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Background. The differences in the antihypertensive treatment with angiotensin type II receptor blockers (ARBs) may be at-
tributed to polymorphisms in genes involving drug-targeted receptor and drug metabolism. The present study aimed to in-
vestigate whether the antihypertensive effect of the ARB drug valsartan was associated with angiotensin II type 1 receptor
(AGTRI) gene polymorphism (A1166C) and cytochrome P450 enzyme 2C9 (CYP2C9) gene polymorphism (CYP2C9%3).
Methods. 281 patients with hypertension who received valsartan monotherapy in the past month were included in this retro-
spective study. Polymerase chain reaction-melting curve analysis was performed to genotype the AGTRI and CYP2C9 gene
polymorphisms. Based on the systolic blood pressure (SBP) and diastolic blood pressure (DBP) at the time of visit, the patients
were divided into well-controlled group (n =144, SBP/DBP <140/90 mmHg) and poorly controlled group (n =137, SBP/DBP
>140/90 mmHg). Results. Older age, decreased history of drinking, a higher proportion of mild-to-moderate hypertension, lower
alanine aminotransferase levels, and higher high-density lipoprotein cholesterol levels were observed in the well-controlled group
than the poorly controlled group. Higher frequencies of the C allele and AC + CC genotype of AGTRI A1166C were detected in
the well-controlled than the poorly controlled patients (P =0.005 and P =0.006). After adjustment for demographic and en-
vironmental factors, the CC + AC genotype of AGTRI A1166C was markedly linked to better hypertension control with valsartan
treatment compared to the AA genotype (odds ratio: 2.836, 95% confidence interval: 1.199-6.705, P =0.018). No significant
difference was observed in the allele or genotype distribution of CYP2C9%3 polymorphism between well-controlled and poorly
controlled patients. Conclusions. The current data suggested that the AGTRI A1166 C polymorphism may be associated with the
antihypertensive effect of valsartan, and carriers with AC and CC genotypes may have a better antihypertensive efficacy response
to valsartan treatment.

1. Introduction

Hypertension is a major risk factor for cardiovascular
disease and end-stage renal damage, affecting about 40%
of the adult population worldwide, leading to increased
mortality [1-3]. A survey conducted between 2012 and
2015 revealed that 23.2% of Chinese adults and approx-
imately 40% of adults aged 45 years and older had hy-
pertension [4, 5]. Evidence from clinical studies have
proven that efficient control of blood pressure (BP) re-
duces cardiovascular- and stroke-associated morbidity
and mortality [6, 7]. However, hypertension is controlled

in <10% of Chinese patients who receive antihypertension
medication [8, 9].

Angiotensin type II receptor blockers (ARBs) are
widely used for hypertension treatment globally, with
well-established safety profiles, and are better tolerated
than other classes of antihypertensive agents [10, 11].
Especially, valsartan has been leading China’s ARB market
from 2011 to 2017, with high treatment adherence in
patients with hypertension based on the prescription
information in 2014 [12, 13]. However, antihypertensive
responses to ARBs differ from one patient to another and
single nucleotide polymorphisms (SNPs) in genes
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involving drug-targeted receptors and drug metabolism
are associated with this individual variation [14].

ARBs exhibit a BP-lowering effect by blocking angio-
tensin II receptor typel (AGTR1), encoded by the AGTRI
gene, and mediate cardiovascular effects of angiotensin II,
such as vasoconstriction, increased BP, and myocardial
contractility [15]. In addition, ARBs are mainly metabolized
by the hepatic cytochrome P450 2C9 (CYP2C9) encoded by
the CYP2C9 gene and transformed into inactive/active forms
[16, 17]. Several studies have shown that SNPs in AGTRI and
CYP2C9 genes contribute to the antihypertensive effect of
ARBs [18-22]. Among these, two polymorphisms rs5186 of
the AGTRI gene or AGTRI A1166C and rs1057910 of the
CYP2C9 gene or CYP2C9+3 were extensively studied in
patients using different ARB agents or from different genetic
backgrounds; however, the results were conflicting
[16, 17, 19, 22, 23]. In addition, the data on the effect of
CYP2C9 and AGTRI polymorphisms on the antihyperten-
sive efficacy response to valsartan were limited.

The present study aimed to investigate whether the
antihypertensive effect of angiotensin receptor antagonist
valsartan is associated with polymorphisms AGTRI A1166C
and CYP2C9+3 in a Chinese population and provide in-
formation about the heterogeneity of antihypertensive drug
responses, which would help the clinicians to make an in-
formed decision about individualized medication for
hypertension.

2. Materials and Methods

2.1. Study Design. This was a retrospective study of 281
Chinese patients, selected from 1682 patients with hyper-
tension who visited China-Japan Friendship Hospital, Bei-
jing, China, between January 2016 and December 2018. The
present study was approved by the hospital Institutional
Ethics Committee. Written informed consent was obtained
from all individuals.

2.1.1. Patients. The inclusion criteria were as follows: (1) a
definite diagnosis of hypertension (systolic BP, SBP
>140 mmHg and diastolic BP, DBP >90 mmHg); (2) age >18
years and <65 years; and (3) antihypertensive treatment with
valsartan 80 mg/day for at least 4 weeks before the visit to the
hospital. The exclusion criteria were as follows: (1) secondary
hypertension of any etiology; (2) poorly controlled diabetes,
a history of malignant tumor, or severe complications, such
as renal failure and nephritic syndrome; and (3) other drugs
apart from valsartan used for antihypertensive treatment.
The patient selection flowchart is presented in Figure 1.

Hypertension is classified as Grade 1, Grade 2, and Grade
3, and a BP control target of <140/90 mmHg (<130/
80mmHg for patients with diabetes or coronary heart
disease) is recommended according to the 2018 guidelines of
the European Society of Hypertension (ESH) and Chinese
hypertension guidelines [24, 25]. In the present study, pa-
tients were divided into the well-controlled group and
poorly controlled group, depending on whether they
achieved the target BP levels.
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2.1.2. Genotyping SNPs. Genomic DNA was extracted from
peripheral blood samples using the QIAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany). The purity and
quantity of the extracted DNA were measured on a
NanoDrop 1000 spectrophotometer (ThermoScientific,
Waltham, MA, USA). Polymerase chain reaction (PCR)-
melting curve analysis was performed to genotype these
SNPs using a commercial kit (RIQIgen Biotech Co., Ltd.,
Wuxi, China), including specific primers and fluorescent
probes for AGTRI A1166C and CYP2C9+3. The following
thermocycling conditions were used for the PCR: pre-de-
naturation at 95°C for 2 min; 50 cycles of denaturing at 94°C
for 30 sec, annealing at 56°C for 30 sec, and extension at 70°C
for 30 sec. The subsequent melting analysis process included
three steps: denaturation at 95°C for 30 sec; renaturation at
46°C for 60 sec followed by continuous fluorescence reading
mode at 46-75°C with increasing temperature gradient at a
rate of 0.3°C/s. The melting curves were analyzed on a
Tianlong Gentier 96E PCR analysis system (Tianlong Sci-
ence and Technology Co., Ltd., Xi’an, China) and matching
software.

2.2.  Statistical Analysis. Continuous variables were
expressed as median (interquartile range), and categorical
variables were presented as frequencies and percentages. The
between-group data were compared using Mann-Whitney
U test for continuous variables and y” test for categorical
variables. A goodness of fit y* test was used to evaluate
whether the genotype distributions of AGTRI A1166C and
CYP2C9+3 polymorphisms were in accordance with Har-
dy-Weinberg equilibrium. The differences in genotype
frequencies between groups were compared by x° test or
Fisher’s exact test. Because the CC genotype of AGTRI
A1166C polymorphism was extremely rare, a dominant
genetic model (AA genotype vs. AC+CC genotype) was
used in the logistic regression analysis. Univariable logistic
regression analysis was used to evaluate the association
between gene polymorphisms and the response to valsartan
treatment, and the data were presented as unadjusted odds
ratios (ORs) with 95% confidence intervals (CIs). Multi-
variate logistic regression was used to determine the factors
associated with the antihypertensive efficacy of valsartan
with adjustment for covariates: age, gender, body mass index
(BMI), grade of hypertension, and history of drinking and
smoking. The data were presented as adjusted ORs with 95%
ClIs. Statistical analysis was performed using SPSS version
20.0 (SPSS Inc., Chicago, USA), and P < 0.05 was considered
statistically significant.

3. Results

3.1. General Characteristics. There were 144 patients in the
well-controlled group (achieving target BP levels) and 137
patients in the poorly controlled group (failing to achieve
target BP levels). The demographic and clinical character-
istics of the two groups are summarized in Table 1. Ad-
vanced age, less history of drinking, lower alanine
aminotransferase (ALT) levels, and higher high-density
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Patients with hypertension admitted
between January 2016 and
December 2018
(n=1682)
1355 patients excluded:
1. Not treated with valsartan in the past
month (n =983)
2. Treated with other antihypertensive
agents apart from valsartan in the past
v month (n =372)
Patients treated with valsartan
(80 mg/d) in the past four
weeks or more
(n=327) 46 patients excluded:
1. Secondary hypertension (n = 15)
2. Malignant tumor (n = 9)
3. Diabetes with poor glucose control
(n=16)
4. Other severe complications, such as
v acute hepatitis, chronic renal failure
and nephrotic syndrome (n = 6)
Patients included in this study
(n =281)
FiGure 1: Study population flowchart.
TaBLE 1: Characteristics of hypertensive patients.
Variables Well-controlled (n =144) Poorly controlled (n=137) p
Age (years) 55 (48, 62) 54 (44, 60) 0.012
Gender (male, %) 99, 68.8 104, 75.9 0.180
BMI (kg/mz) 26.5 (24.5, 29.6) 27.2 (25.2,29.4) 0.276
History of smoking (1, %) 51, 35.4 63, 46.0 0.071
History of drinking (1, %) 53, 36.8 67, 48.9 0.040
Grade of hypertension (n, %) 0.001
Grade 1 22,153 14, 10.2
Grade 2 53, 36.8 28, 204
Grade 3 69, 47.9 95, 69.3
ALT (U/L) 24.0 (17.5, 34.5) 28.0 (19.0, 43.0) 0.032
TC (mmol/L) 4.3 (3.5, 5.0) 4.4 (3.6, 5.2) 0.286
TG (mmol/L) 1.6 (1.1, 2.2) 1.6 (1.2, 2.4) 0.279
LDL-C (mmol/L) 2.7 (21, 3.4) 2.9 (2.2, 3.6) 0.250
HDL-C (mmol/L) 1.0 (0.9, 1.2) 1.0 (0.8, 1.1) 0.045
Crea (gmol/L) 69.9 (59.1, 82.0) 70.6 (62.7, 83.4) 0.383
eGFR (ml/min per 1.73 m?) 98.5 (89.4, 104.9) 101.5 (92.0, 107.0) 0.103

ALT: alanine aminotransferase; BMI: body mass index; Crea: creatinine; eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride. Data are shown as median (interquartile range) or %. P < 0.05

indicates statistical significance.

lipoprotein cholesterol (HDL-C) levels were observed in the
well-controlled group than the poorly controlled group
(Table 1). Moreover, the grade of hypertension differed
significantly between the two groups (P =0.001). No dif-
ferences were detected in other variables, such as gender,
BMI, history of smoking, levels of total cholesterol, tri-
glyceride, low-density lipoprotein cholesterol (LDL-C),
creatinine, and estimated glomerular filtration rate (eGFR)
between the two groups (Table 1).

3.2. Genotype Distributions of AGTRI AI1166C and
CYP2C9+3. The distribution of allele frequencies of AGTRI
A1166C and CYP2C9+3 was in accordance with the Har-
dy-Weinberg equilibrium in both well-controlled and
poorly controlled groups. The genotype and allele distri-
butions of gene polymorphisms between the two groups are
shown in Table 2. The genotype and allele frequencies of
AGTRI A1166C polymorphism differed between the well-
controlled and poorly controlled group (P=0.006 and
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TaBLE 2: Genotype distribution and allele frequency of AGTRI A1166C and CYP2C9x%3 in well-controlled group (n=144) and poorly

controlled group (n=137).

Genotypes, 1 (%)

Alleles, n (%)

AGTRI Al1166C AA AC CC p? A C P
Well-controlled 119 (82.6) 24 (16.7) 1(0.7) 0.006 262 (91.0) 26 (9.0) 0.005
Poorly controlled 128 (93.4) 9 (6.6 0 (0) 265 (96.7) 9 (3.3)

CYP2C9%3 #1/%1 #1/%3 #3/%3 P #1 3 P
Well-controlled 134 (93.1) 10 (6.9) 0 (0) 0.239 278 (96.5) 10 (3.5) 0.250
Poorly controlled 122 (89.1) 15 (10.9) 0 (0) 259 (94.5) 15 (5.5)

2P value was calculated for comparison between genotype AA and AC + CC using Chi-square test. °P value was calculated for comparison between genotype

#1/%1 and *1/+3 using chi-square test.

P =0.005, respectively), while no significant difference was
observed in the genotype or allele frequency of CYP2C9%3
between the two groups (P =0.239 and P =0.250, respec-
tively). Only one patient carried the CC genotype of AGTRI
A1166C polymorphism; therefore, a dominant genetic
model for AGTRI A1166C (AA genotype vs. AC+ CC ge-
notype) was used in the subsequent analysis.

3.3. Association of Gene Polymorphisms with the Antihyper-
tensive Effect of Valsartan. The association of AGTRI
A1166C and CYP2C9%3 genotypes with the response to
valsartan treatment was evaluated by univariate and mul-
tivariate regression analyses (Table 3). In terms of AGTRI
polymorphism, AC+ CC genotype significantly increased
the control rate of hypertension in patients with valsartan
treatment compared to the AA genotype (AC+ CC vs. AA:
OR 2.988, 95% CI 1.340-6.661, P=0.007). However, in
terms of CYP2C9 polymorphism, *1/+3 genotype did not
affect the hypertension control rate in valsartan treatment
(*1/%3 vs. %1/%1: OR 0.607, 95% CI 0.263-1.402, P =0.242).
The results were similar after adjusting for age, gender, BMI,
grade of hypertension, and history of drinking and smoking.
In addition, age was also an independent factor affecting the
response to valsartan treatment in the multivariate analysis
(OR 1.035, 95% CI 1.004-1.067, P=0.028) (Table 3).

Considering the potential synergistic effect of AGTRI
A1166C and CYP2C9%3 polymorphisms, the combined
effect of AGTRI A1166C and CYP2C9%3 genotypes on the
antihypertensive efficacy response to valsartan was further
analyzed (Table 4). When the genotype of AGTRI TT and
CYP2C9 #1/+1 was used as the reference, the combined
genotype of AGTRI AC + CC and CYP2C9 *1/+1 showed a
higher rate of hypertension control with valsartan treatment
in the unadjusted and adjusted statistical models (unad-
justed: OR 2.953, 95% CI 1.267-6.880, P =0.012; adjusted:
OR 3.028, 95% CI 1.225-7.486, P =0.016). Also, the com-
bined effect of other genotypes of AGTRI A1166C and
CYP2C9+*3 was examined, but no difference was observed in
the unadjusted or adjusted statistical model.

4. Discussion

Hypertension is one of the most common modifiable car-
diovascular risk factors. The effective control of

hypertension to reduce the morbidity and mortality of
cardiovascular diseases is a global goal [25]. Interindividual
variation in the BP response to the commonly used anti-
hypertensive drug ARB is attributed to environmental and
genetic factors, such as the polymorphisms in the genes
involving targeted receptor and drug metabolism
[14, 26, 27]. In the present study, we analyzed the association
of polymorphisms AGTRI A1166C and CYP2C9+3 with the
antihypertensive effect of valsartan based on real-world data.
High frequencies of the C allele and AC+ CC genotype of
AGTRI A1166C were observed in the well-controlled hy-
pertensive patients and the AC + CC genotype was linked to
a higher rate of hypertension control with valsartan treat-
ment after adjustment for demographic and environmental
factors (P=0.018). These findings suggested that carriers
with AC and CC genotypes exhibit an adequate antihy-
pertensive efficacy response to valsartan, and the C allele of
AGTRI A1166C may be an independent factor associated
with good control of hypertension with valsartan treatment.
However, the current study detected no significant differ-
ence in the allele or genotype distribution of CYP2C9x3
polymorphism between well-controlled and poorly con-
trolled patients. Moreover, CYP2C9%3 polymorphism did
not play a synergistic role in the effect of AGTRI A1166C
polymorphism on the antihypertensive response to
valsartan.

The polymorphism AGTRI A1166C located in the 3’
untranslated region of AGTRI may influence the stability of
the mRNA expression and might be involved in the cellular
signaling mediated by the angiotensin II receptor [28, 29].
Previous studies have shown that AGTRI A1166C is im-
plicated in the hypertension risk and the sensitivity of ARBs;
however, the conclusion is unanimous [14, 29-32]. Con-
sistent with our findings, Sun et al. found that AGTRI
A1166C was associated with the antihypertensive response
of candesartan in a Chinese population, and individuals with
the AC genotype had a significant reduction of SBP after
candesartan medication [23]. Dong et al. also observed an
enhanced antihypertensive effect of irbesartan only in male
patients with AC and CC genotypes of AGTRI A1166C [33].
In another study on a large Chinese cohort (1 =1049), the
decrease in BP was positively correlated with irbesartan
concentration in the carriers with the C allele of AGTRI
A1166C, suggesting an impact of the interaction of AGTRI
polymorphism and irbesartan concentration on the
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TABLE 3: Associations of gene polymorphisms and good response to valsartan treatment in the univariate and multivariate analyses.
Unadjusted Adjusted
OR (95% CI) P OR (95% CI) p

AGTRI

AA 1* — 1* —

AC+CC 2.988 (1.340-6.661) 0.007 2.764 (1.171-6.528) 0.020
CYP2C9

x1/%1 1? — 12 _

#1/%3 0.607 (0.263-1.402) 0.242 0.565 (0.222-1.438) 0.231
Age — — 1.035 (1.004-1.067) 0.028
Gender — — 0.776 (0.379-1.589) 0.489
BMI — — 1.000 (0.924-1.083) 0.994
Grade of hypertension

Grade 1 — — 1? —

Grade 2 — — 1.005 (0.408-2.475) 0.991

Grade 3 — — 0.513 (0.226-1.162) 0.110
History of drinking — — 0.650 (0.338-1.252) 0.198
History of smoking — — 0.752 (0.391-1.448) 0.394
“Reference category (odds ratio, 1). BMI: body mass index; CI: confidence interval; OR: odds ratio.

TaBLE 4: Combined effect of AGTRI A1166C and CYP2C9+3 polymorphisms on antihypertensive efficacy of valsartan.
Unadjusted Adjusted
OR (95% CI) p OR (95% CI) P

Genotype (AGTRI + CYP2C9)

AA +%1/%1 1° — 1? —

AA+x1/%3 0.587 (0.237-1.454) 0.250 0.626 (0.239-1.641) 0.341

(AC+CC) + *1/%1 2.953 (1.267-6.880) 0.012 3.028 (1.225-7.486) 0.016

(AC+CC) + #1/x1 2.054 (0.184-22.976) 0.559 0.606 (0.034-10.859) 0.734
Age — — 1.035 (1.004-1.067) 0.028
Gender — — 0.763 (0.372-1.566) 0.460
BMI — — 1.001 (0.925-1.085) 0.971
Grade of hypertension

Grade 1 — — 1# —

Grade 2 — — 1.050 (0.423-2.607) 0.917

Grade 3 — — 0.516 (0.227-1.169) 0.113
History of drinking — — 0.629 (0.325-1.220) 0.170
History of smoking — — 0.770 (0.398-1.488) 0.436
"Reference category (odds ratio, 1). BMI: body mass index; CI: confidence interval; OR: odds ratio.

antihypertensive response to irbesartan [27]. Conversely, the
AGTRI 1166 C allele was not linked to the irbesartan
concentration-BP response correlation in a Swedish study
(n=42). On the other hand, Konoshita et al. suggested that
the AGTRI A1166C polymorphism was not a predictor of
the response to antihypertensive treatment with valsartan
[32].

Similarly, the results from previous studies on the as-
sociation between CYP2C9 polymorphism and the antihy-
pertensive function of ARBs are contradictory. The
CYP2C9+3 polymorphism may lead to decreased activity of
the CYP2C9 enzyme, which is widely studied in the Asian
population [16-18, 34, 35]. The prodrug losartan is oxidized
by the liver enzyme CYP2C9 and converted into an active
form. Several studies implicated that the BP-lowering effect
of losartan may be weakened in carriers with the CYP2C9%3
polymorphism due to decreased activation of losartan
[16, 35], while other ARBs, such as irbesartan and valsartan,
need to be metabolized into inactive forms by the CYP2C9

enzyme. A previous study demonstrated that the patients
with CYP2C9 %1/%3 or #3/+3 genotype showed a significant
decrease in SBP and DBP compared to patients with #1/x%1
genotype [33], which is different from our findings that no
impact of CYP2C9+3 polymorphism on the antihypertensive
effect of valsartan was observed. Hiltunen et al. [22] sug-
gested that the reproducibility of studies on the correlation
between antihypertensive response and gene polymorphism
was low. The study did not identify the association of AGTRI
or CYP2C9 polymorphisms with the antihypertensive effect
of ARBs by using GWAS technology. Among the top 20
SNPs associated with losartan response in the GENRES
study [36], few SNPs overlapped in the other studies con-
ducted by Hiltunen et al. [22].

Herein, we found that age may be an independent factor
for the response to valsartan treatment in our study, and
patients with well-controlled hypertension were slightly
older than the poorly controlled group, which was rarely
reported in other studies. The factors, such as dietary habits,



medication compliance, and physical activity, may be the
underlying reasons that need to be explored further. Hy-
pertension may be affected by many factors, such as age,
race, and gene-gene interactions, which provide a multi-
genetic and multifactorial antihypertensive response of
ARBs [18]. In addition, different sample sizes may also be a
reason for the conflicting results of previous studies.

Nevertheless, the present study had some limitations.
First, the sample size is limited leading to a limited statistical
power to detect association. However, this retrospective
study included patients with essential hypertension treated
with valsartan in a large tertiary hospital during a 3-year
period. The exclusion criteria were reasonable, and allele
frequencies were in accordance with the Hardy-Weinberg
equilibrium. Therefore, the study population was repre-
sentative and the results were reliable. Second, factors such
as dietary habits, patient compliance, and pharmacokinetics
of ARBs among patients with different genotypes were not
evaluated. Finally, this study only selected two common gene
polymorphisms. Whether other gene polymorphisms are
involved in the individual variability in the antihypertensive
response to ARBs needs further investigation.

5. Conclusions

The current study showed that the polymorphism AGTRI
A1166 C was significantly related to the antihypertensive
effect of valsartan, suggesting that the C allele of AGTRI is an
independent factor associated with better control of hy-
pertension under valsartan treatment. The CYP2C9%3
polymorphism was not significantly related to the antihy-
pertensive response to valsartan in this study. Thus, further
prospective studies with a large sample size are needed to
clarify the association between gene polymorphisms and the
antihypertensive efficacy response of ARBs.
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