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Characterization of allelic variants is relevant to demonstrate associations among genetic background and susceptibility to develop cardiovascular diseases, which are the main cause of death in Chile. Association of APOB, APOE, and MTHFR polymorphisms with higher lipid levels and the risk of developing hypertension and cardiovascular diseases have been described. Thus, the aim of this study was to assess genotype distribution and relative allelic frequency of ApoB rs693, ApoE rs7412, ApoE rs429358, MTHFR rs1801131, and MTHFR rs1801133 allelic variants and their effects on lipid profile in young healthy men and women from Northern Chile. A group of 193 healthy subjects were enrolled for this study. Genotyping of rs693 (APOB), rs7412 and rs429358 (APOE), and rs1801131 and rs1801133 (MTHFR) polymorphisms were performed by real time PCR. In addition, lipid profiles were determined and associated to genetic data. The genotype distribution was APOB rs693 (CC = 37%, CT = 41%, and TT = 22%), APOE rs7412/rs429358 (E4 = 0.06, E3 = 0.91, and E2 = 0.03), MTHFR rs1801131 (AA = 57%, AC = 30%, and CC = 13%), and MTHFR rs1801133 (CC = 20%, CT = 47%, and TT = 33%). The association of the genetic variants with plasma lipid levels showed that women, but not men, carrying APOB mutated allele (T) and Apo E4 allele presented lower values of total cholesterol when compared with C/C homozygous genotype or E3 allele, respectively (p < 0.05). In addition, a subgroup analysis revealed that ApoB C/C homozygous women exhibited higher values of HDL-C when compared with men carrying identical genotype (p < 0.01). On the other hand, women carrying E4 allele exhibited lower values of triglycerides when compared with male carrying identical genotype (p < 0.05). Finally, women carrying mutate allele (C) for MTHFR rs1801131 showed lower levels of triglycerides when compared with A/A homozygous genotype (p < 0.05) and lower levels of LDL-C for MTHFR rs1801133 in females carrying (T) allele when compared with males carrying identical genotype (p < 0.05). In summary, the present data showed that APOB, APOE, and MTHFR single nucleotide polymorphisms are associated to lipid levels in a gender-dependent manner among healthy subjects from Northern Chile, especially in women.
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INTRODUCTION

Studies based on genetic markers are frequently used to evaluate the relationships between the presence of an allelic variant and the susceptibility to develop chronic diseases. However, the precise magnitude of inheritance is modified depending on the polygenic model, including other factors such as disease type and age onset (Smolková et al., 2015); therefore, one of the main goals of biomedical research is to correlate genotype with biochemical or molecular abnormalities (Liggett et al., 2007). On this issue, lipoproteins, playing a main function in lipid transport and metabolism (Defesche et al., 2017), along with hyperlipidemia are considerably important in the development of cardiovascular diseases (CVDs) (Homsma et al., 2008), which are the main cause of death in Chile during the past years (DEIS, 2021). In this respect, the National Health Survey showed that around 40% of individuals have a high prevalence of two or more major risk factors, including low high-density lipoprotein cholesterol (HDL-C) concentrations (39%) and hypercholesterolemia (35%), among others (ENS, 2003). Although CVD remains the leading cause of death in both men and women in Chile, the latest report revealed that CVD-related mortality is higher in women (28.9%) than in men (26.2%) (Varleta et al., 2020). In addition, in-hospital mortality due to acute myocardial infarction was significantly greater in women than in men at any age (Nazzal and Alonso, 2013); however, according to some reports, women are not fully aware of this situation (Varleta et al., 2020). Therefore, a better knowledge about lipoprotein allelic variants and their effects to regulate metabolism and transport decreasing cholesterol and lipid blood levels in young healthy individuals, especially in women, may result in improving therapeutic treatments along with preventive public health strategies.

Despite the fact that a genome-wide association study focuses on association of numerous single nucleotide polymorphisms (SNPs) as molecular markers of a disease, analyses of specific genetic variants are helpful in the early detection of individuals carrying genetic susceptibility for hyperlipidemia (Defesche et al., 2017). Apolipoprotein (Apo) B gene, located on the short arm of chromosome 2 with a span of 43 kilobases and 29 exons (Innerarity et al., 1990), is the most important of the atherogenic lipoproteins, having a critical function in the dynamic equilibrium of cholesterol being relevant for the assembly and secretion of very low-density lipoproteins (VLDL) from the liver and uptake of low-density lipoproteins (LDL) mediated by LDL receptor (LDLR). Therefore, elevated Apo B and LDL-cholesterol (LDL-C) levels are risk factors for atherosclerosis; in contrast, low levels of Apo B may contribute to protect against atherosclerosis (Benn, 2009). Specifically, Apo B rs693 genetic variant (XbaI, Thr2515Thr) consisted of a change from cytocine (C) to thymine (T) in exon 26, codon 2488 creating a synonymous mutation from ACC to ACT with no change of amino acid residue Thr (Niu et al., 2017). On the other hand, Apo E gene, located on chromosome 19, contains four exons encoding a 34,200-Da protein of 299 amino acids. Apo E is a multifunctional protein synthesized mainly in the liver, taking part in the reverse cholesterol transport and triglyceride metabolism. Apo E binds to hepatic Apo E or LDLR to mediate chylomicrons and VLDL clearances from the plasma (Eichner et al., 2002). Two single-nucleotide polymorphism variants in the Apo E gene (rs429358 and rs7412) will generate different protein isoforms with opposite effects on lipid metabolism because they differ in their receptor-binding activity. Distinction based on cysteine (Cys) or arginine (Arg) at positions 112 and 158 amino acid residue determines three major isoforms commonly referred to as E2 (Cys112/Cys158), E3 (Cys112/Arg158), and E4 (Arg112/Arg158). These isoforms produce six genotypes, including three homozygous (E2/E2, E3/E3 and E4/E4) and three heterozygous (E3/E2, E4/E3 and E4/E2), which produce three isoforms of Apo E, referred to as Apo E2, Apo E3, and Apo E4 (Eichner et al., 2002; Khan et al., 2013). In addition, the enzyme methylenetetrahydrofolate reductase (MTHFR), which catalyzes the conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, presents several allelic variants associated to modifications in its activity, resulting in hyperhomocysteinemia as an emerging risk factor for various cardiovascular, cerebrovascular, and neurological diseases along with several cancers (Bailey and Gregory, 1999; Liu et al., 2020). MTHFR gene, located in chromosome 1, encoded two enzyme isoforms of 70 and 77 kDa due to multiple transcription start sites (Tran et al., 2002). The two most common MTHFR genetic variants are rs1801133, C677T resulting in alanine (C) to valine (T) substitution with a reduction of enzymatic activity and rs1801131, A1298C resulting in glutamic acid (A) to alanine (C) substitution, showing a significant enzymatic activity decrease in individuals carrying C/C genotype (Abu-Hassan et al., 2019; Mahesh et al., 2019). MTHFR rs1801133 polymorphism was associated to elevated risk of myocardial infarction in young and middle-aged Caucasian individuals (Liew and Gupta, 2015); however, this issue remains controversial showing both association between MTHFR rs1801133 and hypertension and the lack of association (Amrani-Midoun et al., 2016; Ghogomu et al., 2016).

Consequently, the current study aims to determine the frequencies of rs693 (APOB), rs7412 and rs429358 (APOE), and rs1801131 and rs1801133 (MTHFR) genetic polymorphisms, commonly associated to cardiovascular risk, in healthy men and women from Northern Chile and their possible relationships with plasma lipid levels. Previous studies conducted in our country have investigated some of these genetic polymorphisms in subjects from the Central and Southern regions of Chile. To our knowledge, this is the first study in healthy subjects from Northern Chile.



MATERIALS AND METHODS


Subjects

A group of 193 unrelated subjects (138 females and 55 males) volunteered to be enrolled in the current study. All participants were university students born in the region of Antofagasta (Northern Chile), having good health condition and no diagnosis of CVD, and were informed regarding the study design and goals. All the participants signed a written informed consent before enrolling in the study and blood sample extraction.

Individuals participating in the study required to answer a standardized questionnaire regarding basic health information; the collected data included age, gender, and body weight besides smoking, drinking, recreational drug consumption, exercise habits, and history of CVD based on self-reports. The type of recreational drugs used was not specified. They were all required to have normal fasting glucose levels (lower than 100 mg/dl), systolic blood pressure (SBP) lower than 120 mm Hg, diastolic blood pressure (DBP) lower than 80 mm Hg, and body mass index (BMI) lower than 25. Individuals taking anti-hypercholesterolemic, anti-hypertensive, or hypoglycemic medicines or those who declared to have any personal or family history of CVD were excluded from the study.

Anthropometric and clinical parameters as well as blood sample analyses were processed following standard procedures. Briefly, BMI was defined as the body weight in kilograms divided by the square of the body height in meters and expressed in units of kilograms per square meter. Blood samples were withdrawn and divided in two fractions; a plasma fraction was separated by centrifugation for biochemical analyses and stored at −20°C, and another fraction for analyses of total genomic DNA was conserved at 4°C until processing.

This study has been approved by the Ethics Committee of Universidad de Antofagasta (Chile). Every subject agreed to voluntarily take part in the study by signing a written informed consent. The investigation was performed accordingly to the ethical principles of the World Medical Association Inc (2008).



Biochemical Measurements

Venous blood samples were withdrawn from antecubital vein after overnight fasting. The plasma levels of glucose, total cholesterol, triglyceride, and HDL-C were quantitated using enzymatic-colorimetric kits commercially available from Human Diagnostics Worldwide, Germany. LDL-C value was calculated using Friedewald’s formula if triglyceride levels did not exceed 400 mg/dl.



DNA Genotyping

Genomic DNA samples were extracted from peripheral blood leukocytes by using salting out method depicted by Salazar et al. (2001). Genotyping analysis for ApoB, Apo E, and MTHFR polymorphisms was performed by real-time PCR using 4351379 TaqMan SNP Genotyping Assays, Human, SM (ID assays were C_7615420_20 for rs693, C_904973_10 for rs7412, C_3084793_20 for rs429358, C_850486_20 for rs1801131, and C_1202883_20 for rs1801133; Applied Biosystems; Foster City, CA, United States). The PCR reactions were carried out accordingly to standard conditions provided by the manufacturer. In summary, assays contained 1 μl DNA (20 ng), 6.25 μl 2 × Taqman PCR master mix, 0.625 μl 20 Taqman genotyping assay, and 5.125 μl nuclease-free water for 13 μl total volume. Thermal cycling conditions for real-time system were initial denaturation at 95°C for 10 min, followed by 50 cycles of denaturation at 95°C for 15 s, annealing and extension at 60°C for 1 min, and a final extension at 60°C for 30 s.

For analytical purposes, the six APOE genotype groups (E2/E2, E3/E2, E3/E3, E4/E3, E4/E4, and E4/E2) were classified into three groups. The E3/E3 genotype occurs at high frequency in the population and it is considered the normal variant (Liehn et al., 2018). The E2/E2 and E3/E2 genotypes were combined and presented as E2 carriers. Since E4/E4 genotype individuals were absent in the study, the E4/E3 genotype is presented as E4 carriers (Wu et al., 2007). Previous studies have shown that the impact of the E2 allele on serum lipids is greater than that of the E4 allele (Wilson et al., 1994); therefore, individuals carrying E4/E2 genotype were excluded from the analysis.



Statistical Analyses

Genotype and allele frequencies were acquired by direct gene counting. The genotype distribution for Hardy–Weinberg equilibrium (HWE) was evaluated by χ2 analysis. The Shapiro–Wilk test was performed to assess for normal distribution of continuous variables. Data were presented as mean ± SD. Comparison of continuous variables was accomplished using Student’s t-test or ANOVA one-way test. The multiple comparisons were accomplished by the Bonferroni method. The Sigma Stat statistical software (Systat Software Inc., San Rafael, CA, United States) was used for statistical analyses. A p value < 0.05 was considered as statistically significant.



RESULTS

Anthropometric features and clinical parameters of 193 subjects (28% male and 72% female) enlisted in the study are summarized in Table 1. The average age was 22.5 ± 8.8 years (22.2 ± 7.6 and 22.6 ± 9.2 years for male and female, respectively). Every volunteer had normal value for anthropometric BMI 23.0 ± 2.5 kg/m2 (23.2 ± 2.2 kg/m2 and 22.4 ± 2.2 kg/m2 for male and female, respectively). Clinical parameters were normal, showing SBP of 116.2 ± 14.6 mm Hg (118.7 ± 12.9 mm Hg and 115.4 ± 15.2 mm Hg for male and female, respectively) and DBP of 70.1 ± 11.2 mm Hg (71.2 ± 13.3 mm Hg and 69.9 ± 10.3 mm Hg for male and female, respectively). Plasma glucose and lipid levels were all within the reference range (measured as mg/dl) (glucose 86.1 ± 28.0; total cholesterol 139.7 ± 37.4; triglycerides 83.7 ± 55.6; HDL-cholesterol 56.4 ± 23.8; LDL-cholesterol 67.7 ± 39.0). Analysis by gender is shown in Table 1. No significant differences were found among groups.


TABLE 1. Anthropometric features and clinical parameters of the studied individuals.

[image: Table 1]Genotype and allele frequencies for the studied polymorphisms are shown in Table 2. The relative allele frequency for APOB rs693 polymorphism was 0.42 for mutated allele (T). The relative allele frequencies for APOE rs7412/rs429358 polymorphisms were 0.06, 0.91, and 0.03 for E4, E3, and E2 alleles, respectively. The relative allele frequencies for MTHFR rs1801131 and rs1801133 polymorphisms were 0.28 and 0.56 for mutated alleles (C) and (T), respectively. Overall, MTHFR rs1801133 was the only genetic variant to show the distribution pattern predicted by HWE (p = 0.6), whereas the other three genotypes differed from the Hardy–Weinberg prediction (p < 0.05).


TABLE 2. Genotype distribution and relative allele frequency for ApoB, ApoE, and MTHFR polymorphisms.

[image: Table 2]Based on previous reports (Utermann, 1987; Lagos et al., 2015; Han et al., 2016), we studied the potential association of ApoB rs693, ApoE rs7412, Apo E rs429358, MTHFR rs1801131, and MTHFR rs1801133 allelic variants with plasma lipid profile. No changes in lipid levels were observed for the entire group of subjects studied. The results are shown in Table 3. However, when the analysis was performed by gender, the female group carrying ApoB C/T heterozygous genotype exhibited significant lower levels of total cholesterol (p < 0.05) compared with those female carrying C/C genotype. In addition, we observed higher levels of HDL-C in females carrying C/C homozygous genotype compared with males carrying identical genotype (p < 0.01). On the other hand, analysis of ApoE rs7412 and ApoE rs429358 genetic variants exhibited significant lower levels of total cholesterol along with LDL-C in females carrying E4 compared with E3 allele (p < 0.05). Higher levels of triglycerides were found in males carrying E4 compared with E3 allele (p < 0.01); on the contrary, higher level of triglycerides, although not significant, were observed in females carrying E2 allele. In addition, lower levels of triglycerides were found in females carrying E4 allele compared with males carrying identical genotype. Analysis of MTHFR rs1801131 genetic variant showed significant lower value of triglycerides in females carrying A/C heterozygous compared with A/A homozygous genotype (p < 0.05). On the other hand, females carrying MTHFR rs1801133 T/T homozygous genotype showed significant lower values of LDL-C compared with males carrying identical genotype (p < 0.05). A comparative analysis of allele frequencies of the four genetic variants found in the population worldwide along with people living in different regions of Chile is shown in Table 4.


TABLE 3. Lipid profile for ApoB, ApoE, and MTHFR polymorphisms in healthy individuals from Northern Chile.
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TABLE 4. Allele frequencies for APOB, APOE, and MTHFR polymorphisms in population worldwide and Chilean subjects from different regions.
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DISCUSSION

This is the first study highlighting the frequency of ApoB, ApoE, and MTHFR genetic variants and their relationship with plasma lipid levels in young healthy individuals from Antofagasta city (Northern Chile). In the studied group, the relative frequency for mutated allele (T) of rs693 (ApoB) was 0.42, similar to that previously described in Chile (Eyheramendy et al., 2015) and not very different of that found in individuals from Brazil (Nakazone et al., 2009; Tamburus et al., 2018). However, this rate was different from the allele frequency found in Asian individuals as shown in Table 4 and depicted by Niu et al. (2017). For ApoE alleles, the most frequent genotype was E3/3 (84%), followed by E4/3 (10.2%), and E3/2 (3.9%). These data were similar to those described by Roco et al. (2015) in healthy individuals from the central region of Chile; however, we did not detect any subject with genotype E4/4. Similar frequencies were observed in Japanese, Chinese, and Mexican-American populations (Eichner et al., 2002). On the other hand, our data were different from those previously described in Caucasians from Eastern Europe and Amerindian hypercholesterolemic patients from Southern Chile (Eichner et al., 2002; Lagos et al., 2015). The analysis of MTHFR rs1801131 minor allele (C) frequency was 0.28, comparable with those previously described by Báez et al. (2010) and Eyheramendy et al. (2015) in Chile and also similar to those found in American (Mahesh et al., 2019), European, and Asian individuals as shown in Table 4. In addition, MTHFR rs1801133 minor allele (T) frequency was 0.56, different to the one depicted in healthy individuals from the central region of Chile (Nitsche et al., 2003; Roco et al., 2015). Overall, those frequencies are very different from those described by Liew and Gupta (2015) in other regions of the world as shown in Table 4. The differences observed in ApoE and MTHFR rs1801133 allelic frequencies in individuals from the northern region of Chile compared with other regions might be explained based on the genetic background of Chilean people as a consequence of some miscegenation events where larger European and Native-American and smaller African ancestry contributed to admixing, showing that African ancestry contribution is higher in the northern region (3.9%) and diminished in southern regions (1.6%), while European ancestry contribution is higher in the central region and Native-American ancestry prevails in the southern region (Fuentes et al., 2014; Ruiz-Linares et al., 2014; Eyheramendy et al., 2015). Altogether, these observations indicate that the genetic background of Chilean subjects is unevenly spread throughout the country, and this could explain why the studied allelic variants exhibited a geographic dependent pattern as was previously demonstrated for LDLR and PCSK9 polymorphisms (Rojas et al., 2019).

Regarding lipid profiles, no association of any of the genetic variants with total cholesterol, triglycerides, HDL-C, and LDL-C profile was found among the complete studied group of individuals, similar to those previously described (Nakazone et al., 2009; Roco et al., 2015; Mahesh et al., 2019); however, some associations appeared when the analyses were performed for each gender separately. For Apo B genetic variant, C/C genotype was associated with higher total cholesterol along with HDL-C levels in females and therefore may be a risk factor that predisposes to CVD. A similar association was described by Nakazone et al. (2009) in a group of control individuals that consisted of 64% females; however, other authors depicted a similar association in males but not in females (Niu et al., 2017). To this respect, association of ApoB rs693 and lipid levels is controversial since this genetic variant is a silent mutation that cannot directly affect lipid metabolism; however, association with higher levels of total cholesterol, triglyceride, and LDL-C and lower levels of HDL-C has been reported, suggesting that gender, ethnicity, and health status might modulate its association to lipid levels (Peacock et al., 1992; Benn et al., 2008; Niu et al., 2017; Tamburus et al., 2018), but some of those studies presented association of high lipid levels with males, which are opposite to our findings.

In addition, for ApoE genetic variants, E3 allele carriers showed a total cholesterol level similar to that previously described by Roco et al. (2015); however, E4 allele is associated with lower levels of total cholesterol, triglycerides, and LDL-C exclusively in women, whereas lipid level profiles in E2 allele carriers were not different from those observed in E3 allele carriers. These data were not consistent with those found in the general population, suggesting an association of E4 allele with high total cholesterol and LDL-C concentrations (Utermann, 1987) and therefore with high risk of CVD (Eichner et al., 2002; Larifla et al., 2017) or no association at all (Roco et al., 2015). On the other hand, gender-specific studies exhibited high triglyceride levels in men carrying both E2 and E4 alleles (Wilson et al., 1994) similar to our observations for E4 allele, although, as we previously stated, the limitation of a small sample size did not produce any males with E2 allele; therefore, comparisons were done with E4 allele exclusively. On the contrary, Kolovou et al. (2009) depicted increased total cholesterol in both women and men having E4 allele, which is opposite to our findings.

Finally, MTHFR genetic variants showed a gender-specific association with triglyceride (rs1801131) and LDL-C (rs1801133). MTHFR rs1801133 polymorphism has been thoughtfully studied because of its health implications. In general, (T) allele carriers showed higher total cholesterol and LDL-C in a study including Caucasian, Asian, African, and other ethnicities; however, no association with lipid profile was described in Mexican and American individuals carrying (T) allele (Leal-Ugarte et al., 2019; Mahesh et al., 2019), although authors proposed statins’ effect on lowering lipid levels, and therefore no association. Analyses of different subgroups showed significant associations with higher levels of total cholesterol along with LDL-C detected exclusively in females (Luo et al., 2018); however, once again these data are not consistent with our findings showing lower levels of LDL-C in (T) allele carriers. On the other hand, MTHFR rs1801131 showed a significant association with lower levels of HDL-C (Mahesh et al., 2019) and higher levels of total cholesterol and LDL-C in individuals having C/C genotype; in this case, those results were dependent of hypermethylated promoter (Santana Bezerra et al., 2019). However, once again our data were opposite, showing only lower triglyceride levels in females carrying (C) allele.

Overall, these apparent differences in the association of genetic polymorphisms and lipid profile with previous reports may be attributable to the peculiar genetic background admixing existing in the studied individuals. Moreover, the underlying results showed that healthy age-matched subjects from central and southern regions of Chile exhibited lower level of lipids (Arteaga et al., 2010; Caamaño Navarrete et al., 2015), probably due to seasonal variations that produce higher values in winter and lower values in summer (Kreindl et al., 2014; Zhou et al., 2016). Since the northern region of Chile has a hot and dry desertic weather with temperature range 3 to 5°C higher than other regions and no seasons (McKay et al., 2003), it could account for lower lipid values found in our study. Considering these geographical differences on lipid values, the effects of the studied genetic variants on lipid-lowering therapy in subjects with hypercholesterolemia need to be investigated. Several authors have demonstrated the effect of ApoB (Guzmán et al., 2000; Ye et al., 2003), ApoE (Ye et al., 2003; Tavintharan et al., 2007; Lagos et al., 2015), and MTHFR (Maitland-van der Zee et al., 2008; Jiang et al., 2013) polymorphisms on response to statins (HMG-CoA reductase inhibitors), specifically on the pharmacodynamics of these drugs. For example, Ye et al. (2003) observed that the relative frequency of ApoB rs693 genetic variant is high in individuals with hyperlipidemia, in whom the cholesterol-lowering efficacy is diminished after treatment of simvastatin. In relation to APOE variants, Lagos et al. (2015) showed that E4/3 genotype carriers exhibited lower cholesterol reduction compared with E3/3 genotype (LDL-C: −18% vs. −29%, p < 0.001), when the hypecholesterolemic subjects were treated with atorvastatin. Finally, in relation to MTHFR gene polymorphisms, Maitland-van der Zee et al. (2008) observed that subjects carrying C/C genotype for MTHFR rs1801133 genetic variant exhibited a significantly protective effect against CHD [0.71 (95% CI 0.58–0.87)] when the patients were treated with pravastatin. Similarly, Jiang et al. (2013) showed that MTHFR rs1801133 genetic variant contributes to the effects of simvastatin in Chinese subjects with primary hyperlipidemia.

In summary, our data showed associations between ApoB (rs693), ApoE (rs7412 and rs429358), and MTHFR (1801131 and 1801133) single nucleotide polymorphisms with lipid levels in healthy individuals from Northern Chile, especially in women. However, to confirm the influence of any of the studied genetic variants on lipid profile, enrolling a greater number of individuals in a case–control study is required. Finally, we propose that understanding new candidate genes that predispose to CVD might allow to elaborate risk score tables to improve therapeutic and preventive strategies. The clinical utility of these genetic polymorphisms in the prediction of cardiovascular risk or the influence on lipid-lowering therapy needs to be investigated in a future study including a larger number of subjects, considering a similar distribution of males and females. Moreover, future directions for this study need to include functional studies.



DATA AVAILABILITY STATEMENT

The datasets analyzed during the current study are available from the corresponding author on reasonable request.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comité de Ética en Investigación Científica, Universidad de Antofagasta. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JE-V conceived and designed the study. HR, CR, PP, and XU performed the experiments. HR, PP, CR, and ASG analyzed the data. LAS participated in the design of the study, contributed reagents/materials, and analysis tools. LAS and AMK reviewed and edited the manuscript. ASG and JE-V wrote the paper. All authors have read the article and agreed with content.



FUNDING

This work was supported by Grant Number 5311—Programa Semilleros de Investigación, DGI, VRIIP, Universidad de Antofagasta, Chile, and also by the Regional Government of Antofagasta through the Innovation Fund for Competitiveness FIC-R 2017 (BIP Code: 30488811-0).



ACKNOWLEDGMENTS

We are grateful to all participants who donated their blood to perform this study.


ABBREVIATIONS

ANOVA, Analysis of variance; Apo B, Apolipoprotein B; Apo E, Apolipoprotein E; BMI, Body Mass Index; CVD, cardiovascular diseases; DNA, Deoxyribonucleic acid; dNTPs, deoxyribonucleotides; DBP, Diastolic blood pressure; HBP, high blood pressure; HDL-C, high-density lipoprotein-cholesterol; HWE, Hardy Weinberg equilibrium; IAM, acute myocardial infarction; LDL-C, low-density lipoprotein-cholesterol; MTHFR, methylenetetrahydrofolate reductase; MgCl2, Magnesium chloride; PCR, Polymerase chain reaction; SNP, Single nucleotide polymorphism; SBP, Systolic blood pressure; VLDL, very low-density lipoproteins.


REFERENCES

Abu-Hassan, D. W., Alhouri, A. N., Altork, N. A., Shkoukani, Z. W., Altamimi, T. S., Alqaisi, O. M., et al. (2019). MTHFR gene polymorphisms in hypothyroidism and hyperthyroidism among Jordanian females. Arch. Endocrinol. Metab. 63, 280–287.

Amrani-Midoun, A., Kiando, S. R., Treard, C., Jeunemaitre, X., and Bouatia-Naji, N. (2016). The relationship between MTHFR C677T gene polymorphism and essential hypertension in a sample of an Algerian population of Oran city. Int. J. Cardiol. 225, 408–411. doi: 10.1016/j.ijcard.2016.10.027

Arteaga, A., Bustos, P., Soto, R., Velasco, N., and Amigo, H. (2010). Physical activity and cardiovascular risk factors among Chilean young men and women. Rev. Med. Chile 138, 1209–1216.

Báez, S., Tsuchiya, Y., Calvo, A., Pruyas, M., Nakamura, K., Kiyohara, C., et al. (2010). Genetic variants involved in gallstone formation and capsaicin metabolism, and the risk of gallbladder cancer in Chilean women. World J. Gastroenterol. 16, 372–378. doi: 10.3748/wjg.v16.i3.372

Bailey, L. B., and Gregory, J. F. III (1999). Polymorphisms of Methylenetetrahydrofolate Reductase and Other Enzymes: metabolic significance, risks and impact on folate requirement. J. Nutr. 129, 919–922. doi: 10.1093/jn/129.5.919

Benn, M. (2009). Apolipoprotein B levels, APO B alleles, and risk of ischemic cardiovascular disease in the general population, a review. Atherosclerosis 206, 17–30. doi: 10.1016/j.atherosclerosis.2009.01.004

Benn, M., Stene, M. C. A., Nordestgaard, B. G., Jensen, G. B., Steffensen, R., and Tybjaerg-Hansen, A. (2008). Common and Rare Alleles in Apolipoprotein B Contribute to Plasma Levels of Low-Density Lipoprotein Cholesterol in the General Population. J. Clin. Endocrinol. Metab. 93, 1038–1045. doi: 10.1210/jc.2007-1365

Caamaño Navarrete, F., Alarcón Hormazábal, M., and Delgado Floody, P. (2015). Niveles de obesidad, perfil metabólico, consumo de tabaco y presión arterial en jóvenes sedentarios. Nutr. Hosp. 32, 2000–2006.

Defesche, J. C., Gidding, S. S., Harada-Shiba, M., Hegele, R. A., and Santos, R. D. (2017). Familial hypercholesterolaemia. Nat. Rev. Dis. Primers 3:17093. doi: 10.1038/nrdp.2017.93

DEIS (2021). Departamento de Estadísticas e Información de Salud. Ministerio de Salud. Informe Semanal de Defunciones por COVID-19 N 61. Available online at: https://www.minsal.cl/wp-content/uploads/2021/08/Informe-Semanal-del-ago-12-2021.pdf (accessed August 12, 2021)

Eichner, J. E., Dunn, S. T., Perveau, G., Thompson, D. M., Stewart, K. E., and Stroehla, B. C. (2002). Apolipoprotein E polymorphism and cardiovascular disease: a HuGE review. Am. J. Epidemiol. 155, 487–495. doi: 10.1093/aje/155.6.487

ENS (2003). Chilean Ministry of Health. National Population Health Survey. Santiago: Ministerio de Salud de Chile.

Eyheramendy, S., Martinez, F. I., Manevy, F., Vial, C., and Repetto, G. M. (2015). Genetic structure characterization of Chileans reflects historical immigration patterns. Nat. Commun. 6:6472. doi: 10.1038/ncomms7472

Fuentes, M., Pulgar, I., Gallo, C., Bortolini, M. C., Canizales-Quinteros, S., Bedoya, G., et al. (2014). Gene geography of Chile: regional distribution of American, European and African genetic contributions. Rev. Med. Chil. 142, 281–289.

Ghogomu, S. M., Ngolle, N. E., Mouliom, R. N., and Asa, B. F. (2016). Association between the MTHFR C677T gene polymorphism and essential hypertension in South West Cameroon. Genet. Mol. Res. 15:28. doi: 10.4238/gmr.15017462

Guzmán, E. C., Hirata, M. H., Quintão, E. C., and Hirata, R. D. (2000). Association of the apolipoprotein B gene polymorphisms with cholesterol levels and response to fluvastatin in Brazilian individuals with high risk for coronary heart disease. Clin. Chem. Lab. Med. 38, 731–736. doi: 10.1515/CCLM.2000.103

Han, S. Y., Xu, Y. H., Gao, M. H., Wang, Y. S., Wang, J., Liu, Y. Y., et al. (2016). Serum Apolipoprotein E concentration and polymorphism influence serum lipid levels in Chinese Shandong Han population. Medicine 95:e5639. doi: 10.1097/MD.0000000000005639

Homsma, S. J. M., Huijgen, R., Middeldorp, S., Sijbrands, E. J. G., and Kastelein, J. J. P. (2008). Molecular screening for familial hypercholesterolaemia: consequences for life and disability insurance. Eur. J. Hum. Genet. 16, 14–17. doi: 10.1038/sj.ejhg.5201940

Innerarity, T. L., Mahley, R. W., Weisgraber, K. H., Bersot, T. P., Krauss, R. M., Vega, G. L., et al. (1990). Familial defective apolipoprotein B-100: a single mutation that causes hypercholesterolemia. J. Lipid Res. 31, 1337–1349. doi: 10.1016/s0022-2275(20)42605-7

Jiang, S., Chen, Q., Venners, S. A., Zhong, G., Hsu, Y. H., Xing, H., et al. (2013). Effect of simvastatin on plasma homocysteine levels and its modification by MTHFR C677T polymorphism in Chinese patients with primary hyperlipidemia. Cardiovasc. Ther. 31, e27–e33. doi: 10.1111/1755-5922.12002

Khan, T. A., Shah, T., Prieto, D., Zhang, W., Price, P., Fowkes, G. R., et al. (2013). Apolipoprotein E genotype, cardiovascular biomarkers and risk of stroke: systematic review and meta-analysis of 14,015 stroke cases and pooled analysis of primary biomarker data from up to 60,883 individuals. Int. J. Epidemiol. 42, 475–492. doi: 10.1093/ije/dyt034

Kolovou, G., Damaskos, D., Anagnostopoulou, K., and Cokkinos, D. V. (2009). Apolipoprotein E Gene Polymorphism and Gender. Ann. Clin. Lab. Sci. 39, 120–133.

Kreindl, C., Olivares, M., Brito, A., Araya, M., and Pizarro, F. (2014). Variación estacional del perfil lipídico en adultos aparentemente sanos de Santiago, Chile. Arch. Latinoam. Nutr. 64, 145–152.

Lagos, J., Zambrano, T., Rosales, A., and Salazar, L. A. (2015). APOE polymorphisms contribute to reduced atorvastatin response in Chilean Amerindian subjects. Int. J. Mol. Sci. 16, 7890–7899. doi: 10.3390/ijms16047890

Larifla, L., Armand, C., Bangou, J., Blanchet-Deverly, A., Numeric, P., Fonteau, C., et al. (2017). Association of APOE gene polymorphism with lipid profile and coronary artery disease in AfroCaribbeans. PLoS One 12:e0181620. doi: 10.1371/journal.pone.0181620

Leal-Ugarte, E., Peralta-Leal, V., Meza-Espinoza, J. P., Durán-González, J., Macías-Gómez, N., Bocanegra-Alonso, A., et al. (2019). Association of the MTHFR 677C>T polymorphism with obesity and biochemical variables in a young population of Mexico. J. Med. Biochem. 38, 461–467. doi: 10.2478/jomb-2018-0046

Liehn, E. A., Ponomariov, V., Diaconu, R., Streata, I., Ioana, M., Crespo-Avilan, G. E., et al. (2018). Apolipoprotein E in Cardiovascular Diseases: novel Aspects of an Old-fashioned Enigma. Arch. Med. Res. 49, 522–529. doi: 10.1016/j.arcmed.2018.08.008

Liew, S. C., and Gupta, E. D. (2015). Methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism: epidemiology, metabolism and the associated diseases. Eur. J. Hum. Genet. 58, 1–10. doi: 10.1016/j.ejmg.2014.10.004

Liggett, S. B., Kelly, R. J., Parekh, R. R., Matkovich, S. J., Benner, B. J., Hahn, H. S., et al. (2007). A functional polymorphism of the Gaq (GNAQ) gene is associated with accelerated mortality in African-American heart failure. Hum. Mol. Genet. 16, 2740–2750. doi: 10.1093/hmg/ddm229

Liu, P. F., Ding, B., Zhang, J. Y., Mei, X. F., Li, F., Wu, P., et al. (2020). Association Between MTHFR C677T Polymorphism and Congenital Heart Disease. A PRISMA-Compliant Meta-Analysis. Int. Heart J. 61, 553–561. doi: 10.1536/ihj.19-389

Luo, Z., Lu, Z., Muhammad, I., Chen, Y., Chen, Q., Zhang, J., et al. (2018). Associations of the MTHFR rs1801133 polymorphism with coronary artery disease and lipid levels: a systematic review and updated meta-analysis. Lipids Health Dis. 17:191. doi: 10.1186/s12944-018-0837-y

Mahesh, M., Cheng, G., and Khalighi, K. (2019). Association of Methylenetetrahydrofolate Reductase (MTHFR) A1298C Polymorphism with Lower High-Density Lipoprotein Cholesterol Level. Ann. Clin. Lab. Sci. 49, 232–236.

Maitland-van der Zee, A. H., Lynch, A., Boerwinkle, E., Arnett, D. K., Davis, B. R., Leiendecker-Foster, C., et al. (2008). Interactions between the single nucleotide polymorphisms in the homocysteine pathway (MTHFR 677C>T, MTHFR 1298 A>C, and CBSins) and the efficacy of HMG-CoA reductase inhibitors in preventing cardiovascular disease in high-risk patients of hypertension: the GenHAT study. Pharmacogenet. Genomics 18, 651–656. doi: 10.1097/FPC.0b013e3282fe1759

McKay, C. P., Friedmann, E. I., Gómez-Silva, B., Cáceres-Villanueva, L., Andersen, D. T., and Landheim, R. (2003). Temperature and moisture conditions for life in the extreme arid region of the Atacama desert: four years of observations including the El Niño of 1997-1998. Astrobiology 3, 393–406.

Nakazone, M. A., De Marchi, M. A., Pinhel, M. A. S., Barros, C. F. D. C., Júlio, M. A. F., Pinheiro, A., et al. (2009). Effects of APOE, APOB and LDLR variants on serum lipids and lack of association with xanthelasma in individuals from Southeastern Brazil. Genet. Mol. Biol. 32, 227–233. doi: 10.1590/s1415-47572009005000028

Nazzal, C., and Alonso, F. T. (2013). Younger Women Have a Higher Risk of In-Hospital Mortality Due to Acute Myocardial Infarction in Chile. Rev. Esp. Cardiol. 66, 104–109. doi: 10.1016/j.rec.2012.07.007

Nitsche, F., Alliende, M. A., Santos, J. L., Pérez, F., Santa María, L., Hertrampf, E., et al. (2003). Frequency of C677T polymorphism of 5, 10-methylenetetrahydrofolate reductase (MTHFR) in Chilean mothers of spina bifida cases and controls. Rev. Med. Chil. 131, 1399–1404.

Niu, C., Luo, Z., Yu, L., Yang, Y., Chen, Y., Luo, X., et al. (2017). Association of the ApoB rs693 and rs17240441 polymorphisms with plasma ApoB and lipid levels: a meta-analysis. Lipids Health Dis. 16:166. doi: 10.1186/s12944-017-0558-7

Peacock, R., Dunning, A., Hamsten, A., Tornvall, P., Humphries, S., and Talmud, P. (1992). Apolipoprotein B gene polymorphisms, lipoproteins and coronary atherosclerosis: a study of young myocardial infarction survivors and healthy population-based individuals. Atherosclerosis 92, 151–164. doi: 10.1016/0021-9150(92)90274-k

Roco, A., Quiñones, L. A., Sepúlveda, P., Donoso, H., Lapostol, C., Alarcón, R., et al. (2015). Prevalence of seven cardiovascular-related genetic polymorphisms in a Chilean mestizo healthy population. Acta Cardiol. 70, 528–535. doi: 10.1080/AC.70.5.3110513

Rojas, C., Ramírez, H., Salazar, L. A., Kalergis, A. M., Gálvez, A. S., and Escobar-Vera, J. (2019). Characterization of LDLR rs5925 and PCSK9 rs505151 genetic variants frequencies in healthy subjects from Northern Chile: influence on plasma lipid levels. J. Clin. Lab. Anal. 33:e23001. doi: 10.1002/jcla.23001

Ruiz-Linares, A., Adhikari, K., Acuña-Alonzo, V., Quinto-Sanchez, M., Jaramillo, C., Arias, W., et al. (2014). Admixture in Latin America: geographic structure, phenotypic diversity and self-perception of ancestry based on 7,342 individuals. PLoS Genet. 10:e1004572. doi: 10.1371/journal.pgen.1004572

Salazar, L. A., Melo, C. E., Cavalli, S. A., Hinuy, H. M., Hirata, M. H., and Hirata, R. D. C. (2001). Micrométodo para extração de DNA genômico útil no diagnóstico molecular da hipercolesterolemia familial. Rev. Bras. Anal. Clin. 33, 111–116.

Santana Bezerra, H., Severo de Assis, C., Dos Santos Nunes, M. K., Wanderley de Queiroga Evangelista, I., Modesto Filho, J., Neta Alves Pegado Gomes, C., et al. (2019). The MTHFR promoter hypermethylation pattern associated with the A1298C polymorphism influences lipid parameters and glycemic control in diabetic patients. Diabetol. Metab. Syndr. 11:4. doi: 10.1186/s13098-019-0399-9

Smolková, B., Bonassi, S., Buociková, V., Dušinská, M., Horská, A., Kuba, D., et al. (2015). Genetic determinants of quantitative traits associated with cardiovascular disease risk. Mutat. Res. 778, 18–25. doi: 10.1016/j.mrfmmm.2015.05.005

Tamburus, N. Y., Verlengia, R., Kunz, V. C., César, M. C., and Silva, E. (2018). Apolipoprotein B and angiotensin-converting enzyme polymorphisms and aerobic interval training: randomized controlled trial in coronary artery disease patients. Braz. J. Med. Biol. Res. 51:e6944. doi: 10.1590/1414-431X20186944

Tavintharan, S., Lim, S. C., Chan, Y. H., and Sum, C. F. (2007). Apolipoprotein E genotype affects the response to lipid-lowering therapy in Chinese patients with type 2 diabetes mellitus. Diabetes Obes. Metab. 9, 81–86. doi: 10.1111/j.1463-1326.2006.00577.x

Tran, P., Leclerc, D., Chan, M., Pai, A., Hiou-Tim, F., Wu, Q., et al. (2002). Multiple transcription start sites and alternative splicing in the methylenetetrahydrofolate reductase gene result in two enzyme isoforms. Mamm. Genome 13, 483–492. doi: 10.1007/s00335-002-2167-6

Utermann, G. (1987). Apolipoprotein E polymorphism in health and disease. Am. Heart J. 113, 433–440. doi: 10.1016/0002-8703(87)90610-7

Varleta, P., Acevedo, M., Casas-Cordero, C., Berríos, A., and Navarrete, C. (2020). Low Cardiovascular Disease Awareness in Chilean Women: insights from the ESCI Project. Glob. Heart 15, 55. doi: 10.5334/gh.534

Wilson, P. W., Myers, R. H., Larson, M. G., Ordovas, J. M., Wolf, P. A., and Schaefer, E. J. (1994). Apolipoprotein E Alleles, Dyslipidemia and Coronary Heart Disease. The Framingham Offspring Study. JAMA 272, 1666–1671.

World Medical Association Inc (2008). DECLARATION OF HELSINKI. Ethical Principles for Medical Research Involving Human Subjects. France: World Medical Association Inc.

Wu, K., Bowman, R., Welch, A. A., Luben, R. N., Wareham, N., Khaw, K. T., et al. (2007). Apolipoprotein E polymorphisms, dietary fat and fibre and serum lipids: the EPIC Norfolk study. Eur. Heart J. 28, 2930–2936. doi: 10.1093/eurheartj/ehm482

Ye, P., Shang, Y., and Ding, X. (2003). The influence of apolipoprotein B and E gene polymorphisms on the response to simvastatin therapy in patients with hyperlipidemia. Chin. Med. Sci. J. 18, 9–13.

Zhou, X., Lin, H., Zhang, S., Ren, J., Wang, Z., Zhang, Y., et al. (2016). Effects of climatic factors on plasma lipid levels: a 5-year longitudinal study in a large Chinese population. J. Clin. Lipidol. 10, 1119–1128. doi: 10.1016/j.jacl.2016.06.009


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Gálvez, Ramírez, Placencia, Rojas, Urzúa, Kalergis, Salazar and Escobar-Vera. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Single Nucleotide Polymorphisms in Apolipoprotein B, Apolipoprotein E, and Methylenetetrahydrofolate Reductase Are Associated With Serum Lipid Levels in Northern Chilean Subjects. A Pilot Study



		INTRODUCTION



		MATERIALS AND METHODS



		Subjects



		Biochemical Measurements



		DNA Genotyping



		Statistical Analyses







		RESULTS



		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/cover.jpg
frontiers
in Genetics

Single Nucleotide
Polymorphisms
in Apolipoprotein B,

Apolipoprotein E,
and Methylenetetrahydrofolate
Reductase Are Associated With
Serum Lipid Levels in Northern
Chilean Subjects. A Pilot Study









OPS/images/logo.jpg
’ frontiers
in Genetics





OPS/images/fgene-12-640956-t004.jpg
Population Apo B rs693 Apo E rs7412/rs429358 MTHFR rs1301131 MTHFR rs1801133

Sample (o] T Sample E4 E3 E2 Sample A (o] Sample (o] T
size size size size

African 11,472 0.77 0.23 11,466 0.83 0.17 11,720 0.88 0.12
Asian 842 0.94 0.06 884 0.75 0.25 3,984 0.66 0.34
European 207,254 0.51 0.49 211,780 0.69 0.31 322,326 0.65 0.35
Latin American 9,062 0.63 0.37 5,020 0.81 0.19 7,238 0.55 0.45
*Chileans 626 0.62 0.38 626 0.77 0.23
Northern Chile 189 0.58 0.42 127 0.06 0.91 0.03 186 0.72 0.28 193 0.44 0.56
(Antofagasta)
*Central Chile 146 0.09 0.88 0.03 146 0.52 0.48
++Central Chile 105 0.79 0.21
++Central Chile 184 0.60 0.40
*Southern 116 0.18 0.80 0.02
Chile

All data were retrieved from the ALFA project. Release version: 20201027095038, except those indicated. *Eyheramendy et al. (2015). *Roco et al. (2015). +¥Baez et al.
(2010). **Nitsche et al. (2003). *Lagos et al. (2015).





OPS/images/fgene-12-640956-t003.jpg
TC TG HDL-C LDL-C

c/c cIT A c/c cIT T c/c cIT T c/c cIT 7
ApoB Total  147.8+39.5 1405+41.4 1385+31.4 789+307 762+389 809+384 5374155 552+180 52.6+146 77.4+402 67.2+344 69.7+316
(rs693) Male 139.2+£27.9 1425+456 130.3+255 8794371 7274374 7974+359 455+11.7 528+11.8 47.1+11.9 749+£328 700+£289 67.3+£222
Female 151.9+43.9 1356+36.9" 1409+329 784+414 753+385 77.9+36.8 57.2+149% 567+19.9 53.9+152 73.0+31.3 66.8+385 71.5+339

E4 E3 E2 E4 E3 E2 E4 E3 E2 E4 E3 E2
ApoE Total  1242+352 134.8+204 137.8+18.4 86.7+464 749+355 82.8+308 5324136 586+427 447+139 615+334 684+339 71.9+184

(rs7412, Male 142.8+31.1 134.5+333 N.D. 1141 +£ 14.2% 682 + 30.1 D. 458+84 482 +136 N.D. 7424299 72.6+322 D.
Ll Female 107.6+28.3* 135.1+289 137.8+184 70.4+559% 746+295 828+308 607+155 57.0+17.6 44.6+13.9 489+34.4* 731+648 71.9+184

A/A A/C c/c A/A A/C c/c A/A A/C c/c A/A A/C c/Cc
MTHFR Total  136.6+37.9 141.9+40.3 138.8+287 885+624 73.3+369 86.1+289 6584387 669+382 559+223 67.6+40.8 722+383 62.3+276
(rs1801131) Male 130.9+33.2 143.6+335 1362+20.7 767+395 835+276 06.7+18.6 67.9+448 634+312 489+151 71.8+39.3 77.1+303 70.3+31.1
Female 138.7+£39.6 141.4+424 14004292 92.8+687 70.3+39.0° 81.2+321 668+357 67.9+40.3 625+19.3 67.9+405 70.9+405 63.3+22.1

c/c cIT A c/c cIT T c/c cIT T c/c cIT A
MTHFR Total 1467 £30.7 1367 +42.3 1382+340 926+709 77.4+496 881+457 652+31.3 63.1+359 623+362 722+31.7 67.4+461 652+395
(rs1801133) Male 134.6+284 12774316 1469+£398 747 +£424 7794327 965+£30.3 57.7+309 5744404 6384399 744+316 613+398 853+36.9
Female 151.4+31.1 14094460 1364+322 99.7+738 77.8+557 854+495 692+312 675+355 61.9+355 71.9+327 702+485 595+ 386

Value are expressed in mg/dl and represented as mean
as E4 carriers. The E2/E4 genotype was excluded from the analysis.
*0 < 0.05 or *p < 0.01 when compared with E3 allele; *p < 0.05 or

t SD. The E2/E2 and E2/E3 genotypes were combined and presented as E2 carriers. Since E4/E4 individuals were absent, the ES/E4 genotype was presented
Data were analyzed by one-way ANOVA, followed by a post hoc Bonferroni or Student t-test. *o < 0.05 when compared with C/C or A/A alleles;
*p < 0.01 when compared with the same genotype by gender. N.D.: not determined.





OPS/images/fgene-12-640956-t002.jpg
Genotype frequency (%) P-value Allele frequency
cc cT T c T
ApoB Total 70 (37) 78 (41) 41 (22) 0.03 0.58 0.42
(rs693) Male 18 (37) 24 (49) 7(14)
fi =182 Female 52 (37) 54 (39) 34 (24)
Genotype frequency (%) P-value Allele frequency
E4/3 E4/2 E3/3 E3/2 E2/2 E4 E3 E2
ApoE Total 13 1 107 5 1 <0.05 0.06 0.91 0.03
(rs7412, (10.2) ©.8) (84) 3.9) ©.8)
rs429358) Male 6 1 27 0 0
n=127 (17.6) 2.9 (79.5)
Female 7 0 80 5 1
(7.5) (86) (5.4) (1.1)
Genotype frequency (%) P-value Allele frequency
AA AC cc A c
MTHFR Total 106 (57) 56 (30) 24 (13) 0.001 0.72 0.28
(rs1801131) Male 29 (60) 12 (25) 7(15)
B =188 Female 77 (56) 44 (32) 17 (12)
Genotype frequency (%) P-value Allele frequency
cc cT T c T
MTHFR Total 39 (20) 91 (47) 63 (33) 0.6 0.44 0.56
(rs1801133) Male 12 (22) 28 (51) 15 (27)
B=188 Female 27 (20) 63 (46) 48 (35)

¥2 analysis was used to test Hardy-Weinberg equilibrium. Genotype E4/E4 was not found and genotype E4/E2 was excluded from the study; therefore, the E4/E3 is

presented as E4 carriers. The E3/E2 and E2/E2 genotypes were combined and presented as E2 carriers.





OPS/images/fgene-12-640956-t001.jpg
Parameter Total Male Female
(193) (55) (138)
Age (years) 225+ 8.8 222478 226+92
BMI (kg/m?) 230+25 232422 24422
SBP (mm Hg) 116.2 +£ 14.6 118.7 £12.9 11544 15,2
DBP (mm Hg) 701 £11.2 71.2+13.3 69.9 +£10.3
Glucose (mg/d)) 86.1 £28.0 84.7 £ 23.6 86.7 +£28.9
Cholesterol (mg/dI) 139.7 £37.4 18371 4+£31.7 141.1 £39.9
Triglycerides (mg/dl) 837+ 558 77.7+33.8 87.4 +£65.2
HDL-cholesterol (mg/dl) 56.4 +23.8 49.2+11.8 5924265
LDL-cholesterol (mg/dl) 67.7 +39.0 72.4 £32.0 65.5 +42.2
Cigarette smoking (%) 22 20 24
Alcohol consumption (%) 69 74 66
Drugs consumption (%) 14 12 15
Physical activity (%) 55 67 50

Number of subjects in parentheses. Values are expressed as mean + SD. Physical
activity performed at least once a week. BMI, body mass index; SBF systolic
blood pressure; DBR diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol.





