
Introduction

Cardiovascular diseases (CVDs) represent the leading 
cause of death worldwide. An estimated 17.9 million 
people died from CVDs in 2016, representing 31% of all 
deaths registered worldwide.1 Ischemic heart disease 
was the first specific cause of mortality in Venezuela in 
2015, causing 31,338 deaths, representing 18% of the total 
mortality burden and 59% of cardiovascular mortality.2

Epidemiological studies have shown that, in addition 
to conventional risk factors, environmental factors 
and lifestyle increase the susceptibility to developing 
coronary artery disease (CAD). Apart from these factors, 
studies carried out in twins and nuclear families show 
that genetic predisposition plays an important role in the 
pathogenesis of CAD. Although population studies have 
described multiple genetic variations contributing to the 
inheritance of CAD risk, the exact identity of candidate 
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Abstract

Background: The 9p21 region is the most relevant locus associated with coronary heart disease in different 
populations. However, there are no studies that prove that this region is a risk factor in the Venezuelan population. 

Objectives: To analyze whether or not the 9p21 rs1333049 polymorphism is a risk factor for acute myocardial 
infarction (AMI) in Venezuelan patients, as well as to investigate its correlation with cardiovascular risk factors 
(CVRF), age of occurrence, type and severity of infarction, and the correlation of the rs10757274 polymorphism 
with severity of coronary artery disease.

Methods: This was an association study, including 487 unrelated Venezuelan individuals, grouped in 354 patients 
with AMI and 133 controls. The rs1333049 and rs10757274 polymorphisms were determined using the polymerase 
chain reaction (PCR) technique with sequence-specific primers. The analysis of association was determined using 
the SNPStats tool. The continuous variable description and the correlations were performed using the SPSS 
statistical software. Significance was established at p<0.05.

Results: A positive correlation was observed between the rs1333049 polymorphism and the presence of hypertension 
(r: 0.145, p: 0.006), and between hypertension and heart infarction (r: 0.318, p: <0.0001). A positive correlation was 
found between the rs10757274 polymorphism and the number of coronary vessels that presented obstructive 
lesions in patients aged ≤ 55 years (r: 0.276, p: 0.0078).

Conclusion: The rs1333049 polymorphism at the 9p21 locus is correlated with hypertension in Venezuelan patients, 
while the rs10757274 polymorphism is associated with the progression of coronary atherosclerosis, suggested by 
the correlation with the number of coronary vessels that presented significant obstructive lesions. 
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Infarction; Chromosomes (9p21)/ genetics; Epidemiology; Atherosclerosis.
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Study Population

The study included 487 Venezuelan individuals, 
unrelated, classified into two groups.

1. Patients (n = 354). Individuals with a diagnosis 
of AMI, determined by clinical, paraclinical, and 
electrocardiographic findings, who attended 
the Coronary Care Unit of Hospital Central del 
Instituto Venezolano de los Seguros Sociales “Dr. 
Miguel Pérez Carreño”, Coronary Care Unit and 
Special Studies Unit of the Cardiology Service 
of the Hospital General del Este “Dr. Domingo 
Luciani”.

2. Controls (n=133). Apparently healthy individuals 
with or without cardiovascular risk factors (CVRF).

In both groups, those individuals with a history 
of hepatic, autoimmune, neoplastic diseases, or 
infarction secondary to other causes were excluded. All 
participating individuals signed a consent approved by 
the Bioethics Committee of the participating institutions 
(DIR-0130/09; official letter No. 00211)

Clinical classification of patients with Myocardial 
infarction (MI)

Based on the admission electrocardiogram (ECG) 
and the clinical characteristics of infarcted patients, 
Myocardial infarction (MI) was classified as:

1. Non-ST-segment elevation (NSTEMI)

2. ST-segment elevation (STEMI).

Types of coronary artery disease 

According to the results of the coronary angiography, 
the patients were classified into two groups:

1. Obstructive CAD. Patients with significant epicardial 
coronary artery lesions and coronary stenosis ≥50%

2. Non-significant obstructive coronary artery disease 
(non-CAD). Patients without coronary artery 
stenosis in any artery related to the infarction. 
This includes both patients with normal coronary 
arteries (no stenosis> 30%) or mild coronary 
atheromatosis (stenosis> 30%, but <50%).

Chromosome 9p21 locus genotyping

To determine the genetic polymorphisms of the 9p21 
locus, genomic DNA was extracted from venous white 
blood cells using the Bunce protocol.18

genes and their effect on disease pathogenesis are not well 
known.3 However, epidemiological and family studies, 
among others, suggest that approximately 50% of the 
susceptibility to CAD is due to genetic markers.4

Genome-wide association studies (GWAS) have 
shown that the 9p21 locus is associated with CAD.5-8 In 
conjunction, the Wellcome Trust Case Control Consortium 
(WTCCC)9 and studies carried out in Germany,8 Japan,10,11 
Korea,11,12 China,13 Italy,14 among others, have considered 
the 9p21 locus as a risk factor for CAD. This locus has 
several polymorphisms, but only five of them, rs1333049, 
rs10757274, rs2383206, rs2383207, and rs10757278, play 
an important role in the development and prediction of 
CAD.15 However, although the 9p21 locus is considered 
a risk factor for coronary heart disease in Caucasian 
and Asian populations, it is not a risk factor in African-
American populations. Although studies of African 
Americans have been limited, the 9p21 locus appears 
to be a risk factor in all ethnic groups that migrated 
out of Africa. In these groups, it appears that the 
evolutionary time has not elapsed to break and intermix 
the haplotype that carries the risk polymorphisms. In 
contrast, in Africans, who have a longer evolutionary 
history, the 9p21 risk haplotype has been excised into 
small haplotypes that produce no or a minimal risk of 
developing coronary heart disease.4

Considering that the 9p21 region is the most relevant 
locus and has been associated with CAD in different 
populations, two haplotype-tagging single nucleotide 
polymorphisms (SNPs) were selected. The SNPs: 
rs1333049 present in whites and rs10757274 present 
in both races (whites and blacks), considering the 
importance of an ancestry-specific allele context.16.17 
The objective of the present study was to analyzed 
whether the rs1333049 polymorphism in the 9p21 locus 
represents a risk marker for acute myocardial infarction 
(AMI) in the Venezuelan mestizo population. Likewise, 
the possible correlation of an rs1333049 polymorphism 
with traditional risk factors, age of occurrence, type 
and severity of AMI, as well as the correlation of the 
rs10757274 polymorphism in the 9p21 locus, coupled 
with the severity of CAD, was investigated. 

Methods

Design

This was an association (case-control) and correlational 
study.
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Statistical analysis

The sample size to achieve 80% statistical power 
was calculated according to the genetic models and 
the heterozygous odds ratios (OR) using a single SNP 
marker in a case-control study under the assumptions 
of 5% disease prevalence, 5% minor allele frequency 
(MAF), complete linkage disequilibrium (LD), 1:1 case-
to-control ratio, and 5% type I error rate (α).22 However, 
in the present study, more data was obtained from 
affected individuals than from healthy individuals. For 
this reason, the analysis of association with AMI was 
adjusted for the selected covariates (cardiovascular 
risk factors). The Hardy Weinberg equilibrium (HW) 
and the inheritance models were determined using the 
SNPStats tool.23 With this tool, the analysis was also 
performed to determine the possible susceptibility 
conferred by the 9p21 polymorphism to develop into a 
myocardial infarction. To analyze for binary responses, 
the logistic regression analysis is summarized with 
genotype frequencies, proportions, OR, and 95% 
confidence intervals (CI). The statistical significance of 
genotype frequency differences between patients and 
controls was estimated by the X2 Mantel-Haenszel test. 
Probability (p) values<0.05 were considered significant. 
P-values were adjusted with Bonferroni correction.  The 
continuous quantitative variables were described as mean 
± standard deviation (SD), and data normality was tested 
using the Shapiro-Wilk test. To determine the difference 
between the means, an unpaired t-test was applied at a 
95% CI. The correlations between the variability of the 
studied polymorphisms, traditional CVRF, occurrence, 
type and severity of AMI, and the severity of CAD were 
determined through Pearson's correlation coefficient, 
using the statistical package SPSS Statistics, version 20.24 

Results

Demographic,  anthropometric,  and clinical 
characteristics of patients with AMI and apparently 
healthy individuals (controls) are shown in Table 1. 
When establishing comparisons of the CVRF between 
both groups, a significantly increased frequency of male 
individuals was observed (OR: 3; 95% CI: 2.032-4.63; p 
<0.00001), cases of hypertension (OR: 4.5; 95% CI: 2.908- 
7.076; p: <0.00001), smoking (OR: 4.9; 95% CI: 2.789-8.905; 
p: <0.00001), obesity (OR: 2.5; 95% CI: 1.616-3.927; p: 
<0.000011), and sedentary lifestyle (OR: 1.9; 95% CI: 1.236-
3.059; p: 0.001) in the group of patients versus apparently 
healthy individuals. Likewise, the differences in mean 

The rs1333049 polymorphism in the 9p21 locus was 
determined using the primers and the protocol described 
by Ahmed et al.,19 For this, two reaction mixtures were 
prepared, one for the amplification of the ancestral or 
wild allele [G] and the other for the mutated allele [C]. For 
genotyping, the amplified products, a 280 bp fragment for 
the specific alleles (C and G, respectively) and 500 bp for 
the internal control, were electrophoretically separated 
on 2% agarose gels and stained with ethidium bromide 
(0.5μg / ml). The amplified products were viewed 
through a photo documentation equipment (Chemic 
Doc, BIORAD). 

The rs10757274 polymorphism in the 9p21 locus was 
determined using the primers and the protocol described 
by Nawaz et al.,20 For this, two reaction mixtures were 
prepared, one for the amplification of the ancestral or 
wild allele [A] and the other for the mutated allele [G]. For 
genotyping, the amplified products, a 250 bp fragment 
for the specific alleles (A and G, respectively), and 419 
bp for the internal control, were electrophoretically 
separated on 2% agarose gels and stained with ethidium 
bromide (0.5μg/ml). The amplified products were viewed 
through a photo documentation equipment (Chemic 
Doc, BIORAD).

Presence and severity of CAD

To determine the presence of CAD, in the Coronary 
Care Unit of Hospital Central del Instituto Venezolano 
de los Seguros Sociales “Dr. Miguel Pérez Carreño”, 
diagnostic coronary angiography was performed in 
76 patients, using a femoral or radial approach. The 
technique is determined by the vascular accessibility 
of the patient and the preference of the operator. All 
angiographies were filmed at 15 frames / s and Cine, 
stored at the time of acquisition in DICOM format. For 
the evaluation of the severity of CAD, the definition 
established by the American College of Cardiology was 
used, where the severity of the injury, according to the 
visual obstruction of the lumen, was classified as Mild: 
<50%, Moderate: 50-69%, and Severe: ≥70%. Considering 
significant obstructive CAD when, obstruction was 
observed of one or more epicardial arteries with at least 
70% stenosis. Significant lesions were classified into three 
types of lesions: A, B, and C. This definition was used for 
the left (anterior descending artery, circumflex artery) and 
right (right coronary artery) circuit, with the exception of 
the left main trunk, for which the disease is present when 
there is a compromise ≥50% of the vessel diameter.21
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it in equal magnitude. The carriers of the GC and CC 
genotypes have the same risk.

When establishing the comparison of genotypic 
and allele frequencies of the rs1333049 variant, among 
patients with AMI and apparently healthy individuals, 
and among infarcted patients with STEMI and NSTEMI, 
both adjusted for CVRF and considering the dominant 
inheritance model, no significant differences were 
observed (Table 2).

The correlation analysis showed a positive correlation 
between the rs1333049 polymorphism and the presence 
of hypertension (r: 0.145, p: 0.006), and between 
hypertension and acute myocardial infarction (r: 0.318, 
p: <0.0001). Based on these correlations, the comparison 
of genotype frequencies between AMI patients with 

values of age (p: 0.00001) and waist circumference (p: 
0.0005) were significantly higher in patients. Regarding 
the clinical presentation of the infarction, more than 
50% of patients were clinically classified as patients with 
STEMI.

Using the SNPstats program, the existence of the H-W 
equilibrium for the genotypic distribution of rs1333049 
polymorphism in the 9p21 locus was confirmed in 
apparently healthy individuals. Jointly, the inheritance 
model of the homozygous mutated genotype (CC) of 
the rs1333049 variant was determined, establishing the 
dominant model as the most adjusted, presenting the 
lowest probability value. This pattern of inheritance 
indicates that a single copy of the C allele is enough to 
modify risk, and being a carrier of two copies modifies 

Table 1 – Demographic, anthropometric, and clinical characteristics of AMI patients and apparently healthy individuals 
(controls)

Characteristics AMI Patients (n=354) Characteristics Controls (n=133)

Sex Sex

Female 29.7 (249) Female 56.4 (75)

Male 70.3 (105) Male 43.6 (58)

Age Range (years) 24-90 Age Range (years) 30-83

Age (years) 57.46 ± 13.22 Age (years) 51.79 ± 10.82

Weight (kg) 76.56 ± 15.26 Weight (kg) 76,11 ± 15,85

Size (m) 1,64 ± 008 Size (m) 1,63 ± 0,09

BMI (kg/m2) 28,38 ± 4,51 BMI (kg/m2) 28,69 ± 4,92

Waist circumference (cm) 98,41 ± 10,83 Waist circumference (cm) 94,40 ± 11,62

CVRF CVRF

HT (n=354) 66.4 (235) HT (n=122) 30.3 (37)

DM (n=345) 23.5 (81) DM (n=102) 19.6 (20)

Smoking (n=352) 40.9 (144) Smoking (n=123) 12.2 (15)

Obesity (n=337) 51.3 (173) Obesity (n=122) 29.5 (36)

Dyslipidemia (n=339) 37.4 (127) Dyslipidemia (n=120) 27.5 (33)

Sedentary lifestyle (n=351) 42.4 (149) Sedentary lifestyle (n=120) 27.5 (33)

Clinical presentation

NSTEMI 42.8 (151)

STEMI 57.2(202)

Frequencies are expressed in percentages. The values shown in parentheses represent the number of individuals. Values of continuous variables are 
expressed as mean ± Standard deviation. AMI: Acute myocardial infarction, BMI: body mass index (kg /m2); CVRF: Cardiovascular risk factors, HT: 
Hypertension, DM: Diabetes mellitus, NSTEMI: Myocardial infarction without ST segment elevation, STEMI: Myocardial infarction with ST segment 
elevation.
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significantly increased frequency of the GG genotype was 
observed in hypertensive AMI patients as compared to 
hypertensive controls.

These results confirm that the GG genotype confers 
susceptibility to the development of arterial hypertension, 
which leads the development of AMI regardless of age.

Another observed correlation is the negative 
correlation between the rs1333049 polymorphism and 
the age of occurrence of AMI (r: -0.108, p: 0.042). Based 
on this correlation, the genotype frequencies between 
patients who suffered AMI, aged ≤55 years, were 
compared with the group of patients who suffered AMI, 
aged ≥56 years, considering the dominant inheritance 
model and adjusted for CVRF. In the group of patients 
aged ≥56 years, a significantly increased frequency of 
the CC genotype was observed with respect to the group 
of patients who suffered AMI, aged ≤55 years (Table 
3). These results indicate that individuals with the CC 
genotype are more likely to suffer AMI at ages ≥56 years.

The severity of CAD was determined in 76  
patients with AMI. In this group, more than 50% of 

and without hypertension (HT) was established, 
considering the dominant inheritance model, observing 
a significantly increased frequency of the wild-type 
homozygous GG genotype in patients with HT when 
compared to non-hypertensive patients. By contrast, a 
significantly increased frequency of the heterozygous 
GC genotype was observed in non-hypertensive patients 
with respect to hypertensive patients, although this 
significance is lost when correcting the p-value (Table 
3). On the other hand, the comparison of the genotype 
frequencies between hypertensive and non-hypertensive 
patients who suffered AMI, aged ≥56 years, showed a 
significantly increased frequency of the GG genotype 
in the group of hypertensive AMI patients. Likewise, 
the comparison of the frequencies of the genotypes and 
alleles between hypertensive and non-hypertensive 
patients who suffered AMI, aged ≤55 years, showed a 
significantly increased frequency of the GG genotype 
in the group of hypertensive patients (Table 3). Finally, 
when establishing the comparison of frequencies between 
hypertensive AMI patients and hypertensive controls, a 

Table 2 – Association of rs1333049 polymorphism in the 9p21 locus with the development of AMI and type of 
myocardial infarction

rs1333049  
Genotypes

AMI patients  
(n=314)

Controls  
(n=94)

OR  
95% CI

P

GG 31.9 (100) 36.2 (34) 0.8 (0.508-1.336) 0.21

GC 50.6 (159) 48.9 (46) 1.0 (0.675-1.697) 0.38

CC 17.5 (55) 14.9 (14) 1.2 (0.641-2.296) 0.27

Alleles

G 57.2 (359) 60.6 (114) 0.9 (0.621-1.208) 0.19

C 42.8 (269) 39.4 (74) 1.1 (0.827-1.609) 0.19

rs1333049  
Genotypes

STEMI  
(n=184)

NSTEMI  
(n=128)

OR  
95% CI

P

GG 34.2 (63) 28.1 (36) 1.3 (0.814-2.174) 0.12

GC 50.0 (92) 51.6 (66) 0.9 (0.598-1.475) 0.39

CC 15.8 (29) 20.3 (26) 0.7 (0.408-1.317) 0.15

Alleles

G 59.2 (218) 53.9 (138) 1.2 (0.900-1.714) 0.09

C 40.8 (150) 46.1 (118) 0.8 (0.583-1.110) 0.09

The genotype and allele frequencies are expressed in percentages, followed by the number of individuals or chromosomes in parentheses. AMI: Acute 
myocardial infarction, NSTEMI: Myocardial infarction without ST segment elevation, STEMI: Myocardial infarction with ST segment elevation. OR: 
Odds ratio (probability ratio), CI: confidence interval, p: probability value.
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Table 3 – Association of rs1333049 polymorphism in the 9p21 locus with hypertension and age of occurrence  
of AMI

rs1333049 
Genotypes

AMI patients  
HT (n=202)

AMI patients  
not  

HT (n=110)

OR  
95% CI

p Pc

GG 37.6 (76) 20.9 (23) 2.3 (1.328-3.917) 0.0012 0.0036

GC 47.0 (95) 57.3 (63) 0.7 (0.430-1.046) 0.042 0.126

CC 15.3 (31) 21.8 (24) 0.7 (0.395-1.203) 0.076 0.228

Alelles

G 61.1 (247) 49.5 (109) 1.6 (1.150-2.231) 0.002 0.004

C 38.9 (157) 50.5 (111) 0.6 (0.448-0.869) 0.002 0.004

rs1333049 
Genotypes

AMI patients  
HT Age≥ 56 years 

(n=100)

AMI patients not 
HT Age ≥ 56 years 

(n=42)

OR  
95% CI

p Pc

GG 34.0 (34) 16.7 (7) 2.6 (1.035-6.403) 0.019 0.057

GC 47.0 (47) 52.4 (22) 0.8 (0.391-1.659) 0.27 0.81

CC 19.0 (19) 30.9 (13) 0.5 (0.229-1.191) 0.06 0.18

Alelles

G 57.5 (115) 42.9 (36) 1.8 (1.077-3.019) 0.012 0.036

C 42.5 (85) 57.1 (48) 0.5 (0.331-0.927) 0.012 0.036

rs1333049 
Genotypes

AMI patients 
HT Age ≤ 55 years 

(n=102)

AMI patients not 
HT Age ≤ 55 years 

(n=68)

OR  
95% CI

p Pc

GG 41.2 (42) 23.5 (16) 2.2 (1.146-4.513) 0.008 0.024

GC 47.1 (48) 60.3 (41) 0.6 (0.314-1.090) 0.04 0.12

CC 11.8 (12) 16.2 (11) 0.7 (0.285-1.670) 0.20 0.60

Alelles

G 64.7 (132) 53.7 (73) 1.6 (1.016-2.463) 0.02 0.04

C 35.3 (72) 46.3 (63) 0.6 (0.405-0.984) 0.02 0.04

rs1333049 
Genotypes

AMI patients  
Age ≤ 55 years 

(n=170)

AMI patients  
Age ≥ 56 years 

(n=142)

OR  
95% CI

p Pc

GG 34.1 (58) 28.9 (41) 0.8 (0.484-1.269) 0.16 0.32

GC 52.4 (89) 48.6 (69) 0.9 (0.550-1.343) 0.25 0.75

CC 13.5 (23) 22.5 (32) 1.85 (1.036-3.354) 0.018 0.036

Alelles

G 60.3 (205) 53.2 (151) 0.7 (0.543-1.028) 0.03 0.09

C 39.7 (135) 46.8 (133) 1.3 (0.972-1.839) 0.03 0.09

The genotype and allele frequencies are expressed in percentages, followed by the number of individuals or chromosomes in parentheses. AMI: Acute 
myocardial infarction, OR: Odds ratio (probability ratio), CI: confidence interval, p: probability value, pc: probability value corrected.
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was compared between hypertensive and non-
hypertensive AMI patients, observing an increased 
frequency of the haplotype GG, which is formed by the 
variant G of the rs1333049 polymorphism, associated 
with hypertension, and the G variant of the rs10757274 
polymorphism, associated with severity (greater number 
of affected vessels) (0.2605 vs. 0.1111, respectively). By 
contrast, in non-hypertensive patients a significantly 
increased frequency of the CG haplotype was observed 
when compared to hypertensive AMI patients (0.3389 
vs. 0.1827, respectively).  Confirming the relevance of 
the GG genotype of rs1333049 in the development of 
arterial hypertension. 

Discussion

Cardiovascular diseases represent the main cause of 
death in many Latin American countries, with rates similar 
to those of developed countries. Indeed, in the Venezuelan 
population, diseases of the heart and blood vessels are 
the main cause of death and represent a growing health, 
social, and economic burden for the country. Likewise, 
Venezuela exhibits one of the highest premature mortality 
rates from myocardial infarction in the region of the 

patients with AMI were clinically classified as patients 
with STEMI. 

In the echocardiographic characteristics of the 
included patients, the left ventricular systolic function 
was investigated at the time of admission, estimating a 
slight decrease (40.59% ± 9.05).

Based on the diagnostic coronary angiography, it was 
demonstrated that most of the patients had significant 
obstructive coronary artery disease of the epicardial 
arteries and only a low percentage had non-significant 
obstructive coronary artery disease (non-CAD). 

CAD severity was defined according to the number 
of involved coronary arteries. It was observed that more 
than 60% of the patients had one main affected coronary 
vessel, and a low percentage of the patients had three 
main vessels affected. The most frequently affected artery 
was the anterior descending artery (ADA), followed by 
the right coronary artery (RCA), the circumflex artery 
(CxA), and the left coronary artery (LCA) (Table 4).

Using the SNPstats program, the inheritance model 
of the homozygous mutated genotype (GG) of the 
rs10757274 polymorphism in the 9p21 locus was 
determined, establishing the additive model (2 (GG) 
+ GA vs. AA) as the most adjusted, by presenting the 
lowest probability value. This pattern of inheritance 
indicates that the risk conferred by the genotype depends 
on the number of copies of the mutated allele (allele G). 
Therefore, individuals with the mutated homozygous GG 
genotype have twice the risk compared to individuals 
with the heterozygous AG genotype.

The correlation analysis showed a positive correlation 
between the rs10757274 polymorphism with the severity 
of CAD (number of involved coronary arteries) in 
patients aged ≤55 years (r: 0.276, p: 0.0078). Based on 
the correlation and the additive inheritance model, 
comparison of genotype frequencies was established 
between patients with an affected coronary vessel and 
patients with more than one affected vessel, observing a 
significantly increased frequency of AG + GG genotypes 
in patients with two or three affected vessels when 
compared to patients with only one affected vessel. On 
the contrary, a significantly increased frequency of the 
AA genotype was observed in patients with only one 
affected coronary vessel (Table 5). 

Considering that the GG genotype of the rs1333049 
polymorphism confers susceptibility to the development 
of arterial hypertension, the frequency of the haplotypes 
formed by the polymorphisms rs1333049 and rs10757274 

Table 4 – Angiographic characteristics of patients with 
AMI under 55 years of age

Angiographic characteristics Frequency (n= 76)

CAD 96.05 (73)

non-CAD 3.94 (3)

Number of involved coronary arteries

One 63.2 (48)

Two 32.9 (25)

Three 3.9 (3)

Affected artery

ADA 68.42 (52)

RCA 40.7 (31)

CxA 30.2 (23)

LCA 6.57 (5)

Frequencies are expressed in percentages. The values shown in 
parentheses represent the number of individuals. CAD: significant 
obstructive coronary artery disease, non-CAD: non-significant 
obstructive coronary artery disease. ADA: anterior descending artery, 
RCA: right coronary artery (RCA), CxA: circumflex artery, LCA: left 
coronary artery (LCA).

Int J Cardiovasc Sci. 2022; 35(4), 434-443

440
Sobrino et al.

9p21 locus and coronary artery diseaseOriginal Article



disease is preventable. Consequently, it is urgent 
to apply the Global Strategy and Plan of Action of 
the World Health Organization (WHO) and PAHO 
to accelerate the implementation of cost-effective 
measures to slow down and reduce the epidemic 
of ischemic heart disease in Venezuela.2

2. This is the first study of its kind to demonstrate 
a positive correlation between the rs1333049 
polymorphism in the 9p21 locus and arterial 
hypertension in Venezuelan patients who suffered 
AMI. In contrast to other studies, where an 
association with CAD has been established, it 
was observed that patients with the GG genotype 
are more likely to develop HT, which makes 
them more susceptible to suffering myocardial 
infarction, since the first factor of risk for this 
pathology is high blood pressure.

3. Patients with the CC genotype of rs1333049 
polymorphism in the 9p21 locus are more likely to 
suffer AMI at older ages (≥56 years), which runs 
in line with what has been previously described 
in the literature.28

4. In patients with AMI, the rs10757274 polymorphism 
in the 9p21 locus is correlated and associated with 
the severity of CAD (number of involved coronary 
arteries). Patients aged ≤55 years and the presence 
of risk G allele (AG + GG) have a greater possibility 
(~ 4) of suffering CAD in a greater number of 
vessels. In contrast, the AA genotype would be 
associated with involvement of a single coronary 
vessel. Previous studies have established the 
association of polymorphisms in the 9p21 locus 
with angiographic severity and clinical prognosis 
of patients with CAD.29

Americas.2 However, during the decade of 2000–2010, the 
Americas reported a reduction in the premature mortality 
rate caused by cardiovascular diseases, coinciding with a 
period of economic development in most Latin American 
countries, accompanied by a moderate reduction in 
poverty and greater emphasis on social services. However, 
the Pan American Health Organization (PAHO) recognizes 
that access to health services is still unequal, and the 
distribution of public health expenditures is poor or 
insufficient, with a high cost for the population.25 In Latin 
American countries, the prevalence of hypertension 
varies from 8% to 40% in the adult population, but an 
average of 20% to 23% of this population has high blood 
pressure. This prevalence is similar to that of developed 
countries; however, there is considerable variability in 
each of the countries and their regions. Therefore, studies 
of prevalence and local factors in the development of 
hypertension are reasons for research.26 Considering 
that CAD is a complex and multifactorial cardiovascular 
disorder caused by the interaction of risk factors, and 
genetic and environmental factors, and that Venezuela 
exhibits one of the highest premature mortality rates due 
to myocardial infarction in the region, the following main 
findings were observed in the present study:

1. 49.4% of the patients included in the study suffered 
AMI at an early age, with an age range between 
24-55 years and an average age of 46.56 ± 6.53 years. 
According to data from PAHO, Venezuela exhibits 
one of the highest premature mortality rates from 
myocardial infarction in the region and is one of the 
most lagging nations in the Americas in meeting 
global goals to reduce premature mortality due 
to cardiovascular disease.27 However, it has been 
shown that 80% of mortality from ischemic heart 

Table 5 – Association of rs10757274 polymorphism in the 9p21 locus with severity of coronary artery disease     

rs10757274 
Genotypes

AMI patients 
Only one  

affected vessel  
(n=48)

AMI patients 
2 or more 

affected vessels 
(n=28)

OR  
95% CI

p  pc

GG +AG 70.8 (34) 89.3 (25)
3.8  

(0.994-14.401)
0.02 0.04

AA 29.2 (14) 10.7 (3)
0.3  

(0.069-1.005)
0.02 0.04

The frequencies are expressed in percentages, followed by the number of individuals in parentheses. AMI: Acute myocardial infarction, OR: Odds ratio 
(probability ratio), CI: confidence interval, p: probability value, pc: probability value corrected.    
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of cell hyperplasia, which would lead to an increase 
in peripheral vascular resistance, causing arterial 
hypertension and conferring greater susceptibility to 
suffer AMI. Finally, this study shows that the rs10757274 
polymorphism in the 9p21 locus is associated with the 
progression of coronary atherosclerosis, suggested by 
the correlation with the number of involved coronary 
arteries. 
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Considerations and Limitations

Some limitations in this study must be considered: 
First, it is an association study of a candidate locus 
which hinders the explanation of the full heritability 
of a complex disease. In fact, to explain the heritability, 
it is important to detect common variants with very 
small effects, rare variants with small effects, genes 
harboring ultra-rare variants, and complex interactions 
(gene – gene and gene – environment).  Furthermore, 
the present study is restricted due to the investigation 
of two SNPs. A haplotype-based analysis may better 
disclose the genetic basis of CAD and hypertension in 
the population of Venezuela. On the other hand, it is a 
study of a local population; however, the population of 
Venezuela consists of several ethnic groups (European, 
African, and Amerindian groups). Thus, the findings in 
the study could be explained by the ethnic admixture 
existing in the Venezuelan population, which is highly 
admixed due to continuous population migrations 
from other continents and within the continent. Finally, 
another of the limitations was to determine the severity 
of CAD in all patients included in the study due to 
the lack of resources in the hospitals of the country. 
Therefore, it is important to increase the sample size to 
confirm the association of rs1333049 with hypertension, 
to verify the correlation of rs10757274 with severe CAD, 
as well as to determine the possible relations between 
the rs10757274 polymorphism and other risk factors for 
AMI, including the rs1333049 polymorphism associated 
with hypertension in Venezuelan patients.

Conclusions

In the studied population, the rs1333049 polymorphism 
in the 9p21 locus is correlated with arterial hypertension, 
considered the largest health problem worldwide, and 
is attributed to approximately 9.4 million deaths per 
year. Furthermore, HT is the first predisposing factor 
for the development of AMI, and it is estimated that 
approximately 30% of the cases are determined by genetic 
factors. The rs1333049 polymorphism in the 9p21 locus 
resides within the neighborhood of cell cycle regulatory 
genes and is in strong linkage disequilibrium with 
genes that inhibit the cell cycle, including the inhibitors 
of cyclin-dependent kinase 2A and 2B (CDKN2A and 
CDKN2B). Consequently, the dysregulation of these 
proteins can increase the expression of genes that 
cause cell proliferation, promoting the development 
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