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Apolipoprotein B (APOB) is associated with the development of atherosclerosis and consequently in the acute coronary syndrome
(ACS) physiopathology. Single number variants (SNVs) in apolipoprotein B gene (APOB) influence over the susceptibility for this
syndrome. 0e aim of this study was to determine the impact of the rs1469513, rs673548, rs676210, and rs1042034 SNVs and
serum levels of APOB in the risk of ACS in a population from western Mexico. We included 300 patients in the group of cases
(ACSG) and 300 individuals in the control group (CG). APOB levels were evaluated by immunonephelometry, and SNVs
were genotyped with TaqMan probes. We found significant allelic and genotypic differences between groups for rs673548 and
rs676210 (OR� 1.33, p � 0.030, OR� 2.69, p< 0.001) and rs1042034 (OR� 0.50, p � 0.037) SNVs. We found a risk haplotype
TAGT (OR: 2.14, IC 1.50–3.04, p< 0.001). Our findings support a significant risk association between rs673548 and rs676210
variants for ACS; meanwhile, rs1042034 could be considered protective factor in a western Mexican population. Also, in this
population, haplotype TAGTmay confer 2.14 times a higher risk. APOB serum levels were compared by genotype variants in both
groups without any significant statistical difference.

1. Introduction

In the world, cardiovascular diseases (CVDs) represent the
first cause of death [1]. Acute coronary syndrome, a part of
CVD, comprises unstable angina (UA), non-ST-segment
elevation myocardial infarction (NSTEMI), and ST-segment
elevation acute myocardial infarction (STEMI). 0ese

diseases differ in the degree of severity and are characterized
by myocardial ischemia [2], caused by partial or total ob-
struction of the coronary circulation due to the disruption of
an atherosclerotic plaque [3].

Apolipoprotein B (APOB) is a glycoprotein that par-
ticipates in the assembly and secretion of lipids and in the
intravascular transport and delivery of distinct lipoproteins

Hindawi
Genetics Research
Volume 2022, Article ID 4901090, 8 pages
https://doi.org/10.1155/2022/4901090

mailto:imey_99@yahoo.com
https://orcid.org/0000-0003-1779-9659
https://orcid.org/0000-0002-4940-022X
https://orcid.org/0000-0003-1969-3516
https://orcid.org/0000-0002-3640-4870
https://orcid.org/0000-0003-2653-0301
https://orcid.org/0000-0001-6810-9203
https://orcid.org/0000-0002-2272-9260
https://orcid.org/0000-0002-7564-4877
https://orcid.org/0000-0002-0240-2797
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/4901090


related to the atherosclerotic plaque formation, principally
low-density lipoproteins (LDLs) [4, 5].

Trapping of the LDL within the arterial wall is the step
that initiates and drives to the complications of the ath-
erosclerotic [4, 6].

APOB is encoded by theAPOB, a gene with 29 exons and
28 introns in its structure, located in chromosome 2 [7], and
many SNVs in this gene have been associated with disorders
in lipid metabolism, a main risk factor observed in patients
with atherosclerosis [8].

SNV rs676210 has been reported as a variant associated
with low-density lipoprotein (LDL) oxidation, and it should
be noted that this is a major risk factor in the pathophysiology
of atherosclerosis. [9]. In Chinese population, rs676210 and
rs1042034 SNVs have been associated with myocardial in-
farction as a cause of hyperlipidemia and are a factor for
having higher levels of APOB [10, 11]. Also, SNV rs1469513
has been reported to be associated with significant differences
between carriers of allele G vs. A for total cholesterol and LDL
levels and with other ACS risk factors like overweight and
obesity in a Korean population [12]. Variant rs673548 has
been associated with other diseases related to disturbances in
lipid metabolism [13] and ischemia [14], but its involvement
in ACS has not been explored.

In Mexico, heart disease is the number one cause of
death [15]; for this reason, the objective of this study was to
determine the impact of the rs1469513, rs673548, rs676210,
and rs1042034 APOB gene variants and APOB levels of in
the risk of acute coronary syndrome in a Mexican pop-
ulation of western Mexico.

2. Materials and Methods

2.1. EthicalCompliance. 0e study was performed according
to the ethical principles for experiments involving humans
stated on the Declaration of Helsinki, and ethical approval
was obtained by the Centro Universitario de Ciencias de la
Salud, CUCS, UdeG (C.I. 065–2014). Informed consent was
obtained from all patients for being included in the study.

2.2. Study Population. Six hundred unrelated individuals
were included in this study, 300 in the case group (ACSG)
and 300 in the control group (CG). In the ACS group, the
inclusion criteria included diagnosis according to the
guidelines of the American College of Cardiology [16]. As a
control group, the inclusion criteria included individuals
with a similar age to the cases. As exclusion criteria in ACS,
we excluded individuals with familial hypercholesterolemia,
individuals with overlapping other cardiac or noncardiac
diseases (e.g., pulmonary embolism, pulmonary infarction,
pneumothorax, pleurisy, pneumonia, anemia, aortic dis-
section, aortic aneurysm, esophageal spasm, cerebrovascular
disease), and genetically related individuals. In CG, we
exclude individuals with a personal history of ischemic heart
disease and familial hypercholesterolemia, and genetically
related individual. In both groups, we exclude individuals
who received a blood transfusion in the last three months
before sampling.

In the ACS group, a review of the clinical record was
carried out, from which data such as blood pressure, tro-
ponin levels, creatine kinase (CK), and creatine kinase MB
(CK-MB) were obtained. All clinical data on height, weight,
comorbidities, and lifestyle were obtained by questionnaire
in both groups. 0e individuals in both groups are from
western Mexico, as are their parents and grandparents.

2.3. Genetic Analysis. Genotyping was carried out by allelic
discrimination using TaqMan probes (rs1469513, rs673548,
rs676210, rs1042034) (catalog 4351379) (Applied Bio-
systems, Foster City, CA, USA) according to the manu-
facturer’s instructions. As a quality control, 25% of the
samples were double genotyped and a 100% matching was
obtained.

2.4. Quantification of SerumAPOBLevels. APOB levels were
measured by using a turbidimetry technique [17] according
to the manufacturer’s instructions (BioSystems) on a
Mindray BS-120 equipment from Mindray Medical España
S.L.

2.5. Biochemical Profile. 0e C-reactive protein (CRP) was
quantified using the latex technique [18], and the quanti-
fication of cholesterol [19, 20], high-density lipoprotein
(HDL) [21], LDL [22], triglycerides [23, 24], and glucose [25]
was carried out using enzymatic methods according to the
indications of BioSystems S.A.

2.6. Analysis of Linkage Disequilibrium (LD). Haplotypes
were inferred by the expectation maximization algorithm in
the order rs1469513, rs673548, rs676210, and rs1042034.0e
normalized LD (D′) and squared correlation of allele fre-
quencies (r2) were estimated using the available online
SHEsis program [26]. We exclude haplotypes with a fre-
quency less than 5%.

2.7. Statistical Analysis. Statistical analysis was performed
using SPSS® version 22.0 and Excel® 2010. 0e data for
continuous variables are presented as the mean and
interquartile range, and differences between groups were
compared with the Mann–Whitney U test. 0e χ2 test or
Fisher’s exact test was used to compare discrete variables and
to estimate the Hardy–Weinberg equilibrium. Allele and
genotype frequencies were obtained by direct counting.
Dominant and recessive allele models were tested with χ2
test for each SNV. Under the dominant model, the het-
erozygous and homozygous genotypes of the minor allele
were compared with the homozygous genotype of the major
allele and, under the recessive model, were compared the
heterozygous and homozygous genotypes of the major allele
with the homozygous genotype of the minor allele. We
performed a bivariate logistic regression where the depen-
dent variable was the genetic models; however, the omnibus
test was not significant (data not shown).
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We performed a linear regression model to adjust the
APOB serum levels by independent variables.

0e odds ratio (OR) was the measure of association for
genotype and allele frequencies and for risk factors with a
confidence interval of 95%. 0e cutoff of significance was
p< 0.05.

3. Results

3.1. Clinical andDemographic Characteristics. 0emean age
of individuals in ACSG and in individuals in CG was 64.25
and 57.76 years, respectively. In the group of cases, the
frequency of ACS was 3.2 times higher in men than in
women. STEMI was the most prevalent type of ACS (70%).
Reinfarction was the reason for hospitalization in 17% of
cases. High blood pressure was themain prevalent risk factor
in both groups; however, risk factors are overrepresented in
the ACS group (Table 1).

3.2. Biochemical Parameters. Except for glucose (125.4mg/dL
in CG and 144.15mg/dL in ACSG), cholesterol, triglycerides,
HDL, and LDL levels were normal in both groups (Table 2).

3.3. Genotype and Allele Distribution. 0e genetic variants
studied rs1469513, rs673548, rs676210, and rs1042034 were
found in Hardy–Weinberg equilibrium, p≥ 0.13. No sig-
nificant differences were found between groups for the allelic
and genotype distributions of the rs1469513 variant. 0e
rs673548 showed a risk contribution, in which the G/A
genotype presented an OR of 1.53 (p � 0.014), the A allele an
OR of 1.33 (p � 0.030), and the dominant model an OR of
1.50 (p � 0.013). Carriers of genotype A/A of the rs676210
showed and increased risk (OR� 2.69, p< 0.001); further-
more, it was found that allele A confers a higher risk
compared to allele G (OR� 1.72, p< 0.001) (Table 3), which
is confirmed by the analysis under the dominant model
(OR� 1.81, p< 0.001) (Table 4). Genotype T/T of the
rs1042034 showed a protective contribution (OR� 0.50,
p � 0.037) (Table 3), and this was confirmed by the recessive
inheritance model, through which we found that the pres-
ence of two T alleles confers protection (OR� 0.49,
p � 0.028) (Table 4).

3.4. Analysis of Linkage Disequilibrium. We found linkage
disequilibrium between the pair variants in the control
group, rs1469513-rs673548 D′� 0.69 (p< 0.0001),
r2 � 0.11 (p< 0.0001), rs1469513-rs676210 D′� 0.83
(p< 0.0001), r2 � 0.15 (p< 0.0001), rs1469513-rs1042034
D′� 0.37 (p< 0.0001), r2 � 0.03 (p< 0.0001), rs673548-
rs676210 D′� 0.80 (p< 0.0001), r2 � 0.60 (p< 0.0001),
rs673548-rs1042034 D′� 0.53 (p< 0.0001), r2 � 0.26
(p< 0.0001), rs676210-rs1042034 D′� 0.49 (p< 0.0001),
r2 � 0.21 (p< 0.0001), and compared the haplotype dis-
tribution between groups, and we found that the haplo-
type TAGT confers a risk 2.14 times higher (p< 0.001)
(Table 5).

3.5. APOB Serum Levels. APOB serum levels were found in
the normal range in both groups (Table 2); however, under
the recessive model in CG, a statistical difference was found
in the rs1469513 (T/T +T/C:179 vs. C/C:149.7mg/dl,
p � 0.0001).

3.6. :e Dependent Variable. APOB serum levels were ad-
justed by independent variables age, sex, comorbidities,
treatment, and biochemical parameters (cholesterol, tri-
glycerides, glucose, HDL, LDL), and cholesterol levels
(β� 0.779, CI� 0.633–0.926, p≤ 0.001) and HDL
(β� −0.597, CI� −0.935–0.258, p � 0.001) showed a sig-
nificative association with APOB serum levels (Table 6).

4. Discussion

In our study, we found that in the ACS group, the average
age was 64.25 years and that the male sex was predominant
(76%); furthermore, high blood pressure was the main risk
factor, being present in 70% of the individuals in the ACS
group, and similar results have been found regarding
RENASCA (National Registry of the Acute Coronary Syn-
drome) report, in which 75% of male were reported. In this
cohort, the main risk factor was high blood pressure, present
in 60.5% of individuals [27].

In the ACCESS study, which includes individuals from
Mexico, it was found that 72% of the patients were men,
according to our findings, and the most frequent risk factor
was high blood pressure (62% of participants), but the av-
erage age of presentation was 62.1 years [28]. 0e foregoing
highlights age, sex, and other main risk factors associated
with ACS.

STEMI, the severe entity of ACS, was the most frequent
in our study, in contrast to the ACCESS study where the
most frequent entities were UA and NSTEMI, which to-
gether made up 51.9% of cases compared to a 40.3% of cases
in our study. 0e average age of presentation was 62.1 years,

Table 1: Clinical and demographic characteristics.

Demographic data CG n (%) ACSG n (%) p

Age (mean) 57.76 64.25 <0.0001
Female 130 (43) 71 (24) <0.0001
Male 170 (57) 229 (76) <0.0001
UA — 31 (10) —
NSTEMI — 19.7 (30) —
STEMI — 210 (70) —-
Reinfarction — 51 (17) —
Risk factor

High blood pressure 104 (34.7) 210 (70) <0.001
Dyslipidemia 61 (20.3) 136 (45.6) <0.001
T2DM 68 (22.7) 160 (53.3) <0.001
Smoking 62 (20.7) 144 (48.3) <0.001
Overweight (kg/m2) 71 (23.7) 112 (37.3) 0.003
Obesity (kg/m2) 49 (16.3) 92 (30.7) <0.001
Sedentary lifestyle 69 (23) 165 (55.4) <0.001

Drug consumption
Antilipemic — 266 (89) —

CG (control group), ACSG (acute coronary syndrome group), T2DM2
(type 2 diabetes mellitus). p value of the Mann–Whitney test.
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similar to our findings, where the average was 57.76 years in
females and 64.25 in males [28].

In the control group, we find higher percentages of
individuals with diabetes (22.7%), high blood pressure
(34.7%), dyslipidemia (20.3%), and smoking (20.7%);
however, the percentages of overweight (23.7%), obesity
(16.3%), and sedentary lifestyle (23%) were lower compared
to what was reported in the National Health and Nutrition
Survey (ENSANUT) carried out in 2018, where 8.6 million
(10.3%) have a diagnosis of diabetes mellitus and 15.2
million (18.4%) a diagnosis of high blood pressure, regis-
tering an increase in the incidence from 50 years of age;
therefore, in the age group 70 to 79 years, the proportion of
individuals with this disease reaches 26.7%. 0e survey also
reports 19.5% of individuals with elevated triglyceride and
cholesterol levels, obesity in 36.1%, and overweight in 39.1%.
Regarding physical activity, 29% of individuals in this age
group are sedentary. It was found that tobacco consumption
in Jalisco represents 12.6%, in Colima 12.3%, the Michoacán
12.7%, and in Nayarit 9.8%, and our study subjects come
from these regions of the country [29].

Compared to the ACS group, in CG, we found higher
levels of cholesterol, triglycerides, HDL, LDL, and APOB, a
difference not seen in glucose or C-reactive protein. All other
parameters were within normal range; 89% of individuals in
the case group take antilipemic drugs regularly, which is a
factor that favors the reduction of lipid levels in patients with
ACS. Among the antilipemic drugs that are consumed are
statins (reduce cholesterol levels) [30] and bezafibrate (re-
duce triglyceride levels) [31]. Statins affect LDL and APOB
levels, so it is possible to find lower levels of these parameters
in our ACS group. Statins also decrease the number of
circulating APOB particles by decreasing VLDL synthesis
and thus the production of VLDL and LDL remnants;
furthermore, they increase the clearance of these particles
through the upregulation of LDL receptors in the liver [32].

Medication to lower lipid levels in the ACS group de-
notes that lipid control is not a factor that by itself prevents
the occurrence of an ACS event, but that there will be other
genetic and environmental risk factors that are causing the
occurrence of this event; since we found individuals in CG
with higher levels of blood lipids, despite being of similar age
to individuals in the ACS group, they have not presented an
ACS event.

In addition, it has been shown that lipid levels can be
modified after an event of ACS, with a trend toward sta-
tistically significant decreases in total cholesterol, low-
density lipid cholesterol and high-density lipid cholesterol,
and a trend toward increased triglyceride levels [33].

We found significative lower levels of HDL in the ACS
group compared with CG (28.4mg/dL vs. 41.6mg/dL,
p< 0.001). Low HDL levels have been associated with ACS
for its antiatherogenic properties, and Cordero et al. found
significantly lower levels in the ACS group (p< 0.01) of HDL
(average 36.1mg/dL) compared to patients with non-
ischemic chest pain (average, 44.5mg/dL). An increase of
1mg/dL in the levels of this lipoprotein has been found to
decrease the risk of coronary heart disease by 2-3% [34].

We documented a higher proportion of sedentary in-
dividuals in ACS; a known factor in reducing contributes to
HDL levels. 0e impact of physical activity has been evi-
denced by Skoumas et al, and they found that physically
active individuals have higher levels of HDL compared to
sedentary (p< 0.5) [35].

C-Reactive protein is a serum marker to assess cardio-
vascular risk. Healthy people have 2–4 times higher levels,
which have been associated with increased risk; furthermore,
it is an acute phase reactant that rises in the event of an
infection or tissue damage [36]. Given this situation, in
ACSG, we found considerably higher levels (26.18mg/L). In
CG, the mean C-reactive protein serum level was within
normal range (4.2mg/L).

Acute coronary syndrome is of multifactorial origin, and
among the associated factors is APOB since it is considered a
predictor for its occurrence [37]. Variants in the APOB gene
have been associated as protective or risk factors for ACS
[38–40].

We included in the study two missense variants,
rs676210 (NP_000375.3: p. Pro2739Leu) [41] and rs1042034
(NP_000375.3: p. Ser4338Asn) [41], and the intronic vari-
ants rs1469513 and rs673548. In the present investigation,
no risk nor protection association was found with the
rs1469513 (T>C) variant; however, in the Korean pop-
ulation, the lower allele has been associated with a higher
risk of obesity (OR� 1.31, p � 0.004) and higher levels of
total cholesterol (p � 0.001) and LDL (p � 0.01) [14].
According to the analysis performed in regSNP-intron, this
variant does not affect the splicing site [42].

Table 2: Biochemical parameters.

Para-clinical CG Mean (IQR) ACSG Mean (IQR) p Reference value
Glucose 125.4 (86–124) 144.15 (99.75–181.5) 0.010 75–105mg/dL
Cholesterol 169.59 (141–199) 118.64 (92–140) <0.001 150–199mg/dL
Triglycerides 123.1 (82–144) 91.74 (72–107) <0.001 ≤250mg/dL
HDL 41.6 (26–55) 28.4 (13–27) <0.001 ≥40mg/dL
LDL 77.9 (53–96) 43.5 (33–51.25) <0.001 ≤130mg/dL
APOB 165.54 (146.7–184.8) 128.4 (103.8–154.4) <0.001 94–178mg/dL
CRP 4.2 (1–4) 26.18 (5.05–37) <0.001 1–10mg/L
Troponine I — 544.24 (0.6–9.8) — 0.1–4 ng/dL
CK — 838.7 (149–951) — 24–195 (U/L)
CK-MB — 109.8 (23–125) — ≤130 (U/L)
CG (control group), ACSG (acute coronary syndrome group), IQR (interquartile range), HDL (high-density lipoproteins), LDL (low-density lipoproteins),
APOB (apolipoprotein B), CRP (C-reactive protein), CK (creatine kinase), CK-MB (creatine kinase MB). p value of the Mann–Whitney test.
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We found a risk association with genotype G/A in the
rs673548 (OR� 1.53, p � 0.014), and under the dominant
model, we found that only one copy of allele A is necessary
for an incremented risk (OR� 1.50, p � 0.013). 0e risk has
not been previously evaluated in ACS, although it has been
related to ischemia, in ischemic stroke where G allele in-
creases the risk 1.28 times (p � 0.034) [14]. According to the
results obtained in regSNP-intron, this variant does not
affect the splicing site [42].

0e rs676210 variant appears to be an important risk
factor in other populations as well as in our study. We found
a risk association for A allele (OR 2.69, p< 0.001). Mäkelä
et al. found that this variant is associated with LDL oxi-
dation, a factor associated with atherosclerosis, but in
contrast with our results, allele G confers 1.28 times higher
risk of coronary disease (p � 0.030). In addition, A allele in
control subjects has shown higher serum lipid levels
(p � 0.01) [9]. In contrast to these findings, in the Chinese
population, it was found that carriers of the G/G genotype
present an increased risk of ACS (OR � 1.93, p � 0.005
compared to carriers of the A/A genotype) [11]. Variants

of rs676210 (p � 0.005) and rs1042034 (p � 0.009) have
been found as a risk factor in Chinese population for
hyperlipidemia, an important risk factor for atheroscle-
rosis and coronary artery disease [10]. According to the
report obtained from the analysis in silico in the HOPE

Table 3: Genotype and allele distribution of the rs1469513,
rs673548, rs676210, and rs1042034 in the APOB gene in CG and
ACSG.

CG n (%) ACSG n (%) OR CI (95%) p

rs1469513
Genotype

T/T 99 (33) 113 (37.7) — —
T/C 143 (47.7) 143 (47.7) 0.87 (0.61–1.25) 0.466
C/C 58 (19.3) 44 (14.6) 0.66 (0.41–1.07) 0.090

Allele
T 341 (58.8) 369 (61.5) — —
C 259 (43.2) 231 (38.5) 0.82 (0.65–1.03) 0.100

rs673548
Genotype

G/G 181 (60.3) 151 (50.3) — —
G/A 98 (32.7) 125 (41.7) 1.53 (1.08–2.15) 0.014
A/A 21 (7) 24 (8) 1.37 (0.734–2.55) 0.321

Allele
G 460 (76.66) 427 (71.16) — —
A 140 (23.33) 173 (28.8) 1.33 (1.02–1.72) 0.030

rs676210
Genotype

G/G 185 (61.7) 141 (47) — —
G/A 95 (31.7) 118 (39.3) 1.63 (1.15–2.31) 0.005
A/A 20 (6.6) 41 (13.7) 2.69 (1.50–4.79) <0.001

Allele
G 465 (77.5) 400 (66.7) — —
A 135 (22.5) 200 (33.3) 1.72 (1.333–2.225) <0.001

rs1042034
Genotype

C/C 160 (53.3) 165 (55) — —
T/C 111 (37) 120 (40) 1.05 (0.75–1.47) 0.784
T/T 29 (9.7) 15 (5) 0.50 (0.26–0.97) 0.037

Allele
C 431 (71.8) 450 (75) — —
T 169 (28.2) 150 (25) 0.85 (0.66–1.09) 0.214

CG (control group), ACSG (acute coronary syndrome group), OR (odds
ratio), CI (confidence interval).

Table 4: Differences between groups of the rs1469513, rs673548,
rs676210, and rs1042034 by the inheritance model.

CG n
(%)

ACSG n
(%) OR CI (95%) p

rs1469513
Dominant
model
T/T 99 (33) 113 (37.7) — —

T/C+C/C 201 (67) 187 (62.3) 0.81
(0.58–1.14) 0.231

Recessive
model

T/T+T/C 242
(80.7) 256 (85.4)

C/C 58 (19.3) 44 (14.6) 0.71
(0.46–1.10) 0.128

rs673548
Dominant
model

G/G 181
(60.3) 151 (50.3) — —

G/A+A/A 119
(39.7) 149 (49.7) 1.50

(1.08–2.07) 0.013

Recessive
model
G/G+G/A 279 (93) 276 (92) —

A/A 21 (7) 24 (8) 1.15
(0.62–2.12) 0.641

rs676210
Dominant
model

G/G 185
(61.7) 141 (47) — —

G/A+A/A 115
(38.3) 159 (53) 1.81 (1.31–2.51) <0.001

Recessive
model

G/G+G/A 280
(93.4) 259 (86.3) — —

A/A 20 (6.6) 41 (13.7) 2.21
(1.265–3.88) 0.004

rs1042034
Dominant
model

C/C 160
(53.3) 165 (55) — —

T/C+T/T 140
(46.7) 135 (45) 0.93

(0.67–1.28) 0.682

Recessive
model

C/C+T/C 271
(90.3) 285 (95) — —

T/T 29 (9.7) 15 (5) 0.49
(0.25–0.93) 0.028

CG (control group), ACSG (acute coronary syndrome group), OR (odds
ratio), CI (confidence interval).
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database, the variant, rs676210 (P2739L), the mutant
residue is bigger than the wild-type residue. Prolines are
known to be very rigid and therefore induce a special
backbone conformation, which might be required at this
position. 0e mutation can disturb this special confor-
mation. 0e mutation is located in a region with known
splice variants, described as p> L (in dbSNP: rs676210)
[43]. 0e rs1042034 variant also was analyzed in a Fra-
mingham cohort and its descendant generation; in con-
trast to our results, they found that C/C genotype
increases the risk of premature onset of cardiovascular
diseases mainly in men (RR � 2.18, p � 4.5 ×10−5) [44];
however, we found in our study population that the
rs1042034 variant reduces the likelihood of having an ACS
(OR � 0.05, p � 0.037), and it should be noted that we
found a marked difference in the presence of homozygotes
for the T/T genotype between groups (ACS 5% vs. 9.7%
CG), and the wild allele C is more frequent in the ACS
group (25% ACS vs. 28.2% CG); this is the first time that
this variant has been studied in our population. 0is
variant confers a change (Ser >Asn) in the position 4338
of protein [45], and in the α3 domain, this domain has
reversible lipid affinity [46–48], asparagine residue is
bigger and less hydrophobic than serine. Hydrophobic

interactions, either in the core of the protein or on the
surface, will be lost. 0e wild-type residue is very con-
served, but a few other residue types have been observed at
this position too. 0e mutant residue was not among the
other residue types observed at this position in other,
homologous proteins. However, residues that have some
properties in common with the mutated residue were
observed.0is means that in some rare cases, the mutation
might occur without damaging the protein [43].

We analyze APOB levels according to the dominant and
recessive inheritance models; in this analysis, we only found
an association in the control group for the recessive model
with the rs1469513 variant (p< 0.0001); therefore, carriers of
two C alleles could have higher levels of APOB, and it could
be expected that in the ACS group, the contribution of this
allele to have higher levels of APOB is masked by lipid-
lowering drugs. 0is finding has been observed for the first
time in our population and has not been analyzed in any
other.

We found linkage disequilibrium between the pair
variants (p< 0.05), and we found that the haplotype TAGT
confers a risk 2.14 times higher (p< 0.001).

Variant rs1469513 (T>C) has not been reported in
linkage disequilibrium in previous studies; in this study, we
found a high linkage disequilibrium with rs676210
(D′� 0.83, p � 0.0001, r2 � 0.15, p � 0.0001).

Variants rs676210 and rs1042034 have been found in
linkage disequilibrium previously. A study reported that
the haplotypes ATGGA and ATAGG formed by
rs1042034, rs2163204, rs512535, rs676210, and rs679899
are a risk for hyperlipidemia (OR: 1.46, p � 0.04, OR: 1.63,
p � 0.04) [10].

In another study, the haplotype TGAG (rs1042034,
rs676210, rs693, and rs673548 was associated with an in-
creased risk of ischemic stroke (OR� 1.583, p � 0.031) [49].

Our findings demonstrate the impact that the genetic
variants studied have on the risk of ACS in our population,
which opens the possibility of conducting studies where their
role in the response to drugs is analyzed, which would allow
developing strategies formedicine personalized. As a limitation
of our study, it is difficult to interpret the impact of the variants
on the serum levels of APOB since the population that makes
up the group of cases consumes drugs that can modify lipids
and apolipoprotein levels, and longitudinal studies in indi-
viduals without medication could show the impact of genetic
variants alone or the haplotype constructed with them on
serum levels of APOB in individuals without medication.

In summary, our findings show that the risk of pre-
senting an ACS event in the study population can be
modified by the presence of the variants rs673548, rs676210,
and rs1042034 and with TAGT haplotype.

5. Conclusions

Our findings support a significant risk association between
rs673548 and rs676210 variants for ACS; meanwhile,
rs1042034 could be considered protective factor in a western
Mexican population. Also, in this population, haplotype
TAGT may confer 2.14 times a higher risk.

Table 5: Haplotype analysis of the rs1469513, rs673548, rs676210,
and rs1042034 in the APOB gene in CG and ACSG.

Haplotype CG n (%) ACSG n (%) OR CI (95%) p

CGAC 212 (35.4) 172 (28.6) — —
TGAC 174 (28.9) 188 (31.3) 1.33 (0.99–1.77) 0.051
TAGT 72 (12.1) 125 (20.8) 2.14 (1.50–3.04) <0.001
CG (control group), ACSG (acute coronary syndrome group), CI (confi-
dence interval), OR (odds ratio). Haplotype with frequency lower than 5% is
not shown. Haplotype is represented by rs1469513, rs673548, rs676210, and
rs1042034.

Table 6: APOB levels in ACSG adjusted by independent variables.

Beta
coefficient

Confidence interval
p valueLower

limit
Upper
limit

Constant 33.245 1.506 64.985 0.040
Age 0.178 −0.175 0.531 0.321
Sex 3.765 −4.266 11.796 0.356
BMI 0.332 −3.862 4.525 0.876
Diabetes −1.438 −9.880 7.005 0.737
Hyperlipidemia 0.494 −6.076 7.063 0.882
HBP −3.116 −10.330 4.097 0.395
Smoking −2.233 −8.725 4.259 0.498
Physical activity 2.357 −4.276 8.990 0.484
Cholesterol 0.779 0.633 0.926 ≤0.001
Glucose 0.052 −0.012 0.116 0.109
Triglycerides −0.081 −0.215 0.054 0.238
HDL −0.597 −0.935 −0.258 0.001
LDL 0.198 −0.006 0.402 0.057
Statins 0.612 −12.275 13.500 0.925
Fibrates 22.281 −25.668 70.230 0.361
Dependent variable: APOB levels. Abbreviations: BMI (body mass index),
HBP (high blood pressure), HDL (high-density lipoprotein), LDL (low-
density lipoprotein).
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“Low levels of high-density lipoproteins cholesterol are in-
dependently associated with acute coronary heart disease in
patients hospitalized for chest pain,” Revista Española de
Cardiologı́a, vol. 65, no. 4, pp. 319–325, 2012.

[35] J. Skoumas, C. Pitsavos, D. B. Panagiotakos et al., “Physical
activity, high density lipoprotein cholesterol and other lipids
levels, in men and women from the ATTICA study,” Lipids in
Health and Disease, vol. 2, no. 1, p. 3, 2003.

[36] S. H. Shah and L. K. Newby, “C-reactive protein: a novel
marker of cardiovascular risk,” Cardiology in Review, vol. 11,
no. 4, pp. 169–179, 2003.

[37] G. P. Aditya and M. A. Bari, “Apolipoprotein B versus non-
high density lipoprotein cholesterol as a discriminating factor
for acute coronary syndrome in young people,” Mymensingh
Medical Journal: Maryland Medical Journal, vol. 25, no. 3,
pp. 458–464, 2016.

[38] F. Szabo de Edelenyi, L. Goumidi, S. Bertrais et al., “Prediction
of the metabolic syndrome status based on dietary and genetic
parameters, using Random Forest,” Genes & Nutrition, vol. 3,
no. 3-4, pp. 173–176, 2008.

[39] T. M. Teslovich, K. Musunuru, A. V. Smith et al., “Biological,
clinical and population relevance of 95 loci for blood lipids,”
Nature, vol. 466, no. 7307, pp. 707–713, 2010.

[40] C. M. Phillips, L. Goumidi, S. Bertrais et al., “Gene-nutrient
interactions and gender may modulate the association be-
tween ApoA1 and ApoB gene polymorphisms and metabolic
syndrome risk,” Atherosclerosis, vol. 214, no. 2, pp. 408–414,
2011.

[41] S. T. Sherry, M. H. Ward, M. Kholodov et al., “dbSNP: the
NCBI database of genetic variation,” Nucleic Acids Research,
vol. 29, no. 1, pp. 308–311, 2001.

[42] H. Lin, K. A. Hargreaves, R. Li et al., “RegSNPs-intron: a
computational framework for predicting pathogenic impact
of intronic single nucleotide variants,” Genome Biology,
vol. 20, no. 1, p. 254, 2019.

[43] H. Venselaar, T. A. Te Beek, R. K. Kuipers, M. L. Hekkelman,
and G. Vriend, “Protein structure analysis of mutations
causing inheritable diseases. An e-Science approach with life
scientist friendly interfaces,” BMC Bioinformatics, vol. 11,
no. 1, p. 548, 2010.

[44] A.M. Kulminski, I. Culminskaya, K. G. Arbeev et al., “0e role
of lipid-related genes, aging-related processes, and environ-
ment in healthspan,” Aging Cell, vol. 12, no. 2, pp. 237–246,
2013.

[45] J. P. Segrest, M. K. Jones, H. De Loof, and N. Dashti,
“Structure of apolipoprotein B-100 in low density lipopro-
teins,” Journal of Lipid Research, vol. 42, no. 9, pp. 1346–1367,
2001.

[46] J. P. Segrest, D. W. Garber, C. G. Brouillette, S. C. Harvey, and
G. M. Anantharamaiah, “0e amphipathic α helix: a multi-
functional structural motif in plasma apolipoproteins,” Li-
poproteins, Apolipoproteins, and Lipases, vol. 45, pp. 303–369,
1994.

[47] J. Segrest, M. Jones, H. De Loof, C. Brouillette,
Y. Venkatachalapathi, and G. Anantharamaiah, “0e am-
phipathic helix in the exchangeable apolipoproteins: a review
of secondary structure and function,” Journal of Lipid Re-
search, vol. 33, no. 2, pp. 141–166, 1992.

[48] J. P. Segrest, H. De Loof, J. G. Dohlman, C. G. Brouillette, and
G.M. Anantharamaiah, “Amphipathic helix motif: classes and
properties,” Proteins: Structure, Function, and Genetics, vol. 8,
no. 2, pp. 103–117, 1990.

[49] R. Xiao, S. Sun, J. Zhang et al., “Association analysis of APO
gene polymorphisms with ischemic stroke risk: a case-control
study in a Chinese Han population,”Oncotarget, vol. 8, no. 36,
pp. 60496–60503, 2017.

8 Genetics Research


