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Abstract

Apolipoprotein E (Apo-E) gene polymorphism with the E4 allele has a higher risk of atherosclerosis that develops into
coronary heart disease (CHD). Vascular Endothelial Growth Factor a (VEGF-A) gene polymorphisms can indicate the severity of
coronary lesions, and play a role in the development of CHD. Some of the risk factors for CHD include gender and blood type. This
study aims to analyse the prevalence of sex and blood type of Apo-E and VEGF-A gene polymorphisms in Bengkulu City. This
research is descriptive observational research with a cross-sectional study design. The variables in this research were the respondent's
gender and blood group which are analysed for their relationship with Apo-E and VEGF-A gene polymorphisms. The relationship
between variables was analysed using the Chi-Square Test. The results of this study showed that there was a significant relationship
between gender and Apo-E gene polymorphisms (p: 0.009) and VEGF-A (p: 0.008) in the first descendant of CHD. Odds ratio
analysis showed that men were 17.5 times more at risk of having Apo-E4 gene polymorphisms and 24 times more at risk of having
VEGF-A gene polymorphisms with CC genotype in the first generation of patients with CHD. Blood type was also associated with
Apo-E (p: 0.002) and VEGF-A (p: 0.024) gene polymorphisms in the first generation of CHD patients. Odds ratio analysis showed
that the first generation of CHD with non-O blood type had a 38.5 times risk of having Apo-E4 gene polymorphisms and 15.75
times the risk of having VEGF-A gene polymorphisms with the CC genotype. Male sex and non-O blood type in the first derivatives
of CHD are more at risk of having Apo-E and VEGF-A gene polymorphisms which are more susceptible to CHD events.
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still lack of data that studies examining the effect of blood
type on gene polymorphisms in the first derivative patients

1. Introduction

The prevalence of CHD in Indonesia is around
883,447 people. Meanwhile, Bengkulu province is estimated
to have 3,748 people, or around 1.3% [1]. The incidence of
CHD occurs is influenced by several risk factors. The CHD
risk factors are modifiable and non-modifiable risk factors.
Smoking, hypertension, diabetes, and alcohol consumption
are modifiable factors, while the genetics, gender, ABO blood
group, and age are non-modifiable factors. In genetic aspect,
Single nucleotide polymorphisms (SNPs) also play a crucial
role in the development of CHD [2,3]. The sex factor with the
incidence of gene polymorphisms in CHD has a fairly close
relationship [4]. In addition to gender, the ABO blood group
also has arisk in the development of CHD. However, there is
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with CHD, especially in Bengkulu City. Apo-E and VEGF
gene polymorphisms play a critical role in the development
of atherosclerosis. The three isoforms of Apo-E are &2
(Cysl12, Cysl58), €3 (Cysl12, Argl5s8), and &4 (Argll2,
Argl58) alleles. The €3 allele usually is the major allele,
while the €2 and €4 alleles are the variants. The &4 allele at
the genetic level has a higher risk of atherosclerosis [5-7].
VEGF is an important promoter of lymphomagenesis and
angiogenesis. Previous studies reported that elevated plasma
VEGF-A levels in CHD patients suggest the severity of
coronary lesions, and can be considered as an important
indicator of revascularization [8-10]. Identification of the
Apo-E and VEGF-A gene polymorphisms with gender and
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blood group was carried out to determine the effect of these
two factors on the first derivative of patients with CHD. This
study was conducted because no data are reporting on the
prevalence of sex and blood type of Apo-E gene
polymorphisms and VEGF-A gene polymorphisms in the
first generation of CHD patients in Bengkulu City. The main
objective of this study was to analyze the prevalence of sex
and blood type of Apo-E and VEGF-A gene polymorphisms
in the first descendant of patients with coronary heart disease
in Bengkulu city. The results of this study are looked forward
to be a reference for carrying out early preventive actions for
the patient's family and the community to reduce the risk of
CHD.

2. Materials and methods

This research is a cross-sectional study design.
Retrieval of data used is primary data taken directly by filling
out a questionnaire. The instruments in this research are the
characteristics of the respondents such as gender and blood
type. This research was conducted in the city of Bengkulu.
Primary data management will be taken using a questionnaire
in the period November 2021 - September 2022. The
population in this study is the first derivatives of CHD
sufferers in Bengkulu city. The research sample size was
calculated based on the categorical descriptive formula
(unpaired categorical analysis) [11] so that a sample size of
42 people was obtained. Genetic polymorphism data is taken
as secondary data from our previous studies that have been
reported [12,13]. The inclusion criteria carried out in this
study were: 1) The first derivative of patients with CHD in
Bengkulu City; and 2) Inclined to be a research subject and
agree to sign informed consent. Exclusion criteria in this
research were: 1) Subjects have a history of psychiatric
disorders; 2) Refuse to be a research subject. The dropout
criteria in this study were the research subjects withdrew from
the study or did not complete the procedure. The research
subject for first-descendant CHD patients was taken through
medical records from RSUD dr. M. Yunus Bengkulu. The
first derivative of non-CHD in this research was conducted
by filling out the WHO Rose Angina questionnaire through
online-based media. The data obtained will be analyzed using
the Statistical Program for Social Science 7.0 application with
the Chi-Square test.

3. Results and Discussions

3.1. Subject Characteristics

Table 1 shows the data obtained on the subject's
parents who had a history of coronary heart disease (CHD) as
many as 21 people (50.00%) and 21 people without CHD
(50.00%). Meanwhile, overall research subjects found more
women (66.70%) compared to men (33.30%). Most of the
research subjects had blood type O (54.80%) compared to
other blood types. This research involved 42 subjects who
were divided into two categories, the first generation of
patients with CHD and non-CHD patients. Subject
characteristics consisted of sex, blood type, Apo-E gene
polymorphism in the sample, and VEGF-A. Gender
characteristics in this study were dominated by women
compared to men. Several studies have shown that the
incidence of CHD in men has a three times higher risk and
five times higher mortality compared to women. The main
differences in risk factors for sex are HDL cholesterol levels,
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body mass index, diabetes prevalence, and smoking habits.
This can increase the risk of CHD higher in men compared to
women [4,14]. Meanwhile, the results of subsequent studies
showed that there were no significant gender differences from
various risk factors, except that the risk of CHD continued to
increase in people with smoking habits which are usually
done by men. This is because smoking affects the atherogenic
lipoprotein cholesterol profile in young adults. Gender
differences between women and men in the level of risk
factors will decrease with increasing age [15]. This study was
also dominated by respondents with blood type O, B, and A.
The previous study reported that non-O blood groups, blood
types A, B, and AB had a higher risk of CHD events than
blood type O which has a lowest risk of cardiovascular
disease such as CHD [16]. In addition our previous study also
showed that most of research subjects had the E3 genotype in
Apo-E polymorphism and CC genotype in VEGF-A
polymorphism.

3.2. Prevalence of Sex and Blood Types of Apo-E Gene
Polymorphisms

The results revealed that there was a significant
relationship between sex and Apo-E gene polymorphisms in
the first d of CHD patients in Bengkulu City (p: 0.009). The
history of non-CHD first offspring having the E2 and E3
alleles was also dominated by women (92.90%). This is
different from the non-PJK first derivative. Besides that, there
was no significant relationship between sex and Apo-E gene
polymorphisms in the first non-CHD offspring in Bengkulu
city (p: 1,000). The odds ratio value obtained for the first
generation of CHD sufferers is 17.50 (95% CI 1.96-15.59),
while in the first derivative of non-CHD it is 2.16 (95% CI
0.11-40.88). This indicates that first-born males with CHD
have a 17.50 times higher risk of developing Apo-E4
polymorphisms than non-CHD first-born males (Table 2).
Apo-E protein main role is as lipid transporters (fats and
cholesterol) in the blood. Apo-E recognized by specific cell
surface receptors that will carry lipids to cells for storage or
use, and Apo-E will also carry residual lipids to the liver for
excretion. The Apo-E protein known has three genetic forms
that have different compositions. Apo-E3 is the most
common form compared to other types of Apo-E2. Apo-E3
are less recognized by the cell surface, whereas ApoE4 binds
more tightly to the receptor. One of these alleles each person
will inherit one alleles from each parent. A person who has
the same allele from each parent is called homozygous such
as E2/E2 or E3/E3 or E4/E4. People who have different
alleles are called heterozygous i.e. E2/E3 or E2/E4 or E3/E4.
ApoE4 is associated with an increased risk of atherosclerosis.
People with this genotype can tend to increase levels of
triglycerides and LDL-C (bad cholesterol) significantly when
the food consumed is dominated by high saturated fat [17].
The relationship between sex and genetic polymorphism
plays a significant role in cardiovascular disease, especially
in the incidence of genetic polymorphisms. This study shows
that men are more at risk of experiencing Apo-E4 gene
polymorphisms than women in the first generation of CHD in
Bengkulu City. This research conducted in Northwest China
which showed that men are more at risk of having the E4
allele genotype so they can also be more at risk of developing
CHD. In addition, this study also shows that men who have
the E4 allele have a 1.5-fold higher risk of developing carotid
atherosclerosis [18].
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Table 1. Frequency Distribution of Research Subjects [12,13]

Characteristic Data Frequency Total
N %

First Derivative Patients CHD 21 50.00 42
Non- CHD 21 50.00

Sex Male 16 33.30 42
Female 26 66.70

ABO blood group A 10 19.00 42
B 12 26.20
O 20 54.80

ApoE Gene Genotype E2 8 19.00 42
E3 25 59.50
E4 9 21.40

VEGF-A Gene Genotype CcC 18 42.90 42
CG 8 19.00
GG 16 38.10

Table 2. Gender Bivariate Analysis of Apo-E Gene Polymorphisms in First Derivatives of CHD and Non-CHD Patients

Subjects

CHD

Non-CHD

Sex

Female

Male

Total

Female

Male

Total

Apolipoprotein E Gene Polymorphism

10

12

13

19

E2 and E3

%

83.30

22.20

57.10

92.90

85.70

90.50

E4

%

16.70

77.80

42.90

7.10

14.30

9.50

P-Value

0.009

1.000

OR(95% Cl)

17.50 (1.96-15.59)

2.16 (0.11-40.88)
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Table 3. Analysis of ABO Blood Group of ApoE Gene Polymorphisms

First ABO  Blood Apolipoprotein E Gene Polymorphism
Derivative Group
Patients E2 and E3 E4
n % n % Totaln  Total %  P-Value OR(95% CI)
Non O 3 12.50 7 8750 0.002
CHD 38.50 (2.91-
@] 9 84.60 2 1540 508.46)
Total 12 57.10 9 4290 21 100
Non O 12 92,90 1 710 1.000
Non-CHD 0.46 (0.02-8.69)
] 7 85.70 1 1430
Total 19  90.50 2 950 21 100
Table 4. Gender Bivariate Analysis of VEGF-A Gene Polymorphisms
First Sex VEGF-A Gene Polymorphism
Derivative
Patients CG and GG cC
n % % Totaln  Total % P-Value OR(95% CI)
Female 9 75.00 25.00 0.008
CHD 24.00  (2.06-
Male 1 11.10 88.90 27.96)
Total 10 47.60 52.40 21 100
Non-CHD Female 9 64.30 35.70 1.000
0.72 (0.10-5.16)
Male 5 71.40 28.60
Total 14 66.70 33.30 21 100
Table 5. Blood Type Bivariate Analysis of VEGF-A Gene Polymorphisms
First ABO Blood VEGF-A Gene Polymorphism
Derivative  Group
Patients CG and GG ccC
n % n % Totaln  Total %  P-Value OR (95% CI)
Non O 1 12,50 7 87,50 0,024
CHD 15,75 (1,42-
O 9 69,20 4 30,80 174,24)
Total 10 47,60 11 52,40 21 100
Non O 9 64,30 5 35,70 1,000
Non-CHD 1,38 (0,19-9,96)
O 5 71,40 2 28,60
Total 14 66,70 7 33,30 21 100
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The study also found that the Apo-E4 genotype was
a risk factor for CHD and progressed more rapidly in
patients under 50 years of age [19]. A higher male risk of
developing CHD is also associated with smoking habits. The
Framingham study has elucidated the mechanism that
atherogenic lipoprotein cholesterol profiles in young adults
is strongly associated with smoking habits. This fact that
smoking cessation may be the most cost-effective approach
to the preventing steps [14]. Apo-E gene polymorphisms
with CHD are mediated through blood lipid and non-blood
lipid pathways. The absence of Apo-E in macrophages
triggers atherosclerosis without changing cholesterol in
plasma [7]. Populations of European ancestry showed that
the genotype of the E4 allele increased the risk of death
although the specific explanation for male or female remains
unclear with no associations with both sexes reported
[20,21]. Analysis of blood type revealed that respondents
with a history of first-generation CHD patients were
dominated by the E4 allele in the non-O blood group
(87.50%). In addition, the analysis also showed that there
was a significant relationship between blood type and Apo-
E gene polymorphisms in the first generation of CHD
patients in Bengkulu City (p: 0.002). The group in the first
descendant of non-CHD showed no significant relationship
between blood type and Apo-E gene polymorphism in the
first descendant of patients with Non-CHD in Bengkulu City
(p: 1,000). Respondents with blood type non-O first-
generation CHD sufferers have a 38.50 times higher risk of
experiencing Apo-E4 polymorphisms compared to first-
generation non-CHD patients. This is known from the Odds
Ratio value obtained at 38.50 (95% CI 2.91-508.46), while
the first derivative of non-CHD is 0.46 (95% CI 0.02-8.69)
(Table 3). Since the ABO blood group system was found,
several studies have investigated the relationship between
the ABO blood group system and various diseases. One of
the relationships found was the relationship between ABO
blood group and pulmonary thromboembolism (PE),
ischemic heart disease, and deep vein thrombosis [22]. In
this study we found that the relationship between Non-O
blood type and Apo-E gene polymorphisms in the first
generation of CHD patients in Bengkulu city is shown (p:
0.002). This is related to previous research on risk factors
for CHD which resulted that non-O blood groups, namely
blood types A, B, and AB had a higher risk of CHD events
than blood group O which had a lower risk of cardiovascular
disease such as CHD [16]. Research that has been reported
before supported that non-O blood types are at higher risk of
developing CHD. Individuals with non-O blood type, i.e.
blood group A or B are at risk of up to 1.6 times higher risk
of thromboembolic events, compared to individuals with O
blood type. Blood type A is associated with a higher risk of
heart failure, atherosclerosis, and hyperlipidemia than
individuals with blood type O. with blood group O. In
addition, blood type A is associated with a higher risk of
atopy compared with blood group O [22]. The comparison
results show that blood type A is associated with a higher
risk of hyperlipidemia compared to blood group B.
Meanwhile, blood group B has a higher risk of myocardial
infarction than blood type O. This is partly due to the
presence of low von Willebrand. Factor (vWF) in blood
group O. Expression of A or B antigens is the result of an
allelic combination of genetic variants in the ABO gene on
chromosome 9 (9934.2) [23].
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Our study also found that there are indications that
men have a greater risk than women, especially in non-O
blood types, A, B, and AB. Non-O blood type is associated
with major cardiovascular risk factors and an increased rate
of cardiovascular events. Individuals with non-O blood type
are at risk of developing CHD [24]. This found was
supported with the other study that has been shown the
relationship between blood type and CHD risk was not
altered by age, alcohol consumption, smoking status,
physical activity, or history of diabetes [25]. The other study
also published an epidemiological analysis and shown non-
O blood groups showed consistent increases in serum
cholesterol levels compared with O blood groups. total
circulating levels and LDL cholesterol, as well as
phytosterols as risk factors for atherosclerosis [26].

In addition, in the relevant literature, it is explained
that blood type O is protective while blood type A has a
dangerous risk in the incidence of cardiovascular disease
[27]. Type O blood is also associated with lower levels of
several other lipid properties, including HDL-C, total
cholesterol, ApoA, and ApoB. The association of the ABO
gene with total cholesterol and LDL-C is consistent with the
GWAS results, so some of the effects of blood type on
cardiovascular disease may be caused by LDL-C [28].

3.3. Prevalence of Sex and Blood Types of VEGF-A Gene
Polymorphisms

This study revealed that there was a significant
relationship  between gender and VEGF-A gene
polymorphisms in the first descendant of CHD patients in
Bengkulu City (p: 0.008). The VEGF-A gene polymorphism
in the first descendant of patients with CHD was dominated
by women (75.00%) with CG and GG genotypes, while the
CC genotype was dominated by males (88.90%). In the non-
CHD first-generation group, there was no significant
relationship between sex and VEGF-A gene polymorphisms
in the first-generation non-CHD patients in Bengkulu City (p:
1,000). The Odds ratio value shows that men have a 24 times
higher risk of experiencing VEGF-A polymorphisms with the
CC genotype compared to women (Table 4). The results
showed that non-O blood type was significantly related to the
VEGF-A gene polymorphism in the first descendant of CHD
patients in Bengkulu City (p: 0.024). The Odds ratio value
indicates that respondents with non-O blood type have a
15.75 times higher risk of developing VEGF-A gene
polymorphisms with CC genotype than respondents with O
blood type (Table 5). One of the risk factors that cannot be
modified is gender, genetics, and age. The results of this study
indicate that there is a significant relationship between the
male sex and VEGF-A gene polymorphism (genotype CC) in
the first generation of CHD patients in Bengkulu City (p:
0.02) [12]. The mechanism underlying VEGF-A can be a risk
factor for CHD, namely glycoproteins as the main regulator
of the angiogenesis process that can increase endothelial cell
migration to areas experiencing hypoxia. Various previous
studies revealed that several genetic variations of genes with
angiogenic function play an important role in the
development of atherosclerosis. Vascular Endothelial Growth
Factor (VEGF) has angiogenic and atherosclerotic properties
that are associated with several human diseases, such as
diabetic retinopathy and CHD. The results of the genetic
analysis study found that the allele frequency for the gene
rs2010963 was higher in men than women [10,29].
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The research before reported that the CC genotype
has a higher likelihood of suffering from multi-vessel
coronary atherosclerosis as well as an increased risk of CHD.
Meanwhile, the possible interaction between blood type and
known risk factors for thrombosis (gender, body mass) [4].
The results of this study have the same results as the study
conducted by which showed that the CC genotype of the
VEGF-A gene polymorphism (rs2010963) had susceptibility
to CHD compared to other genotypes [10]. Identification of
blood groups with a risk of atherosclerosis revealed that non-
O blood groups (blood groups A, B) had a higher risk of
developing atherosclerosis, especially in men compared to
men with blood type O [22]. Based on the results of the Chi-
Square test in this study showed that there was a relationship
between VEGF-A gene polymorphism and non-O blood type
in the first descendant of CHD patients (p: 0,024). The same
conclusion also reported from the other research conducted
by the Genome-Wide Association Study which found that
there was a relationship between ABO blood group and
cardiovascular disease [30]. Other studies have reported that
a person with blood type A are at higher risk of developing
hyperlipidaemia and atherosclerosis which are risk factors for
CHD compared to blood group O. Individuals with blood
type O are at lower risk of myocardial infarction than
individuals with blood type B [31]. Although it is not only
blood type that can influence atherosclerosis. Other habits
such as smoking or consuming fatty foods can also be risk
factors[32].

4. Conclusions

This study concludes that men in the first derivatives
of patients with CHD have a higher risk of experiencing Apo-
E4 and VEGF-A gene polymorphisms (CC genotype).
Meanwhile, non-O blood types in the first derivatives of
patients with CHD in Bengkulu City have a higher risk of
experiencing Apo-E4 and VEGF-A gene polymorphisms (CC
genotype). The limited number of samples was one of
limitation of this research. In addition, further research is still
needed regarding other risk factors that play a role in the
incidence of atherosclerosis in the first generation of CHD.
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