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INTRODUCTION
Due to the fact that the majority of individuals with 
hypertension (HTN), a prevalent chronic treatable 
condition, are asymptomatic, it is sometimes known 
as “the silent killer”. Despite advancements, doctors still 
encounter difficulties in achieving optimal blood pres-
sure (BP) values in all hypertensive patients because of 
these patients’ variable medication responses. BP is the 
result of peripheral vascular resistance (PVR) and cardiac 
output (CO) [1]. Therefore, it is believed that elevated 
CO and/or elevated PVR are the causes of hypertension. 
Heart rate (HR) and stroke volume together determine 
CO; the size of the vascular compartment and myocar-
dial contractility both affect stroke volume. Nearly half 
of the adult population in the US has hypertension, 
according to the American Heart Association’s 2017 rec-
ommendations [2, 3]. In Arab nations, it is thought that 
30% of adults suffer from hypertension [4]. Follow-up re-
search conducted in Jordan examining the prevalence 
of hypertension between 1994 and 2009 found that it 
increased from 29.4% to 32.3% [5]. According to data 
on the prevalence of hypertension from 2009 to 2017, 
about one-third of Jordanian adults had the disease [6].  
In 2008 the prevalence of HTN in Iraq for both sexes 

was 29.4 according to the World Health Organization 
(WHO) Eastern Mediterranean Region health statistics 
[7]. The prevalence of HTN in Thi-Qar was 26.5% in 
2014 [8]. Hypertension is a multifactorial disease, and 
the causes for these disappointing results are complex, 
including drug non-adherence, which may be due to 
treatment costs or adverse effects, and inter-individual 
genetic variability [3]. Due to the polygenic character of 
HTN, it is particularly challenging to identify the single 
nucleotide polymorphisms most likely to be linked 
with essential hypertension and also the connections 
between certain genes and treatment responses in 
various ethnic groups [4]. One of important genes is 
NOS3 gene, which encode eNOS enzyme that mediate 
nitric oxide (NO) production. Nitric oxide is a vasodilator 
substance that produced by endothelium. Endothelial 
dysfunction may be related to both direct pressure-in-
duced damage and increased oxidative stress in the 
presence of chronic HTN (oxidative stress is caused by 
either decreased breakdown or increased generation 
of reactive oxygen species (ROS)). By producing too 
many free radicals, such as superoxide anions, which 
bind to NO, ROS can exacerbate vascular dysfunction 
by increasing the production of the proinflammatory 
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oxidant (ONOO –) and reducing nitric oxide bioavail-
ability. Reduced nitric oxide bioavailability is a crucial 
factor linking oxidative stress to hypertension and en-
dothelial dysfunction [9]. Under normal circumstances, 
NOS catalyzes the conversion of electrons from NADPH, 
arginine and oxygen into citrulline and NO. The co-fac-
tors tetrahydrobiopterin (BH4), oxygen and NADPH are 
among those known to be necessary for NOS [2, 3]. After 
being synthesized, it is transferred from the endothelial 
cell membrane to vascular smooth muscle cells, where 
it activates guanylate cyclase and causes it to convert 
GTP to cGMP, which subsequently leads to calcium re-
moval and cell relaxation [10]. Elevated blood pressure 
and the development of HTN are brought on by the 
interruption of NO synthesis via suppression of con-
stitutively expressed eNOS in both animal and human 
[11]. The NOS3 or eNOS gene encodes the endothelial 
nitric oxide synthase (eNOS). The eNOS gene is found on 
chromosome 7q36 and is made up of 26 exons and 25 
introns that encode for a one hundred-thirty five KDa 
proteins with one thousand- two hundred three amino 
acids that span approximately 23 kilobases of the ge-
nome (Fig.1). eNOS gene is highly polymorphic [12, 13]. 

AIM
The main aim of the present research is to investigate 
allele frequencies of rs1799983 polymorphism eNOS 
genes and to determine association between rs1799983 
polymorphism of eNOS gene and essential hyperten-
sion in Iraqi hypertensive patients.

MATERIALS AND METHODS
This is an observational cross sectional descriptive 
single center study for hypertensive patients of Iraqi 
nationality, diagnosed according to JNC-8. All candidate 
patients diagnosed and recruited by specialist caregiv-
ing physician/cardiologist. The study was conducted 
at Al-Diwaniyah teaching hospital and Department 
of Pharmacology and Therapeutics, Medicine College, 
Al-Qadisiyah University, Iraq.

SUBJECTS 
Ninety adults (37 male and 53 female) aged 20-70 years 
old were enrolled in this study. Patients with renal or he-
patic impairment, pregnancy, heart failure, obesity (BMI ≥ 
30) and psychiatric patient were considered as exclusion 
criteria. The study was approved by the Ethics Commit-
tee of the Medicine College, University of Al-Qadisiyah 
and procedures were explained to all participants and 
informed consent was taken from all patients. 

BLOOD SAMPLE 
Blood samples of 4 ml were collected from the patients 
that were aspirated from antecubital vein divided into 
two portions. One milliliter (ml) of the patient’s whole 
blood were collected in a tube containing EDTA for DNA 
extraction and stored at -20 C until the time of DNA 
extraction. Three milliliters (ml) of the patient’s whole 
blood collected in a gel tube, spun at 5,000 revolutions 
per minute for five minutes, and the serum was collect-
ed to be used in biochemical tests. 

DNA ISOLATION AND GENOTYPING 
Genomic DNA from blood samples was isolated using 
a DNA extraction kit (Frozen Blood) (Geneaid, USA). 
The tetra-primer ARMS-PCR technique was performed 
for genotyping and detecting eNOS (rs1799983) gene 
polymorphism in blood samples. In order to identify the 
genotype, the ARMS-PCR tetra-primer uses 4 primers in 
a single PCR. Two non-allele specific primers amplify the 
area containing the single nucleotide polymorphism at the 
beginning of the reaction. Therefore they are called outer 
primers. Two allele-specific primers, called inner primers, 
which will produce allele-specific fragments, use the outer 
fragment of the primer as a template in its production 
[14]. Two allele-specific fragments in an agarose gel can 
be recognized by their differing diameters by positioning 
the outer primers at various distances from the polymor-
phic nucleotide [15]. The online website “PRIMER1: primer 
design for tetra-primer ARMS-PCR” (http://primer1.soton.
ac.uk/primer1.html)  was used for design primers (Table 
1). BLAST program in NCBI server (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) was used to test the primers specificity. 

PCR conditions were as following: after denaturation 
at 95°C for 5 min, 35 cycles were performed (95°C for 
1 min, annealing temperature 63°C for 1 min, followed 
by extension at 72°C for 1 min) and final extension at 
72°C for 7 min to amplify the target DNA.  DNA were 
separated by electrophoresis on 1% agarose gel and 
visualized with ethidium bromide. (Fig.2).

STATISTICAL ANALYSES 
Statistical analyses were made by SPSS version 25. 
For each SNP, allele and genotyping frequencies were 
calculated. P value <0.05 was considered statistically 
significant. The data were shown as mean ± SE.

RESULTS 
The genotype frequencies of the rs1799983 (G894T) 
polymorphism among patients with essential hyperten-
sion did not significantly differ from those predicted un-
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der conditions Hardy- Weinberg equilibrium (P>0.05). 
The genotype frequencies (GG, GT, TT) were 48 (55%), 
31 (36%) and 3 (9%), respectively, with the most com-
mon allele being G - 127 (73%). The mean ± SE plasma 
level of NO in homozygous GG carriers was 72.3±2.9 
μmol/L. In homozygous TT carriers, the plasma level 
was 74.6±9.4 μmol/L. On the other hand, plasma level 
of NO in heterozygous GT was 74.7±3.9 μmol/L. There 
was no statistically significant association between 

genotype frequencies and NO level (p = 0.88) (Table 2).
As shown in Table 3, the mean ± SE systolic blood 

pressure in homozygous GG, heterozygous GT, and 
homozygous TT carrier patients was 149 ± 14.5 mmHg, 
152 ± 15.4 mmHg, 150 ± 15.9 mmHg respectively. On 
other hand, the mean ± SE diastolic blood pressure in 
homozygous GG, heterozygous GT and homozygous TT 
carrier patients was 87.9 ± 6.6 mmHg, 91.6 ± 6.7 mmHg, 
87.8 ± 6.8 mmHg respectively. There was no statistically 

Fig. 1. Location of the endothelial nitric oxide synthase gene (eNOS) on chromosome 7.

Fig. 2. Agarose gel electrophoresis image 
that show the PCR product analysis of eNOS 
(rs1799983) gene from some blood sample 
patients.
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significant effect of eNOS rs1799983 on systolic and 
diastolic blood pressure. 

DISCUSSION 
Due to the polygenic character of HTN, it is partic-
ularly challenging to identify the single nucleotide 
polymorphisms most likely to be associated with 
this condition as well as the connections between 
certain genes and treatment responses in various 
ethnic groups [4]. Notably, of the 40% of patients 
undergoing treatment, almost 65% do not achieve 
the target <140/90 mmHg [16]. In our cross sectional 
study, we investigate the association between eNOS 
rs1799983 polymorphisms and EH in Iraqi hyperten-
sive patients. Regarding rs1799983 the most frequent 
allele was G (73%) while the most frequent genotype 
was GG (55%) (p = 0.7). Our study was demonstrated 
lack of association between rs1799983 and essential 
hypertension (p  >  0.05). Many studies have looked 
into the relationship between the EH and rs1799983 
variant. However, the findings have been inconclusive 
and controversial. Some studies have found a greater 
T allele frequency in those with hypertension, and T 
allele has been linked to resistance to conventional 
treatment [15, 17]. In contrast, studies conducted on 
Caucasian groups found a higher frequency of the 
G allele in the hypertensive group, as well as a rela-
tionship between G allele and the outcome, all-cause 

death [18, 19]. These differences could be a sign that 
another single nucleotide polymorphism or mutation 
is connected to one of the two alleles, or they could be 
a sign that the connections that have been discovered 
are the result of random errors. On the other hand, 
other studies reveal a lack of evidence of an association 
between this polymorphism and essential hyperten-
sion in Australians [20] and Japanese [21]. Gamil et al. 
showed absence of linkage between rs1799983 and 
essential hypertension among Sudanese people [22]. 

CONCLUSIONS
Our study is the first in Iraq to investigate the linkage between 
eNOS rs1799983 polymorphism and essential hypertension 
in Iraqi hypertensive patients. This study concluded the most 
common allele for rs1799983 was G allele (73%) while the 
most frequent genotype was GG, frequency of other geno-
type GT and TT were 36% and 9% respectively. In this study 
we demonstrate the lack of significant association between 
two this polymorphism and essential hypertension. 

RECOMMENDATIONS
To corroborate this association, additional research with 
bigger sample numbers and family-based analyses are 
needed. Future research should concentrate on the in-
teractions between gene-environment and gene-gene, 
as well as haplotype patterns.

Table 1. The PCR primers with their sequence, amplicon size and annealing temp
Primer Sequence Amplicon Annealing 

eNOS
rs1799983

Inner forward
CTGCTGCAGGCCCCAGATAAT

T-allele 147 bp.

G-allele 195 bp.

Two outer primers 298 bp.

63 ℃

Inner reverse 
ACCCTGGAGATGAAGGCAGGA

Outer forward
GCAGAAGGAAGAGTTCTGGGAGC

Outer reverse
CCTTCTTGAGAGGCTCAGGGATG

Table 2. Mean ± SE values of NO level and genotyping frequency in Iraqi patients with essential hypertension eNOS rs1799983 (G894T) polymorphism
Genotype rs1799983 (G894T) Numbers Mean NO level (μmol/L) S.E P value

GG 48 72.3 2.9

0.88 GT 31 74.7 3.9

TT 8 74.6 9.4

Table 3. Effect of eNOS rs1799983 (G894T) polymorphism on systolic and diastolic blood pressure in Iraqi hypertensive patients
Genotype rs1799983 Systolic BP mean (mmHg) S.E P value Diastolic BP mean (mmHg) S.E P value

GG 149 2.1

0.6 

87.9 0.9

0.051GT 152 2.7 91.6 1.2

TT 150 5.6 87.8 2.4



Ghufran K. Salman et al. 

1474

REFERENCES
 1.  Pokharel P, Jha SK, Adhikari A et al. Non-adherence to anti-hypertensive medications in a low-resource country Nepal: a systematic 

review and meta-analysis. Ann Med Surg (Lond). 2023;85(9):4520-4530. doi:10.1097/MS9.0000000000001088. DOI

 2.  Chobufo MD, Gayam V, Soluny J et al. Prevalence and control rates of hypertension in the USA: 2017-2018. Int J Cardiol Hypertens. 
2020;6:100044. doi:10.1016/j.ijchy.2020.100044. DOI

 3.  Johnson JA. Advancing management of hypertension through pharmacogenomics. Ann Med. 2012;44(1):S17-S22. doi:10.3109/07853
890.2011.653399. DOI

 4.  Johnson R, Dludla P, Mabhida S et al. Pharmacogenomics of amlodipine and hydrochlorothiazide therapy and the quest for improved 
control of hypertension: a mini review. Heart Fail Rev. 2019;24(3):343-357. doi:10.1007/s10741-018-09765-y. DOI

 5.  Daiber A, Kröller-Schön S, Oelze M et al. Oxidative stress and inflammation contribute to traffic noise-induced vascular and cerebral 
dysfunction via uncoupling of nitric oxide synthases. Redox Biol. 2020;34:101506. doi:10.1016/j.redox.2020.101506. DOI

 6.  Khader Y, Batieha A, Jaddou H et al. Hypertension in Jordan: Prevalence, Awareness, Control, and Its Associated Factors. Int J Hypertens. 
2019;2019:3210617. doi:10.1155/2019/3210617. DOI

 7.  Hingorani AD. Endothelial nitric oxide synthase polymorphisms and hypertension. Curr Hypertens Rep. 2003;5(1):19-25. doi:10.1007/
s11906-003-0006-0. DOI

 8.  Cosentino F, Patton S, d’Uscio LV et al. Tetrahydrobiopterin alters superoxide and nitric oxide release in prehypertensive rats. J Clin Invest. 
1998;101(7):1530-1537. doi:10.1172/JCI650. DOI

 9.  Flammer AJ, Lüscher TF. Human endothelial dysfunction: EDRFs. Pflugers Arch. 2010;459(6):1005-1013. doi:10.1007/s00424-010-0822-4. 
DOI

 10.  Andrabi SM, Sharma NS, Karan A et al. Nitric Oxide: physiological functions, delivery and biomedical applications. Adv Sci (Weinh). 
2023;10(30):e2303259. doi:10.1002/advs.202303259. DOI

 11.  Shiekh GA, Ayub T, Khan SN et al. Reduced nitrate level in individuals with hypertension and diabetes. J Cardiovasc Dis Res. 2011;2(3):172-
176. doi:10.4103/0975-3583.85264. DOI

 12.  Colombo MG, Andreassi MG, Paradossi U et al. Evidence for association of a common variant of the endothelial nitric oxide synthase gene 
(Glu298-->Asp polymorphism) to the presence, extent, and severity of coronary artery disease. Heart. 2002;87(6):525-528. doi:10.1136/
heart.87.6.525. DOI

 13.  Padhi UN, Mulkalwar M, Saikrishna L et al. NOS3 gene intron 4 a/b polymorphism is associated with ESRD in autosomal dominant 
polycystic kidney disease patients. J Bras Nefrol. 2022;44(2):224-231. doi:10.1590/2175-8239-JBN-2021-0089. DOI

 14.  Ye S, Dhillon S, Ke X et al. An efficient procedure for genotyping single nucleotide polymorphisms. Nucleic Acids Res. 2001;29(17):E88-e88. 
doi:10.1093/nar/29.17.e88. DOI

 15.  J Blin M, Dametto S, Agniwo P et al. A duplex tetra-primer ARMS-PCR assay to discriminate three species of the Schistosoma haematobium 
group: Schistosoma curassoni, S. bovis, S. haematobium and their hybrids. Parasit Vectors. 2023;16(1):121. doi:10.1186/s13071-023-
05754-9. DOI

 16.  Chow CK, Teo KK, Rangarajan S et al. Prevalence, awareness, treatment, and control of hypertension in rural and urban communities in 
high-, middle-, and low-income countries. JAMA. 2013;310(9):959-968. doi:10.1001/jama.2013.184182. DOI

 17.  Miyamoto Y, Saito Y, Kajiyama N et al. Endothelial nitric oxide synthase gene is positively associated with essential hypertension. 
Hypertension. 1998;32(1):3-8. doi:10.1161/01.hyp.32.1.3. DOI

 18.  Zhang X, Lynch AI, Davis BR et al. Pharmacogenetic association of NOS3 variants with cardiovascular disease in patients with hypertension: 
the GenHAT study. PLoS One. 2012;7(3):e34217. doi:10.1371/journal.pone.0034217.  DOI

 19.  Lacolley P, Gautier S, Poirier O et al. Nitric oxide synthase gene polymorphisms, blood pressure and aortic stiffness in normotensive and 
hypertensive subjects. Journal of hypertension. 1998;16(1):31-35. doi:10.1097/00004872-199816010-00006.  DOI

 20.  Hoffmann I, Tavares-Mordwinkin R, Castejon A et al. Endothelial nitric oxide synthase polymorphism, nitric oxide production, salt sensitivity 
and cardiovascular risk factors in Hispanics. Journal of human hypertension. 2005;19(3):233-240. doi:10.1038/sj.jhh.1001801.  DOI

 21.  Kato N, Sugiyama T, Morita H et al. Lack of evidence for association between the endothelial nitric oxide synthase gene and hypertension. 
Hypertension. 1999;33(4):933-936. doi:10.1161/01.hyp.33.4.933.  DOI

 22.  Gamil S, Erdmann J, Abdalrahman IB et al. Association of NOS3 gene polymorphisms with essential hypertension in Sudanese patients: 
a case control study. BMC medical genetics. 2017;18(1):128. doi:10.1186/s12881-017-0491-7.  DOI

CONFLICT OF INTEREST
The Authors declare no conflict of interest

http://www.doi.org/10.1097/MS9.0000000000001088
http://www.doi.org/10.1016/j.ijchy.2020.100044
http://www.doi.org/10.3109/07853890.2011.653399
http://www.doi.org/10.1007/s10741-018-09765-y
http://www.doi.org/10.1016/j.redox.2020.101506
http://www.doi.org/10.1155/2019/3210617
http://www.doi.org/10.1007/s11906-003-0006-0
http://www.doi.org/10.1172/JCI650
http://www.doi.org/10.1007/s00424-010-0822-4
http://www.doi.org/10.1002/advs.202303259
http://www.doi.org/10.4103/0975-3583.85264
http://www.doi.org/10.1136/heart.87.6.525
http://www.doi.org/10.1590/2175-8239-JBN-2021-0089
http://www.doi.org/10.1093/nar/29.17.e88
http://www.doi.org/10.1186/s13071-023-05754-9
http://www.doi.org/10.1001/jama.2013.184182
http://www.doi.org/10.1161/01.hyp.32.1.3
http://www.doi.org/10.1371/journal.pone.0034217
http://www.doi.org/10.1097/00004872-199816010-00006
http://www.doi.org/10.1038/sj.jhh.1001801
http://www.doi.org/10.1161/01.hyp.33.4.933
http://www.doi.org/10.1186/s12881-017-0491-7


Association between rs1799983 polymorphism of eNOS gene and essential hypertension in Iraqi hypertensive patients

1475

CORRESPONDING AUTHOR
Ghufran K. Salman
University of Al-Qadisiyah
Al Diwaniyah, Al-Qādisiyyah Governorate, Iraq
e-mail: ghufran.k1994@gmail.com

ORCID AND CONTRIBUTIONSHIP
Ghufran K. Salman: 0009-0009-5682-7895  
Bassim I. Mohammad: 0000-0001-6732-5940  
Hussein A. Saheb: 0000-0002-0137-8932  
Ahmed M. Sultan: 0000-0001-6819-0208  
Sinaa Abdul Amir Kadhim: 0000-0001-9375-5581  
Asma A. Swadi: 0000-0002-7679-1596  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 07.08.2023
ACCEPTED: 04.07.2024 C R E AT I V E  C O M M O N S  4 . 0

https://orcid.org/0009-0009-5682-7895
https://orcid.org/0000-0001-6732-5940
https://orcid.org/0000-0002-0137-8932
https://orcid.org/0000-0001-6819-0208
https://orcid.org/0000-0001-9375-5581
https://orcid.org/0000-0002-7679-1596

