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 Abstract 

Background: Acute coronary syndrome (ACS) is an acute condition that results from decreased 
blood flow to the coronary arteries. According to the WHO 2020 census, 32.40% of total deaths in 
Egypt are due to coronary heart diseases, ranking Egypt #15 in the world. ACS is a wide spectrum 
including ST-segment elevation myocardial infarction, non-ST segment elevation myocardial in-
farction, and unstable angina. Many risk factors contribute to the etiology of ACS including life-
style, environmental, and genetic factors. Vascular endothelial growth factor gene polymor-
phism is one of the genetic elements that may share in the progression of ACS. Aims: to identify 
the association between VEGF gene +405 C/G polymorphism and acute coronary syndrome. Meth-
ods: We designed a descriptive, case-control study. Patients were randomly recruited from March 
2021 to October 2021. Fifty patients diagnosed with ACS (35 STEMI_ 10 NSTEMI_ 5 unstable angina) 
by laboratory tests and imaging and 50 healthy individuals, both groups were age and sex-
matched. Initially, we isolated the total DNA from peripheral blood, then we investigated single 
nucleotide polymorphisms of VEGF (rs 2010963) and the genotyping was performed by PCR-RFLP 
technique. Results: Our results revealed a significant association between the +405 CC genotype 
(p=0.025) and acute coronary syndrome. Patients with ACS had significantly more history of dia-
betes mellitus in comparison with the non-ACS group (p=0.037), while regarding smoking and 
lipid profile, there was no statistically significant difference between the two groups. Conclusion:  
This study proves the existence of an association between VEGF gene polymorphisms (rs2010963) 
and susceptibility to ACS, so SNPs in VEGF need further investigation as prognostic markers and 
indicators of angiogenic potential stimulating the formation of collaterals. 
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Introduction 

Acute coronary syndrome (ACS) is charac-
terized by impaired perfusion of the mus-
cles of the heart, and it includes myocardial 
infarction and unstable angina. The main 
pathological event of ACS is the erosion of 

an unstable plaque. This leads to complete 
or partial occlusive thrombosis in the coro-
nary arteries(1,2). ACS is classified into three 
conditions, ST-segment elevation myocar-
dial infarction (STEMI), non-ST-segment el-
evation myocardial infarction (NSTEMI), 
and unstable angina pectoris (UAP)(3). ACS 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Omran%20A%5Bauth%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abdalla+MO&cauthor_id=30297876
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is a serious fatal disease with acute course, 
characterized by acute onset with rapid 
progression and poor prognosis(4). Many 
studies investigated the risk factors of 
ACS(5) which include smoking, obesity, hy-
perglycemia, hyperlipidemia and hyperten-
sion(6,7). However, in recent years, im-
portant independent factors have been 
identified for ACS(8), such as fibrinogen lev-
els, blood uric acid levels, serum cystatin C 
level, and mean platelet volume(9–13). An 
important process that subtatialy de-
creases the adverse effects after acute cor-
onary occlusion is the development of 
functional collateral circulation around oc-
cluded arteries. The development of collat-
eral arteries are associated with improved 
survival rate in patients diagnosed with 
coronary artery disease(14). VEGF is a key 
factor in the angiogenesis process and col-
lateral circulation (arteriogenesis) for-
mation. It is mediated by VEGF binding to 
VEGFR-1 (Flt-1) and VEGFR-2 (KDR) recep-
tors(15). Thus, polymorphisms in VEGF genes 
affect the expression and alternative splice 
decisions of VEGF-A(16–18) and therefore the 
ability to form collateral circulation de-
creases. Numerous single nucleotide poly-
morphisms (SNPs) of VEGF-A are identified 
by single-stranded conformational poly-
morphism analysis and sequencing is asso-
ciated with susceptibility to numerous ath-
erosclerotic events such as coronary artery 
disease, peripheral artery disorder, and 
lung cancer(19,20). Other than CAD, VEGF 
polymorphism has a major role in the de-
velopment of various vascular-dependent 
events including diabetic nephropathy and 
retinopathy, tumor growth, and tissue ex-
pansion through involvement in normal 
and pathogenic vascular development and 
formation of new blood vessels(21). Accord-
ingly, the current study aimed to assess the 
association between VEGF gene polymor-
phism and the development of acute coro-
nary syndrome. This could help in more 

understanding of the underlying patho-
genesis of ACS to improve the prediction 
of ACS, which can contribute to early man-
agement decisions and better outcomes. 

Methods 

Study population 
A case-control study consists of two 
groups. The first group consisted of 50 pa-
tients, who were randomly recruited from 
the CCU department and diagnosed with 
acute coronary syndrome according to the 
diagnostic criteria of ACS(22) from March 
2021 to October 2021, patients were se-
lected according to the following inclusion 
criteria: Adult male and female patients 

(age older than 18 years). Patients diag-
nosed with Ischemic heart disease were 

confirmed by lab results (elevated CK- 
CKmb- LDH- Troponin I) and ECG changes.  
The second group included 50 healthy con-
trol individuals randomly recruited from 

the outpatient lab, who were not recently 

diagnosed or previously had ACS. Both 
groups were age and sex-matched. Patient 
history and clinical information were col-
lected by interviewing or reviewing their 
medical history. Patients with shocks like 
cardiogenic, septic, or hypovolemic shock 
and malignancies were excluded from the 
study, also patients below 18 years were 
not included in our study. The research pro-
tocol was approved by the medical ethics 
committee of the Faculty of Medicine Suez 
Canal University research 4376# and all pa-
tients provided informed consent for par-
ticipation. 

Laboratory investigations 
The concentration of serum total choles-
terol, triglycerides, high-density lipopro-
tein (HDL), low density lipoprotein (LDL), 
and triglycerides of all the blood samples 
were collected from the subjects following 
a 12 hour fasting, were measured. Cardiac 
markers (CK, CKmb, LDH and troponin I) 
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were measured to ACS patients within the 
first six hours from admission. All biochem-
ical tests were done using Cobas 6000 au-
tomated auto-analyzer kits supplied by 
Roche Diagnostics (Mannheim, Germany). 
Measurement of glycosylated hemoglobin 
(HBA1C) and Complete blood count (CBC) 
were also done to all participants. 
 
VEGF +405 C/G polymorphism genotyping 
Total DNA was isolated from peripheral 
blood leukocytes using Qiagen genomic 
DNA extraction kit (Cat: 69504)(23). Poly-
merase chain reaction-restriction fragment 

length polymorphism (PCR-RFLP) was 

used to determine the +405 VEGF C/G 

(rs2010963) polymorphism status. PCR was 

performed in a volume of 50 ul; 10 ul of 

sample including 100 ng DNA, 25 ul Taq PCR 

master mix, 2.5 ul primers, and 12.5 ul de-
ionized water. Genomic DNA was amplified 

using the following conditions: denatura-
tion at 95°C for 5 min followed by 35 cycles 

at 94°C for 1 min, 55°C for 1.5 min for anneal-
ing, and 72°C for 2 min for extention. And a 

final extension was at 72°C for 10 min. The 

following primers were used: Forward 5'-
TTGCTTGCCATTCCCCACTTGA-3 and re-
verse 5'-CCGAAGCGAGAACAGCCCAGAA-3'. 
The PCR product was digested with BsmFI 
restriction nuclease enzyme. The amplifica-
tion products were separated by electro-
phoresis according to the size by 1% aga-
rose gel stained with ethidium bromide. Ac-
cording to the VEGF +405 polymorphism, 
the uncut fragment was 469 bp (C allele) 

and digested products were 274 bp and 195 

bp (G allele).  

Statistical Analysis 

SPSS software version 22.0.0.0 was used as 
a statistical tool in the analysis and compar-
ison of the variables between ACS and non-
ACS groups. Data was presented as tables 
and graphs as appropriate. Mean and 
standard deviation represent the 

quantitative data, while qualitative data is 
expressed as percentages and numbers. 
The categorial variables were analyzed us-
ing the chi-squared test or Fisher’s exact 
test if required while the continuous varia-
bles were analyzed using the student’s t-
test. One-way analysis of variance 
(ANOVA) was used for parametric varia-
bles and Kruskal-Wallis test was used for 
non-parametric variables. The logistic re-
gression analysis, odds ratio (OR), and 95% 
confidence interval (CI) for OR determine 
the genotype association between the two 
groups. A P value of ‹0.05 was considered 
significant. The balance of the allele fre-
quencies of the polymorphism was investi-
gated according to the Hardy-Weinberg 
equilibrium law. 

Results 

In this case-control study, a total of 100 
subjects (65 males, 35 females). Fifty pa-
tients were diagnosed with ACS and 50 
non-ACS individuals. ACS patients were di-
agnosed according to history, Lab. investi-
gations, and imaging techniques. The 
mean age was 59.1 ± 11.2 [Range: 36 – 78] 
for non-ACS individuals and 61.0 ± 12.2 
[Range: 28 -85] for ACS patients.  

Prevalence of +405 C/G gene polymorphism 
The genotypic distribution in our study 
population agreed with Hardy- Weinberg 
equilibrium. Among the 100 study subjects, 
20% had VEGF +405 CC, 47% had GC and 33% 
had GG genotype. The analysis showed an 
association between mutated alleles of 
VEGF +405 C/G polymorphism (CC) and the 
presence of ACS (OR= 4.07, 95% CI= 1.20 - 
13.86, P=0.025; Table 2). No significant as-
sociation was found among the heterozy-
gote model (GC) of VEGF +405 C/G poly-
morphism and ACS P=0.841. In addition, 
CC/GC genotype in C allele subjects greatly 
increased the susceptibility of ACS 
P=0.033.  



 
Fathy MH. et al. 16 

 
 

 
Table 1: Prevalence of +405 C/G gene polymorphism  

among study groups 

Genotype of +405 
C/G polymorphism 

Study Groups 
OR (95% CI) p-value Non-ACS 

(n = 50) 
ACS  

(n = 50) 

Wild (GG) 19 (38.0%) 14 (28.0%) REF  

Heterozygous (GC) 26 (52.0%) 21 (42.0%) 1.10 (0.45, 2.69) 0.841 b 

Homozygous mutant 
(CC) 

5 (10.0%) 15 (30.0%) 4.07 (1.20, 13.86) 0.025* b 

MAF 36 (36.0%) 51 (51.0%) 1.85 (1.05, 3.26) 0.033* b 
Wild "GG"; Heterozygous "GC"; Homozygous mutant "CC"; Minor allele frequency "MAF"; 
*. Statistically significant p-value (<0.05); b. Chi-square test. 

 
Table 2: Distribution of +405 C/G gene polymorphism  

by the study variables in ACS group 

Variables 
Genotype of +405 C/G gene polymorphism 

p-value Wild 
(n =14) 

Heterozygous 
(n =21) 

Homozygous mutant 
(n =15) 

Cigarette Smoking     
Nonsmoker 7 (50.0%) 11 (52.4%) 3 (20.0%) 

0.118 b 
Smoker 7 (50.0%) 10 (47.6%) 12 (80.0%) 

History of Chronic  
Illnesses 

    

None 6 (42.9%) 7 (33.3%) 5 (33.3%) - 
Hypertension 2 (14.3%) 1 (4.8%) 2 (13.3%) 0.837 f 
Diabetes Mellitus (DM) 1 (7.1%) 7 (33.3%) 2 (13.3%) 0.357 f 
Hypertension and DM 5 (35.7%) 6 (28.6%) 6 (40.0%) 1.00 f 

WBC (x103/μl) 9.58 ± 2.86 11.84 ± 4.51 10.09 ± 2.57 0.153 d 

HbA1c (%) 7.70 ± 2.46 7.39 ± 2.66 8.52 ± 3.06 0.468 d 

Triglyceride (mg/dL) 129.43 ± 66.2 122.67 ± 60.47 137.33 ± 87.51 0.830 d 
Cholesterol (mg/dL) 185.3 ± 44.9 178.71 ± 51.56 170.53 ± 55.55 0.737 d 
LDL- cholesterol (mg/dL) 117.93 ± 32.2 112.38 ± 43.43 101.93 ± 43.84 0.798 d 
HDL- cholesterol (mg/dL) 41.21 ± 11.99 40.71 ± 10.67 38.80 ± 8.17 0.561 d 

Cardiac Enzymes     
High CK 10 (71.4%) 19 (90.5%) 14 (93.3%) 0.260 d 
High CK-MB 10 (71.4%) 17 (81.0%) 13 (86.7%) 0.609 d 
High LDH 9 (64.3%) 13 (61.9%) 11 (73.3%) 0.765 d 
High Troponin-I 11 (78.6%) 20 (95.2%) 13 (86.7%) 0.346 d 

Wild "GG"; Heterozygous "GC"; Homozygous mutant "CC"; *. Statistically significant p-value (<0.05); f. Fish-
er's Exact test; b. Chi-square test; d. One-way ANOVA test. 

 
No statistically significant associations be-
tween the +405 C/G gene polymorphism 
and all study variables in the ACS group. 
Were found (Table 2). Further analysis on 
the association between the +405 C/G 
gene polymorphism and ACS revealed that 

the recessive model was statistically signif-
icant with an OR of 3.86 (95% CI: 1.28-11.64, 
p=0.017). Although the odds ratio for the 
dominant model was 1.58, it was not statis-
tically significant (95% CI: 0.68-3.65, 0.289) 
(Table 3).  
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Table 3:. Dominant and Recessive models of +405 C/G gene polymorphism 
among study groups 

Genotypes of +405 C/G  
gene polymorphism 

Study Groups 
OR (95% CI) p-value Non-ACS 

(n = 50) 
ACS 

(n = 50) 

Dominant model     
GG 19 (38.0%) 14 (28.0%) REF  
GC+CC 31 (62.0%) 36 (72.0%) 1.58 (0.68, 3.65) 0.289 b 

Recessive model     
GG + GC 45 (90.0%) 35 (70.0%) REF  
CC 5 (10.0%) 15 (30.0%) 3.86 (1.28, 11.64) 0.017* b 

GG "Wild"; GC "Heterozygous"; "CC" Homozygous mutant "CC"; Reference "REF" 
*. Statistically significant p-value (<0.05); b. Chi-square test. 

 
Genotyping results of +405 C/G VEGF gene 
polymorphism rs2010963 
The PCR product was treated by restriction 
enzyme (BSMF1). So, the presence of a sin-
gle band of 469bp represents the presence 
of C allele (mutant allele), while the pres-
ence of two bands of 195bp and 274bp rep-
resents the presence of allele G (Wild 
type), So, there were 3 genotypes: CC, CG 

and GG. Allele carrier: genotype CC is a car-
rier for allele C only, genotype GG is a 

carrier for allele G only, while GC is a carrier 

for both C and G alleles (Fig. 1). In Table 4, 
the crude odds ratios of bivariate associa-
tions show that there were no statistically 
significant associations between mutant 
allele carrier and all study variables. How-
ever, statistically significant associations 
existed with chronic illnesses. patients 
with chronic illnesses showed significantly 
higher odds of MAF compared to those 
without chronic illness

. 
 

 
1           2         3       4          5        6           7       8          L 

Figure 1: Electrophoretic pattern of different rs2010963 (C/G) genotypes 
Photograph of a 2% agarose gel showing the digested PCR products for rs2010963 (C/G) genotyping. Lane 
L: DNA ladder (100bp). Lane 1,6,8: Wild GG genotype showing 2 bands size 274 and 195bp. Lane 2,7: Homo-
zygous CC genotype showing one band size 469bp. Lane 3,4,5: heterozygous GC genotype showing bands 

size 469, 274, and 195bp. 

 

Discussion 

ACS is one of the chronic progressive and 
polygenic diseases, and atherosclerosis is 

the major pathological process underlying 
CAD(23). This disease is considered to be the 
major cause of mortality in developed and 
developing countries. The risk factors 
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namely; lifestyle, environmental factors, 
and genetic factors are considered for the 
susceptibility of cardiovascular disease. 
The prevalence of risk factors among 
healthy individuals increase the probable 
occurrence of CAD in near future(24). There 
are many studies recently demonstrated 
the effect of VEGF on the incidence of 

coronary artery disease. The polymor-
phism +405 C/G has been the main focus of 
the research into cardiovascular diseases, 
and the findings have shown that of this 
polymorphism, VEGF +405 C/G could be 
considered a more potential genetic vari-
ant for atherosclerotic CAD in different 
populations(25-29). 

 
Table 4: Crude and adjusted association of the +405 C/G gene polymorphism 

 (Carriers of the mutant allele C) and the study variables 

Variables N 
Minor Allele Carriers of +405 C/G gene polymorphism 

n (%) 
Crude OR  
(95% CI) 

p-
value 

Adjusted OR  
(95% CI) 

p-
value 

ACS vs. Non-ACS 50 36 (72.0%) 
1.58  

(0.68, 3.65) 
0.289 2.03 (0.57, 7.24) 0.274 

Smoker vs. non-smoker 49 33 (67.3%) 
1.03  

(0.45, 2.37) 
0.942 1.84 (0.39, 8.68) 0.442 

Chronic Illnesses vs. 
None 

56 42 (75.0%) 
2.28  

(0.98, 5.33) 
0.057 4.15 (1.18, 14.58) 0.026* 

WBC (x103/μl) 100 NA 
1.002 

(0.88, 1.14) 
0.975 1.02 (0.87, 1.21) 0.776 

HbA1c% 100 NA 
1.07  

(0.871, 1.31) 
0.533 0.83 (0.59, 1.18) 0.298 

Triglyceride (mg/dL) 100 NA 
0.9995  

(0.99, 1.01) 
0.681 1.01 (0.99, 1.03) 0.312 

Cholesterol (mg/dL) 100 NA 
0.995  

(0.99, 1.00) 
0.282 0.96 (0.90, 1.04) 0.329 

HDL (mg/dL) 100 NA 
1.003  

(0.97, 1.04) 
0.863 1.05 (0.97, 1.14) 0.235 

LDL (mg/dL) 100 NA 
0.995  

(0.99, 1.01) 
0.317 1.02 (0.94, 1.09) 0.660 

OR: Odds Ratio; CI: Confidence Interval; *. Statistically significant p-value (<0.05),  
binary logistic regression  

 
In the current study, we aimed to assess 
the association between VEGF rs2010963 
(+405 C/G) polymorphism and acute coro-
nary syndrome. Therefore, we enrolled 
fifty patients diagnosed of ACS (72% males, 
28% females) with a mean age 61.0 ± 12.2 
and fifty normal subjects (58% males, 42% 
females) with a mean age 59.1 ± 11.2. Both 
groups were sex and age-matched. In our 
study, most of the risk factors; hyperten-
sion, smoking, and dyslipidemia were high 
in both groups with no statistically signifi-
cant difference in agreement with the 

results of different studies that addressed 
the same topic(30,31). Other studies showed 
that the majority of cardiovascular risk fac-
tors were more frequent in ACS group than 
those with normal coronary artery(31). In 
this regard, the prevalence of hyper-
lipidemia and smoking were higher in the 
ACS group compared to the non-ACS 
group. While in our study, DM was signifi-
cantly higher among the ACS group (20%) 
than the control group with P= 0.037, 
these results were in agreement with the 
results obtained by Ferrannini G. et al. who 
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concluded that CAD was more prevalent 
among participants with Type 2 diabetes 
mellitus (HbA1c 6.7 ± 1.1%) than those with-
out diabetes and with findings of kalayi 
Nia, S. et al, who demonstrated that diabe-
tes mellitus was higher in the CAD group 
compared to non- CAD group(31,32). Accord-
ing to our study, WBCs count was signifi-
cantly higher in ACS group than in the con-
trol group. These results are similar to the 
results obtained by Takeda Y. et al who 
showed that WBC baseline counts in pa-
tients with ACS were higher than those of 
the healthy participants. Also, hyperten-
sion, hyperlipidemia, and HBA1c fraction ≥ 
6.1% had a significant relationship with cor-
onary artery disease(33). Single nucleotide 
polymorphisms at certain locations can 
predict an individual suscibtibility to envi-
ronmental factors. Some SNPs can affect 
gene function by affecting its expression 
and dectating their alternative splicing de-
cisions and post translational modifica-
tions(34). In the current study, the percent-
age distribution of VEGF gene rs2010963 
showed that the heterozygous variant 
(GC) was the most prevalent (47%) , fol-
lowed by the wild type (normal variant 
(GG) with percentage (33%) and the mu-
tant homozygous variant (CC) with per-
centage (20%) . Also, the percentage of mu-
tant homozygous variant was higher 
among ACS patients than in control individ-
uals with percentages (10%) and (30%) re-
spectively with statistically significant dif-
ferences (OR=4.07, 95%CI=1.20-13.86; P= 
0.025). The wild type showed higher fre-
quency in the control group than in ACS pa-
tients with percentages (38%) and (28%) re-
spectively as well as the heterozygous var-
iant was higher in the control group than in 
ACS patients with percentages (52%) and 
(42%) respectively. Also, according to our 
results, Minor allele frequency (C allele) 
was significantly higher among ACS pa-
tients compared to the control group (51% 

vs 36%), P=0.033. These results were similar 
to those showed by kalayi Nia, S. et al 
which concluded that there was an associ-
ation between the CC genotype of VEGF 
+405 C/G polymorphism and ACS (OR=3.65, 
95%CI=1.53–8.72; P=0.003) and no signifi-
cant association between the heterozy-
gote model (GC) of VEGF +405 C/G poly-
morphism and ACS risk (P=0.175)(32). In con-
trast to our study, Moradzadegan A. et al 
concluded a strong and significant relation-
ship between VGEF +405 C/G polymor-
phism G allele and increased risk of ACS in 
diabetic patients after adjustment for the 
presence of normal lipids and absence of 
history of increased blood pressure with 
OR=2.25 (95% CI= 1.03–4.9, p=0.043). The 
presence of G allele increased the risk of 
CAD 1.75-fold (p=0.024)(35). While the study 
conducted by Wang Y. et al showed that 
VEGF +405 C/G polymorphism wasn’t asso-
ciated with risk of overall CAD. However, in 
a subgroup analysis by the type of ACS, the 
polymorphism was associated with MI risk 
(CC vs. GG: OR = 1.62; 95% CI, 1.05 - 2.50; P = 
0.029; CC vs. CG+GG: OR = 1.51; 95% CI, 1.01 - 
2.27; P = 0.047)(36). Regarding our study, 
the recessive model was statistically signif-
icant with an OR of 3.86 (95% CI: 1.28-11.64, 
P=0.017) while the odds ratio for the domi-
nant model was 1.58, it was not statistically 
significant (95% CI: 0.68-3.65, p= 0.289). 
Similar to these results, Ma, WQ. et al 
showed that the association between VEGF 
+405 C/G polymorphism and ACS risk was 
found in the recessive and homozygous ge-
netic models (CC vs. GG + GC: OR = 1.45, 
95% CI = 1.03–2.05; CC vs. GG: OR = 1.57, 95% 
CI = 1.02–2.42). Stratification by sample 
size indicated that this SNP was signifi-
cantly associated with ACS risk for small 
sample sizes compared to large sample 
sizes in several genetic models (CC vs. 
GG + GC: OR = 1.52, 95% CI = 1.01–2.33; CC vs. 
GG: OR = 2.03, 95% CI = 1.26–3.28; C vs. G: 
OR = 1.27, 95% CI = 1.03–1.78. No significant 
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associations were observed following a 
subgroup analysis by ethnicity and control 
source(37). Several limitations in our study 
should be addressed. First, the relatively 
small sample size and the study design that 
is confined to a single ethnic group, could 
limit this analysis. Also, we only analyzed 
the +405 C/G polymorphism regardless of 
other polymorphisms related to the sus-
ceptibility of CAD and its clinical outcomes. 

Conclusion 

The current study supports the existence 
of an association between VEGF gene poly-
morphisms (rs2010963) and susceptibility 
to ACS so it could be considered as a ge-
netic marker for predicting ACS in the 
Egyptian population. 

References 

1. Fanaroff AC, Rymer JA, Goldstein SA, 
et al. Does This Patient With Chest Pain 
Have Acute Coronary Syndrome?: The 
Rational Clinical Examination System-
atic Review. JAMA. 2015 Nov 
10;314(18):1955-65. 

2. Cornara S, Crimi G, Somaschini A, et al. 
Systemic inflammatory status is associ-
ated with increased platelet reactivity 
in the early period after acute coronary 
syndromes. Platelets. 2018 
Jul;29(5):528-530. 

3. Lin Y, Chen H, Wang Y, et al. Associa-
tion of serum ADAMTS7 levels and ge-
netic variant rs1994016 with acute cor-
onary syndrome in a Chinese popula-
tion: A case-control study. Atheroscle-
rosis. 2018 Aug;275:312-318. 

4. Fox KA, Carruthers KF, Dunbar DR, et 
al. Underestimated and under-recog-
nized: the late consequences of acute 
coronary syndrome (GRACE UK-Bel-
gian Study). Eur Heart J. 2010 
Nov;31(22):2755-64. 

5. Alberty R, Studenčan M, Kovář F. Prev-
alence of Conventional Cardiovascular 
Risk Factors in Patients with Acute 

Coronary Syndromes in Slovakia. Cent 
Eur J Public Health. 2017 Mar;25(1):77-
84. 

6. Imbalzano E, Vatrano M, Quartuccio S, 
et al. Effect of type D personality on 
smoking status and their combined im-
pact on outcome after acute myocar-
dial infarction. Clin Cardiol. 2018 
Mar;41(3):321-325. 

7. Lamelas P, Schwalm JD, Quazi I, et al. 
Effect of Body Mass Index on Clinical 
Events After Acute Coronary Syn-
dromes. Am J Cardiol. 2017 Nov 
1;120(9):1453-1459. 

8. Long A, Long B, Koyfman A. Non-tradi-
tional risk factors for atherosclerotic 
disease: A review for emergency physi-
cians. Am J Emerg Med. 2018 
Mar;36(3):494-497. 

9. Sumaya W, Wallentin L, James SK, et al. 
Fibrin clot properties independently 
predict adverse clinical outcome fol-
lowing acute coronary syndrome: a 
PLATO substudy. Eur Heart J. 2018 Apr 
1;39(13):1078-1085. 

10. Zhang J, Wu X, Gao P, et al. Correla-
tions of serum cystatin C and glomeru-
lar filtration rate with vascular lesions 
and severity in acute coronary syn-
drome. BMC Cardiovasc Disord. 2017 
Jan 31;17(1):47. 

11. Sharaf El Din UAA, Salem MM, Ab-
dulazim DO. Uric acid in the pathogen-
esis of metabolic, renal, and cardiovas-
cular diseases: A review. J Adv Res. 
2017 Sep;8(5):537-548. 

12. Dong CH, Wang ZM, Chen SY. Neutro-
phil to lymphocyte ratio predict mor-
tality and major adverse cardiac events 
in acute coronary syndrome: A system-
atic review and meta-analysis. Clin Bio-
chem. 2018 Feb;52:131-136. 

13. Ozkan B, Uysal OK, Duran M, et al. Re-
lationship between mean platelet vol-
ume and atherosclerosis in young pa-
tients with ST elevation myocardial in-
farction. Angiology. 2013 Jul;64(5):371-
4.  

14. Meier P, Gloekler S, Zbinden R, et al. 
Beneficial effect of recruitable 



 
21 VEGF Gene polymorphism and Acute Coronary Syndrome 

 
 

collaterals: a 10-year follow-up study in 
patients with stable coronary artery 
disease undergoing quantitative collat-
eral measurements. Circulation. 2007 
Aug 28;116(9):975-83. 

15. Ylä-Herttuala S, Rissanen TT, Vajanto I, 
et al. Vascular endothelial growth fac-
tors: biology and current status of clin-
ical applications in cardiovascular med-
icine. J Am Coll Cardiol. 2007 Mar 
13;49(10):1015-26. 

16. Watson CJ, Webb NJ, Bottomley MJ, et 
al. Identification of polymorphisms 
within the vascular endothelial growth 
factor (VEGF) gene: correlation with 
variation in VEGF protein production. 
Cytokine. 2000 Aug;12(8):1232-5. 

17. Renner W, Kotschan S, Hoffmann C, et 
al. A common 936 C/T mutation in the 
gene for vascular endothelial growth 
factor is associated with vascular endo-
thelial growth factor plasma levels. J 
Vasc Res. 2000 Nov-Dec;37(6):443-8. 

18. Paré-Brunet L, Glubb D, Evans P, et al. 
Discovery and functional assessment 
of gene variants in the vascular endo-
thelial growth factor pathway. Hum 
Mutat. 2014 Feb;35(2):227-35. 

19. Bleda S, De Haro J, Varela C, et al. Im-
pact of VEGF polymorphisms on the se-
verity of peripheral artery disease in di-
abetic patients. Growth Factors. 2012 
Oct;30(5):277-82. 

20. Liu C, Zhou X, Gao F, et al. Correlation 
of genetic polymorphism of vascular 
endothelial growth factor gene with 
susceptibility to lung cancer. Cancer 
Gene Ther. 2015 Jun;22(6):312-6. 

21. Miyazawa-Hoshimoto S, Takahashi K, 
Bujo H, et al. Elevated serum vascular 
endothelial growth factor is associated 
with visceral fat accumulation in hu-
man obese subjects. Diabetologia. 
2003 Nov;46(11):1483-8. 

22. Stepinska J, Lettino M, Ahrens I, et al. 
Diagnosis and risk stratification of 
chest pain patients in the emergency 
department: focus on acute coronary 
syndromes. A position paper of the 
Acute Cardiovascular Care Association. 

Eur Heart J Acute Cardiovasc Care. 
2020 Feb;9(1):76-89. 

23. Hansson GK. Inflammation, atheroscle-
rosis, and coronary artery disease. N 
Engl J Med. 2005 Apr 21;352(16):1685-
95. 

24. Malakar AK, Choudhury D, Halder B, et 
al. A review on coronary artery disease, 
its risk factors, and therapeutics. J Cell 
Physiol. 2019 Aug;234(10):16812-16823.  

25. Zhao Q, Egashira K, Inoue S, et al. Vas-
cular endothelial growth factor is nec-
essary in the development of arterio-
sclerosis by recruiting/activating mon-
ocytes in a rat model of long-term inhi-
bition of nitric oxide synthesis. Circula-
tion. 2002 Mar 5;105(9):1110-5. 

26. Howell WM, Ali S, Rose-Zerilli MJ, et al. 
VEGF polymorphisms and severity of 
atherosclerosis. J Med Genet. 2005 
Jun;42(6):485-90. 

27. Morsi WG, Shaker OG, Ismail EF, et al. 
HO-1 and VGEF gene expression in hu-
man arteries with advanced athero-
sclerosis. Clin Biochem. 2006 
Nov;39(11):1057-62.  

28. Petrovic D, Verhovec R, Globocnik Pe-
trovic M, et al. Association of vascular 
endothelial growth factor gene poly-
morphism with myocardial infarction 
in patients with type 2 diabetes. Cardi-
ology. 2007;107(4):291-5. 

29. Biselli PM, Guerzoni AR, de Godoy MF, 
et al. Vascular endothelial growth fac-
tor genetic variability and coronary ar-
tery disease in Brazilian population. 
Heart Vessels. 2008 Nov;23(6):371-5.  

30. Li L, Pan Y, Dai L, et al. Association of 
Genetic Polymorphisms on Vascular 
Endothelial Growth Factor and its Re-
ceptor Genes with Susceptibility to 
Coronary Heart Disease. Med Sci 
Monit. 2016 Jan 4;22:31-40. 

31. Ferrannini G, Manca ML, Magnoni M, et 
al. Coronary Artery Disease and Type 2 
Diabetes: A Proteomic Study. Diabetes 
Care. 2020 Apr;43(4):843-851. doi: 
10.2337/dc19-1902. Epub 2020 Jan 27. 
Erratum in: Diabetes Care. 2021 
Apr;44(4):1071. 



 
Fathy MH. et al. 22 

 
 

32. Kalayi Nia S, Ziaee S, Boroumand MA, 
et al. The impact of vascular endothe-
lial growth factor +405 C/G polymor-
phism on long-term outcome and se-
verity of coronary artery disease. J Clin 
Lab Anal. 2017 Jul;31(4):e22066. 

33. Takeda Y, Suzuki S, Fukutomi T, et al. 
Elevated white blood cell count as a 
risk factor of coronary artery disease: 
inconsistency between forms of the 
disease. Jpn Heart J. 2003 
Mar;44(2):201-11. 

34. Mucaki EJ, Shirley BC, Rogan PK. Ex-
pression Changes Confirm Genomic 
Variants Predicted to Result in Allele-
Specific, Alternative mRNA Splicing. 
Front Genet. 2020 Mar 5;11:109.  

35. Moradzadegan A, Vaisi-Raygani A, 
Nikzamir A, et al. Angiotensin convert-
ing enzyme insertion/deletion (I/D) 
(rs4646994) and Vegf polymorphism 
(+405G/C; rs2010963) in type II diabetic 
patients: Association with the risk of 
coronary artery disease. J Renin Angio-
tensin Aldosterone Syst. 2015 
Sep;16(3):672-80. 

36. Wang Y, Huang Q, Liu J, et al. Vascular 
endothelial growth factor A polymor-
phisms are associated with increased 
risk of coronary heart disease: a meta-
analysis. Oncotarget. 2017 May 
2;8(18):30539-30551. 

37. Ma WQ, Wang Y, Han XQ, et al. Associ-
ation of genetic polymorphisms in vas-
cular endothelial growth factor with 
susceptibility to coronary artery dis-
ease: a meta-analysis. BMC Med Genet. 
2018 Jul 4;19(1):108. 

 


