactions to optimize the dosage when 
administering beta-receptor blockers to Han 
Chinese hypertensive patients. Furthermore, 
further research, particularly prospective multi-
center studies involving Han Chinese hyperten-
sive patients with different genotypes, is nec-
essary to establish reliable recommendations.

Conclusions

In conclusion, this study provides insights into 
the polymorphism characteristics of CYP2D6 
and ADRB1 in Han Chinese hypertensive 
patients, demonstrating significant differences 
compared to other ethnic and geographic 
Chinese hypertensive populations. The most 
frequent genotypes observed in the combined 
CYP2D6 and ADRB1 analysis were *1/*10 + 
CC and *1/*10 + CG. Importantly, no signifi-
cant differences in polymorphism distributions 
were discovered between normotensive indi-
viduals and hypertensive patients, nor among 
the different grades of hypertensive patients. 
However, it is important to consider the limita-
tions of these findings. Firstly, only the domi-
nant variants of CYP2D6 and ADRB1 were 
detected due to their remarkable frequencies 
in the Han Chinese population. Secondly, while 
there was a substantial number of hyperten-
sive patients in this study, there was a relatively 
small sample size for normotensive controls. 
Lastly, the evaluation of the pharmacokinetics 
of beta-receptor blockers in individuals carry-
ing various CYP2D6 and ADRB1 genotypes was 
not performed.
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