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Abstract 
The endothelial nitric oxide synthase (eNOS) encoded by the NOS3 gene is 
responsible for the synthesis of a vasoactive endothelium-derived nitric oxide 
(NO). The genetic polymorphism of this gene explains, in part, why some 
people are prone to develop stroke than others. In this study we conducted a 
case control study in Bahrainis to investigate “for the first time” the relation-
ship between NOS3 894G > T (rs1799983) and 786T > C (rs2070744) poly-
morphisms with the stroke predisposition in Bahraini population. Detection 
of NOS3 polymorphism was performed by PCR RFLP genotyping method. 
The level of NO among cases and controls was measured using ELISA. A total 
of 93 unrelated stroke patients and 86 controls were included in the study. 
The three types of stroke; Ischemic, hemorrhagic and transient ischemic at-
tack were reported (91.4%, 7.5% and 1.1% respectively). No significant gender 
difference was observed (P = 0.74). Having previous stroke was a highly sig-
nificant risk factor of the disease (P = 0.001, OR = 1.4), where as a family his-
tory of stroke was not (OR = 0.11). The analysis provides evidence that the 
mutant 894GT + TT genotypes of NOS3 894G > T polymorphism were posi-
tively associated with stroke predisposition and it increased the risk of stroke 
nearly two folds (P = 0.037, OR = 1.936). Although we found an association 
between the mutant genotype786 TC + CC of the NOS3 786T > C polymor-
phism with the susceptibility to stroke (P = 0.023) suggesting that the mutant 
C allele might have a protective effect against stroke in this population, the 
strength of this association was rather low (OR = 0.484). The level of NO in 
stroke patients was significantly low compared to healthy controls (P < 0.005). 
Diabetes, hypertension, heart diseases were reported in stroke patients (67%, 
71.4% and 52.1% respectively). More over 50% of the cases with previous 
stroke are both diabetic and hypertensive. This indicates that these diseases 
could be considered as a significant factor in the development of stroke in this 
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population. We concluded that the NOS3-894 G > T polymorphism is a po-
tential risk factor of stroke in Bahraini population, whereas as the NOS3 
786T > C polymorphism might have a possible protective role against the dis-
ease in this population. 
 

Keywords 
Gene Polymorphisms, Nitric Oxide Synthase, Stroke Risk Factors 

 

1. Introduction 

A stroke results when the blood supply to the brain is suddenly cut off or inter-
rupted. This can occur when a blood vessel in the brain or neck is blocked or 
bursts, leading to brain cells’ death. Stroke is now a fourth leading cause of death 
in the developed world [1] and it is a major cause of adult disability. The disease 
receives an increasing global importance due to its high incidence and mortality 
which occur as a consequence of adverse lifestyle changes, that increase peoples’ 
predisposition to hypertension, diabetes, heart disease. All are risk factors of 
stroke [1] [2] [3] [4]. 

Over a third of stroke deaths occur in developing countries [3]. Arab coun-
tries constitute populations with a lifestyle and diet that may influence stroke 
risk. The incidence of stroke in Bahrainis is rising over the last 16 years 
(110/100,000) [5] compared to the incidence of 57/100,000 reported in 1995 [6]. 

Stroke is a multifactorial disease, results from a combination of several risk 
factors, both environmental and genetic factors [7] [8] [9] [10] [11]. Nitric oxide 
synthase3 gene (NOS3) of the endothelial cell “located on chromosome 7 (7q36) 
has received a considerable attention as Nitic oxide (NO), a powerful short-lived 
vasoactive substance, is constitutively produced from L-arginine by the enzyme 
eNOS [12]. NO plays a crucial role in the relaxation of vascular smooth muscle 
[12]. It inhibits platelet and leukocyte adhesion to vascular endothelium [13] 
[14] [15]. In addition the augmentation of NO production increases cerebral 
blood flow, which can lead to neuroprotection during brain ischaemia [16]. 

Case control epidemiological studies or meta analysis on NOS3 polymor-
phisms although they showed conflicting results; however, some of the studies 
demonstrate the NOS3 as a significant factor in the development of stroke [17] 
[18] [19] [20].  

As the stroke incidence is increasing in Bahrainis; the knowledge of the con-
ventional risk factors perse is not sufficient to absolutely predicting the devel-
opment of the stroke process, therefore it is important to understand the genetic 
contribution to disease predisposition, which might help to apply successful 
preventive strategies and targeted treatment. Given the importance of the NOS3 
gene; this study aimed to investigate “for the first time” the involvement of the 
NOS3 894G > T and 786T > C polymorphisms in stroke predisposition within 
Bahraini population.  
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2. Materials and Methods 
2.1. Demography 

The Bahraini population consists of an Arabian Peninsula population. The Ba-
hrainis represent 61.9% of the population, whereas 38.1% were non-Bahrainis 
[21]. 56% of the population are within the 15 - 64 age groups and those above 65 
age group were 3.4%. Consanguineous marriage is common among families 
which explains the homogeneity observed among the Bahrainis [22]. 

2.2. Sample Collection and DNA Extraction 

Blood was collected in EDTA tube from 93 of proven stroke patients who were 
admitted to Salmaniya Medical Complex (SMC) and 86 unrelated controls dur-
ing the period from in January 2015 till June 2015. Brain CT scan was performed 
in all patients within 24 hours of onset of stroke. Informed consent was obtained 
from patients and controls. The study was approved by the Ethical Committee of 
the Arabian Gulf University (AGU) and SMC, Ministry of Health, Bahrain. 

Genomic DNA was extracted from EDTA buffy coat by the MAGNA PURE 
and the quality of DNA was checked on Nanodrop Spectrophotometer. 

2.3. Genotyping of the NOS3 Polymorphisms 

In this study we conducted a (PCR-RFLP) analysis of NOS3 identifies G to T 
substitution at 894 position of exon7 which changes Glu to Asp amino acid at 
codon 298 and NOS3 786T > C a promoter polymorphisms. PCR amplification 
was performed in a 12.5 μL reaction mixture containing 6.5 μL of Promega mix-
ture, 1 μL of 10 pmol/μL of each primer, 3 - 4 of ddH2O and 1 - 2 μL of 50 ng/μL 
of template DNA. A negative control containing distilled water instead of ge-
nomic DNA was prepared. The reaction mixture was mixed and spun. PCR 
which was carried in an automated thermocycler (BioRad PTC100, USA) with 
primer pairs: F 5’-GTC CCT GAG GAG GGC ATG AG-3’ and R 5’-TCC AGC 
AGC ATG TTG GAC AC-3’ which amplify the 371 bp sequence containing the 
NOS3 894G > T polymorphism and F5’-GCA GGT CAG CAG AGA GAC TA-3’ 
and R 5’-GAC ACA GAA CTA CAA ACC CC-3’ to amplify sequence containing 
the NOS3 786T > C polymorphism. The PCR program was as follows: 95˚C for 5 
min for initial denaturing, 30 cycles of denaturing at 95˚C for 30 s, annealing at 
64˚C for 1 min for the NOS3 894G > T polymorphism and at 61˚C for 1 min. for 
NOS3 786T > C, followed by extension at 72˚C for 30 s. Final extension at 72˚C 
for 10 min to ensure complete amplification of the sequence.  

The amplicon of the NOS3 894G > T and NOS3 786T > C polymorphisms 
were digested with an appropriate restriction enzyme; BanII (NEB®, England) 
and MSP1 (Fermentas, thermos scientific) respectively as per manufacturer’s in-
struction. The digested product was separated on 3% agarose gel stained with 
Gel Star and documented on UVTEC CAMBRIDGE, TLC imaging system. 

For the NOS3 894G > T the Wild type GG allele = 371 bp and the mutant 
homozygous generate the restriction position giving mutant allele TT = 233 bp 
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and 138 bp. The heterozygous indicated by the presence of three fragments, 371 
bp, 233 bp and 138 bp. 

The wild TT of the NOS3 786T > C polymorphism was identified by a band 
size of 178 bp while the CC mutant allele indicated by CC = 137 bp and 41 bp 
and the heterozygous by three bands of 178 bp, 137 and 41 bp. 

2.4. Determination of Plasma Nitrite/Nitrate 

To evaluate NO production; the plasma levels of nitrite ( 2NO− ) and nitrate 
( 3NO− ) were measured. 88 Blood samples from both cases and controls were 
centrifuged, Plasma was separated, then diluted 2-fold in which 100 μL of the 
sample added to 100 μL of Reaction Diluent (1X). The xNO−  concentration of 
the resulting solution was determined by ELISA using a kit (R&D Systems, Cat # 
KGE001, USA) according to manufacturer instructions.  

Endogenous nitrite concentration was measured with use of the Griess reac-
tion by adding 100 μL of Griess reagent (1% sulfanilamide and 0.1% naphthyle-
thylenediamide in 5% phosphoric acid) to 50 μL of plasma and mixed in 96-well 
plates and shaken gently for 20 minutes at room temperature. The addition of 
the Griess reagent results in a colorimetric product measured at 540 nm and 
with correction wavelength at 690 nm. The nitrate is obtained by the incubation 
with nitrate reductase and NADPH at room temperature for 1 hour that convert 
the nitrates into nitrites, then the nitrate concentration is obtained by subtract-
ing the endogenous nitrite from the total nitrite value. 

2.5. Statistical Analysis 

SPSS version 21 statistical package was used to count the genotype, chi square, P 
value, odds ratio (OR) and 95% confidence interval (CI). 

Statistical significance was determined at P < 0.05. 
ORs with 95% CI was used to assess the strength of the association of the 

NOS3 gene 894G > T and 786T > C polymorphisms of with risk of stroke pre-
disposition.  

3. Result 

A case-control association study recruited 93 unrelated Bahraini stroke patients 
and 86 healthy control Bahrainis, revealed the presence of the three types of 
stroke; ischemic 91.4%, hemorrhagic 7.5% and transient ischemic attack 1.1%.  

55.9% of the stroke patients were males, 44.1% were females with no signifi-
cant gender difference (P = 0.74) (Table 1). 57.8% of the male stroke patients are 
within age group ≥ 40 - 65 compared to the 39.1% females in the same age 
group. 

28.9% of the cases have previous stroke (P = 0.001, Odds = 1.4, CI 1.2 - 1.6) 
indicating the significance of the previous attack as risk factor of the disease, 
however, a family history of stroke was not found to increase the risk of stroke 
(OR = 0.11) (Table 1).  
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Table 1. Comparison of risk factors between stroke patients (cases) and controls. 

 

Patients  
(N = 93) 

(%) 

Controls  
(N = 86) 

(%) 
P, OR, CI 95% 

% Males 55.9% 53.2% P = 0.74 

% Females 44.1% 46.8% 
 

% Previous stroke 28.9% 0.0% 
P = 0.001,  
OR = 1.4, 

CI = 1.2 - 1.6 

% of stroke cases are at age ≤ 40 - 65 46/93 (49.5%) 
  

% of stroke of male at age ≥ 40 - 65 57.8% 
  

% of stroke of female at age ≥ 40 - 65 39.1% 
  

Family history of stroke 9/93 (9.7%) 0.0% OR = 0.11 

NOS3-894G > T GG 27/92 (29.3%) 37/83 (44.6%) 
 

Wild type GT 59/92 (64.1%) 43/83 (51.8%) 
 

Mutant types TT 6/92 (6.5%) 3/83 (3.6%) 
P = 0.037, 

OR = 1.936, 
CI = 1.04 - 3.6 

NOS3-786T > C 
TT = 67/92 

(72.8%) 
48/85 (56.5%) 

 

Wild type 
TC = 22/92 

(23.9%) 
30/85 (35.3%) 

 

Mutant types 
CC= 3//92  

(3.3%) 
7/85 (8.2%) 

P = 0.023, 
OR = 0.484, 

CI = 0.258 - 0.907 

Other diseases 
   

Diabetics 67.0% 
  

Diabetes for 5 - ≤ 10 years 91.7% 
  

Have previous stroke and diabetic 65.4% 
  

Hypertensive 71.4% 0% 
 

Hypertension for 5 - ≤ 10 years 88.9% 
  

Have previous stroke and hypertensive 69.2% 
  

Heart, carotid disease and atrial fibrillation 52.1% 0% 
 

Previous stroke and heart diseases 46.2% 
  

 
We conducted the analysis for the two polymorphisms considering mutant 

genotype versus the wild genotype of the NOS3 894G > T and 786T > C poly-
morphisms (GT + TT vs. GG) and (TC + CC vs. TT respectively). The genotype 
analysis provides evidence that the frequency of mutant 894GT + TT genotypes 
of NOS3 894G > T was significantly higher in stroke patients than in the controls 
(χ2 = 4.36, P = 0.037, OR = 1.936, CI = 1.04 to 3.6) (Table 1, Figure 1), Whereas 
the association of the NOS3 786 TC + CC gene polymorphism with the controls (P 
= 0.023, OR = 0.484, CI = 0.258 - 0.907) indicates a possible protective  
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Figure 1. Comparison of the NOS3 gene polymorphisms between stroke patients (cases) 
and controls. 

 
role of this polymorphism against stroke in this population (Table 1, Figure 1). 
The level of nitric oxide in stroke patients was significantly low compared to 
healthy controls (P < 0.005). 

67% of stroke are diabetics, of which 91.7% are diabetic for 5 - ≤10 years. 
Hypertension was reported in 71.4% of the cases, of which 88.9% are hyperten-
sive for 5 - ≤ 10 years. More than half of stroke patients (52.1%) have different 
types of heart diseases (Table 1). High frequency of diabetes, hypertension and 
heart diseases (65.4%, 69.2% and 46.2% respectively) are reported in patients 
who have previous stroke. More over 50% of the cases with previous stroke are 
diabetic and hypertensive. 

Figure 1 Shows higher frequency of the mutant genotype GT & TT of the 
NOS3 894G > T polymorphism in cases compared to controls (P = 0.037). Whe-
reas the mutant genotype TC & CC of NOS3 786T > C polymorphism showed 
higher frequency in controls compared to cases (P = 0.023).  

4. Discussion 

Stroke was known to be a third leading cause of death globally but since the early 
20th century, the stroke mortality has witnessed a decline in the developed coun-
tries [1], on the contrary, the incidence of stroke in Bahrain is doubled during 
the last sixteen years [5] [6]. This could be explained by extreme changes in the 
lifestyle [5] that lead to the increase of risk-factor prevalence such as sedentary 
life, smoking, hypertension, diabetes, atherosclerosis in this population [5].  

Although stroke is a multifactorial disease; a strong evidence of the genetic 
contribution to disease predisposition was reported in previous studies [7] [8] 
[9] [23] [24]. To the best of our knowledge this is the first genetic study of stroke 
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in Bahrain targeting the NOS3 polymorphisms. In this study we include Bahrai-
ni population only; excluding any non Bahraini residence in an attempt to avoid 
the effect of the population stratification. 

The three types of stroke were observed (Ischemic, hemorrhagic and transient 
ischemic attack), however the ischemic stroke (IS) was 91.4% which is higher 
than the global percentage (IS = 80% globally).  

NOS3 was demonstrated as a biologically plausible candidate for study as a 
susceptibility gene for stroke in several ethnic groups, as it is a constitutive pro-
ducer of a vasoactive molecule the nitric oxide [12] [16] [17] [18] and also con-
fers stroke protection by upregulation of eNOS [16], however, the results re-
mained controversial [17] [18] [19] [20] [25] [26] [27] [28]. 

Our result revealed a significant association of the mutant 894GT + TT geno-
types of the NOS3 894G > T polymorphism with stroke predisposition (χ2 = 
4.36, P = 0.037) which is consistent with the finding of the previous studies [27] 
and those conducted in Korean and other Asian population [19] [20]. This indi-
cates that NOS3 894 G > T polymorphism is a predisposing risk factor of stroke 
in Bahraini population and having the mutant genotype (GT and TT) confer two 
folds excess risk of stroke (OR = 1.936). 

In contrast an association of the NOS3 786T > C polymorphism and the 
stroke predisposition (P = 0.023) suggesting that the mutant C allele might have 
a protective effect against stroke in this population, however the strength of this 
association was rather low (OR = 0.484). 

About half (46/93 (49.5%)) of stroke cases are at age ≤ 40 - 65. Previous stroke 
is a significant non-modifiable risk factor of the disease (P = 0.001, OR = 1.4). 
50% of the cases with previous stroke are diabetic and hypertensive. 

Also the disease risk factors of stroke (diabetes, hypertension or heart diseas-
es) were reported with high frequency among stroke patients (67%, 71.4% and 
52.1% respectively). 91.7%, 88.9% are diabetic or hypertensive for 5 - ≤ 10 years 
respectively. All these indicate that the stroke and the disease risk factors attack 
people at the reproductive age and reflects the consequences of adoption of new 
lifestyle [1] [2] [3] [4] [29], that expected to increase peoples’ predisposition to these 
diseases at early age, which is an alarming situation that cause socio-economic 
burden to both the family and health services. Given the crucial role of the NOS3 
in the relaxation of vascular smooth muscle [12] [18], the NOS3 polymorphisms 
might play role in the susceptibility to diabetes, hypertension or heart diseases 
and this need to be elucidated  

This finding reflect that “beside the genetic contribution”, the role of the life-
style in the predisposition to stroke or to diseases causing stroke should not be 
ignored. 

5. Conclusions 

Our results clearly showed an association of the functional exonic variant NOS3 
G894T polymorphism with the stroke predisposition in Bahrainis. High fre-
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quency of diabetes, hypertension or heart diseases among stroke patients reflects 
the important role of these diseases in stroke predisposition and their occurrence 
at a reproductive age must raise the attention of health services to implement 
strategy that allow both an early identification of individuals susceptible to the 
disease and to improve diseases’ risk factor management.  

In an attempt to reduce a possible occurrence of population sub structure 
which is one of the drawbacks of the case-control study design, we recruit in this 
study only the Bahraini Nationals.  

Given the fact that there is a strong consanguinity within the Bahraini popula-
tion, further study including large samples is recommended and it is expected to 
provide more evidence for the association of these polymorphisms with stroke 
predisposition in this population. 
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