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Abstract. – OBJECTIVE: The aim of this 
study was to explore the relationships between 
ADAMTS-13 gene polymorphisms and hyperten-
sion-induced atrial fibrillation (AF). 

PATIENTS AND METHODS: A total of 200 hy-
pertensive patients without AF (hypertension 
group) and 200 hypertensive patients with AF 
(AF group) treated in our hospital were enrolled. 
Then, peripheral blood was drawn from these 
subjects enrolled, and the genomic deoxyribo-
nucleic acids (DNAs) were extracted for anal-
ysis of ADAMTS-13 gene polymorphism. Next, 
Reverse Transcription-quantitative Polymerase 
Chain Reaction (RT-qPCR) was employed to de-
termine the expression of ADAMTS-13 gene, and 
the correlations of ADAMTS-13 gene polymor-
phism with ADAMTS-13 gene expression and 
clinical indicators were analyzed. 

RESULTS: Results revealed that there was a 
difference in the distribution of alleles of ADS-
MTS-13 rs3094374 (p=0.046) and rs34054981 
(p=0.039) between AF group and hypertension 
group. The frequency of T allele of the locus 
rs3094374 and that of the locus rs34054981 
in ADSMTS-13 gene was higher in AF group 
than that in hypertension group. The distribu-
tion of genotypes of ADSMTS-13 rs28503257 
(p=0.047) and rs34054981 (p=0.013) in AF 
group were different from those in hyperten-
sion group, and AF group had lower frequen-
cy of GA genotype of ADAMTS-13 rs28503257 
and higher frequency of CT genotype of 
ADAMTS-13 rs34054981 than hypertension 
group. Besides, a difference was found in the 
distribution of ADSMTS-13 rs3094374 between 
AF group and hypertension group in reces-
sive model (p=0.043), and the frequency of TC 

+ CC was higher in the recessive model. More-
over, the distribution of the haplotypes CAT 
(p=0.012) and CGT (p=0.031) in ADAMTS-13 
gene showed a difference between AF group 
and hypertension group. The linkage disequi-
librium of the loci rs3094374 and rs28503257 
in ADAMTS-13 gene was relatively great 
(D’=0.293). In addition, the polymorphism of 
the locus rs34054981 in ADAMTS-13 gene had 
an association with ADAMTS-13 gene expres-
sion (p<0.05). The expression of ADAMTS-13 
gene was lower in patients carrying genotype 
TT in AF group. Furthermore, the ADAMTS-13 
rs3094374 polymorphism was related to inter-
national normalized ratio (INR) (p=0.034), and 
the ADAMTS-13 rs28503257 polymorphism 
was correlated with the levels of brain natri-
uretic peptide (BNP) (p=0.047) and D-dimer 
(p=0.033). 

CONCLUSIONS: ADAMTS-13 gene polymor-
phism is correlated with the susceptibility and 
procession of hypertension-induced AF.
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Introduction

As the living standards of modern people 
have been improved, and the diet structure 
and living habits have changed, the incidence 
rate of hypertension has dramatically risen1,2, 
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threatening the health of hundreds of millions 
of people around the world. The incidence rate 
of hypertension is significantly higher in Chi-
na than the average in the world due to large 
population base and difficulties in health man-
agement3. Hypertensive population is prone to 
some cardiovascular diseases of which atrial 
fibrillation (AF) is one of the most common 
cardiovascular complications of hypertension4. 
Long-term high pressure in the compartments 
of the heart results in myocardial cell hypertro-
phy, myocardial fibrosis, electrophysiological 
disorders and also atrial ventricular dilatation, 
thereby inducing AF5,6. The development pro-
cess of hypertension-induced AF is complex, 
and the specific molecular biological mecha-
nism is not fully elucidated. Therefore, study-
ing the mechanism by which this complication 
develops is meaningful.

Gene polymorphism, one of the most import-
ant factors affecting the physiological process of 
the body and the pathological process of diseases, 
greatly influences the susceptibility of many dis-
eases including malaria7 and asthma8. Besides, the 
development and procession of hypertension are 
associated with some gene polymorphisms, such 
as CYP4F2 rs2108622 polymorphism9, PPAR-γ2 
Pro12Ala polymorphism10, and ACE2 gene poly-
morphism11. ADAMTS-13, an important gene 
influencing coagulation function and thrombosis, 
may affect the development of hypertension-in-
duced AF.

In this study, we investigated the polymor-
phisms of the loci rs3094374, rs28503257, and 
rs34054981 in ADAMTS-13 gene based on da-
ta from 200 hypertensive patients without AF 
and 200 hypertensive patients with AF. Com-
bined with ADAMTS-13 gene expression lev-
el, clinical international normalized ratio (INR), 
brain natriuretic peptide (BNP) and D-dimer, 
we then attempted to explore the association of 
ADAMTS-13 gene polymorphisms with hyper-
tension-induced atrial fibrillation. 

Patients and Methods

General Data
This study was approved by the Ethics Com-

mittee of Chaoyang Hospital affiliated to Capi-
tal Medical University. Signed written informed 
consents were obtained from all participants be-
fore the study. A total of 400 hypertensive pa-
tients treated in our hospital from 2017 to the 

present were collected, including 200 patients 
with AF as AF group and 200 patients without 
AF as hypertension group. General data, like 
age, gender, hospital ID number, disease history, 
family history, and clinical information of these 
patients were collected, and systolic blood pres-
sure and diastolic blood pressure were measured 
at regular intervals. There were 117 males and 83 
females with an average age of (58.42±2.18) years 
old in AF group and 126 males and 74 females 
with a mean age of (56.27±3.88) years old in 
hypertension group. The general data showed no 
statistically significant differences between the 
two groups.

Diagnostic criteria for hypertension-induced 
AF: patients meeting the diagnostic criteria 
for hypertension (systolic blood pressure ≥140 
mmHg or diastolic blood pressure ≥90 mmHg), 
those with such risk factors as smoking, dyslip-
idemia and obesity, and those with persistent or 
transient AF detected via electrocardiogram.

Collection and Processing of Samples
Peripheral blood was collected from patients 

in hypertension group and AF group, and then, 
(within 1 h) centrifuged at 3000 rpm for 10 min 
in a centrifuge. Thereafter, the upper serum and 
the middle-nucleated cells were severally sep-
arated and collected into new centrifuge tubes. 
The upper serum was stored in liquid nitrogen 
for detection, while the middle-nucleated cells 
were used to extract genomic deoxyribonucleic 
acids (DNAs) for detection of ADAMTS-13 gene 
polymorphism.

Extraction of Genomic DNAs
Genomic DNAs were extracted from periph-

eral blood in hypertension group and AF group 
using a blood genome extraction kit (TIANGEN, 
Beijing, China) in strict accordance with the 
instructions of the kit. Specifically, 200 μL of 
proteinase K solution, peripheral blood samples 
from hypertension group and AF group and buf-
fer were added to new centrifuge tubes, mixed on 
a vortex shaker and incubated at 65°C for 8 min. 
After that, the samples were added with 3 mL 
of alcohol, mixed, and transferred to adsorption 
columns. Next, 2 mL of buffer was added to the 
adsorption columns, followed by centrifugation 
at 3000 rpm for 1 min. Afterwards, buffer was 
added to the adsorption columns and centrifuged. 
Then, 200 μL of elution buffer was added to the 
adsorption columns, and the resulting solution 
was the genomic DNAs of subjects.
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Polymerase Chain Reaction (PCR) 
Amplification and Analysis of 
Polymorphisms of rs3094374, 
rs28503257 and rs34054981 Loci 
in ADAMTS-13 Gene

The polymorphic regions of ADSMTS-13 
rs3094374, rs28503257, and rs34054981 were am-
plified in a PCR instrument using a 25 μL of re-
action system containing 1 μL of forward primer, 
1 μL of reverse primer, 1 μL of template DNA in 
total, 12.5 μL of Taq enzyme, and 9.5 μL of dis-
tilled H2O (dH2O) under the conditions of 93°C 
for 5 min, 40 cycles of 95°C for 30 s, 56°C for 40 
s, 72°C for 35 s, and 72°C for 5 min. The prim-
ers for polymorphic loci polymorphic region of 
ADAMTS-13 rs30943741: forward primer (5’→3’) 
‘ACAGGCCGTGTCTTCTTACTT’, and reverse 
primer (5’→3’) ‘GGGTCCCGAAGCAGTTCTG’, 
rs28503257: forward primer (5’→3’) ‘GGGTG-
CCCCAAATATCACAG’, and reverse primer 
(5’→3’) ‘CATCAGGCAACTCCAGGTCA’, and 
rs34054981: forward primer (5’→3’) ‘CAGCAG-
GTATGGGACAGGTG’, and reverse primer 
(5’→3’) ‘TGGCAATGTAGACACTGGTCA’. 
GAPDH: forward primer (5’→3’) ‘CTGGGCTA-
CACTGAGCACC’, and reverse primer (5’→3’) 
‘AAGTGGTCGTTGAGGGCAATG’. The prod-
ucts of PCR were sent to Shenzhen Biotechnol-
ogy Co., Ltd. (Shenzhen, China) for sequencing. 
The polymorphisms of loci in ADAMTS-13 gene 
in hypertension group and AF group were ob-
tained after analysis.

Determination of ADAMTS-13 
Gene Expression

Reverse Transcription-quantitative PCR 
(RT-qPCR) assay was performed to detect the 
expression of ADAMTS-13 gene in hypertension 
group and AF group. The RNAs were extracted 
from samples by TRIzol method (Invitrogen, 
Carlsbad, CA, USA) and reversely transcribed 
into complementary DNAs (cDNAs). Gene prim-
ers were designed using Primer Premier 5.0 and 

synthesized by Shanghai Bioengineering Co., 
Ltd. (Shanghai, China) ADAMTS-13 gene for-
ward primer: (5’→3’) ‘TCCTCAGTGATAAGG-
CAACTCC’, and reverse primer: (5’→3’) ‘GAG-
CCAGACGATCAACCCC’. PCR conditions 
were: 94°C for 2 min, 35 cycles of 94°C for 35 s, 
57°C for 40 s and 72°C for 35 s, and 72°C for 5 
min using a 25 μL of reaction system, consisting 
of 1 μL of forward and 1 μL of reverse primers, 
0.5 μL of template cDNAs, 12.5 μL of SYBR 
premix Taq (TaKaRa, Otsu, Shiga, Japan), and 
10 μL of dH2O.

Detection of Relevant Clinical Indicators
The relevant clinical indicators INR, BNP, and 

D-dimer in hypertension group and AF group 
were tested in the laboratory medicine of our 
hospital according to the standard operating pro-
cedure (SOP) document.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 23.0 software (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis. The com-
parison of enumeration data was carried out using 
χ2-test, and Hardy-Weinberg equilibrium test was 
performed. Haplotype analysis was conducted 
using the online SHEsis website. p<0.05 suggest-
ed that the difference was statistically significant.

Results

Distribution of Alleles of the 
Loci rs3094374, rs28503257 and 
rs34054981 in ADAMTS-13 Gene

The distribution of alleles of ADAMTS-13 
rs3094374, rs28503257, and rs34054981 is shown 
in Table I. It was found that the distribution of 
alleles of ADSMTS-13 rs3094374 (p=0.046) and 
rs34054981 (p=0.039) in AF group was different 
from that in the hypertension group. The frequen-
cy of T allele of rs3094374 locus and T allele of 

Table I. Distribution of alleles of ADAMTS-13 rs3094374, rs28503257, and rs34054981.

 Locus Allele Hypertension group AF group OR  95% CI χ2 p

rs3094374 T 199 (0.497) 224 (0.560) 0.77 0.58-1.02 3.33 0.046 
 C 201 (0.502) 176 (0.440)    
rs28503257 G 192 (0.480) 195 (0.487) 0.97 0.73-1.28 0.04 0.831 
 A 208 (0.520) 205 (0.512)    
rs34054981 C 215 (0.537) 191 (0.477) 0.78 0.59-1.03 4.88 0.039 
 T 185 (0.463) 209 (0.522)    
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rs34054981 locus in ADSMTS-13 gene in AF 
group was higher than that in the hypertension 
group.

Distribution of Genotypes of rs3094374, 
rs28503257 and rs34054981 Loci in 
ADAMTS-13 Gene

The results of distribution of genotypes of 
ADAMTS-13 rs3094374, rs28503257, and 
rs34054981 (Table II) showed that there was a dif-
ference in the distribution of genotypes of ADS-
MTS-13 rs28503257 (p=0.047) and rs34054981 
(p=0.013) between AF group and hypertension 

group. Besides, the frequency of the genotype 
GA of rs28503257 locus in ADAMTS-13 gene 
was lower in the AF group, while that of the gen-
otype CT of rs34054981 locus was higher in the 
AF group.

Analysis of ADAMTS-13 rs3094374, 
rs28503257 and rs34054981 
Polymorphisms

The polymorphism analysis and model con-
structed of the loci rs3094374, rs28503257, and 
rs34054981 in ADAMTS-13 gene are shown in 
Table III. The results manifested that the distri-

Table II. Distribution of genotypes of ADAMTS-13 rs3094374, rs28503257, and rs34054981.

 Locus Genotype Hypertension group AF group OR 95% CI χ2 p

rs3094374 TT 55 (0.275) 73 (0.365) 0.33 0.21-0.56 3.72 0.155 
 TC 89 (0.445) 78 (0.390)    
 CC 56 (0.280) 49 (0.245)    
rs28503257 GG 42 (0.210) 55 (0.275) 1.22 0.96-1.44 5.39 0.047 
 GA 108 (0.540) 85 (0.425)    
 AA 50 (0.250) 60 (0.300)    
rs34054981 CC 61 (0.305) 37 (0.185) 1.03 0.78-1.25 8.62 0.013 
 CT 93 (0.465) 117 (0.585)    
 TT 46 (0.230) 46 (0.230)    

Table III. Analysis of ADAMTS-13 rs3094374, rs28503257, and rs34054981 polymorphisms.

 Locus Genotype Hypertension group AF group χ2 p

Dominant model rs3094374 TT + TC 144 (0.720) 151 (0.755) 3.53 0.171
  CC 56 (0.280) 49 (0.245)  
 rs28503257 GG + GA 150 (0.750) 140 (0.700) 3.54 0.170 
  AA 50 (0.250) 60 (0.300)  
 rs34054981 CC + CT 154 (0.770) 154 (0.770) 3.85 0.146
  TT 46 (0.230) 46 (0.230)  
Recessive model rs3094374 TT 55 (0.275) 73 (0.365) 5.31 0.043
  TC + CC 145 (0.725) 127 (0.635)  
 rs28503257 GG 42 (0.210) 55 (0.275) 3 0.223
  GA + AA 158 (0.790) 145 (0.725)  
 rs34054981 CC 61 (0.305) 37 (0.185) 3.24 0.198
  CT + TT 139 (0.695) 163 (0.815)  
Heterozygous model rs3094374 TT 55 (0.275) 73 (0.365) 3.91 0.142
  TC 89 (0.445) 78 (0.390)  
 rs28503257 GG 42 (0.210) 55 (0.275) 1.74 0.419
  GA 108 (0.540) 85 (0.425)  
 rs34054981 CC 61 (0.305) 37 (0.185) 1.77 0.413
  CT 93 (0.465) 117 (0.585)  
Homozygous model rs3094374 TT 55 (0.275) 73 (0.365) 2.06 0.357
  CC 56 (0.280) 49 (0.245)  
 rs28503257 GG 42 (0.210) 55 (0.275) 2.66 0.264
  AA 50 (0.250) 60 (0.300)  
 rs34054981 CC 61 (0.305) 37 (0.185) 3.3 0.192 
  TT 46 (0.230) 46 (0.230)  
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bution of ADSMTS-13 rs3094374 in the recessive 
model of AF group was different from that in the 
hypertension group (p=0.043), and the frequency 
of TC + CC in the recessive model was higher in 
the hypertension group than that in the AF group.

Haplotype Analysis of the Loci 
rs3094374, rs28503257 and rs34054981 
in ADAMTS-13 Gene

Haplotype analysis (Table IV) and linkage dis-
equilibrium analysis (Table V) of ADAMTS-13 
rs3094374, rs28503257, and rs34054981 revealed 
that a difference was detected in the distribu-
tion of the haplotypes CAT (p=0.012) and CGT 
(p=0.031) in ADSMTS-13 gene between AF 
group and hypertension group, and the linkage 
disequilibrium of ADAMTS-13 rs3094374 and 
rs28503257 was relatively great (D’=0.293).

Correlations of Polymorphisms of 
the Loci rs3094374, rs28503257 and 
rs34054981 in ADAMTS-13 Gene with 
Gene Expression

The relationships of ADAMTS-13 rs3094374, 
rs28503257, and rs34054981 polymorphisms with 
gene expression shown in Figures 1-3 uncovered 
that the polymorphism of rs34054981 locus in 
ADAMTS-13 gene was related to ADAMTS-13 
gene expression (p<0.05), and the expression of 
ADAMTS-13 gene was lower in patients with 
genotype TT in AF group.

Associations of Polymorphisms of 
rs3094374, rs28503257 and rs34054981 
Loci in ADAMTS-13 Gene with Clinical 
Indexes of Patients

The relationships of ADAMTS-13 rs3094374, 
rs28503257, and rs34054981 polymorphisms with 
clinical indexes of patients are shown in Table 
VI. It was discovered that the polymorphism of 
ADAMTS-13 rs3094374 had a correlation with 
INR (p=0.034), and that of rs28503257 was re-
lated to BNP (p=0.047) and D-dimer (p=0.033) 
levels.

Table V. Linkage disequilibrium analysis of ADAMTS-13 rs3094374, rs28503257, and rs34054981.

 D’ rs3094374 rs28503257 rs34054981

rs3094374 – 0.293 0.034
rs28503257 0.193 – 0.084
rs34054981 0.034 0.084 –

Table IV. Haplotype analysis of ADAMTS-13 rs3094374, rs28503257, and rs34054981.

 Haplotype Hypertension group AF group OR 95% CI χ2 p

CAC 57.66 (0.144) 50.65 (0.127) 0.861 0.574-1.292 14.574 0.524 
CAT 51.86 (0.130) 50.83 (0.127) 0.977 0.646-1.479 0.497 0.012
CGC 55.92 (0.140) 40.36 (0.101) 0.691 0.449-1.063 13.952 2.857
CGT 35.57 (0.089) 34.16 (0.085) 0.957 0.585-1.564 0.428 0.031
TAC 58.44 (0.146) 49.22 (0.123) 0.82 0.546-1.233 3.843 0.912
TAT 40.05 (0.100) 54.30 (0.136) 1.412 0.915-2.179 0.711 2.441
TGC 42.99 (0.107) 50.76 (0.127) 1.207 0.784-1.860 1.717 0.731
TGT 57.53 (0.144) 69.71 (0.174) 1.257 0.859-1.838 6.501 1.388

Figure 1. Association between ADAMTS-13 rs3094374 
polymorphism and gene expression.
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Discussion

As a main disease affecting human health in 
modern society, hypertension is mainly caused 
by such factors as diet, lifestyle, environmental 
factors, genetic characteristics, and immune ho-
meostasis12. AF, one of the major complications of 
hypertension, has not been fully elucidated. The 
development of hypertension-induced AF leads 
to persistent arrhythmia and insufficient cardiac 
ejection, resulting in severe consequences, such 

as stroke13,14. In addition, hypertension-induced 
AF may be associated with microvascular dis-
ease, clotting system dysregulation, and vascular 
permeability alteration due to an increase in 
blood pressure, but the specific mechanism of 
such a complication is not fully understood15,16. 
Studying the causes and predisposing factors of 
hypertension-induced AF is important for the 
treatment and prevention of this complication.

ADAMTS-13 is a member of the thrombo-
spondin integrin metallopeptidase family and 
vWF-CP synthesized by stellate cells, which has 
a relation to thrombotic microangiopathy, dis-
seminated intravascular coagulation, and inflam-
matory diseases17,18. Moreover, it is reported that 
ADAMTS-13 can affect the development of car-
diovascular diseases, like myocardial infarction 
and unstable angina pectoris19. It follows that 
ADAMTS-13 may be an important participant 
in the regulation on cardiovascular diseases. Be-
sides, ADAMTS-13 gene polymorphism has been 
reported to affect the pathological process of 
various diseases, including cerebral aneurysm20. 
In this study, the polymorphisms of ADAMTS-13 
rs3094374, rs28503257, and rs34054981 in hyper-
tensive patients with and without AF were stud-
ied, and it was found that the distribution of alleles 
of rs3094374 locus (p=0.046) and rs34054981 lo-
cus (p=0.039) in ADSMTS-13 gene was different 
between AF group and hypertension group. The 
frequency of T allele of rs3094374 locus and T 
allele of rs34054981 locus in ADSMTS-13 gene 
in AF group was higher than that in the hyper-
tension group. In addition, there was a differ-
ence in the genotype distribution of ADSMTS-13 
rs28503257 (p=0.047) and rs34054981 (p=0.013) 
between AF group and hypertension group. AF 
group exhibited lower frequency of GA genotype 
of rs28503257 locus and higher frequency of CT 
genotype of rs34054981 locus in ADAMTS-13 
gene. The above results suggest that there is 
a correlation between the development of hy-
pertension-induced AF and ADAMTS-13 gene 
polymorphism, and hypertensive patients with T 
allele of rs3094374 locus, T allele of rs34054981 
locus, and the genotype CT of rs34054981 are 
more prone to AF, while those with rs28503257 
GA genotype are less likely to suffer AF.

Further studies manifested that the distribution 
of ADSMTS-13 rs3094374 in recessive model 
was different between AF group and hyperten-
sion group (p=0.043), and in recessive model, 
TC + CC the frequency was higher. A difference 
was detected in the distribution of ADAMTS-13 

Figure 2. Relation between ADAMTS-13 rs28503257 
polymorphism and gene expression.

Figure 3. Correlation between ADAMTS-13 rs34054981 
polymorphism and gene expression (*p<0.05 vs. patients 
carrying other genotypes).
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Table VI. Associations of ADAMTS-13 rs3094374, rs28503257, and rs34054981 polymorphisms with clinical indexes.

    INR   BNP (pg/mL)   D-dimer (mg/L) 

   Hypertension AF  Hypertension AF  Hypertension AF 
 Locus Genotype group group p group group p group group p

rs3094374 TT 1.2 2.2 0.034  376 432 0.263  0.17 0.44 0.134 
 TC 1.3 2.4  256 456  0.17 0.22 
 CC 1.2 3.1  321 478  0.22 0.36 
rs28503257 GG 1.1 2.1 0.372  356 421 0.047  0.16 0.41 0.033 
 GA 1.3 2.4  378 501  0.17 0.35 
 AA 1.2 2.2  253 456  0.25 0.65 
rs34054981 CC 0.9 2.1 0.037  374 412 0.171  0.14 0.43 0.111 
 CT 1.2 2.4  325 418  0.15 0.49 
 TT 1 2.5  266 498  0.21 0.51 
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gene CAT haplotype (p=0.012) and CGT hap-
lotype (p=0.031) between AF group and hyper-
tension group. The linkage disequilibrium of 
ADAMTS-13 rs3094374 and rs28503257 was rel-
atively high (D’=0.293). These results imply that 
ADAMTS-13 may affect hypertension-induced 
AF through influences on multiple genotypes of 
the same locus or multiple loci.

Furthermore, there was an association between 
ADAMTS-13 rs34054981 polymorphism and the 
expression of ADAMTS-13 gene (p<0.05), and 
the expression of ADAMTS-13 gene was low-
ered in patients with TT genotype in AF group, 
suggesting that the effects of ADAMTS-13 gene 
polymorphism on the susceptibility and progres-
sion of hypertension-induced AF may be achieved 
by regulating the expression of ADAMTS-13 
gene. The expression patterns of ADAMTS-13 
are diverse due to different ADAMTS-13 gen-
otypes in populations, thus affecting the pro-
gression of the disease. In this study, the clinical 
indicators of patients were compared, and it was 
discovered that ADSMTS-13 rs3094374 poly-
morphism was correlated with INR (p=0.034), 
and rs28503257 polymorphism was related to the 
levels of BNP (p=0.047) and D-dimer (p=0.033). 
The above results demonstrate that ADAMTS-13 
gene polymorphism may be associated with the 
progression of hypertension-induced AF, and the 
progression of the disease can be predicted by de-
tecting ADAMTS-13 gene polymorphism, so that 
quick responses can be made in advance.

Conclusions

The above results demonstrate that 
ADAMTS-13 gene polymorphism may be asso-
ciated with the progression of hypertension-in-
duced AF, and the progression of the disease 
can be predicted by detecting ADAMTS-13 gene 
polymorphism, so that quick responses can be 
made in advance.
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