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Abstract: Objective: To explore the effect of PITX2 gene rs6843082 single nucleotide polymorphism on the efficacy 
and adverse reactions of warfarin in patients with atrial fibrillation and hypertension, and to provide a theoretical 
basis for individualized warfarin treatment. Methods: Data on 97 patients with atrial fibrillation and hypertension 
treated in our hospital were collected from September, 2018 to December, 2019. PCR and SNP genotyping tech-
niques were used to measure the genotype at the rs6843082 locus (pituitary homeobox 2, PITX2) using DNA from 
the peripheral blood cells of all patients. We compared the efficacy of warfarin and the incidence of adverse reac-
tions in patients of different genotypes. Results: (1) Among 97 subjects, 58 cases (59.79%), 32 cases (32.99%) and 
7 cases (7.22%) of PITX2 (rs6843082) genotypes GG, GA and AA were identified respectively. The G and A allele fre-
quencies were 76.29% and 23.71%, respectively. (2) After all patients took warfarin to achieve the standard, the GA 
group and AA group’s time to achieve the standard was significantly longer than that of the GG group (P<0.05). The 
difference was not statistically significant among groups (P>0.05). Compared with the GG group, the maintenance 
dose of the AA group was increased (P<0.05). (3) Compared with the GG and the GA group, the probability of bleed-
ing events was higher in the AA group (P<0.05). (4) There was no difference in left ventricular end diastolic volume 
(LVEDV) and left ventricular end systolic volume (LVESV) group among GG, GA and AA groups (P>0.05). Compared 
with the GG group, left ventricular ejection fraction (LVEF) of the AA group was significantly reduced (P<0.05). (5) 
The mortality rates of the GG, GA, and AA groups were 15.51%, 12.50% and 22.57%, respectively, at the end of 120 
d follow-up. Conclusion: Our findings show that rs6843082 SNP leads to the warfarin dose response differences 
that were observed in patients with atrial fibrillation and hypertension. Genotyping patients for rs6843082 before 
initiating warfarin treatment may optimize the treatment response and reduce bleeding incidence.

Keywords: PITX2, single nucleotide polymorphism, warfarin

Introduction

Atrial fibrillation is the most common type of 
persistent arrhythmia. With an increase in age, 
the risk of heart fibrillation increases [1], and is 
twice as common in men compared to women 
[2]. Hypertension is a risk factor for atrial fibril-
lation and is considered an aggravating factor 
in existing atrial fibrillation. Early studies have 
shown that in 50%-85% of patients, atrial fibril-
lation is associated with hypertension [3, 4]. 
Atrial fibrillation combined with hypertension 
increases the risk of cardiac fibrillation compli-
cations such as ischemic stroke [5], heart dis-
ease, and bleeding events. 

Despite the increased hemorrhage risk, the 
benefits of anticoagulation therapy for stroke 
risk management in atrial fibrillation patients 

are well-recognized. The recent European Heart 
Rhythm Association [6] and the American gu- 
idelines for the management of patients with 
atrial fibrillation [7] both point out the need for 
anticoagulant therapy in patients with atrial 
fibrillation. Warfarin is currently the most com-
monly used oral anticoagulant. 

Warfarin has a long history of clinical use. It is 
well established that warfarin has a very nar-
row therapeutic window and excess dosage 
can easilycause bleeding. Moreover, individual 
responses to warfarin treatment are highly vari-
able. In order to improve the effectiveness of 
warfarin anticoagulant therapy and reduce 
adverse drug reactions, it is necessary to bet-
ter understand the causes of thisdrug response 
variation. Gene polymorphism is considered 
the primary reason for individual differences in 
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warfarin response [8]. A recent genome wide 
association study (GWAS) showed that, a single 
nucleotide polymorphism (SNP) near the pitu-
itary homeobox 2 (PITX2) locus-rs6843082- 
was closely related to the sensitivity of atrial 
fibrillation [9, 10]. At present, there are no data 
on rs6843082 and the anticoagulant effect of 
warfarin in patients with heart fibrillation and 
hypertension. Our studycompared warfarin effi-
cacyin elderly patients with atrial fibrillation 
and hypertension genotyped for the rs6843082 
SNP. We hypothesized that there would be dif-
ferences in the warfarin response and/or adv- 
erse reaction rate among the three rs6843082 
genotypes. 

Materials and methods

Study population

Clinical data were collected on n=97 patients 
with atrial fibrillation and hypertension who 
were treated in our hospital from September 
2018 to December 2019. Inclusion criteria 
were: (1) over 60 years old; (2) clinically diag-
nosed atrial fibrillation and hypertension; and 
(3) no recent treatment with warfarin. 

Exclusion criteria were: (1) active bleeding or 
history of bleeding: intracranial hemorrhage, 
active ulcer, bronchiectasis, etc.; (2) suffering 
from malignant tumor, severe liver, or kidney 
dysfunction, blood diseases, or presence of 
serious infection; (3) Non-cooperation with tr- 
eatment; and (4) incomplete clinical data. The 
selected patients were all of Han Chinese eth-
nicity and had no genetic relationships with 
each other. According to rs6843082 genotyp-
ing results, three genotypes at the locus were 
GG, GA, and AA Written informed consents 
were obtained from all participants and the 
study was approved by the Institutional Review 
Board of Shidong Hospital, Yangpu District, 
Shanghai.

Warfarin administration regimen

All patients take warfarin sodium tablets (Qilu 
Pharmaceutical, China) orally with an initial 
dose of 2.5 mg. The preset target value of inter-
national normalized ratio (INR) is 1.5-2.5. On 
the 3rd day after taking the drug, INR is mea-
sured and the dose is adjusted according to: 
INR<1.5, dose is increased; INR>2.5, dose is 
reduced. Subsequently, the dose is gradually 
increased or decreased according to the range 

of (0.625-1.25 mg/d), until target INR value is 
attained. The patient does not need to adjust 
the dose during the second review and the INR 
can reach the preset value which can be con-
sidered to reach a stable state of anticoagula-
tion. Only patients who reach a stable state 
(target INR) can be discharged. After discharge, 
patients continue to take warfarin to maintain 
anticoagulation therapy.

Genotype detection 

Blood collection was performed on all patients 
who fasted in the early morning of the second 
day of admission, and about 2 ml of venous 
blood was collected from the antecubital space 
of the arm into a vacuum tube containing anti-
coagulant. The blood sample was then centri-
fuged at 3000×g for 10 min, then placed at  
4°C for 30 min, and stored at -20°C. Genomic 
DNA was extracted from the buffy coat using a 
genomic DNA extraction kit (AmyJet, China). 
The primer design and primer synthesis for 
genotyping at the rs6843082 site was per-
formed by Shanghai Bioengineering Technology 
Service Co., Ltd. (China), and the genotype 
determination step was performed by Beijing 
Bomiao Biotechnology Co., Ltd. (China). An ABI-
3730 DNA Analyzer (Thermofei, USA) was used 
for genotyping. Briefly, the main steps were 
undertaken as follows: (1) Primer design: for-
ward primer: 5’-ACGTTGGATGGGTGTCCTGGGAT
TTGTATG-3’, reverse primer: 5’-ACGTTGGA- 
TGACTGTTGGTGATGAGTGGTG-3’, single base 
extension primer: 5’-CCCCCTGGTGCATAACA- 
GCC-3’; (2) PCR amplification: PCR reaction sys-
tem (25 μL) with PCR amplification solution, 
PCR reaction solution and DNA template; (3) 
PCR product purification reaction: 3 μL of PCR 
product was drawn and exo/sap treatment was 
used for purification. The main purpose was to 
remove the remaining primers and free dNTPs 
in the reaction product; (4) extension reaction 
and; (5) Chip deposition, detection and geno-
type determination. In order to control the qual-
ity of the test, 10% of DNA samples were ran-
domly selected for repeat testing. The 
compliance rate reached 100%. 

Observation indicators 

Patient’s age, gender, and BMI were recorded. 
A calibrated mercury column sphygmomanom-
eter was used to measure systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) 
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at the patient’s right arm. The patient’s antico-
agulant stable maintenance dose, INR change, 
INR value, and time to reach the standard after 
taking warfarin were recorded. Adverse drug 
reaction events, such as bleeding or embolism 
were also recorded at the beginning of antico-
agulation therapy. Six months after taking war-
farin, color Doppler ultrasound diagnosis 
(ALOKA-a-7, Japan) was used to measure the 
left ventricular function of patients. The left 
ventricular end diastolic volume (LVEDV), left 
ventricular end systolic volume (LVESV), and 
left ventricular ejection fraction (LVEF) were 
selected as parameters. Patients were followed 
up for 120 days and survival status was 
recorded.

Statistical analysis 

The measurement data were expressed as 
mean ± standard deviation. If the data distribu-
tion satisfied the normal distribution, single-
factor analysis of variance was used for com-
parison between the 3 groups. Non-parametric 
test was used for inter-group analysis; count 
data were recorded in the form of rate (%), and 
comparison between the two groups was ana-
lyzed by χ2 test. The significance level was 
defined as P<0.05. In addition, the χ2 test was 
used to confirm that the PITX2 (rs6843082) 
genotype and allele frequency distributions 
were in Hardy-Weinberg equilibrium. SPSS 20.0 
was used for statistical analysis. GradpadPrism 
6.0 software was used for creating figures.

Results

Subject characteristics

A total of 97 patients were recruited in this 
study, including 51 males (52.58%) and 46 

females (47.42%). The patients were 60-81 
years old (65.3±7.2 years old) with an average 
BMI of (22.5±1.2) kg/m2. Twenty-two of them 
had a history of smoking. The patients all had 
blood pressures that were higher than 140/90 
mmHg (Table 1).

PITX2 (rs6843082) genotype and allele fre-
quency distribution

From the genotyping results, 58 (59.79%), 32 
(32.99%) and 7 (7.22%) of the sample had the 
PITX2 (rs6843082) genotypes GG, GA and AA, 
respectively. Frequencies of G and A alleles 
were 76.29% and 23.71%; the expected geno-
types GG, GA, and AA were 56 (57.73%), 35 
(36.08%) and 6 (6.46%), respectively. The dis-
tribution of genotype and allele frequencies 
were in accordance with Hardy-Weinberg equi-
librium (χ2=0.753, P=0.385) (Table 2; Figure 
1).

The effect of different genotypes on warfarin 
anticoagulation

Warfarin was used for anticoagulation treat-
ment in all patients. When the stable anticoag-
ulation state was reached, the INR time of the 
GG, GA and AA group were found to be 
(10.15±2.05, 11.42±2.9 and 13.20±2.00) d. 
The GA and AA group INR times were signifi-
cantly longer than GG group (P<0.05). INR val-
ues among the three groups were not statisti-
cally different (P>0.05). Maintenance doses of 
warfarin in the GG, GA, and AA groups were 
2.92±0.36, 3.07±0.39 and 3.30±0.31 mg/d, 
respectively. Compared with the GG group, the 
maintenance dose of AA group was higher 
(P<0.05) (Table 3; Figure 2).

Comparison of adverse drug reaction inci-
dence in patients with different genotypes in 
the early stage of anticoagulant therapy

In the early stages of anticoagulation treatment 
with warfarin, patients were prone to have 
adverse reaction. Due to the low INR preset 
standard, the total number of patients with 
bleeding was relatively small, mostly minor 
bleeding. Also, intracranial bleeding and other 
serious bleeding events were uncommon. Total 
bleeding events in the GG, GA, and AA groups 
were 8 (13.79%), 4 (12.50%) and 4 (57.14%), 
respectively. Compared with GG and GA group, 
the AA group had a higher rate of bleeding 

Table 1. Clinical information about the patients
Characteristics Participants (n=97)
Age (year) 65.32±7.16
Sex (%)
    male 51 (52.58)
    female 46 (47.42)
BMI (kg/m2)1 22.46±1.18
Smoker n (%) 22 (22.68)
systolicblood pressure (mmHg) 141.52±7.86
diastolicblood pressure (mmHg) 93.15±4.19
1BMI is the Body Mass Index.
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events (P=0.04). Other drug adverse reactions 
such as rash and embolism were not statisti-
cally significantly different among groups (Table 
4; Figure 3).

Effect of different genotypes on left ventricular 
function parameters

Patients who continued to take warfarin for half 
a year after discharge were followed up to mea-
sure left ventricular function and evaluate the 
effect of different genotypes on left ventricular 
function. There were no differences in the 
LVEDV and LVESV among GG, GA, and AA group. 
Compared with the GG group, the LVEF of the 
AA group was significantly reduced (P=0.04) 
(Table 5; Figure 4).

rs6843082 before initiating warfarin treatment 
may optimize the time to reach INR and reduce 
bleeding incidence.

The PITX2 gene is a transcription factor belong-
ing to the Bicoid family. It is located on chromo-
some 4q25 and is a neural crest expression 
gene. It plays an important role in determining 
heart structure and is related to problems such 
as left and right asymmetry [11]. There are four 
isoforms, namely PITX2a, PITX2b, PITX2c and 
PITX2d [12], among which PITX2c plays the 
most significant role in heart development. 
Only a small amount of PITX2a expression can 
be detected in the early embryo. As the embryo 
develops, Pitx2b expression is gradually less-
ened. The expression of PITX2d can only be 

Table 2. PITX2 (rs6843082) genotype and allele frequency distribution
Gene SNP genotype frequency n (%) allele frequency n (%) PHWE

3

PITX2 rs6843082 GG 58 (59.79) G1 148 (76.29) 0.385
GA 32 (32.99) A2 46 (23.71)
AA 7 (7.22)

Total 97 (100.00) Total 194 (100.00)
1G is the major allele, 2A is the minor allele, 3PHWE is the Hardy-Weinberg equilibrium test.

Table 3. Comparison of warfarin compliance time and stable stan-
dard dose of patients with different genotypes

Genotype Time of target 
INR (d) INR value Stable standard dose  

of warfarin (mg/d)
GG 10.15±2.05 1.83±0.21 2.92±0.36
GA 11.42±2.93a 1.89±0.30 3.07±0.39
AA 13.20±2.00a 2.01±0.47 3.30±0.31a

Compare with the GG group, aP=0.04.

Figure 1. PITX2 (rs6843082) genotype and allele frequency distribution 
A: PITX2 (rs6843082) locus genotype frequency distribution. B: PITX2 
(rs6843082) locus allele frequency distribution.

Comparison of survival curves 
of patients with different 
genotypes 

At the end of the follow-up  
(120 days), the case fatality 
rates of GG, GA, and AA group 
were 15.51%, 12.50%, and 
22.57%, respectively. The case 
fatality rate of AA group was 
higher than that of GG and GA 
group, but there was no statis-
tically significant difference 
between groups (Figure 5).

Discussion 

We explored the effect of the 
PITX2 SNP rs6843082 on the 
efficacy and adverse reactions 
of warfarin in patients with  
atrial fibrillation and hyperten-
sion. Our findings suggest that 
the rs6843082 SNP may lead 
to the warfarin dose response 
differences in patients with 
atrial fibrillation and hyperten-
sion. Genotyping patients for 
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detected in human heart tissue [13]. Data 
increasingly support a role for PITX2 in the 
pathogenesis of heart fibrillation. The results of 
a large-scale replication and meta-analysis of 
several loci on the 4q25 locus in the European 
population showed that genetic polymorphisms 
on 4q25 are strongly associated with atrial 
fibrillation [14]. At the entrance of the pulmo-
nary vein, myocardial cells extend into the 

blood vessel like a cuff to form a myocardial 
sleeve. The myocardial sleeve of the pulmonary 
vein is prone to abnormal excitement and trig-
gers heartbeat. Studies have shown that, mice 
cannot form the original lung cardiomyocytes 
after the specific knockout of PITX2c gene, and 
then cannot form pulmonary vein myocardial 
sleeves which may reduce the risk of heart fail-
ure [15]. 

Table 4. Comparison of adverse drug reaction incidence in patients with different genotypes in the 
early stage of anticoagulant therapy
Adverse drug event GG group (n=58) GA group (n=32) AA group (n=7)
Minor bleeding Dermatorrhagia 2 1 0

Fundus bleeding 2 1 1
Gums bleeding 1 1 2
Gastrointestinal bleeding 2 1 1

Major bleeding Intracranial hemorrhage 1 0 0
Total bleeding n (%) 8 (13.79) 4 (12.50) 4 (57.14)a,b

Other adverse drug events rash 3 2 1
embolism 2 1 0

Total adverse drug event incidence, n (%) 5 (8.62) 3 (9.37) 1 (14.28)
Compared with GG group, aP=0.04. Compared with GA group, bP=0.04.

Figure 2. Effect of different genotypes on warfa-
rin compliance time and stable standard dose; 
A: Comparison of INR compliance time of pa-
tients with different genotypes; B: Comparison of 
INR values of patients with different genotypes; 
C: Comparison of warfarin stable standard dose 
of patients with different genotype doses.
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heart from remodeling and fibrosis by mediat-
ing the PITX2/NPPA/TGF-β pathway through 
regulating the expression of PITX2. The effect 
of PITX2 (rs6843082) SNP on antiarrhythmia 
and anticoagulation therapies in patients with 
heart fibrillation is not clear. This study focused 
on the association of rs6843082 with the 
effects of the anticoagulant drug warfarin.

Warfarin is a coumarin anticoagulant. It is a rec-
ommended drug for patients with atrial fibrilla-
tion. It can inhibit the synthesis of coagulation 
factors in the liver by vitamin K, thereby achiev-
ing anticoagulation. It has low price, efficacy, 
and continuous use by patients can prevent 
thrombosis. However, the treatment window for 
warfarin is extremely narrow, and the individual 
dose vary greatly, that is, the dose of drugs 
taken to achieve the same therapeutic effect 
can vary greatly among patients. Prothrombin 
time (PT) measured by INR was used to monitor 
the anticoagulant effect. In the early stage of 
anticoagulant therapy, patients need to moni-
tor the INR value regularly, and according to 
that, continuously adjust the dosage to achieve 
safe and effective results. When the dosage is 
not adjusted properly, the body will enter a 
state of excessive anticoagulation or insuffi-
cient anticoagulation, and patients will be 
prone to adverse drug reactions such as bleed-

Table 5. Effect of different genotypes on left 
ventricular function 
Gene LVEDV (ml) LVESV (ml) LVEF (%)
GG 130.76±13.54 73.60±10.39 63.16±4.92
GA 133.35±15.79 70.16±12.62 61.38±5.75
AA 131.73±16.62 71.74±10.34 57.12±4.71a

Compared with GG group, aP=0.05.

Figure 3. Comparison of adverse event proportions in the early stage of 
anticoagulation treatment among groups. A: Proportion of total bleeding 
events in the early stage of anticoagulation treatment of groups. B: Reac-
tion ratio of other adverse events besides bleeding occurring in the early 
stage of anticoagulation treatment among groups.

Figure 4. The influence of different genotypes on 
left ventricular function. After taking warfarin for 
half a year, the left ventricular end-diastolic volume 
(LVEDV), left ventricular end-systolic volume (LVESV) 
and left ventricle ejection fraction (LVEF) were de-
tected by color Doppler ultrasound. Compared with 
GG group, aP<0.05.

The SNP rs6843082 is located 
very close to the PITX2 gene. In 
a 2012 GWAS meta-analysis 
[16] including data from 15 
ischemic stroke cohorts, all of 
which were of European an- 
cestry polymorphism of the 
rs6843082 gene near the 
PITX2 gene was associated 
with increased the risk of car-
diogenic stroke (P=2.8×10-16). 
The study found [17, 18] that 
NPPA expression was up-regu-
lated in Pitx2c mutant rats, 
and NPPA can encode atrial 
natriuretic peptide (ANP). ANP 
can regulate the function of 
various ion channels located in 
the atrial muscle. In addition, 
ANP can also inhibit the prolif-
eration of myocardial fibro-
blasts and the synthesis of col-
lagen induced by transforming 
growth factor-β (TGF-β) [19]. 
Rs6843082 may protect the 
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ing or thrombosis and thereby placing the 
patient’s life at risk. In recent years, with the 
continuous development of pharmacogenom-
ics, it has been shown that genetic polymor-
phism is the main reason for individual differ-
ences in warfarin responses. Among them, 
CYP2C9 and VKORC1 variants are the most 
frequently studied.

In this study, the genotyping technique was 
used to analyze the SNP of PITX2 (rs6843082) 
in 97 Chinese patients with atrial fibrillation 
and hypertension. The study results showed 
that the frequencies of the GG, GA, and AA  
genotypes were 58 (59.79%), 32 (32.99%), and 
7 (7.22%), respectively. The frequency of the 
main allele G was 76.29%. The distribution of 
genotype frequency and allele frequency of 
PITX2 (rs6843082) loci in the 97 patients was 
in accordance with Hardy-Weinberg equilibri-
um. (The results of another study on the Han 
population in southern China [20] showed that 
the frequency of major alleles was 75.3% which 
was consistent with the results of this study. In 
this study, warfarin was used for anticoagula-
tion treatment in all patients. When the INR 
value reached the preset 1.5-2.5 standard, the 
INR value of GA and AA group was significantly 
larger than that of the GG group. The INR was 
not different between groups (P>0.05). The 
maintenance doses of warfarin in GG, GA,  
and AA group was 2.92±0.36, 3.07±0.39 and 
3.30±0.31 mg/d, respectively. Compared with 
GG group, the maintenance dose of the AA 
group was higher It was found that compared 
with GG and GA groups, the rate of bleeding 
events was higher in the AA group when com-
paring the incidence of adverse reactions such 
as bleeding at the beginning of treatment. The 

results showed that the maintenance doses of 
warfarin were higher in the homozygous mutant 
AA group patients: the risk of bleeding incr- 
eased which affected the anticoagulant activity 
of warfarin.

In summary, this study obtained the genotype 
and allele distribution frequency of PITX2 
(rs6843082) in Chinese patients with atrial 
fibrillation and hypertension. Our findings show 
that the rs6843082 SNP influences the warfa-
rin anticoagulation response differences obse- 
rved in patients with atrial fibrillation and  
hypertension. Genotyping patients for rs684- 
3082 before initiating warfarin treatment may 
help to optimize the treatment response and 
reduce bleeding incidence. More research is 
needed to replicate these findings and identify 
other polymorphisms that may help to guide 
individualized warfarin treatment.
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