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Abstract: Background and Objectives: Coronary artery disease (CAD) is a major health problem
in México. The identification of modifiable risk factors and genetic biomarkers is crucial for
an integrative and personalized CAD risk evaluation. In this work, we aimed to validate
in a Mexican population a set of eight selected polymorphisms previously associated with
CAD, myocardial infarction (MI), or dyslipidemia. Materials and Methods: A sample of 907
subjects (394 CAD cases and 513 controls) 40–80 years old was genotyped for eight loci: PSRC1
(rs599839), MRAS (rs9818870), BTN2A1 (rs6929846), MTHFD1L (rs6922269), CDKN2B (rs1333049),
KIAA1462 (rs3739998), CXCL12 (rs501120), and HNF1A (rs2259816). The association between single
nucleotide polymorphisms (SNPs) and CAD was evaluated by logistic regression models. Results:
Multiple logistic regression analysis with adjustment by age, gender, and body mass index showed
that rs599839 was significantly associated with CAD (ORADD = 0.72, p = 0.009; ORDOM = 0.66,
p = 0.007). Conclusions: The PSRC1 rs599839 polymorphism shows a significant protective association
with CAD in this sample of the Mexican population.

Keywords: coronary artery disease; ischemic heart disease; cardiovascular diseases; coronary heart
disease; SNP

1. Introduction

Noncommunicable diseases (NCDs) are the world’s leading cause of death. In 2016, an estimate
of 41 million deaths (71% out of the total of 51 million deaths) were due to NCDs, and 44% of them
were attributable to cardiovascular disease (CVD) [1], including coronary heart disease (CHD), also
named coronary artery disease (CAD), and ischemic heart disease (IHD) [2,3]. In 1990, CAD was the
second leading cause of death in developing countries and currently ranks first [4].

In Mexico, the proportion of deaths attributable to CVD has increased from 22% in 2000 to
26% in 2018; 57% of those deaths were due to CAD [5]. The clinical manifestations of CAD include
acute myocardial ischemia, unstable angina (UA), non–ST-segment elevation myocardial infarction
(NSTEMI), and ST-segment elevation myocardial infarction (STEMI) [6]. CAD has a complex etiology
involving environmental risk factors and genetic susceptibility; this fact highlights the importance
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of finding genetic markers for early risk assessment. During the last years, the search for CVD
predictors has focused on the development of genetic risk scores [7,8] by means of robust and replicable
genome-wide studies in extremely large cohorts that have contributed to identifying several genetic
loci and their association with CAD, myocardial infarction, and dyslipidemia in Europeans and
Asians [9–16].

Strategies aimed to reduce cardiovascular risk factors such as abnormal lipids, smoking,
hypertension, diabetes, and abdominal obesity [17] are currently used to deal with the burden
of CAD; however, genetic risk has not been widely explored in the Mexican population yet. The present
study aimed to assess the genetic susceptibility of Mexicans to CAD through the evaluation of eight
CAD-associated loci previously identified by GWAS in Europeans and Asians.

2. Materials and Methods

2.1. Study Design

We performed a case-control study with subjects meeting the following criteria: men or women
40–80 years old, Mexican-Mestizo ancestry (parents and grandparents born in Mexico), not related to
other study participants, and diagnosis of CAD to be considered as cases, or no previous record of
CAD or known cardiovascular disease to be included in the control group.

All cases were recruited at the Cardiology Service of Hospital Regional Lic. Adolfo López Mateos,
ISSSTE (Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado) and controls at
the Automated Diagnosis and Detection Clinic (Clínica de Detección y Diagnóstico Automatizado,
CLIDDA, ISSSTE) in Mexico City. All subjects gave their informed consent for inclusion before they
participated in the study. The study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics and Biosafety Committees of the Regional Hospital Lic.
Adolfo López Mateos (registry number 246.2012).

2.2. Clinical, Anthropometric, and Biochemical Evaluation

For clinical evaluation, volunteers were recruited as cases if diagnosed with stable or unstable
angina, myocardial ischemia, or myocardial infarction. Stable angina was diagnosed by the presence of
precordial pain at effort that subsided at rest, with no electrocardiographic alterations, and biochemical
markers (creatine phosphokinase [CPK] and CPK-MB) at the normal range. Unstable angina was
characterized by prolonged precordial pain at rest with or without electrocardiographic alterations and
increased biochemical markers. Myocardial ischemia was considered when precordial pain was present
at rest or after >20 min exercise with or without changes in the basal ECG at rest, and with or without
increased enzymatic markers. Myocardial infarction was diagnosed by the presence of precordial pain,
ECG with or without ST-segment elevation in subcategory of CAD 2 or more contiguous derivations of
2 mm in V1-3 and 1 mm in all other derivations, and increased biochemical markers.

Anthropometric measurements of weight and height were obtained to calculate the body mass
index (BMI) as weight (kg) divided by squared height (m).

Biochemical parameters were evaluated in all participants. Glucose, total cholesterol, triglycerides
(TG), high-density lipoprotein cholesterol (HDLc), low-density lipoprotein cholesterol (LDLc)
(in mg/dL), and the percentage of glycated hemoglobin (HbA1c in %) were routinely determined for
all subjects after 10 h fasting.

2.3. Marker Selection and Genotyping

We selected a set of eight common variants (Table 1) previously associated with CAD, MI,
or dyslipidemia, and with genome-wide significance (p < 5 × 10−8) either in a single study or
in a meta-analysis.
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Table 1. Genetic variants previously associated with CAD and selected for this study.

SNP Gene Chr:Position a Phenotype b Population c Reference

rs599839 PSRC1 1:109279544 CAD, IS EUR [10,11,13]
rs9818870 MRAS 3:138403280 CAD EUR [10,14]
rs6929846 BTN2A1 6:26458037 MI, Dyslipidemia JAP [15,16]
rs6922269 MTHFD1L 6:150931849 CAD EUR [13]
rs1333049 CDKN2B 9:22125504 CAD EUR [10,13,18]
rs3739998 KIAA1462 10:30027143 CAD, MI EUR [12]
rs501120 CXCL12 10:44258419 CAD EUR [13]

rs2259816 HNF1A 12:120997784 CAD EUR [14]
a GRCh38.p12. b CAD, coronary artery disease; MI, myocardial infarction; IS, ischemic stroke. c JAP, Japanese;
EUR, European.

Genomic DNA was obtained from 200 µL of whole blood-EDTA with the InviMag Blood DNA
mini kit using an automated platform for nucleic acid isolation (InviGenius, Stratec; Berlin, Germany).
Selected SNPs were genotyped by using a predesigned 5′ exonuclease TaqMan genotyping assay on
a 7500 series Real-Time PCR system, according to the manufacturer’s instructions (Applied Biosystems,
Foster City, CA, USA).

2.4. Statistical Analysis

General characteristics of cases and controls were compared by the Student’s t-test using
STATA/SE12.0 (StataCorp College Station, TX, USA). The Hardy–Weinberg equilibrium was evaluated
using PLINK v1.07 (http://pngu.mgh.harvard.edu/purcell/plink, Harvard University, Cambridge, MA,
USA). Logistic regression models were used to test the association between each polymorphism and
CAD, adjusting by sex, age, and BMI under additive, dominant, and recessive inheritance models using
STATA/SE12.0. No Bonferroni adjustment was applied, since we tested each gene as an independent
hypothesis and the SNPs have established associations with CAD in Europeans and Asians; thus,
statistical significance was considered when p < 0.05.

We performed power calculations using case-control design in Quanto software version 1.2.4
(University of Southern California, Los Angeles, CA, USA; http://biostats.usc.edu/Quanto.html).
Calculations were carried out for gene only, under an additive, dominant, and recessive inheritance
model and using a range of allele frequency from 0.05 to 0.40. Our study had 80% statistical power to
detect a protective effect OR ≤ 0.5 with an allele frequency of 0.05; as allele frequency increased to 0.15,
OR = 0.7 could be detected. For risk effect, 0.05 and 0.10 of allele frequency, OR ≥ 1.8 and OR ≥ 1.4
could be detected, respectively.

3. Results

A sample of 907 subjects (394 CAD cases and 513 controls) was recruited for this study and
genotyped for selected variants (Table 1). Subjects’ characteristics are shown in Table 2. The mean
age, HbA1c, and serum TG levels were not different between controls and CAD patients (p > 0.05).
Higher levels of serum glucose and HDLc were observed in CAD patients, while total cholesterol and
LDLc were lower compared with the control group.

The results of the association between SNPs and CAD under different inheritance models are
shown in Table 3. The eight SNPs were in Hardy–Weinberg equilibrium (p > 0.05). We found that the G
allele of the rs599839 variant in the PSRC1 gene conferred protection against CAD under additive and
dominant models (ORADD = 0.72, p = 0.009; ORDOM = 0.66, p = 0.007). The rest of the polymorphisms
were not significantly associated with CAD.

http://pngu.mgh.harvard.edu/purcell/plink
http://biostats.usc.edu/Quanto.html
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Table 2. Characteristics of the study sample.

Characteristic Controls (n = 513) CAD (n = 394) p-Value

Age (years) 59.7 (±9.6) 59.8 (±7.7) 0.866
BMI (kg/m2) 28 (±4.7) 27 (±3.8) <0.001
Gender n (%) <0.001
Male 260 (50.7%) 297 (75.3%)
Female 253 (49.3%) 97 (24.6%)
Glucose (mg/dL) 114.0 (±51.1) 151.2 (±90.1) <0.001
HbA1c (%) 6.16 (± 1.46) 6.0 (±1.99) 0.270
Total cholesterol (mg/dL) 199.4 (± 51.2) 188.8 (±75.5) 0.014
Triglycerides (mg/dL) 171.8 (± 113.1) 174.4 (±91.8) 0.718
HDLc (mg/dL) 44.3 (± 14.8) 56.5 (±34.3) <0.001
LDLc (mg/dL) 113.5 (± 47.1) 65.5 (±44.1) <0.001

Data are presented as mean ± SD.

Table 3. Association analysis of selected variants.

Gen SNP AA MAF ORADD (95% CI), p ORDOM (95% CI), p ORREC (95% CI), p

PSRC1 rs599839 G 0.20 0.72 (0.56–0.92), 0.009 0.66 (0.49–0.89), 0.007 0.70 (0.35–1.38), 0.313
MRAS rs9818870 T 0.05 0.86 (0.56–1.32), 0.509 0.82 (0.53–1.27), 0.383 -

BTN2A1 rs6929846 T 0.28 0.94 (0.75–1.18), 0.631 0.95 (0.71–1.26), 0.735 0.87 (0.51–1.47), 0.616
MTHFD1L rs6922269 A 0.37 1.02 (0.84–1.25), 0.778 1.03 (0.78–1.38), 0.791 1.03 (0.70–1.53), 0.853
CDKN2B rs1333049 G 0.49 0.99 (0.81–1.22), 0.997 0.91 (0.66–1.27), 0.619 1.08 (0.77–1.51), 0.619
KIAA1462 rs3739998 G 0.45 1.12 (0.92–1.37), 0.248 1.09 (0.80–1.48), 0.578 1.27 (0.90–1.80), 0.169
CXCL12 rs501120 C 0.26 0.99 (0.79–1.25), 0.985 0.93 (0.69–1.24), 0.640 1.26 (0.73–2.16), 0.402
HNF1A rs2259816 T 0.41 1.22 (0.98–1.52), 0.067 1.35 (0.97–1.87), 0.066 1.24 (0.83–1.84), 0.286

Inheritance models: AA, Associated allele; MAF, Minor Allele Frequency; ADD, additive; DOM, dominant;
REC, recessive.

4. Discussion

In this study, we evaluated the association between CAD and common SNPs, previously associated
with cardiovascular disease in Europeans and Asians, in a Mexican population. A healthier profile
was observed in cases compared with controls for known cardiovascular risk factors such as BMI, total
cholesterol, LDLc, and HDLc due to the fact that most of the CAD patients were already under statin
therapy, which acts as a competitive inhibitor of 3-hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase, decreasing cholesterol biosynthesis and serum LDLc, and also triglyceride levels [19,20].
The minor G allele of the rs599839 variant in the PSRC1 gene showed a protective effect against CAD
(ORADD = 0.72, 95% CI: 0.56–0.92, p = 0.009; ORDOM = 0.66, 95% CI: 0.49–0.89, p = 0.007). In line with
our results, the major allele A of this variant has been reported as a risk factor for CAD (OR = 1.29, 95%
CI: 1.18–1.40) in European populations [13], and similar results were observed in meta-analysis in both
Europeans (OR = 1.11, 95% CI: 1.08–1.15) [11] and Asians (OR = 1.31, 95% CI: 1.17–1.47) [21]. Besides,
the minor allele G has been associated with a protective effect against the risk of CAD (OR = 0.422,
95% CI: 0.181–0.981) and lower levels of total cholesterol and LDLc in Indians [22]. Also, it was found
to reduce the risk of stenosis in Arab CAD patients (OR = 0.51, 95% CI: 0.30–0.92) [23], and to lower
serum LDLc levels in Japanese (OR = 0.7, 95% CI: 0.57–0.85) [24]. This rs599839 polymorphism is
located on the 1p13.3 chromosomal region near the SORT1 (sortilin-1) gene, which encodes the VPS10P
domain-sorting receptors involved in intracellular protein trafficking and the modulation of hepatic
very-low-density protein secretion [25,26]. The frequency of the rs599839 polymorphism in the Chinese
population has been reported to be higher in CAD patients compared with healthy controls (OR = 8.37,
95% CI: 1.70–41.0); in addition, CAD patients with the AA genotype display higher sortilin levels than
those with the GG and GA genotypes (391.25 ± 128.24 ng/L vs. 314.70 ± 64.65 ng/L, p = 0.000) [27].
Other studies have also shown that the increase in SORT1 expression was negatively correlated with
LDLc levels [28]. All this evidence together supports the influence of the PSRC1 rs599839 variant
in CAD genetic susceptibility in many populations.
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Although no significant effect was found (p ≥ 0.05) for the rest of the SNPs, there are two
important issues to be discussed before accepting the lack of their contribution to the CAD phenotype.
First, linkage disequilibrium between SNPs and causal loci in our population could be weaker than
in populations with European or Asian ancestry, leading to an association that is not easily detected.
In fact, in an admixture like the Mexican population, allele frequency may change with respect to the
parental population, modifying the pattern of LD, the size effect, and the direction of the association [29].
Second, if the size effect is very low in the Mexican population, it could only be detected by increasing
the statistical power with a larger sample size [30].

Candidate genetic markers for risk assessment should independently be replicated in the intended
specific population; in our case, of the eight variants analyzed, only one showed significant association
with CAD in Mexicans.

5. Conclusions

We found that the PSRC1 rs599839 polymorphism could be a protective factor against CAD;
thus, it may be worth continuing to study PSRC1 polymorphisms as potential risk-modifying genetic
factors in the Mexican population.

The validation of genetic markers previously studied in other populations and associated with
CAD, MI, and dyslipidemia may lead to the discovery of better markers for personalized cardiovascular
risk assessment in Mexicans.
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