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Abstract 
Coronary artery diseases comprise a spectrum of disorders affecting the heart 
and blood vessels, characterized by reduced blood supply to the heart, often 
resulting from narrowing or obstruction of the coronary arteries. These con-
ditions arise from an interaction between environmental and genetic factors, 
including the endothelial nitric oxide synthase (eNOS) gene. This study aimed 
to investigate the involvement of eNOS gene polymorphism in the occurrence 
of coronary artery disease in the Beninese population of Cotonou. An un-
matched case-control observational analytical study was conducted from June 
to December 2019. The G894T polymorphism (rs1799983) of the eNOS gene 
was analyzed using the restriction fragment length polymorphism (RFLP) 
technique, following DNA extraction from whole blood samples. Fasting hy-
perglycemia was observed in 28.9% of cases compared to 2.6% of controls, and 
Asp298/Asp298 homozygosity was found in 7.89% of cases versus 2.63% of 
controls. Although the difference was not statistically significant, a trend to-
ward an association with cardiovascular pathology was observed. This study 
revealed a high frequency of metabolic abnormalities in cases compared to 
controls and suggests a potential association between Asp298 allele homozy-
gosity of the eNOS gene and the occurrence of cardiovascular diseases. The 
G894T polymorphism (rs1799983) of the eNOS gene may play a role in reduc-
ing nitric oxide bioavailability and endothelial dysfunction. 
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1. Introduction 

Cardiovascular diseases, particularly coronary artery diseases, represent a major 
cause of mortality worldwide, with an increasing burden in low- and middle-in-
come countries such as Benin [1] [2]. Coronary artery diseases result from a com-
plex atherosclerotic process influenced by both environmental and genetic factors 
[3]. Among the molecular factors involved in the pathophysiology, nitric oxide 
(NO) plays a crucial role as a vasodilator, anti-inflammatory, and antithrombotic 
mediator [4]. The synthesis of nitric oxide in the endothelium is catalyzed by the 
enzyme endothelial nitric oxide synthase (eNOS), encoded by the NOS3 gene [5]. 
The eNOS gene, located on chromosome 7 (7q35-36), spans 21 kb and comprises 
26 exons and 25 introns [6]. Approximately 10 polymorphic loci are distributed 
throughout the promoter, exonic, and intronic regions of the eNOS gene [7]. A 
common mutation resulting in amino acid substitutions in mature proteins is the 
G894T or Glu298Asp (rs1799983) variant, where a guanine-to-thymine substitu-
tion leads to the replacement of glutamic acid (Glu) with aspartic acid (Asp) at 
position 298 in exon 7 [7]. This genetic variant has been associated with impaired 
NO production and endothelial dysfunction, potentially contributing to the de-
velopment of atherosclerosis and coronary artery diseases [7] [8]. Studies con-
ducted across diverse populations have demonstrated significant associations be-
tween the G894T polymorphism and coronary artery disease risk, although find-
ings sometimes vary across ethnic and geographic contexts [9] [10]. In sub-Sa-
haran Africa, data regarding this association remain scarce, particularly in Benin, 
where cardiovascular diseases are increasingly prevalent yet remain understudied 
from a molecular perspective. This study aims to investigate the contribution of 
the eNOS G894T polymorphism to coronary artery disease in the Beninese pop-
ulation of Cotonou, with the objective of enhancing understanding of underlying 
genetic factors. 

2. Methods 
2.1. Study Setting 

The Cardiology Department of the Hubert Koutoukou Maga National Hospital 
and University Center (CNHU-HKM) in Cotonou served as the recruitment site 
for study participants. All laboratory procedures were conducted at the Histology, 
Reproductive Biology, Cytogenetics, and Medical Genetics Laboratory (LHBRCGM) 
of the Institute of Applied Biomedical Sciences (ISBA) in Cotonou. 

2.2. Study Design and Period  

An observational analytical case-control study was conducted from June to De-
cember 2019. Case identification required retrospective review of patient medical 
records. 

2.3. Study Population 

The study population consisted of patients undergoing treatment for coronary ar-
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tery disease at the CNHU-HKM Cardiology Department and healthy control sub-
jects without coronary artery disease recruited from the general population. 

2.4. Inclusion Criteria 

Cases were defined as patients receiving monitoring or hospitalization for coro-
nary artery disease at the CNHU-HKM Cardiology Department who provided in-
formed consent. Controls were individuals without coronary artery disease who 
similarly provided informed consent. 

2.5. Exclusion Criteria 

All subjects (both patients and controls) who declined participation or failed to 
provide complete necessary information were excluded from the study. 

2.6. Sampling 

Our study is an unmatched case-control study. Cases included all patients diag-
nosed with coronary artery disease and admitted to the cardiology department of 
CNHU-HKM during the study period who met the inclusion criteria. Controls 
were selected independently from the general population and were matched to 
cases based on age group and sex to minimize confounding factors related to these 
variables. This means that controls were not matched individually to cases, but 
rather selected to reflect the overall distribution of cases in terms of age and sex. 

2.7. DNA Extraction and G894T (rs1799983) eNOS Gene 
Genotyping 

Following medical record review using a standardized data collection form, sup-
plemented by phone calls and patient interviews, 5 mL of peripheral blood was 
collected from each participant into EDTA-containing tubes. DNA extraction was 
performed using the organic phenol-chloroform method [11] [12]. DNA quanti-
fication was determined using a UV-visible spectrophotometer (Thermo Scien-
tific Evolution 60S). The G894T polymorphism (rs1799983) of the eNOS gene was 
analyzed by conventional PCR in a 25 µL reaction mixture containing 1 × PCR 
buffer, 0.2 µM dNTPs, 1.5 mM MgCl2, 0.2 µM of each primer (forward and re-
verse) (Table 1), and 0.08 U of Taq polymerase. Amplification was followed by 
digestion with MboI restriction endonuclease at 37˚C for 16 hours and resolution 
by electrophoresis on a 2.5% agarose gel [7]. The 206 bp PCR product was digested 
into 119 bp and 87 bp fragments when the T nucleotide was present at position 
894 (corresponding to Asp298) [7]. The reaction mixtures were subjected to the 
amplification programs detailed in Table 2. 

 
Table 1. Primer sequence for eNOS. 

Primers Meaning Sequences Height (pb) 

eNOS 
Fw 5’ CATGAGGCTCAGCCCCAGAAC 3’ 

206 
Rv 5’ AGTCAATCCCTTTGGTGCTCAC 3’ 
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Table 2. Amplification program for the G894T (rs1799983) polymorphism in eNOS genes 

 Amplification program 

Gene eNOS 
Denaturation Denaturation Hybridation Elongation Elongation 

95˚C (5 min) 95˚C (1 min) 60˚C (1 min) 70˚C (5 min) 72˚C (10 min) 

   30X   

2.8. Study Population 

Informed consent was obtained from all participants prior to their inclusion in 
the study. All collected data were treated with strict confidentiality. Patient ano-
nymity was maintained throughout the research process, and specific approval 
was obtained before blood sample collection. 

2.9. Ethical Consideration 

Informed consent was obtained from patients before their inclusion in the study. 
The information collected during this survey was strictly confidential. Patient an-
onymity was maintained, and their consent was obtained before blood samples 
were taken. 

3. Results 
3.1. Socio-Epidemiological Characteristics 

The study enrolled 76 participants, comprising 38 cases and 38 matched controls. 
The mean age of the study population was 53.09 ± 11.03 years (range: 35 - 78 
years). The 35 - 45 age group was most represented, constituting 34.2% of partic-
ipants. Cases demonstrated a significantly higher mean age (58.52 ± 9.73 years) 
compared to controls (47.65 ± 9.56 years). Male participants predominated (84.2%), 
with an overall sex ratio of 5.33 (4.33 among cases and 6.6 among controls). 
Hypertension and diabetes were the most prevalent cardiovascular risk factors 
(CVRFs) among patients, with 18 cases (47.4%) presenting more than two con-
current CVRFs. 

3.2. Clinical Presentations of Coronary Artery Disease 

Among the 38 cases, 30 patients (78.9%) presented with ST-segment elevation 
myocardial infarction (STEMI), while the remaining 8 patients (21.1%) exhibited 
non-ST-segment elevation acute coronary syndrome (NSTEMI) with elevated tro-
ponin Ic levels. 

3.3. Biochemical Parameters 

Significant differences in metabolic parameters were observed between groups. 
Fasting hyperglycemia was present in 11 cases (28.9%) compared to 1 control 
(2.6%). Total hypercholesterolemia was identified in 1 case versus 2 controls, 
while LDL hypercholesterolemia was documented in 6 cases and 8 controls. A 
substantial proportion of cases (18/38, 47.4%) demonstrated HDL hypocholester-
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olemia compared to controls (8/38, 21.1%). Hypertriglyceridemia was observed in 
4 cases and 1 control. Abnormal serum creatinine levels were noted in 34.2% of 
cases compared to 2.6% of controls. Assessment of renal function using the sim-
plified MDRD formula revealed reduced glomerular filtration rate in 20 cases 
(52.6%) versus 1 control (2.6%). 

3.4. G8947 Polymorphism (rs 1799983) of the eNOS Gene 

Search for the eNOS gene in subjects 
Genotyping analysis  
Figure 1 shows the profiles of the subjects after agarose gel electrophoresis of 

the PCR products following enzymatic digestion with MboI. 
 

 
Figure 1. Electrophoretic profile of subjects after enzymatic digestion. 
 

Biallelic polymorphism in exon 7 of the NOS 3 gene detected by enzymatic di-
gestion with MboI restriction of the 206 bp PCR product. Migration wells 1, 2, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 showed restriction patterns corresponding to 
homozygosity for Glu298; migration well 3 showed a restriction pattern corre-
sponding to homozygosity for Asp298. Homozygosity for Asp298 was found in 03 
(7.89%) cases and 01 (2.63%) controls. 

No formal a priori sample size calculation could be performed because the 
study included all eligible cases of coronary artery disease available during the 
study period. However, a post hoc power analysis was performed to assess the 
study’s ability to detect the observed effect size. With a total sample of 76 partici-
pants (38 cases and 38 controls) and an allele frequency of Asp298 ranging from 
2.6% in controls to 7.9% in cases, the study had an estimated statistical power of 
approximately 60% - 70% to detect an odds ratio of 3.0 or greater at a significance 
level of 5%. Although modest, this level of power is acceptable for exploratory 
genetic association studies conducted in low-resource settings and confirms the 
relevance of the observed trend toward an association between Asp298 homozy-
gosity and coronary artery disease. Larger studies will nevertheless be necessary 
to confirm these results with higher statistical power. Table 3 shows us the geno-
type and allele frequencies, Hardy-Weinberg equilibrium, an association test, and 
a χ2 test. 
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Table 3. Genotypic and allelic frequencies, Hardy-Weinberg equilibrium, and an association test and a χ2 test. 

Group Genotypes (n) 
Genotypes  

frequencies (%) 
Alleles (n) 

Alleles  
frequencies (%) 

HWE χ2 (p) 

Subjects (n = 38) 

Glu/Glu = 35 92.1% Glu = 70 92.11% 38.00 (p ≈ 7.07 × 10−10) 

Glu/Asp = 0 0.0% Asp = 6 7.89%  

Asp/Asp = 3 7.9%    

Control subjects 
(n = 38) 

Glu/Glu = 37 97.4% Glu = 74 97.37% 38.00 (p ≈ 7.07 × 10−10) 

Glu/Asp = 0 0.0% Asp = 2 2.63%  

Asp/Asp = 1 2.6%    

3.5. Interaction between the G894T (rs1799983) Polymorphism 
of the eNOS Gene and Predisposition to Coronary Artery 
Disease 

The impact of the G894T (rs1799983) polymorphism of the eNOS gene on sus-
ceptibility to coronary artery disease and their reciprocal interaction were assessed 
using the logistic regression model summarized in Table 4. 
 
Table 4. Impact of the G894T eNOS polymorphism on susceptibility to coronary artery 
disease.  

 Control subjects Subjects OR** IC RPr*** 

Negative 37 (51.39%) 35 (48.61%) 1 - 1 

Positive 01 (25%) 03 (75%) 3.17 1.34 - 29.09 1.54 

*reference modality; **: odds ratio, also known as relative risk ratio, is a statistical measure 
expressing the degree of dependence between qualitative random variables; ***: prevalence 
ratio. 
 

With an odds ratio of 3.17, we can say that subjects carrying the G894T allele 
of the eNOS gene are 3.17 times more likely to develop coronary artery disease 
than controls.  

4. Discussion 

This study investigated cases with coronary artery disease and control subjects 
with a mean age of 53.09 ± 11.03 years. Our findings are consistent with research 
by Arafa et al. [13] in 2018, who reported a mean age of 55 ± 9.9 years in an Egyp-
tian case-control population, though their study examined both eNOS and Apo E 
genes as potential risk factors for coronary artery disease. Similarly, work by 
Younan et al. in 2014 identified a mean age of 51.71 ± 8.97 years in an Egyptian 
population with coronary and carotid atherosclerotic disease [14]. 

The results of our study revealed a high frequency of metabolic disorders 
among patients compared to controls, particularly regarding glycemic parame-
ters, lipid profile, and renal function. Fasting hyperglycemia was observed in 
28.9% of cases versus 2.6% of controls, suggesting a higher prevalence of glucose 
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regulation disorders among cases. Hyperglycemia is a well-established risk factor 
for renal and cardiovascular complications and is frequently associated with lipid 
abnormalities such as hypertriglyceridemia and reduced HDL cholesterol [15]. 
Regarding lipid profile, one case exhibited total hypercholesterolemia compared 
to two controls. HDL-C hypocholesterolemia was significantly more prevalent in 
cases (47.4%) than controls (21.1%), consistent with the typical dyslipidemic phe-
notype observed in patients with chronic kidney disease (CKD) [15] [16]. This 
observation aligns with work by Shiqi et al. in 2021, which demonstrated that an 
elevated TG/HDL-C ratio serves as an independent predictor of declining glomer-
ular filtration rate (GFR), particularly in elderly subjects [17]. Abnormal serum 
creatinine levels were present in 34.2% of cases compared to only 2.6% of controls, 
indicating moderate to severe renal impairment. This trend was confirmed by 
GFR assessment using the MDRD formula, which revealed reduced GFR in 52.6% 
of cases versus a single control (2.6%). These findings are consistent with existing 
literature. In a retrospective cohort study, Nagayama et al. observed that lipid dis-
orders, particularly elevated triglycerides and reduced HDL-C, are significantly 
associated with progressive GFR decline [18]. Furthermore, work by James demon-
strated that the TG/HDL-C ratio is a robust predictive marker for chronic kidney 
disease risk, independent of other metabolic factors [19]. This association may be 
explained by mechanisms of lipotoxicity, endothelial dysfunction, and chronic in-
flammation observed in contexts of lipid abnormalities and metabolic stress [20]. 

The human endothelial nitric oxide synthase (eNOS) gene is considered one of 
the genes associated with cardiovascular conditions. In the present study, homo-
zygosity for the Asp298 allele of the eNOS gene was identified in 7.89% of cases 
versus 2.63% of controls. Although this difference was not statistically significant 
due to the relatively small sample size, it suggests a potential association between 
the Asp/Asp genotype and coronary artery disease occurrence. This finding aligns 
with several previous studies indicating that the Asp298 variant of the eNOS gene 
may impair endothelial nitric oxide synthase activity, thereby reducing nitric ox-
ide (NO) production—a crucial vasodilator regulating vascular tone and endothe-
lial function [7] [8] [21]. NO plays an important protective role in cardiovascular 
function by inhibiting platelet aggregation, vascular smooth muscle cell prolifer-
ation, and leukocyte adhesion to the vascular wall [22]. Decreased NO production 
may promote prothrombotic phenomena, vascular inflammation, or endothelial 
dysfunction, all of which are implicated in the pathophysiology of cardiovascular 
diseases [4] [23]. 

Recent and classic studies show that the Glu298Asp (rs1799983) polymorphism 
of the eNOS (NOS3) gene plays an important role in the pathophysiology of cor-
onary artery disease. In a study conducted in 2024 by Vecoli1 et al. involving 506 
patients suspected of having stable coronary artery disease, the Asp298 allele was 
independently associated with induced myocardial ischemia, even after adjusting 
for obstructive coronary lesions and other traditional risk factors [24]. This is con-
sistent with the results found in our study, except that the sample size in our study 
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is not significant. In terms of coronary heart disease (CHD), a meta-analysis of 39 
case-control studies (7489 cases, 7051 controls) showed that the Asp genotype (vs. 
Glu) is significantly associated with increased susceptibility to CHD [25]. Earlier, 
another meta-analysis of 26 studies (23,028 subjects) had already shown that 
Asp/Asp homozygosity moderately increases the risk of ischemic heart disease 
(OR ≈ 1.31) [26]. 

A major meta-analysis combining 39 studies involving over 10,000 coronary 
artery disease cases revealed a significant association between Asp/Asp homozy-
gosity and increased coronary artery disease risk (OR = 1.31; 95% CI: 1.13 - 1.51) 
[24] [25]. Similarly, a study conducted in Greece demonstrated that individuals 
carrying the Asp298 allele had an almost twofold increased risk of myocardial in-
farction [26] [27]. However, the low frequency of this homozygosity in both groups, 
along with the modest difference between cases and controls, requires cautious 
interpretation. Moreover, studies conducted in different populations have reported 
variable frequencies of this mutation, suggesting potential influences of ethnic or 
environmental factors on the distribution of eNOS gene polymorphisms [28] [29]. 
However, the low frequency of this homozygosity in both groups, as well as the 
modest difference between cases and controls, must be interpreted with caution. 

It is important to note that multifactorial diseases such as coronary artery dis-
eases sometimes exhibit variable phenotypes across populations [30]. It should be 
noted that Fathelbab’s 2025 study of 100 patients with acute coronary syndrome 
who underwent coronary angiography showed that the c.894G>T polymorphism 
of eNOS is associated with an increased risk of coronary artery dilation but does 
not appear to contribute significantly to atherosclerotic coronary artery disease 
[31]. Although several studies have reported an association between eNOS gene 
polymorphism and coronary artery diseases, other investigations, particularly 
those by Hibi et al. and Yoon et al., found no relationship between this polymor-
phism and coronary artery disease risk [32] [33].  

It is important to note that multifactorial diseases such as coronary artery dis-
ease sometimes present a variable phenotype from one population to another [30]. 
Although several studies have reported a link between eNOS gene polymorphism 
and coronary artery disease, other studies, notably those conducted by Hibi et al. 
and Yoon et al., have reported that there is no link between this polymorphism 
and the risk of developing coronary artery disease [28] [34]. This perfectly illus-
trates the multifactorial nature of coronary artery disease, with interaction be-
tween genetic susceptibility factors and environmental factors. 

Our study warrants further investigation on a larger sample size in order to 
analyze the combined effect of this mutation with other cardiovascular risk factors 
(hypertension, smoking, diabetes, dyslipidemia, etc.). In addition, a functional 
analysis could be considered in order to better understand the pathophysiological 
impact of the Asp/Asp genotype in the Beninese population. 
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5. Limits 

This study has several limitations. The relatively small sample size limits statistical 
power and may restrict the detection of modest associations. Selection bias cannot 
be ruled out due to the participant recruitment methods. Finally, despite adjusting 
for relevant variables, residual confounding factors remain possible, particularly 
those that were not measured. 

6. Conclusion 

This study demonstrated a high prevalence of metabolic abnormalities among 
cases, including fasting hyperglycemia, low HDL cholesterol, moderate hypertri-
glyceridemia, and impaired renal function. The findings suggest a potential asso-
ciation between Asp298 allele homozygosity of the eNOS gene and cardiovascular 
disease development. Although the frequencies observed in our sample do not es-
tablish statistical significance, they align with existing literature that attributes a 
potential role to this polymorphism in reducing nitric oxide bioavailability and 
promoting endothelial dysfunction. However, ethnic variability and genotype-en-
vironment interactions may influence both the distribution and clinical expres-
sion of this variant. Future large-scale studies incorporating combined genetic ap-
proaches and precise clinical data are necessary to confirm these observations and 
further elucidate the contribution of the Asp298 polymorphism to cardiovascular 
risk in the Beninese population. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] World Health Organization (WHO) (2012) World Health Statistics 2025: Monitoring 

Health for the SDGs, Sustainable Development Goals.  

[2] N’Guetta, R., Yao, H., Ekou, A., N’Cho-Mottoh, M.P., Angoran, I., Tano, M., et al. 
(2016) Prévalence et caractéristiques des syndromes coronariens aigus dans une pop-
ulation d’Afrique subsaharienne. Annales de Cardiologie et d’Angéiologie, 65, 59-63.  
https://doi.org/10.1016/j.ancard.2016.01.001 

[3] Choukrallah, H., Choukrani, H., Mokri, A. and Benouna, G. (2022) La maladie coro-
narienne: Facteurs de risque et Traitement. International Journal of Medical Reviews 
and Case Reports, 6, 80-85. https://doi.org/10.5455/ijmrcr.lamaladiecoronarienne 

[4] Forstermann, U. and Sessa, W.C. (2011) Nitric Oxide Synthases: Regulation and 
Function. European Heart Journal, 33, 829-837.  
https://doi.org/10.1093/eurheartj/ehr304 

[5] Guerby, P. (2020) Dysfonction de la Nitric Oxide Synthase endothéliale au cours de 
la pré-éclampsie: Rôle du glutathion et du stress oxydant. Master’s Thesis, Université 
de Toulouse. 

[6] Shi, J., Liu, S., Guo, Y., Liu, S., Xu, J., Pan, L., et al. (2021) Association between Enos 
Rs1799983 Polymorphism and Hypertension: A Meta-Analysis Involving 14,185 
Cases and 13,407 Controls. BMC Cardiovascular Disorders, 21, Article No. 385.  
https://doi.org/10.1186/s12872-021-02192-2 

https://doi.org/10.4236/ojgen.2026.161001
https://doi.org/10.1016/j.ancard.2016.01.001
https://doi.org/10.5455/ijmrcr.lamaladiecoronarienne
https://doi.org/10.1093/eurheartj/ehr304
https://doi.org/10.1186/s12872-021-02192-2


S. Azonbakin et al. 
 

 

DOI: 10.4236/ojgen.2026.161001 10 Open Journal of Genetics 
 

[7] Hingorani, A.D., Liang, C.F., Fatibene, J., Lyon, A., Monteith, S., Parsons, A., et al. 
(1999) A Common Variant of the Endothelial Nitric Oxide Synthase (Glu298→Asp) Is 
a Major Risk Factor for Coronary Artery Disease in the Uk. Circulation, 100, 1515-
1520. https://doi.org/10.1161/01.cir.100.14.1515 

[8] Tesauro, M., Thompson, W.C., Rogliani, P., Qi, L., Chaudhary, P.P. and Moss, J. 
(2000) Intracellular Processing of Endothelial Nitric Oxide Synthase Isoforms Asso-
ciated with Differences in Severity of Cardiopulmonary Diseases: Cleavage of Pro-
teins with Aspartate vs. Glutamate at Position 298. Proceedings of the National Acad-
emy of Sciences of the United States of America, 97, 2832-2835.  
https://doi.org/10.1073/pnas.97.6.2832 

[9] Li, X., Lin, Y. and Zhang, R. (2018) Associations between Endothelial Nitric Oxide 
Synthase Gene Polymorphisms and the Risk of Coronary Artery Disease: A System-
atic Review and Meta-Analysis of 132 Case-Control Studies. European Journal of Pre-
ventive Cardiology, 26, 160-170. https://doi.org/10.1177/2047487318780748 

[10] Shimasaki, Y., Yasue, H., Yoshimura, M., Nakayama, M., Kugiyama, K., Ogawa, H., 
et al. (1998) Association of the Missense Glu298asp Variant of the Endothelial Nitric 
Oxide Synthase Gene with Myocardial Infarction. Journal of the American College of 
Cardiology, 31, 1506-1510. https://doi.org/10.1016/s0735-1097(98)00167-3 

[11] Pacific BioSciences (2012) Extracting DNA Using Phenol-Chloroform Reagents 
Needed, 9-10. 

[12] Butler, J.M. (2012) DNA Extraction Methods. In: Butler, J.M., Ed., Advanced Topics 
in Forensic DNA Typing, Elsevier, 29-47.  
https://doi.org/10.1016/b978-0-12-374513-2.00002-6 

[13] Arafa, S., Abdelsalam, S., El-Gilany, A., Mosaad, Y.M. and Abdel-Ghaffar, A. (2018) 
Endothelial nitric oxide synthase Glu 298 Asp (G894T) and Apolipoprotein E Gene 
Polymorphism as Possible Risk Factors for Coronary Heart Disease among Egyp-
tians. The Egyptian Heart Journal, 70, 393-401.  
https://doi.org/10.1016/j.ehj.2018.08.001 

[14] Younan, H., Abdel Razek, G., Elkhashab, K., Abdelrasol, H. and Saad, M. (2015) Re-
lationship of Endothelial Nitric Oxide Synthase Gene Polymorphism with Athero-
sclerotic Coronary and Carotid Arterial Disease in Egyptian Population. The Egyp-
tian Heart Journal, 67, 225-232. https://doi.org/10.1016/j.ehj.2014.01.003 

[15] Ahmmed, M.S., Shuvo, S.D., Paul, D.K., Karim, M.R., Kamruzzaman, M., Mahmud, 
N., et al. (2021) Prevalence of Dyslipidemia and Associated Risk Factors among 
Newly Diagnosed Type-2 Diabetes Mellitus (T2DM) Patients in Kushtia, Bangladesh. 
PLOS Global Public Health, 1, e0000003.  
https://doi.org/10.1371/journal.pgph.0000003 

[16] Sarnak, M.J. and Levey, A.S. (2000) Cardiovascular Disease and Chronic Renal Dis-
ease: A New Paradigm. American Journal of Kidney Diseases, 35, S117-S131.  
https://doi.org/10.1016/s0272-6386(00)70239-3 

[17] Lv, S., Zhang, H., Chen, J., Shen, Z., Zhu, C., Gu, Y., et al. (2021) The Effect of Tri-
glycerides to High-Density Lipoprotein Cholesterol Ratio on the Reduction of Renal 
Function: Findings from China Health and Retirement Longitudinal Study (CHARLS). 
Lipids in Health and Disease, 20, Article No. 110.  
https://doi.org/10.1186/s12944-021-01542-5 

[18] Nagayama, D., Watanabe, Y., Yamaguchi, T., Fujishiro, K., Suzuki, K., Shirai, K., et 
al. (2023) Relationship of Serum Lipid Parameters with Kidney Function Decline Ac-
companied by Systemic Arterial Stiffness: A Retrospective Cohort Study. Clinical 
Kidney Journal, 16, 2289-2298. https://doi.org/10.1093/ckj/sfad131 

https://doi.org/10.4236/ojgen.2026.161001
https://doi.org/10.1161/01.cir.100.14.1515
https://doi.org/10.1073/pnas.97.6.2832
https://doi.org/10.1177/2047487318780748
https://doi.org/10.1016/s0735-1097(98)00167-3
https://doi.org/10.1016/b978-0-12-374513-2.00002-6
https://doi.org/10.1016/j.ehj.2018.08.001
https://doi.org/10.1016/j.ehj.2014.01.003
https://doi.org/10.1371/journal.pgph.0000003
https://doi.org/10.1016/s0272-6386(00)70239-3
https://doi.org/10.1186/s12944-021-01542-5
https://doi.org/10.1093/ckj/sfad131


S. Azonbakin et al. 
 

 

DOI: 10.4236/ojgen.2026.161001 11 Open Journal of Genetics 
 

[19] James, R.W. (2006) Rapports lipides/lipides et lipides/apolipoprotéines: Qu’appor-
tent-ils au bilan cardiovasculaire? Revue Médicale Suisse, 2, 632-632.  
https://doi.org/10.53738/revmed.2006.2.56.0632 

[20] Tsimihodimos, V., Mitrogianni, Z. and Elisaf, M. (2011) Dyslipidemia Associated 
with Chronic Kidney Disease. The Open Cardiovascular Medicine Journal, 5, 41-48.  
https://doi.org/10.2174/1874192401105010041 

[21] Goligorsky, M.S. (2009) Endothelial Nitric Oxide Synthase: From Structure to Func-
tion in One Aspartic Substitution. Kidney International, 75, 255-257.  
https://doi.org/10.1038/ki.2008.605 

[22] Adjagba, M.O. (2019) Effets sur le réseau vasculaire artériel de trois plantes utilisées 
dans le traitement traditionnel de l’hypertension artérielle au Bénin. Master’s Thesis, 
Univesité d’Abomey-Calavi, Abomey-Calavi. 

[23] Napoli, C., de Nigris, F., Williams-Ignarro, S., Pignalosa, O., Sica, V. and Ignarro, L.J. 
(2006) Nitric Oxide and Atherosclerosis: An Update. Nitric Oxide, 15, 265-279.  
https://doi.org/10.1016/j.niox.2006.03.011 

[24] Vecoli, C., Caselli, C., Modena, M., Todiere, G., Poddighe, R., Valente, S., et al. (2024) 
Low HDL Cholesterol and the eNOS Glu298Asp Polymorphism Are Associated with 
Inducible Myocardial Ischemia in Patients with Suspected Stable Coronary Artery 
Disease. BMC Cardiovascular Disorders, 24, Article No. 176.  
https://doi.org/10.1186/s12872-024-03846-7 

[25] Tian, G., Zeng, X., Wang, X., Zhang, L., Zhang, W. and Wei, W. (2013) Association 
between the Endothelial Nitric Oxide Synthase Gene Glu298Asp Polymorphism and 
Coronary Heart Disease: A Meta-Analysis of 39 Case-Control Studies. Molecular 
Medicine Reports, 7, 1310-1318. https://doi.org/10.3892/mmr.2013.1301 

[26] Casas, J.P., Bautista, L.E., Humphries, S.E. and Hingorani, A.D. (2004) Endothelial 
Nitric Oxide Synthase Genotype and Ischemic Heart Disease: Meta-Analysis of 26 
Studies Involving 23028 Subjects. Circulation, 109, 1359-1365.  
https://doi.org/10.1161/01.cir.0000121357.76910.a3 

[27] Bengel, F.M., Ueberfuhr, P., Schiepel, N., Nekolla, S.G., Reichart, B. and Schwaiger, 
M. (2001) Effect of Sympathetic Reinnervation on Cardiac Performance after Heart 
Transplantation. New England Journal of Medicine, 345, 731-738.  
https://doi.org/10.1056/nejmoa010519 

[28] Hibi, K., Ishigami, T., Tamura, K., Mizushima, S., Nyui, N., Fujita, T., et al. (1998) 
Endothelial Nitric Oxide Synthase Gene Polymorphism and Acute Myocardial In-
farction. Hypertension, 32, 521-526. https://doi.org/10.1161/01.hyp.32.3.521 

[29] Luo, J., Wen, J., Zhou, H., Chen, X. and Zhang, W. (2014) Endothelial Nitric Oxide 
Synthase Gene G894T Polymorphism and Myocardial Infarction: A Meta-Analysis of 
34 Studies Involving 21068 Subjects. PLOS ONE, 9, e87196.  
https://doi.org/10.1371/journal.pone.0087196 

[30] Feingold, J. (2005) Maladies multifactorielles: Un cauchemar pour le généticien. Mé-
decine/Sciences, 21, 927-933. https://doi.org/10.1051/medsci/20052111927 

[31] Fathelbab, H.T., Taie, A.S., Abd-Elatif, I., Ibrahim, S.M., Mowafy, A.H. and Faris, 
F.M. (2025) Impact of the Endothelial Nitric Oxide Synthase (eNOS) c.894 G > T 
Gene Polymorphism on Coronary Artery Dilatation Disease. The Egyptian Journal 
of Critical Care Medicine, 12, Article No. 12.  
https://doi.org/10.1007/s44349-025-00022-4 

[32] Taguchi, K. and Yamamoto, M. (2020) The KEAP1-NRF2 System as a Molecular Tar-
get of Cancer Treatment. Cancers, 13, Article 46.  
https://doi.org/10.3390/cancers13010046 

https://doi.org/10.4236/ojgen.2026.161001
https://doi.org/10.53738/revmed.2006.2.56.0632
https://doi.org/10.2174/1874192401105010041
https://doi.org/10.1038/ki.2008.605
https://doi.org/10.1016/j.niox.2006.03.011
https://doi.org/10.1186/s12872-024-03846-7
https://doi.org/10.3892/mmr.2013.1301
https://doi.org/10.1161/01.cir.0000121357.76910.a3
https://doi.org/10.1056/nejmoa010519
https://doi.org/10.1161/01.hyp.32.3.521
https://doi.org/10.1371/journal.pone.0087196
https://doi.org/10.1051/medsci/20052111927
https://doi.org/10.1007/s44349-025-00022-4
https://doi.org/10.3390/cancers13010046


S. Azonbakin et al. 
 

 

DOI: 10.4236/ojgen.2026.161001 12 Open Journal of Genetics 
 

[33] Lembo, G., De Luca, N., Battagli, C., Iovino, G., Aretini, A., Musicco, M., et al. (2001) 
A Common Variant of Endothelial Nitric Oxide Synthase (Glu298Asp) Is an Inde-
pendent Risk Factor for Carotid Atherosclerosis. Stroke, 32, 735-740.  
https://doi.org/10.1161/01.str.32.3.735 

[34] Yoon, Y., Song, J., Hong, S.H.O. and Kim, J.Q. (2000) Plasma Nitric Oxide Concen-
trations and Nitric Oxide Synthase Gene Polymorphisms in Coronary Artery Disease. 
Clinical Chemistry, 46, 1626-1630. https://doi.org/10.1093/clinchem/46.10.1626 

 
 
 
 
 
 
 

https://doi.org/10.4236/ojgen.2026.161001
https://doi.org/10.1161/01.str.32.3.735
https://doi.org/10.1093/clinchem/46.10.1626

	G894T Polymorphism (rs1799983) of the Endothelial Nitric Oxide Synthase (eNOS) Gene and Coronary Artery Disease in Cotonou (Benin)
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Study Setting
	2.2. Study Design and Period 
	2.3. Study Population
	2.4. Inclusion Criteria
	2.5. Exclusion Criteria
	2.6. Sampling
	2.7. DNA Extraction and G894T (rs1799983) eNOS Gene Genotyping
	2.8. Study Population
	2.9. Ethical Consideration

	3. Results
	3.1. Socio-Epidemiological Characteristics
	3.2. Clinical Presentations of Coronary Artery Disease
	3.3. Biochemical Parameters
	3.4. G8947 Polymorphism (rs 1799983) of the eNOS Gene
	3.5. Interaction between the G894T (rs1799983) Polymorphism of the eNOS Gene and Predisposition to Coronary Artery Disease

	4. Discussion
	5. Limits
	6. Conclusion
	Conflicts of Interest
	References

