
J Gastrointestin Liver Dis, March 2017 Vol. 26 No 1: 13-18

1) 3rd Medical Clinic, Iuliu 
Hatieganu University of 
Medicine and Pharmacy;
2) Prof. Dr. Octavian 
Fodor Regional Institute of 
Gastroenterology-Hepatology;
3) Department of Genetics, 
Iuliu Hatieganu University of 
Medicine and Pharmacy;
4) Department of Genetics, 
Ion Chiricuta Oncology 
Institute, Cluj Napoca;
5) 5th Medical Clinic, Iuliu 
Hatieganu University of 
Medicine and Pharmacy;
6) Department of 
Pharmacology, Toxicology 
and Clinical Pharmacology, 
Iuliu Hatieganu University of 
Medicine and Pharmacy, 
Cluj-Napoca, Romania

Address for correspondence: 
Ştefan C. Vesa 
Department of Pharmacology, 
Toxicology and Clinical 
Pharmacology, 
Iuliu Hatieganu University of 
Medicine and Pharmacy, 
23, G. Marinescu Str, 
400337, Cluj-Napoca  
Romania
stefanvesa@gmail.com   

Received: 12.11.2016     
Accepted: 31.01.2017

VKORC1-1639 G>A Polymorphism and the Risk of Non-Variceal 
Upper Gastrointestinal Bleeding

Ioana Groza1, Dana Matei1,2, Marcel Tanţău1,2, Adrian P. Trifa3,4, Sorin Crişan5, Ştefan C. Vesa6, Corina Bocşan6,                                      
Anca D. Buzoianu6, Monica Acalovschi1

INTRODUCTION

Upp er  gast rointest ina l 
bleeding (UGIB) is the most 
common gastroenterological 
emergency. It has an annual 
incidence of 37-172/100,000 
inhabitants [1, 2]. There are 
variceal or non-variceal sources 
of  upp er  gast rointest ina l 
hemorrhage. The main causes 
for non-variceal UGIB are 
peptic ulcer, erosive gastritis, 
esophagitis, Mallory-Weiss 
syndrome and tumors. Severe 
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ABSTRACT

Background & Aims: The mutations in the gene that encodes vitamin K epoxide reductase (VKOR) enzyme 
are responsible for low levels of vitamin K. The purpose of this study was to evaluate whether the presence 
of the VKORC1 -1639 G> A polymorphism is a risk factor for non-variceal upper gastrointestinal bleeding 
(UGIB) in patients without concomitant therapy with vitamin K antagonists.
Methods: This case-control study comprised 163 consecutive patients diagnosed with UGIB and 178 controls, 
in whom the diagnosis of UGIB was excluded. The following data were recorded: age, gender, alcohol 
consumption, smoking, history of UGIB, nonsteroidal anti-inflammatory drugs (NSAIDs) or low-dose aspirin 
consumption. Genetic analysis included genotyping for the VKORC1 -1639 G>A polymorphism.
Results: History of UGIB (OR 3.463, CI95% 1.463-8.198, p=0.005), smoking (OR 2.498, CI95% 1.358-4.597, 
p=0.003), alcohol consumption (OR 3.283, CI95% 1.796-6.000, p<0.001), use of NSAIDs (OR 4.542, CI95% 
2.502-8.247, p<0.001) or of low-dose aspirin (OR 2.390, CI95% 1.326-4.310), and the VKORC1 -1639 G> A 
AA genotype (OR 1.364, CI95% 0.998-1.863, p=0.05) were associated with an increased risk of UGIB. The 
risk of UGIB was analyzed in patients with genotype AA who used aspirin or NSAIDs. The genotype AA has 
not kept its status of independent risk factor (p=0.3). In subjects with NSAIDs/aspirin therapy and genotype 
AA there was a two times higher chance of UGIB compared to those under NSAIDs/aspirin therapy alone 
(OR 7.6 vs. 3.6, p<0.001).
Conclusion: Patients with non-variceal UGIB caused by the use of NSAIDs or low-dose aspirin are more 
frequent carriers of the VKORC1 -1639 G>A AA genotype, as compared to those without UGIB.

Key words: non-variceal upper gastrointestinal bleeding – VKORC1 – 1639 G>A polymorphism – NSAIDs 
– risk factors.

Abbreviations: NSAIDs: nonsteroidal anti-inflammatory drugs; OR: odds ratio; PIVKA: proteins induced by 
vitamin K absence; PPIs: proton pump inhibitors; UGIB: upper gastrointestinal bleeding; VKORC1: vitamin 
K epoxide reductase subunit C1.
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complications of non-variceal upper gastrointestinal 
hemorrhage include recurrence of bleeding and mortality 
[3]. Although the mortality rate has been reduced in recent 
years due to advances in terms of endoscopic therapy and 
treatment with proton pump inhibitors (PPIs), it still remains 
high, ranging from 5% to 10% [4, 5].

Upper gastrointestinal endoscopy plays an important 
role in UGIB diagnosis and endoscopic hemostasis [6, 
7]. Most hospitals do not benefit from an emergency 
endoscopy department and the patients with UGIB receive 
some medication before being transferred to a specialized 
medical center for endoscopic hemostasis [8-10]. Associated 
comorbidities increase the risk of non-variceal UGIB. The 
risk factors involved in the occurrence of non-variceal UGIB 
episodes are advanced age, associated diseases such as liver, 
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kidney, heart diseases, advanced neoplasia, Helicobacter pylori 
infection, alcohol consumption, tobacco use or associated 
medication [11-13]. The drugs most frequently involved in 
the development of UGIB are antiplatelet agents (17.8%), 
NSAIDs (11.8%) and anticoagulants (10.5%) [14]. Upper 
gastrointestinal bleeding accounts for more than 50% of all 
adverse events produced by these drugs.

A nationwide study conducted in The Netherlands found 
that most hospitalizations are caused by gastrointestinal 
hemorrhage as an adverse event to medication treatment: 
out of these, most bleedings have been reported as part of 
anticoagulation therapy [15]. The permanent risk for UGIB 
in patients under anticoagulant treatment may be influenced 
by some genetic factors involved in the metabolism of vitamin 
K [16].

The gene encoding vitamin K epoxide reductase (VKOR) 
has recently been identified as a key element in the vitamin 
K cycle [17, 18]. Its product, the vitamin K epoxide reductase 
complex subunit-1 (VKORC1), is the molecular target of 
anticoagulation therapy with coumarin derivatives [19]. 
VKORC1 occurs during the regeneration of the reduced form 
of vitamin K, an essential cofactor for the γ-carboxylation of 
vitamin K-dependent proteins, including the clotting factors 
II, VII, IX and X. Coumarin derivatives inhibit VKORC1 
and thus reduce production of vitamin K-dependent clotting 
factors [20]. There are several VKORC1 polymorphisms and 
haplotypes that encode enzymes with different sensitivity to 
acenocoumarol or warfarin. The polymorphisms rs719616114 
(381T>C or −4931T>C), rs9923231 (3673G>A or −1639G>A), 
rs9934438 (6484C>T or 1173C>T), rs8050894 (6853G>C 
or 1542G>C) and rs2359612 C>T (7566C>T or 2255C>T) 
represent the haplotype A. These patients require low doses 
of warfarin to achieve a therapeutic INR [21, 22]. Thus, in 
patients under treatment with vitamin K antagonists who 
have the VKORC1 gene polymorphism, there is a high risk 
of overanticoagulation due to already existing low levels of 
vitamin K in the body. Reduced functionality of clotting 
factors in those under anticoagulation therapy is responsible 
for both the therapeutic efficiency and the risk of hemorrhage. 
The VKORC1 gene polymorphisms have been studied as risk 
factors for UGIB in patients receiving vitamin K antagonist 
therapy, but not yet in those who are not taking anticoagulant 
therapy.

The purpose of the present study was to determine whether 
presence of the VKORC1 -1639 G> A polymorphism represents 
an independent risk factor for UGIB also in patients without 
concomitant therapy with vitamin K antagonists.

METHODS

This is an observational, analytical, cross-sectional, and 
prospective case-control study.

A total of 163 consecutive patients were included in the 
study. The inclusion criterion was the presence of non-variceal 
UGIB identified during endoscopic examination. The patients 
attended the Emergency Room of a tertiary center (Prof. Dr. 
Octavian Fodor Regional Institute of Gastroenterology, Cluj 
Napoca) between July 2014 and June 2016 for non-variceal 
UGIB. The following patients were excluded from the study: 

patients aged <18 years; patients with signs or symptoms of 
UGIB who refused endoscopic examination; patients that 
underwent treatment with antagonists of vitamin K or selective 
serotonin reuptake inhibitors; patients with variceal UGIB, 
gastric neoplastic or esophageal cause, and those with liver 
cirrhosis regardless of their Child-Pugh score.

The control group consisted of 178 controls, matched for 
age and gender, in whom the diagnosis of UGIB was excluded. 
These were patients admitted for various gastrointestinal, 
metabolic or cardiovascular diseases. 

All patients signed the informed consent form for inclusion 
in the study. The study protocol was approved by the Ethics 
Committee of Iuliu Hatieganu University of Medicine and 
Pharmacy.

Data were obtained when the patients presented to 
the emergency room. The following demographics were 
recorded: age, gender, area of origin (urban/rural), alcohol 
consumption, smoking, history of non-variceal UGIB; data 
on medication history: consumption of NSAIDs, platelet 
anti-aggregation compounds, or PPIs. After blood samples 
were collected, the patients underwent endoscopy. Upper 
gastrointestinal endoscopy was performed with an Olympus 
Exera 3 equipment in the first 24 hours after admission to the 
Emergency Room.   

Samples of venous blood (3 ml) were collected from 
patients and controls in a vacutainer containing EDTA. The 
DNA was extracted at the Department of Genetics of the 
Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-
Napoca, using a DNA extraction kit (Wizard Genomic DNA 
Purification Kit; Promega, Madison, WI, USA). Genotyping 
for the VKORC1 -1639 G>A polymorphism was done using a 
PCR-RFLP assay, as previously described [23]. Briefly, a 290 
bp fragment was obtained by PCR using the following primers: 
forward 5’-GCCAGCAGGAGAGGGAAATA-3’ and reverse 
5’-AGTTTGGACTACAGGTGCCT-3’. Enzyme digestion with 
MspI yielded two fragments in the case of the G allele while 
the A allele remained uncut.

Statistical analysis was performed using MedCalc Statistical 
Software version 16.8 (MedCalc Software bvba, Ostend, 
Belgium, https://www.medcalc.org; 2016). Quantitative data 
was described through the median and the 25th and 75th 
percentile (the Kolmogorov-Smirnov test was used to assess the 
normality of the distribution). Qualitative data was expressed 
as absolute and relative frequency. Deviations of allelic 
frequencies from Hardy–Weinberg equilibrium were verified 
using the chi-square test. The Mann-Whitney test was used 
to compare the continuous variables between two groups. To 
check for differences in the frequency of qualitative variables, 
the chi-square test or Fisher’s exact test were used, according 
to the situation. Multivariate analysis was performed using 
binary logistic regression. A p value of <0.05 was considered 
statistically significant, except when we used the Bonferroni 
correction for multiple testing, when the level of significance 
was <0.006. 

RESULTS

The demographic characteristics and risk factors for UGIB 
are presented in Table I.
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The Hardy-Weinberg equilibrium was observed in both 
the control group and UGIB group when VKORC1 -1639 
G>A polymorphism detection was performed (p=0.9; p=0.3, 
respectively).

The G allele frequency of the VKORC1 -1639 G>A 
polymorphism in the UGIB group was 0.542, and the A allele 
frequency was 0.458. In the control group, G allele frequency 
was 0.601 and A allele frequency was 0.399. There was no 
significant difference between groups in the distribution of 
alleles (p=0.2).

Several predictive models were created to verify the 
relationship between variables and UGIB using binary logistic 
regression (Table II). The diagnosis of UGIB was considered 
the dependent variable and the following parameters were 
introduced as independent variables: age, gender, history of 
UGIB, smoking, alcohol use, use of certain drugs (NSAIDs, low 
dose of aspirin), and the VKORC1 -1639G>A polymorphism. 
The GG+GA genotypes were chosen as reference for the 
VKORC1 -1639G>A polymorphism, for comparison with the 
AA genotype. History of UGIB, smoking, alcohol consumption, 
use of NSAIDs or low-dose aspirin, and the VKORC1 -1639 

G>A AA genotype were independently associated with an 
increased risk of UGIB.

The risk of UGIB was also analyzed in patients with genotype 
AA who were under treatment with low doses of aspirin or 
NSAIDs (Table III). Genotype AA has not kept its status of an 
independent risk factor (p=0.3). However, in subjects with both 
NSAIDs/aspirin therapy and genotype AA there was a two-
fold higher chance of having UGIB compared to those under 
NSAIDs/aspirin therapy alone (7.6 vs. 3.6) (p<0.001).

DISCUSSION

The study evaluated the correlation between multiple 
variables and the risk of non-variceal UGIB. Most of them, 
such as history of UGIB, smoking, alcohol consumption and 
certain drugs (NSAIDs, aspirin administered in low doses) 
were studied in relation to the risk of UGIB. In this study, we 
showed that there might be a correlation between VKORC1 
-1639 G>A polymorphism and the risk of UGIB.

In our patients, the VKORC1 -1639 G>A AA genotype 
was associated with an increased risk of hemorrhage only in 

Table I. Characteristics of patients with UGIB and controls

Variable UGIB group Control group p

Age 65 (55; 71) 64 (52; 73) 0.8

Gender Men 115 (70.6) 127 (71.3) 0.9

Women 48 (29.9) 51 (28.7)

History of UGIB 28 (17.2) 10 (5.6) 0.001

Smoking 61 (37.4) 44 (24.7) 0.01

Alcohol use 61 (37.4) 40 (22.5) 0.004

NSAIDs 63 (38.7) 28 (15.2) <0.001

Low dose of aspirin 50 (30.7) 43 (24.2) 0.2

PPIs 3 (1.8) 2 (1.1) 0.9

VKORC1 -1639 G>A GG genotype 48 (29.4) 61 (34.3)
0.2GA genotype 81 (49.7) 92 (51.7)

AA genotype 34 (20.9) 25 (14)

VKORC1 -1639 G>A GG +GA genotypes 129 (79.1) 153 (86) 0.1

AA genotype 34 (20.9) 25 (14)

NSAIDs: nonsteroidal anti-inflammatory drugs; PPI: proton pump inhibitors; UGIB: upper 
gastrointestinal bleeding; VKORC1: vitamin K epoxide reductase subunit C1

Table II. Factors associated with risk of UGIB

Variable B P OR 95% CI 

Min Max

Age 0.004 0.656 1.004 0.985 1.024

Men -0.273 0.367 0.761 0.420 1.377

History of UGIB 1.242 0.005 3.463 1.463 8.198

Smoking 0.916 0.003 2.498 1.358 4.597

Alcohol use 1.189 <0.001 3.283 1.796 6.000

NSAIDs 1.513 <0.001 4.542 2.502 8.247

Low dose of aspirin 0.871 0.004 2.390 1.326 4.310

VKORC1 -1639 G>A AA genotype 0.310 0.050 1.364 0.998 1.863

NSAIDs: nonsteroidal anti-inflammatory drugs; UGIB: upper gastrointestinal bleeding; 
VKORC1: vitamin K epoxide reductase subunit C1
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patients who were taking NSAIDs or antiplatelet drugs. In 
these patients, the risk of UGIB was two times higher than 
in those without this mutation. This homozygous genotype 
for the variant allele of the VKORC gene is associated with 
an enzymatic activity that is 50% lower than in the case of 
homozygous genotype for the common allele [24]. This leads 
to undercarboxylated species of vitamin K-dependent proteins 
and proteins, also called proteins induced by vitamin K absence 
(PIVKA), a sensitive marker of vitamin K deficiency. PIVKA-
II (referring to prothrombin) cannot efficiently participate in 
the coagulation cascade due to the inability to bind calcium 
[25]. High levels of PIVKA-II are not necessarily markers for 
the prediction of impending hemorrhage. This may occur 
especially in subjects undergoing treatment with vitamin K 
antagonists, which induce an even higher increase in PIVKA-
II levels. Subjects carrying the VKORC gene polymorphisms 
are likely to present subclinical clotting deficiency, without 
an obvious effect on the prothrombin time, which only 
occurs in the case of a decrease in the plasma prothrombin 
level of approximately 50% [26]. Thus, in the presence of 
gastroduodenal mucosal injury due to consumption of NSAIDs 
or low-dose antiplatelet agents, patients with the VKORC1 
-1639 G>A AA genotype are likely to bleed more easily than 
those with higher levels of functional coagulation factors.

The risk of UGIB in patients under treatment with 
NSAIDs is well known. The prevalence of the peptic ulcer in 
the population taking NSAIDs is between 15% and 30%. The 
increased risk of bleeding induced by NSAID therapy is due 
to the mucosal injury following the non-selective inhibition 
of cyclooxygenase-1 activity. This leads to reduced levels of 
endogenous prostaglandins that modulate the gastroduodenal 
mucosal defense [27]. In a previous study of our group (Matei 
et al., 2013), NSAID consumption was present in 27.3% of 
patients with non-variceal UGIB [28]. In the present study, the 
prevalence of NSAIDs consumption among UGIB patients was 
higher (38.7%) due to the exclusion of cases with gastric cancer 
or oral anticoagulants’ consumption. NSAID consumption was 
the most important factor associated with UGIB, increasing 
its probability 4.5 times. When the VKORC1 -1639 G>A AA 
genotype was identified in patients taking NSAIDs, the risk of 
UGIB was even greater.

The use of low-dose aspirin (75-325 mg/day) has been 
associated with reduced cardiovascular events in patients with 
cardiovascular disease or a reduced incidence of colorectal 
cancer [29, 30]. Because of the irreversible inhibition of COX-1, 
aspirin may also increase the risk of UGIB. This side effect is both 

dose-dependent and time-dependent [31]. Matei et al. found that 
23.1% of subjects with UGIB were taking low-dose aspirin [28]. 
In the present study, the percentage was higher, 30.7%, and the 
risk of bleeding was 2.4 times higher compared to controls. The 
risk was higher in patients with the mutant genotype. Montes 
et al. showed that the risk of UGIB is cumulative in patients 
taking aspirin and oral anticoagulants, and who are also carrying 
VKORC1 gene polymorphisms. The risk was 8.9 times higher 
in these patients than in those without these polymorphisms, 
in whom the probability of bleeding was only 1.4 times higher 
[32]. This demonstrates the higher risk that results from the 
lower PIVKA-II levels in addition to the pro-hemorrhagic factor.

Alcohol consumption and smoking are other risk factors 
found responsible for non-variceal UGIB [33, 34]. Alcohol 
reduces gastric emptying and stimulates gastric acid secretion, 
while smoking induces vasoconstriction in gastroduodenal 
mucosa, which reduces its defense ability [35]. Alcohol 
consumption and smoking were present in 37% of our patients 
with UGIB, a percentage that is comparable to that previously 
reported (35.3% and 21.5%) [28]. A history of UGIB was more 
frequently present in our patients than in controls (17.2% vs. 
9.6%).

A limitation of our study is the small number of subjects 
involved, due to extensive exclusion criteria. Also, we could 
not determine the status of Helicobacter pylori infection and 
did not measure the PIVKA-II levels.  However, to the best of 
our knowledge, this is the first evaluation of the UGIB risk in 
relation to the VKORC1 -1639 G>A polymorphism in subjects 
who are not taking vitamin K antagonists: it indicates that 
these might be at an increased risk of bleeding if they are using 
NSAIDs or low-dose aspirin. 

CONCLUSIONS

Patients with non-variceal UGIB, caused by NSAIDs or 
low-dose aspirin consumption, are more frequent carriers 
of the VKORC1 -1639 G>A AA genotype, as compared to 
those without UGIB. VKORC1 -1639 G>A AA genotype 
was borderline statistically significantly associated with 
UGIB presence. After adjustment for other important 
known predictors, the association distanced from the level of 
significance. Interestingly, the coexistence of the genotype with 
NSAIDs/or aspirin was statistically significantly associated 
with UGIB presence. These results warrant further exploration. 

History of UGIB, smoking and alcohol consumption are 
important independent risk factors for non-variceal UGIB.

Table III. Risk of UGIB related to presence of the VKORC1 -1639 G>A AA genotype and use of NSAIDs or low dose of 
aspirin (model adjusted for the other factors using binary logistic regression)

AA 
genotype

Drug UGIB 
group

Control 
group

OR 95% CI p

Min Max

No No NSAID/low dose of aspirin 48 (29.4%) 97 (54.5%) - - - -

No NSAID/low dose of aspirin 81 (49.7%) 56 (31.5%) 3.699 2.158 6.342 <0.001

Yes No NSAID/low dose of aspirin 12 (7.4%) 16 (9%) 1.476 0.626 3.483 0.3

Yes NSAID/low dose of aspirin 22 (13.5%) 9 (5.1%) 7.646 3.120 18.740 <0.001

NSAIDs: nonsteroidal anti-inflammatory drugs; UGIB: upper gastrointestinal bleeding; VKORC1: vitamin K epoxide 
reductase subunit C1
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