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Abstract

According to the World Health Organization (WHO), dyslipidemias are determinant for the onset of cardiovascular
diseases and represent more than 30% of global deaths. Changes in serum lipid levels are a direct consequence of
dyslipidemia. This study aimed to verify the relationship between genetic polymorphism APOAS5 and dyslipidemia.
This is a case-control study with 199 officers of the military force of the state of Goiés in which the relationship
between lipid profile and genetic polymorphism rs964184 was evaluated. Real-time Polymerase Chain Reaction (real-
time PCR) was used to identify genetic polymorphism rs964184. Of the participants analyzed, 93% were male and 7%
female, the lipid profile showed that 115 participants had dyslipidemia (group of cases) and 84 were within the
reference range (control group). The genetic polymorphism rs964184 of the case group showed that 64.3% (74/115)
of the participants had genotype CC, 33.0% (38/115) had cg genotype and 2.6% (3/115) had GG genotype. In the
control group, 69.0% (58/84) had genotype CC, 27.4% (23/84) had cg genotype, 3.6% (3/84) had GG genotype. In
conclusion, the G alllea is related to high levels of triglycerides (= 150 mg/dL) and the C allea is related to normal
HDL cholesterol levels (> 40 mg/dL). Therefore, homozygous (GG) or heterozygous (CG) individuals are more
inclined to have high triglycerides and low HDL cholesterol levels, which are associated with an increased risk of
developing cardiovascular disease.

Keywords: Polymorphism; APOA5; Dyslipidemias.
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Resumo

Segundo a Organizacdo Mundial da Salde (OMS), as dislipidemias sdo determinantes para o aparecimento de
doencas cardiovasculares e representam mais de 30% das mortes globais. Alteraces nos niveis lipideos de soro séo
uma consequéncia direta da dislipidemia. Este estudo teve como objetivo verificar a relacdo entre polimorfismo
genético APOAS e dislipidemia. Trata-se de um estudo de caso-controle com 199 oficiais da forca militar do estado de
Goias em que foi avaliada a relacdo entre o perfil lipidica e o polimorfismo genético rs964184. A Reacdo em Cadeia
de Polimerase em tempo real (PCR em tempo real) foi usada para identificar o polimorfismo genético rs964184. Dos
participantes analisados, 93% eram do sexo masculino e 7% do feminino, o perfil lipidico mostrou que 115
participantes apresentaram dislipidemia (grupo de casos) e 84 estavam dentro da faixa de referéncia (grupo controle).
O polimorfismo genético rs964184 do grupo de casos mostrou que 64,3% (74/115) dos participantes apresentavam
genotipo CC, 33,0% (38/115) tinham genotipo cg e 2,6% (3/115) tinham gendtipo GG. No grupo controle, 69,0%
(58/84) apresentava genotipo CC, 27,4% (23/84) tinham gendtipo cg, 3,6% (3/84) tinham gendtipo GG. Em
conclusdo, o alelo G esta relacionado a altos niveis de triglicérides (> 150 mg/dL) e o alelo C esta relacionado a niveis
normais de colesterol HDL (> 40 mg/dL). Portanto, individuos homozigotos (GG) ou heterozigotos (CG) estdo mais
inclinados a ter altos triglicerideos e baixos niveis de colesterol HDL, que estdo associados a um risco aumentado de
desenvolver doencas cardiovasculares.

Palavras-chave: Polimorfismo; APOAS5; Dislipidemias.

Resumen

Segun la Organizacion Mundial de la Salud (OMS), las dislipidemias son determinantes para la aparicion de
enfermedades cardiovasculares y representan mas del 30% de las muertes mundiales. Los cambios en los niveles
séricos de lipidos son una consecuencia directa de la dislipidemia. Este estudio tenia como objetivo verificar la
relacion entre el polimorfismo genético APOAS v la dislipidemia. Se trata de un estudio de control de casos con 199
oficiales de la fuerza militar del estado de Goias en el que se evalué la relacion entre el perfil lipidico y el
polimorfismo genético rs964184. Se utilizé reaccién en cadena de la polimerasa en tiempo real (PCR en tiempo real)
para identificar el polimorfismo genético rs964184. De los participantes analizados, el 93% eran hombres y el 7%
mujeres, el perfil lipidico mostr6 que 115 participantes tenian dislipidemia (grupo de casos) y 84 estaban dentro del
rango de referencia (grupo de control). El polimorfismo genético rs964184 del grupo de casos mostr6 que el 64,3%
(74/115) de los participantes tenia genotipo CC, el 33,0% (38/115) tenia genotipo cg y el 2,6% (3/115) tenia genotipo
GG. En el grupo de control, el 69,0% (58/84) tenia genotipo CC, el 27,4% (23/84) tenia genotipo cg, el 3,6% (3/84)
tenia genotipo GG. En conclusion, el G alllea esta relacionado con altos niveles de triglicéridos (> 150 mg/dL) y el C
allea estd relacionado con los niveles normales de colesterol HDL (> 40 mg/dL). Por lo tanto, los individuos
homocigéticos (GG) o heterocigdtigos (CG) estan més inclinados a tener triglicéridos altos y bajos niveles de
colesterol HDL, que se asocian con un mayor riesgo de desarrollar enfermedad cardiovascular.

Palabras clave: Polimorfismo; APOA5; Dislipidemias.

1. Introduction

According to the World Health Organization (WHO), cardiovascular diseases (CVD) are responsible for about 17.9
million deaths every year, among several risk factors, dyslipidemia is prominent in the development of CVDs (WHO, 2017).

Dyslipidemia is characterized as changes in serum lipid levels (ANVISA, 2011). According to the United States
National Health and Nutrition Examination Survey (NHANES), about 53% of American adults have some lipid disorder (T6th
et al., 2012). In Brazil, according to research conducted in the state of S8o Paulo, the prevalence of dyslipidemia in the
population of the state was 59.74% (Garcez et al., 2014).

Dyslipidemias can be classified as hyperlipidemias and hypolipidemias, being etiologically characterized as primary
(genetic origin) or secondary causes (unhealthy lifestyle, morbid conditions, or even medications) (SBC, 2017).

According to the type of changes in serum lipid levels, dyslipidemia is classified as follows: a) Isolated
hypercholesterolemia - an isolated increase in low-density lipoprotein cholesterol (LDL-c > 160 mg / dL); b) Isolated
hypertriglyceridemia - an isolated increase in triglycerides (TG > 150 mg / dL or > 175 mg / dL, if the sample is obtained
without fasting); c) Mixed hyperlipidemia - an increase in LDL-c (LDL-c > 160 mg / dL) and TG (TG > 150 mg / dL or > 175
mg / dL, if the sample is obtained without fasting). When TG is > 400 mg / dL, the calculation of LDL-c by the Friedewald

formula becomes inadequate, and mixed hyperlipidemia should be considered when high density non-cholesterol (HDL-¢) is >
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190 mg / dL; HDL-c is considered low when there is an isolated reduction in HDL-c (men < 40 mg / dL and women <50 mg /
dL) or in association with an increase in LDL-c or TG (SBC, 2017).

Generally, dyslipidemia develops because of an unhealthy lifestyle, especially the consumption of food rich in
saturated/trans fats and physical inactivity (SBC, 2017). However, genetics is responsible for changes in serum lipid levels
through polymorphisms, which can alter lipid metabolism (Andrade et al., 2002).

Regarding proteins involved in lipid metabolism, the apolipoproteins (apo) are characterized as the protein component
of lipoproteins, participating in the formation of its five classes: chylomicron, High Density Lipoprotein (HDL), Low Density
Lipoprotein (LDL), Intermediate Density Lipoprotein (IDL) and Very Low-Density Lipoproteins (VLDL) (Novak et al., 1996).

Apolipoprotein A5 (APOADb) has been identified as a new member of apolipoproteins, being located at locus 11923
(van der Vliet et al., 2001) and plays an important role in mediating serum TG density. The findings related to APOA5
stimulated new research to determine the association of this genetic polymorphism with the plasma lipid levels in humans (Xia
etal., 2015).

According to Genome-Wide Association Study (GWAS) multiple single nucleotide polymorphisms (SNP) associated
with plasma TG levels have been identified. Among them, the SNP rs964184 stands out (chromosomal position: 11g23.3:
116648917), being close to the APOA5-A4-C3-Al gene complex (ME 606368, ME 107690, ME 107720, ME 107680) (van de
Woestijne et al., 2014). Several studies reported that the APOAS5 T1131C polymorphism is related to an increased risk of
cardiovascular disease in different ethnic groups (Xia et al., 2015).

Physiological changes caused by stress, homeostasis, and intermediate metabolism indicate that mental stress can lead
to the onset of cardiovascular diseases. In a stress situation, the human organism redistributes its energy sources, anticipating
imminent aggression. This adaptation mechanism is advantageous if there is imminent danger. However, if this state persists
for a long time, the damage will be inevitable. Stress can still provide an imbalance in the autonomic nervous system
performance, triggering ischemic events and arrhythmias. (Loures et al., 2002).

In this context, this study aimed to assess the relation between APOAS gene polymorphism and dyslipidemias, as well

as the plasma changes in lipoproteins in military force officers of the State of Goiés.

2. Material and Methods

This study is part of the research project “Detection of genetic polymorphism for lipid alterations and alcohol use in
the military force of the state of Goias”, submitted to the research ethics committee of the Federal University of Goids,
following the provisions of Resolution 466 / 12, of the National Health Council (NHC), and approved using Opinion No. 608,
207/ 2014.

All 861 research participants consented to participate by signing a form. Were selected 200 participants according to
lipid profile results. Those who presented hypercholesterolemia, hypertriglyceridemia, mixed hyperlipidemia was included in
the case group, and those who presented normal lipid profile (HDL > 50 mg / dL, total cholesterol < 190 mg / dL, LDL < 160
mg / dL, and triglycerides < 150 mg / dL) as recommended by the update of the Brazilian guideline on dyslipidemias in 2017,
were included in the control group.

The biological samples were collected by the heads of the Clinical Laboratory of the Military Police Hospital of the
State of Goias. The blood samples were collected in 4 mL vacuum tubes with EDTA anticoagulant and were stored in the
freezer at -20 ° C and sent to the Replicon laboratory at PUC Goiés for analysis. Thus, the DNA samples used were isolated by
the commercial kit llustra Blood Genomic Prep Mini Spin® (GE Healthcare, UK) and stored in the freezer at -20 ° C to be used

in genotyping, with the TagMan Real-Time PCR® kit, followed by fluorescence.
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Thus, the rs964184 polymorphism was genotyped, using the TagMan Real Time PCR® kit (SNP Genotyping Kit,
Applied Biosystems, USA), which contains the sense and antisense sequences of the primers that amplify the polymorphic
sequence of interest and a Probe TagMan® specific MGB allele that hybridizes a complementary sequence of the antisense
primers. The fluorophores used will be FAM and HEX. Genotyping was performed by analyzing the fluorescence pattern of
each sample on the StepOnePlus ™ systems thermocycler (Applied Biosystems, USA).

The PCR reactions were performed for a final volume of 15 puL containing 20 ng of genomic DNA, 2.5 pL of
TagMan® Universal Master Mix (R) (2X concentration), 0.25 pL of Custom TagMan® Assay SNP Genotyping (20X
concentrated) containing both primers and probes. The amplification protocol that was used followed the manufacturer's
instructions, as described below: annealing of 60°C for 30s, followed by 95°C for 10 min and then 40 cycles containing
denaturation of 95°C for 15s and annealing of 60 ° C for 1 min (Applied Biosystems, USA). This genetic analysis evaluated
the polymorphism rs964184, which is associated with APOAS.

The serum samples were collected in 4 mL vacuum tubes with separating gel, which after centrifugation were used to
perform the lipid profile, using enzymatic and direct methodologies in automated equipment A15 (Biosystems®), in the
Clinical Laboratory of the Military Police Hospital of the State of Goiés. All quality assurance requirements have been met.

The samples were used only for the purpose of the study and at the end of the procedures, the samples were correctly
disposed of according to RDC n° 306/2004 of the Agéncia Nacional de Vigilancia Sanitaria (ANVISA).

For the data analysis, descriptive statistics were performed, with the determination of the absolute and relative
frequencies of the variables studied. Subsequently, inferential statistics were performed using Fisher's exact and G tests for
categorical variables. The comparison of means and continuous variables were performed using Student's t-test or Mann-
Whitney. Simple logistic regression was used to evaluate the polymorphisms in the groups, with the calculation of Odds Ratio
(OR), the 95% confidence interval (95% CI), and the p-value. For all inferential tests, a significance level of 5% was adopted.

The statistical software used was BioEstat® 3.5.

3. Results

This was a case-control study, whose sample universe consisted of 200 active military police officers of similar ages.
From this total, one participant was classified as indeterminate, due to an inconclusive result in the SNP genetic polymorphism
rs964184 evaluation, totaling 199 participants in this study. Most participants in the case group were over 40 years old, while
the control group showed a balance (50%) between the ages. Dyslipidemia was observed in 115 individuals (case group), with
the majority being evidenced in those who were overweight or obese. The highlighted lipid changes were the increase in total
cholesterol and triglycerides and low HDL. Regarding the SNP rs964184, the CC genotype and the CG genotype were more

commonly observed, while the GG genotype had a lower incidence (Table 1).
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Table 1. Frequencies absolute and relative percentage for categorical variables, 2020.

Case Control Total
Variables (N = 115) (N =84) (N =199)
n f (%) n f (%) n f (%)

Age (years)

Up to 40 35 30.4 42 50.0 77 38.7
Over 40 80 69.6 42 50.0 122 61.3
Sex

Male 108 93.9 77 91.7 185 93.0
Female 7 6.1 7 8.3 14 7.0
Serum Aspect

Clear 68 59.1 84 100.0 152 76.4
Slightly cloudy 34 29.6 0 0.0 34 17.1
Lipemic 13 11.3 0 0.0 13 6.5
Total Cholesterol (mg/dL)

<190 37 32.2 61 72.6 98 49.2
>190 78 67.8 23 27.4 101 50.8
Triglycerides (mg/dL)

<150 21 18.3 84 100.0 105 52.8
> 150 94 81.7 0 0.0 94 47.2
HDL (mg/dL)

<40 (M) <50 (F) 95 82.6 39 46.4 134 67.3
> 40 (M)> 50 (F) 20 174 45 536 65 32.7
Non-HDL cholesterol (mg/dL)

<190 69 60.0 84 100.0 153 76.9
> 190 46 40.0 0 0.0 46 23.1
LDL (mg/dL)

<160 86 74.8 84 100.0 170 85.4
> 160 26 22.6 0 0.0 26 13.1
Indeterminate 3 2.6 0 0.0 3 15
BMI (kg/m2)

Low Normal Weight (< 18.5) 0 0.0 0 0.0 0 0.0
Normal Weight (18.5 to 24.9) 11 9.6 29 34.5 40 20.1
Overweight (25.0 to 29.9) 59 51.3 47 56.0 106 53.3
Obesity (> 30.0) 34 29.6 6 7.1 40 20.1
NC 11 9.6 2 24 13 6.5
rs964184

CcC 74 64.3 58 69.0 132 66.3
CG 38 33.0 23 274 61 30.7
GG 3 2.6 3 3.6 6 3.0

n: absolute frequency; f (%): percentage relative frequency; G: guanine; T: thymine; M: male; F: female; HDL: High
Density Lipoprotein; LDL: Low Density Lipoprotein; BMI: Body Mass Index.
Source: Authors themselves.

The average age of the participants was 43.4 + 8.5 years old for the case group and 39.8 + 5.5 years old for the control
group. Regarding the means of the continuous variables, there were significant differences in almost all variables, only the

variable“height” did not show a significant difference (p =0.0966), according shown in Table 2.
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Table 2. Mean, standard deviation, amplitude, and p-value of continuous variables, 2020.

Variable Case (N = 116) Control (N = 84) value
Average DP Average DP P

Age (Years) 43.4 55 39.8 8.5 0.0049

Min - Max 29 55 23 56

Total cholesterol (mg/dL) 214.5 44.6 169.2 27.4 <0.0001

Min - Max 118 337 107 227

Triglycerides (mg/dL) 268.9 192.6 85.3 32.3 <0.0001

Min - Max 63 1242 25 149

HDL (mg/dl) 42.3 8.3 51.3 9.3 <0.0001 *

Min - Max 25 66 40 102

Non-HDL cholesterol (mg/dL) 172.2 40.9 117.9 21.7 <0.0001

Min - Max 79 281 59 183

LDL (mg/dL) 123.3 43.7 100.9 26.5 0.0003

Min - Max 38 235 40 158

Weight (Kg) 87.5 13.2 77.9 10.2 <0.0001

Min - Max 60 155 51 101

Height (m) 1.74 0.06 1.73 0.06 0.0966 *

Min - Max 1.65 1.93 1.58 1.88

BMI (Kg/m?) 28.66 3.38 25.97 2.66 <0.0001

Min - Max 21.26 43.85 19.60 31.90

Cases x control were compared. All by Mann-Whitney test, except (*) Student's t-test. n: number; f (%): frequency; G:
guanine; T: thymine; M: male; F: female; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; BMI: Body
Mass Index; Min: Minimum; Max: Maximum.

Source: Authors themselves.

The rs964184 polymorphism showed to be related to dyslipidemia evidenced in the case group, among genotypes CC,
CG, and GG. The highlighted variables were: increased levels in total cholesterol and triglycerides, and decreased levels in
HDL cholesterol compared to the reference values (Table 3).
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Table 3. Absolute frequencies and relative percentages for the rs964184 polymorphism, 2020.

Control Case
CcC CG GG CcC CG GG
Variable (mg/dL) (N=74) (N =38) (N=3) (N =58) (N =23) (N=3)
n y n J n f n f n y n y

(%) (%) (%) (%) (%) (%)
Total Cholesterol
<190 20 270 16 421 1 33.3 40 69.0 18 78.3 3 100.0
> 190 54 730 22 579 2 66.7 18 31.0 5 21.7 0 0.0
Triglycerides
<150 18 243 3 79 0 0.0 58 100.0 23 100.0 3 100.0
> 150 56 757 35 921 3 100.0 0 0.0 0 0.0 0 0.0
HDL
<40 (M) <50 (F) 58 784 34 895 3 100.0 26 448 12 52.2 1 33.3
> 40 (M) >50 (F) 16 216 4 105 O 0.0 32 552 11 47.8 2 66.7
Non-HDL cholesterol
<190 43 581 24 632 2 66.7 58 100.0 23 100.0 3 100.0
> 190 31 419 14 368 1 33.3 0 0.0 0 0.0 0 0.0
LDL *
<160 51 699 32 889 3 100.0 58 100.0 23 100.0 3 100.0
> 160 22 30,1 4 111 O 0.0 0 0.0 0 0.0 0 0.0

n: number; f (%): frequency; G: guanine; T: thymine; M: male; F: female; HDL: High Density Lipoprotein; LDL: Low Density
Lipoprotein; BMI: Body Mass Index.
Source: Authors themselves.

The C allele dominant is associated with low triglyceride values (OR = 0.0028; CI95% = 0.000 — 0.022). The Odds
Ratio (OR) values for HDL, with the C allele dominant, showed that this allele guarantees greater protection for the
development of atherogenesis (OR = 5.2053; CI195% = 2.714-9.985) (Table 4).

Table 4. Absolute frequencies and relative percentages for the APOAS rs964184 polymorphism, with the C allele
dominant, 2020.

Case Control
Variable CC+CG GG CC +CG GG OR 95% CI
(mg/dL) (N=112) (N=3) (N =81) (N=3)
n f (%) n (%) n f (%) n f(%) Inf Sup
Total Cholesterol
<190 36 32.1 1 333 58 71.6 3 100.0

> 190 76 67.9 2 667 23 28.4 0 0.0 0.1870 0.101 0.351
Triglycerides

<150 21 18.8 0 0.0 81 100.0 3 100.0

> 150 91 81.3 3  100.0 0 0.0 0 0.0 0.0028 0.000 0.022
HDL

<40 (M) <50 (F) 92 82.1 3 1000 38 46.9 1 333

> 40 (M) > 50 (F) 20 17.9 0 0.0 43 53.1 2 66.7 5.2053 2.714 9.985
Non-HDL cholesterol

<190 67 59.8 2 667 81 100.0 3 100.0

> 190 45 40.2 1 333 0 0.0 0 0.0 0.0184 0.003 0.137
LDL

<160 83 74.1 3 1000 81 100.0 3 100.0

> 160 26 23.2 0 0.0 0 0.0 0 0.0 0.0394 0.005 0.297

n: number; f (%): frequency; G: guanine; T: thymine; M: male; F: female; HDL: High Density Lipoprotein; LDL: Low Density
Lipoprotein; OR = Odds Ratio; 95% CI: 95% Confidence Interval. Source: Authors themselves.
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The G allele dominant maintained the results when compared to the C allele dominant, the OR of triglycerides was
very low demonstrating a greater chance of developing hypertriglyceridemia among the participants, while the HDL OR also
presented a high value guaranteeing the protective factor (OR = 4.4615; CI195% = 2.091 — 9.518) (Table 5).

Table 5. Absolute frequencies and relative percentages for the APOA5 rs964184 polymorphism, with the G allele
dominant, 2020.

Case Control OR 95% CI
. CcC CG + GG CcC CG + GG
Ynﬁ‘”fgle (N=74)  (N=41) (N = 58) (N = 26)
g/dL) f f f f
n (%) n (%) n %) n %) Inf Sup
Total Cholesterol
<190 20 270 17 415 40 69.0 21 80.8
> 190 54 730 24 58.5 18 31.0 5 19.2 0.1667 0.078 0.355
Triglycerides
<150 18 243 3 7.3 58 100.0 26 100.0
> 150 56 757 38 92.7 0 0.0 0 0.0 0.0055 0.001 0.043
HDL
<40 (M) <50 (F) 58 784 37 90.2 26 44.8 13 50.0
40 (M) >50 (F) 16 216 4 9.8 32 55.2 13 50.0 4.4615 2.091 9.518
Non-HDL cholesterol
<190 43 581 26 63.4 58 100.0 26 100.0
> 190 31 419 15 36.6 0 0.0 0 0.0 0.0000 0.000 0.000
LDL
<160 51 689 35 85.4 58 100.0 26 100.0
> 160 22 29.7 4 9.8 0 0.0 0 0.0 0.0000 0.000 0.000

n: number; f (%): frequency; G: guanine; T: thymine; M: male; F: female; HDL: High Density Lipoprotein; LDL: Low Density
Lipoprotein; OR = Odds Ratio; 95% CI: 95% Confidence Interval.
Source: Authors themselves.

4. Discussion

Dyslipidemia is one of the main risk factors for the development of cardiovascular diseases (Moreira et al., 2006), the
association between high levels of triglycerides and low levels of HDL cholesterol are common findings among patients with
cardiovascular diseases. A similar association was observed in the case group assessed by this study.

Genetic factors are able to influence serum triglyceride levels, independently (van de Woestijne et al., 2014). The
present study highlights that the polymorphism rs964184 of the APOAS5 gene can directly influence the increase in
triglycerides and total cholesterol. Similar results were reported by Woestijne et al. (2014), which observed a strong
association of such polymorphism with triglyceride levels and a minor association with HDL-cholesterol levels.

Another study performed with the Chinese population (N = 5347) assessing the SNP rs964184, reported an
association of polymorphism with increased triglyceride levels and significant relation between the six SNPs genotypes and the
triglyceride levels (P < 0.008) (Fu et al., 2015).

Following the association of the rs964184 polymorphism with the risk of developing coronary heart disease, Xu and

collaborators (2018), reported lower TG levels in older patients and suggested that these results were due to the use of drugs
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able to reduce this lipid rates in this age group. A similar result was observed in this study since lipid alterations were more
associated with the population over 40 years old (69.6%).

The same study demonstrated that the male gender had a greater association with TG levels, significantly lower for
men (p = 4.79 x 10-7) when compared to women (p = 0.716). The participants in the present study were predominantly men,
with a total of 14 women, 7 belonging to the case group and 7 to the control group, whose results were similar.

This study demonstrated a greater association with the genotypes CG + GG and hypertriglyceridemia when compared
to the CC genotype, being consistent with previous results performed in Iran and Tibet populations (Mirhafez et al., 2016;
Parra et al., 2017; Zhang et al., 2012). Another observation about genotypes made by this study was the association of the G
allele from SNP rs964184 with decreased levels of HDL, LDL, and total cholesterol, confirming the results previously reported
(Zhang et al., 2012).

The polymorphism of rs964184 is directly related to high levels of triglycerides, which is a risk factor for the
development of cardiovascular diseases. The application of polymorphism assessment can be used in nutrigenetics, which
allows the detection of risks of these diseases through the genetic profile, demonstrating the necessity of changing habits in
diet and lifestyle. Such fact could be observed in the present study, in which about 80% of the participants were overweight or
obese, in addition to the change in lipid levels, and in this context, nutrigenetics could collaborate, as it is the study of the
interaction between eating habits and the genetic makeup of individuals (Rimbach; Minihane, 2009).

Work tension may contribute to glucose disorders, justifying the higher risk of developing diabetes due to alcoholism,
smoking, obesity, and sedentary lifestyle, but lipid levels or changes in pressure did not occur. The association between stress
and coronary heart disease is mainly related to lifestyle and hyperglycemia. There are other potential biological stress factors to
be analyzed such as chronic inflammation, blood-clotting factors, and increased risk of stress response that act as a stimulus of
cardiac events (Nyberg et al., 2013).

The APOAGS gene is not the only one directly related to changes in TG levels, the APOE is another apolipoprotein that
plays an important role in lipid metabolism that demonstrates a direct relationship in the increase of TG and consequently the

increase in the risk of developing cardiovascular diseases (Demirag et al., 2007; Hagberg et al., 2000).

5. Conclusion

The APOADS rs964184 gene polymorphism showed an important influence on increasing triglycerides levels and
reducing the rate of HDL cholesterol, which is also related to the development of coronary diseases. The presence of the G
allele in homozygosity or heterozygosity of the polymorphism rs964184 of the APOA5 gene was directly related to
hypertriglyceridemia and decreasing HDL cholesterol, consequently, associated with a higher risk of developing
cardiovascular diseases.

We recommend that there be future research based on apolipoproteins and cardiovascular diseases for possible

treatments.
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