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Abstract 

Background: Numerous single nucleotide polymorphisms (SNPs) located in chromosomal region 9p21 have been associated 
with cardiovascular disease, most of these studies in European populations. We have no knowledge of studies conducted in 
admixed populations populations as the Latin Americans. For this reason we decided to study the association of SNPs 
rs2383206, rs10757274 and rs10757278, together with some non-genetic factors with arterial thrombotic events (AT), in 
individuals from the north-eastern portion of Venezuela. 

Methods: Gender, age and non-genetic risk variables were evaluated in 119 patients with AT and 119 control subjects. 
Genotypes were identified using TaqMan probes. The odds ratio (OR) for genotypes alone and in conjunction with non-genetic 
variables were estimated. 

Results: There was a consistent association of rs10757278 with AT, increased in males (OR=2.38). The medium-low 
socioeconomic status also confers a significant risk for AT in both sexes (OR=4.04). Haplotypes with at least two A alleles, 
proved to be protective (OR=0.53) in developing arterial thrombosis. 

Conclusions: There was a consistent association with AT for the rs10757278 polymorphism, increased in males. Sex and 
socioeconomic status were also significant risk factors in this study reinforcing the importance in studying other variables such 
as environmental and sex differences together with the genetic structure of each population when analyzing risks for AT 
diseases. These results serve as a guide when searching for markers of risk for this disease common in Venezuela. 

Keywords: Chromosome 9p21, arterial thrombosis, Venezuelan population. 

Introduction 

Many SNPs have been identified in the chromosomal region 9p21 

associated with cardiovascular disease [1-4] but most of these studies 

have been conducted in Europeans or their descendants. The 

Venezuelan population has shown a significant genetic heterogeneity 

within and between various regions of the country [5-7] which 

influences the distribution of different polymorphisms and the 

synergetic effect between them. For this reason, we studied the 

association of different SNPs in the chromosomal region 9p21, with 

arterial thrombotic events (AT) and present here results for three SNPs 

(rs2383206, rs10757274, rs10757278) in individuals with 

grandparents from the state of Anzoátegui, in the north-eastern portion 

of Venezuela. 

Methods 

Study sample and genotyping 

Patients with AT (N=119) from hospitals Luis Razetti and Guzman 

Lander in Anzoátegui, were studied between November 2010 and 

January 2011. As a control group we selected individuals with no 

history of AT (N=119) from a geriatric center and among those 

attending the hospital Luis Razetti for laboratory analyses. All subjects 

were biologically unrelated, with parents and grandparents born in 

Anzoátegui, in order to reduce genetic heterogeneity. Additionally, we 

selected a group of individuals from the general population (N=59) as 

a genetic control. In all (cases, controls and general population) the 

distribution of three STRs, located on different chromosomes 

(F13A01, VWA, FES/FPS) was studied in order to investigate the 

possibility of population stratification. 

 
 

In addition to age and sex in cases and controls, some biochemical 

(hypertension, total cholesterol, LDL, VLDL and HDL, diabetes mellitus), 

anthropometric (body mass index and waist circumference) and 

environmental (smoking habits and socioeconomic status) risk variables 

were evaluated. An informed consent approved by the Bioethics 

Committee of IVIC was signed by all participants in the study. 

Genotypes were obtained by real-time PCR using TaqMan probes 

(Applied Biosystems). 

Statystical analysis 

The allele frequencies were estimated by direct counting. The adjustment 

to Hardy-Weinberg (HW) equilibrium was studied by a Chi-square test 

with the MAXLIK program [8]. MedCalc software (Windows, version 

11.6.1.0) [9] was used to study: 1- The association of AT with different 

genotypes of each of the three SNPs, using a Chi-square test. 2- The Odds 

Ratio (OR) for the G risk allele of each SNP to produce AT, assuming a 

dominant inheritance model. 3- An analysis of thrombotic risk through a 

logistic regression with inclusion of genetic and other risk factors used in 

this study: sex, age, biochemical, anthropometric and environmental 

variables. The goodness of fit of the model was assessed through the 

Hosmer-Lemeshow test and through the area under the ROC curve 

(AUC). For all tests a p-value <0.05 was considered statistically 

significant. The Bonferroni correction was made to correct for multiple 

comparisons. With the program ARLEQUIN (version 3.1) [10], linkage 

disequilibrium (LD) was explored performing a likelihood ratio test. 

Haplotypes were constructed for the three SNPs studied, using the 

maximum likelihood method from the Expectation-Maximization model. 
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Results 

Non significant (NS) differences in the distributions of the STRs were 

observed between cases, controls and the general population, 

suggesting no genetic stratification in the samples. 

Genotypes, allele frequencies and genotype risk values (OR) are 

shown in (Table 1). All SNPs studied are in HW equilibrium in both 

groups. NS differences were obtained in allele and genotype 

frequencies between cases and controls; however, there was a clear 

trend in the three SNPs of an increased frequency of the G allele 

(AG+GG genotypes) in patients with AT compared to controls. OR 

values obtained suggest that these SNPs, considered independently, do 

not confer a higher risk of AT, in contrast to what is published in 
previous studies [11,12]. 

Table 1 : Genotypic and allelic frequencies with OR values. 

It has been reported that polymorphisms rs10757274, rs1072383206 

and rs10757278 are in LD [13]. The Arlequin analyses corroborates 

this statement, since LD was found to be significant (p≤0.0001) for all 

pair of loci. Because of this we carried out the risk analysis based on 

the distribution of haplotypes in both groups (Table 1). The haplotype 

AAA is distributed uniformly in both groups and GGG is predominant 

in cases but NS. It was also observed that in the presence of at least 2 

G alleles, there was a trend (NS) for increased AT risk, showing a 

possible interaction effect between these SNPs. However, haplotypes 

with two A alleles, show an inverse significant association with the 

disease (OR=0.53, p=0.0399) in cases vs. controls, suggesting that the 

presence of two A alleles could have a protective effect against the 
disease. 

Thrombotic processes are multifactorial events, a large number of 

genetic and non-genetic risk factors interact for triggering these 

pathologies. To analyze the influence in the occurrence of AT of the 

SNPs studied by us, taking into account other risk factors, we used a 

logistic regression model (Table 2). The results showed NS 

differences between cases and control groups for frequencies of the 

risk allele G for each SNP studied independently. However, when 

analyzing the different polymorphisms simultaneously with non-

genetic risk factors, we found that the highest risk is associated with 

non-genetic factors such as high concentration of fibrinogen 

(OR=2.2976, p=0.0246) and medium-low socioeconomic status (OR: 

3.4539, p=0.0001), whereas being female appears as a protective 
factor (OR=0.1229, p=<0.0001). 

Table 2 : Genotypic and allelic frequencies with OR values. 

The significant sex effect as a risk variable made us compute logistic 

regressions within each sex. Here we found that, for females, high 

concentrations of fibrinogen (OR=3.0424), belonging to a medium-

low socioeconomic status (OR= 4.0456), and having family history of 

AT (OR=3.1409), showed a significant increase in the risk of 

developing the disease. On the other hand, for males, the presence of 

genotypes A/G or G/G for rs10757278 and belonging to a medium-

low socioeconomic status (OR=8.7325 and OR=4.0455, respectively) 
confer a significant elevated risk for the occurrence of AT. 

Due to the increased risk shown by SNP rs10757278 in men, it was 

decided to compare cases vs. controls within each sex, using only the 

SNPs as independent variables in the logistic regression. It was 

observed that being male and having the G allele for rs10757278 

confers a higher risk (OR=2.3838, p=0.04829) to suffer AT whereas in 

females this OR is not significant. This risk is significantly higher for 

the group of males when combined with medium-low socioeconomic 
status (OR=8.7325, p=0.003), as described previously. 

Discussion 

The SNPs discovered through genome-wide studies, explain only a 

small fraction of the heritability of many diseases [14]. However, new 

data show advances which are producing new insights into gene-

environment interaction through the use of association studies 

[15].The study of gender differences in the association of 

polymorphisms to disease can provide a better understanding of gene-

environment and gene-hormone interactions in men and women. 

 

 

In this work, as in previous association studies, the G allele of SNP 

rs10857278 appears to confer an increased risk for AT in men [16], 

whereas in women, fibrinogen concentration is more important. 

Epidemiological data show that the risk of thrombosis is higher in men 

than in women up to the age of 60 [17], probably due to hormonal 

differences and to exposure to different risk factors involved in the 

physiopathology of the disease. This female protective effect was also 
observed in our study. 

Socioeconomic status also proved to be a significant risk variable in the 

condition of thrombosis. The differences found between high and 

medium-low socioeconomic status could be revealing divergence between 

these groups regarding modifiable risk factors for AT such as nutrition, 

exercise, smoking and drinking habits among others. 

Polymorphisms in chromosomal region 9p21 are located close to the 

tumor suppressor genes CDKN2A, CDKN2B and ANRIL, which have 

been associated with atherosclerosis because their expression may be 

modified by the presence of some SNPs risk alleles in this region [18,19]. 

The association of different SNPs in this chromosomal region with 

atherosclerotic disease in different ethnic groups, could be explained by 
possible differences in linkage disequilibrium patterns in these groups. 

It has been reported a strong association between the polymorphisms 

rs10757274, rs2383206 and rs10757278 and the onset of cardiovascular 

disease in African American and Hispanic individuals from USA, in 

Europeans and Asians [1,11,12,18,20-22]. However, little has been studied 

in Latin American individuals who have high genetic and cultural 

variability. Genetic heterogeneity has been reported at intra and inter-

regional levels in Venezuela, and also between socioeconomic status 

[6,7,23]. It is important to determine whether these genetic differences 

could be influencing the distribution of SNPs in the 9p21 region and their 

effect on the incidence of AT. Ours is the first result reported for the 9p21 

region in Venezuelan patients, as part of a larger project which aims to 

analyze the relationship of different risk factors associated with this 

condition at a nationwide level. The study of a larger number of patients 
will provide more conclusive results. 

Conclusion 

There was a consistent association with AT for the rs10757278 

polymorphism, increased in males. Sex and socioeconomic status were 

also significant risk factors in this study reinforcing the importance in 

studying specific aspects such as environmental and sex differences 

together with the genetic structure of each population regarding AT 
diseases. 
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