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Abstract
Endothelial Nitric Oxide Synthase (eNOS) is an indispensable regulator of blood 
pressure through producing Nitric Oxide (NO). There is some evidence to sug-
gest that eNOS gene polymorphisms are associated with Essential Hypertension 
(EHT). In this study, the potential association between eNOS 4a/4b, A922G, G894T, 
T786C gene polymorphisms and EHT as individual risk factors and as haplotypes 
are examined in the southern population of Iran (Bandar-Abbas). In this study, 200 
EHT patients and 200 normotensive subjects which were matched for age and sex 
were included. Genotyping was performed by either utilizing Polymerase Chain 
Reaction (PCR) or PCR followed by Restriction Fragment length Polymorphism 
(RFLP) method. Our results demonstrated statistically significant associations 
between T786C, G894T, and 4a/4a and EHT (p < 0.05); however, A922G had no 
significant association with EHT (p > 0.05). Haplotype analysis also suggested that 
− 786C/− 922A/4a, − 786C/− 922A/4b and − 786C/− 922G/4a haplotypes were 
more frequent in EHT group than control group, hypothesizing a positive associa-
tion with EHT. The present study has identified that the eNOS genetic variations are 
associated with EHT in southern population of Iran (Bandar-Abbas). These findings 
also suggested that a number of haplotypes of eNOS gene may be a driving factor for 
EHT susceptibility in respected population.
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Introduction

Essential hypertension (EHT) is a multifactorial disorder in which interaction of 
not only genetic but also epigenetics as well as environmental and life style fac-
tors could affect its onset and development (Salvi et al. 2012). This complex trait 
is one of the major risk factors for cardiovascular diseases (CVD). It has been 
estimated that by the year 2025, approximately 29% of the adult population (1.56 
billion people) will suffer from hypertension worldwide (Rodrigo et  al. 2013; 
Chandra et al. 2014). Both human and animal studies have shown onset of hyper-
tension as a result of loss of Nitric Oxide (NO) (Kingah et  al. 2010). NO pro-
duced from l-Arginine through the function of endothelial nitric oxide synthase 
(eNOS) plays a vital role in the preservation of endothelium homeostasis and pro-
liferation of Vascular Smooth Muscle Cells (VSMCs), regulation of vasomotor 
tone, and eventually controlling blood pressure (Colomba et al. 2008). eNOS gene 
encoding the eNOS protein introduce itself as a potential candidate for investi-
gating susceptibility to hypertension (Shankarishan et  al. 2014). The human 
eNOS gene located on 7q35-36 consists of 26 exons spanning a genome region 
of 21 Kb (Li et al. 2007). Several polymorphisms within eNOS gene have been 
identified among which intron 4a/4b Variable Number Tandem Repeat (VNTR), 
T786C (rs2070744), G894T (rs1799983), A922G (rs1800779) have been found 
to increase EHT prevalence (Nejatizadeh et al. 2008). eNOS polymorphisms have 
variable prevalence among various ethnic groups, leading to uncertainty regard-
ing this gene as a prerequisite for developing hypertension (Rahimi et al. 2013; Li 
et al. 2011).

T786C (rs2070744) polymorphism located in the 5′ flanking region of the 
eNOS gene, results in the substitution of Thymidine by Cytosine at nucleotide 
786 (Hyndman et  al. 2002). T786C has been reported to be associated with an 
increased risk of EHT in the Tunisian population (Jemaa et  al. 2011). G894T 
(rs1799983) is a prevalent variant in exon 7 of eNOS gene that corresponds to 
Glutamate–Aspartate substitution at codon 298 and contributes to some CVDs 
such as Coronary Artery Disease (CAD), Myocardial Infarction (MI) as well as 
EHT (Jíra et al. 2011). Several studies have reported the prevalent of this poly-
morphism with occurrence of hypertension (Niu and Qi 2011; Men et al. 2011). 
Moreover, it has been indicated that variations in intron 4 of the eNOS gene 
including the 4a/4b (VNTR) polymorphism have a significant effect on the EHT 
incidence (Deng et  al. 2007). This polymorphism encompasses two alleles: 4b 
allele has five tandem repeats of 27 nucleotide fragment and the 4a allele has 
four tandem repeats of the same fragment (Shah et  al. 2013). Previous studies 
have failed to reach a consensus conclusion regarding these polymorphism and 
hypertension incidence (Zarmakhi and Hashemi 2012; Jemaa et  al. 2009; Moe 
et al. 2006; Benjafield and Morris 2000). Abundant evidence has suggested that 
eNOS polymorphisms can have crucial effect of NO formation. Hence haplotype 
analysis can be a better approach to elucidate the role of these polymorphisms 
in occurrence of hypertension (Kitsios and Zintzaras 2010). To the best of our 
knowledge, the association of eNOS − 922A > G, − 786 T > C, intron 4 b/a VNTR 
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and 894 G > T polymorphisms with EHT have not been investigated in southern 
population of Iran where the occurrences of EHT is more frequent. Therefore, 
the aim of this study is to evaluate the correlation between the A922G, G894T, 
T786C, and 4a/4b polymorphisms individually and as haplotypes with EHT in 
the mentioned population.

Materials & Methods

Study Population

This case–control study comprises 200 healthy subjects and 200 individuals who 
were suffering from EHT. Control specimens were obtained from Bandar-Abbas 
blood transfusion organization and general public and the patient group was 
obtained from Shahid Mohammadi hospital. All participants were chosen from 
southern Iran population. This study is approved by the Hormozgan University of 
Medical Sciences Ethics Committee. EHT was confirmed by clinicopathological 
findings in all the members of the patients group. All participants were handed an 
informed consent and were properly informed of the process. The participants were 
matched for age and sex. The following criteria must have been met before enrolling 
an individual in our control group: each individual must have been aged between 30 
and 60 years, their blood pressure must have been lower than 140/90 mmHg, they 
should not have taken antihypertensive medication, and finally they must have not 
had a history of diabetes and general illness. Prior inclusion of anyone in patient 
group, subjects must have met the following criteria: all participants must have been 
aged between 30 and 60  years and must have had a confirmed blood pressure of 
higher or equal of 140/90 mmHg (based on JNC VIII). All subjects who had history 
of taking antihypertensive, coronary artery disease, vascular disease, stroke, second-
ary hypertension, diabetes mellitus, renal diseases and women who were pregnant or 
were taking oral contraceptive were excluded from this study. All participants were 
interviewed and demographic data, life style, family and occupational history were 
collected using a standard questionnaire.

Sample Collection and Genotyping

Peripheral blood samples were collected in standard EDTA tube and were stored 
at − 80  °C until further analysis. Genomic DNA was extracted from 5  ml blood 
using salting-out procedure as previously was described by Miller et al. (1988). The 
T786C, G894T, and A922G polymorphisms were genotyped using RFLP method 
and the 4a/4b polymorphism was genotyped by utilizing a conventional PCR proce-
dure. To genotype the intended polymorphisms, target regions were amplified using 
specific primers sets. The 4a/4b polymorphism was simply genotyped by perform-
ing a simple PCR; since the 4a variant contained 4 copy and the 4b contained 5 
copy, it was relatively simple to identify this variation by only a PCR reaction. As 
for T786C, G894T, and A922G SNPs, a further treatment with endonuclease was 
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performed. Finally, all specimens were electrophoresed on agarose gel. All PCR 
reactions were containing 100 ng of genomic DNA, 12.5 μl of 2X PCR Master Mix 
(Amplicon, Denmark), 10 pmol of each primers, and double distilled water. Final 
volume of each reaction was 25 μL. Table 1 shows the list of primers and required 
restriction enzymes.

Statistical and Haplotype Analysis

All statistical analysis were performed using SPSS software version 16.0 (SPSS Inc., 
Chicago, IL, USA) and all continuous variables were analyzed as mean ± SD. Stu-
dent’s t test and Chi-square test were used to compare quantitative data. Deviations 
of genotype frequencies from Hardy–Weinberg Equilibrium (HWE), differences in 
genotype distributions, and allele frequencies were analyzed among cases and con-
trols using Chi-square test; odds ratios with 95% confidence intervals (CI) were cal-
culated. P values less than 0.05 were considered statistically significant. Haplotype 
analysis and linkage disequilibrium between various genotypes of studied polymor-
phisms were analyzed using the SHEsis online software available on (https​://analy​
sis.bio-x.cn/myAna​lysis​.php). Linkage disequilibrium (LD) structure was measured 
by D′ and r2.

Results

Demographic Data and Clinical Characteristics

The demographic and clinical data of all subjects are listed in Table 2. Our results 
showed that BMI variable had no significant correlation with the disease (p > 0.05) 
(Table 2). Likewise, we found that the mean of Systolic Blood Pressure (SBP) and 
Diastolic Blood Pressure (DBP) in cases were significantly higher compared with 
controls (Table 2). Moreover, regarding smoking history, we observed a significant 
difference between two studied groups (p < 0.05) (Table 2). Eventually, our results 
revealed that the rate of physical activity in case subjects was significantly lower 
than that in healthy controls (p < 0.05) (Table 2).

Genotypic and Allelic Frequencies Analysis

Genotypic distribution of eNOS − 922A > G, − 786 T > C, 894 G > T and intron 4 b/a 
VNTR polymorphisms in the studied population are shown in Table 3. Our results 
revealed that eNOS − 786 T > C, 894 G > T and intron 4 b/a VNTR polymorphisms 
were significantly higher in EHT patients compared with healthy controls (p < 0.05) 
(Table 2). However, the rates of genotype frequencies for eNOS − 922A > G poly-
morphism was not statistically different between two groups (Table 3). The heterozy-
gote, homozygote, and mutant allele frequencies for all studied eNOS gene polymor-
phisms are displayed in Table 3. Among the cases, 20 individuals featured the eNOS 
4a4a genotype, whereas 5 individuals among the controls had such genotype. This 

https://analysis.bio-x.cn/myAnalysis.php
https://analysis.bio-x.cn/myAnalysis.php
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difference is statistically significant (OR 4.3, 95%CI 1.5–11.8, P = 0.003) (Table 3). 
We did not observe a significant difference between homozygote genotypes of eNOS 
− 922A > G, − 786 T > C, 894 G > T polymorphisms and EHT occurrence (Table 3). 
Nevertheless, in regards to analysis of heterozygote genotypes frequencies of the all 
studied eNOS gene polymorphisms between two groups, we demonstrated that the 
frequency of heterozygote genotypes for eNOS − 922A > G and intron 4 b/a VNTR 
polymorphisms were higher in cases compared with controls although the difference 
was not significant (Table 3). Moreover, the frequency of heterozygote genotypes for 
eNOS − 786 T > C and 894 G > T polymorphisms were statistically higher in EHT 
patients compared with controls (Table 3). We also revealed that the frequencies of 
eNOS − 786 C, intron 4 a VNTR, and 894 T mutant alleles in cases were statisti-
cally higher than that in controls (Table 3). Our results showed that the eNOS − 922 
G allelic frequency in patients with EHT was not significantly higher than that in 
healthy controls( OR 1.22, 95%CI 0.83–1.62, P = 0.3 (Table 3).

Linkage Disequilibrium and Haplotype Analysis

To evaluate the combined effect of eNOS gene polymorphisms and related haplo-
types with EHT susceptibility, pairwise, ternary and foursome haplotypes of all 
investigated polymorphisms were analyzed. Our results revealed that the combined 
genotypes − 786C/− 922A, − 786C/− 922G, − 786C/4a, − 786C/894 T, − 922A/4a, 

Table 2   Demographic and baseline clinical data of cases and controls

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure
a Evaluated by Fisher’s exact test and one-way ANOVA

Characteristic Cases (n = 200) Controls (n = 200) P valuea

Gender (%)
 Male 44 50
 Female 56 50

Mean of age (years) ± SD 51.66 ± 7.43 48.23 ± 6.96
Weight (kg) ± SD 71.13 ± 14.01 74.53 ± 15.20 0.021
Height (m) ± SD 1.64 ± 0.65 1.66 ± 0.80 0.035
BMI ± SD 26.31 ± 4.41 29.75 ± 4.39 0.233
SBP (mmHg) ± SD 143.01 ± 23.06 120.38 ± 7.13 0.0001
DBP (mmHg) ± SD 87.86 ± 10.18 79.16 ± 4.85 0.014
Activity (%)
 Low 77.5 53 0.0001
 Moderate 19.5 22 0.621
 Active 3 25 0.0001

Smoking history (%)
 No 48 67.5 0.0001
 Active 21.5 7.5 0.0001
 Passive 30.5 25 0.264
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and − 922G/4a were significantly higher in cases compared with controls (Table 4). 
However, the combined genotypes − 786 T/− 922A, − 786 T/− 922G, − 786 T/894 T 
and − 922A/4b were significantly higher in controls indicating their negative 
association with EHT (Table  4). Among twenty ternary haplotypes, five haplo-
types showed a significant difference between case and control groups (p < 0.05) 
(Table 4). The − 786C/− 922A/4a, − 786C/− 922A/4b and − 786C/− 922G/4a haplo-
types were more frequent in cases suggesting a positive association with EHT, while 

Table 3   Genotype and allele distributions of eNOS − 922 A > G, − 786 T > C, intron 4 b/a VNTR, 894 
G > T polymorphisms in cases and controls

eNOS endothelial nitric oxide synthase, HWE Hardy–Weinberg equilibrium, OR odds ratio, CI confi-
dence interval, ND not determined
a Evaluated by Chi-squared test
b Carriers; individuals who had either heterozygous and homozygous specified polymorphism
c Calculated by Hardy–Weinberg equilibrium

Polymorphism Cases (n = 200) (%) Controls (n = 200) (%) P valuea OR (95% CI)

eNOS − 922 A > G 0.247 –
AA 104 (52) 119 (59.5) 0.163 1.36 (0.94–2.01)
AG 81 (40.5) 65 (32.5) 0.124 1.40 (0.91–2.12)
GG 15 (7.5) 16 (8.0) 0.851 0.93 (0.45–1.93)
Carrier (AG + GG)b 96 (48) 81 (40.5) 0.163 1.36 (0.94–2.01)
Frequency of G allele 111 (27.27) 97 (24.24) 0.301 1.22 (0.83–1.62)
HWE P valuec 0.8000 0.2000 – –
eNOS − 786 T > C 0.0001 –
TT 72 (36) 129 (64.5) 0.0001 3.20 (2.15–4.91)
TC 124 (62) 69 (34.5) 0.0001 3.11 (2.11–4.63)
CC 4 (2.0) 2 (1.0) 0.680 2.02 (0.42–11.15)
Carrier (TC + CC) b 128 (64) 71 (35.5) 0.0001 3.20 (2.15–4.91)
Frequency of C allele 132 (33) 73 (18.18) 0.0001 2.21 (1.65–3.14)
HWE P valuec 0.0001 0.1200 – –
eNOS 894G > T 0.003 –
GG 19 (9.5) 44 (22) 0.001 2.72 (1.51–4.82)
GT 150 (75) 129 (64.5) 0.031 1.62 (1.07–2.51)
TT 31 (15.5) 27 (13.5) 0.632 1.17 (0.67–2.05)
Carrier (GT + TT)b 181 (90.5) 156 (78) 0.001 2.72 (1.51–4.82)
Frequency of T allele 212 (53.03) 183 (45.45) 0.041 1.32 (1.01–1.81)
HWE P valuec 0.0001 0.0025 – –
eNOS Intron 4 b/a VNTR 0.0001 –
4b4b 108 (54) 141 (70.5) 0.001 2.03 (1.35–3.07)
4b4a 72 (36) 54 (27) 0.067 1.5 (0.9–2.32)
4a4a 20 (10) 5 (2.5) 0.003 4.3 (1.5–11.8)
Carrier (4b4a + 4a4a) b 92 (46) 59 (29.5) 0.001 2.03 (1.35–3.07)
Frequency of 4a allele 112 (28) 64 (15.66) 0.0001 2.04 (1.4–2.9)
HWE P valuec 0.2000 0.7000 – –
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− 786  T/− 922G/4a and − 786  T/− 922G/894  T haplotypes had negative associa-
tion with the disease since they were more frequent in controls (Table 4). Regard-
ing foursome haplotypes, we observed a statistically significant difference between, 
− 786 T/− 922G/894 T/4b haplotype between studied populations (OR 0.2, 95%CI 
0.02–1.3, P < 0.05) (Table  4). This haplotype was more frequent among controls 
suggesting its protective role in EHT development. Finally, we calculated pair-
wise LD estimates for eNOS − 922A > G, − 786 T > C, 894 G > T and intron 4 b/a 

Table 4   Haplotype frequencies of eNOS − 922A > G, − 786 T > C, intron 4 b/a VNTR, 894 G > T poly-
morphisms in cases and controls

eNOS endothelial nitric oxide synthase, OR odds ratio, CI confidence interval
a Evaluated by Chi-squared test

Haplotype Cases (%) Controls (%) P valuea OR (95% CI)

Pairwise haplotype
− 786C/− 922A 14.2 7.6 0.002 2.02 (1.3–3.2)
− 786C/− 922G 18.8 10.7 0.001 1.9 (1.3–2.9)
− 786 T/− 922A 58.1 68.4 0.002 0.6 (0.5–0.9)
− 786 T/− 922G 8.9 13.3 0.047 0.6 (0.4–1.0)
− 786C/4a 15.1 4.6 0.001 3.7 (2.2–6.4)
− 786C/894 T 32.3 16.7 0.045 2.4 (1.0–5.6)
− 786 T/894 T 67.7 83.3 0.045 0.4 (0.2–1.0)
− 922A/4a 15.6 8.9 0.003 1.9 (1.2–2.9)
− 922A/4b 56.6 67.1 0.002 0.6 (0.5–0.8)
− 922G/4a 12.4 6.9 0.008 1.9 (1.2–3.1)
Ternary haplotype
− 786C/− 922A/4a 3.8 1.3 0.021 3.1 (1.1–8.5)
− 786C/− 922A/4b 10.3 6.3 0.038 1.7 (1.0–2.9)
− 786C/− 922G/4a 11.6 3.3 0.016 3.9 (2.0–7.3)
− 786 T/− 922G/4a 1.5 3.7 0.048 0.4 (0.15–1.02)
− 786 T/− 922G/894 T 1.9 10.5 0.047 0.16 (0.02–1.2)
Foursome haplotype
− 786 T/− 922G/894 T/4b 1.9 10.4 0.049 0.2 (0.02–1.3)

Table 5   Pairwise linkage 
disequilibrium estimates in 
cases and controls

r2 reflects statistical power to detect LD

Locus pair D′ r2

− 786 T > C/− 922 A > G 0.424 0.177
− 786 T > C/4 b/a 0.276 0.062
− 786 T > C/894 G > T 0.0001 0.0001
− 922 A > G/4 b/a 0.247 0.049
− 922 A > G/894 G > T 0.0001 0.0001
4 b/a/894 G > T 0.0001 0.0001
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VNTR loci; the D′ was used to measure LD between regions and alleles (Table 5). 
In this respect, we observed strong LD between loci − 786  T > C/− 922 A > G, 
− 786 T > C/4 b/a and − 922 A > G/4 b/a in patients with EHT (Table 5).

Discussion

In spite of some discrepancies upon the influence of eNOS polymorphisms on EHT, 
a relevant role of NO metabolism alteration in the pathogenesis of hypertension 
has been indicated by several studies (Zintzaras et al. 2006). Being one of the most 
important metabolic determinants in humans, eNOS mediates restraining blood 
pressure by approximately 300 mmHg through affecting soluble guanylate cyclase 
(GS) signaling cascade, leukocyte adhesion prevention, and NO generation (Gam-
boa et al. 2007). Through affecting these mechanisms, eNOS can successfully main-
tain basal vascular tone. Studies indicated that reduction of basal NO levels can in 
turn contribute to hypertension predisposition. The present study investigated eNOS 
polymorphisms and hypertension predisposition. Therefore, the present study aimed 
at investigating the association between some selected eNOS polymorphisms which 
are believed to reduce NO levels and hypertension predisposition in a specific popu-
lation of Iran, for the first time.

It has been reported that T786C polymorphism (T > C substitution) in the pro-
moter region can mediate significant reduction of eNOS transcription rate even up to 
50% which eventually result in nitrite/nitrate serum level reduction both in hypoxia 
and normal conditions (Miyamoto et  al. 2000; Nakayama et  al. 1999). We found 
significantly different allele distribution between case and control groups where C 
allele was more frequent among patients supporting its association with the dis-
ease. The carrier status for this allele is highly associated with the disease. However, 
some previous studies failed to reveal such associations. Two independent studies 
conducted by Kajiyama et  al. and Tsujita et  al. investigated T786C SNP in Japa-
nese population, where no association could be found between this SNP and EHT. 
Moreover, R. Li et al. and J. Li et al. studied T786C in African Americans and Han 
population of China, respectively, also detected no significant association between 
T786C SNP and hypertension (Li et  al. 2011,2004; Kajiyama et  al. 2000; Tsujita 
et al. 2001). There exist a hypothesis proposing that low expression of eNOS might 
seriously influence the metabolism contributing to severe health problems beyond 
blood pressure. This can explain the rarity of CC genotype in the studied population 
by (Li et al. 2011).

Regarding the investigation of G894T polymorphism, we revealed its signifi-
cant association with the disease. T allele was significantly more frequent among 
patients suggesting its role in hypertension predisposition and also the carriers of 
this allele were associated with EHT. In parallel to our study, Shankarishan et  al. 
reported a significant association between TT genotype and the risk of hypertension 
in Indian population (Shankarishan et al. 2014). The G > T substitution is positioned 
within a loop with no apparent interference with enzyme dimerization or active sites 
suggesting to impose no influence on eNOS catalysis (Hingorani 2001); however, 
this polymorphism on exon 7 causes Glu298 to change to 298Asp which alters the 
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enzyme structure and affects its activity and ultimately leads to decreased produc-
tion of NO and increased blood pressure (Yoshimura et al. 1998). Other studies also 
revealed significantly higher odds for T allele to be associated with hypertension 
and high levels of blood pressure (Cooke et al. 1997; Shoji et al. 2000; Miyamoto 
et al. 1998). However, Lacolley et al. in 1998 has reported the association of 894G 
allele with an elevated risk of hypertension in Caucasians (Lacolley et  al. 1998). 
In some populations, it has also been reported that this polymorphism has no asso-
ciation with hypertension (Zintzaras et al. 2006; Kato et al. 1999; Kishimoto et al. 
2004). In contrast, Li et al. found the association of this polymorphism with hyper-
tension in female Hans of southwestern China (Li et al. 2011). Despite controversial 
reports, our results, in agreement with mentioned studies suggesting a significant 
association of 894  T allele with hypertension, indicate the predisposing influence 
of this SNP. Furthermore, to the best of our knowledge, there are few studies inves-
tigating the association of A922G with hypertension, and similar to them, accord-
ing to our statistical analysis, we established no significant association between this 
polymorphism and hypertension. Although 4a/4b polymorphism is an intronic one, 
it has been reported that intron 4ab polymorphism can modulate eNOS mRNA tran-
scription, translation efficiency, stability, and ultimately enzyme levels (Tsukada 
et al. 1998). In the present study, a statistically significant association between 4a/4b 
VNTR and hypertension has been demonstrated. 4a/4a genotype is highly associated 
with the disease and expectedly 4a allele is significantly frequent among patients. 
A meta-analysis conducted by Zintzaras et  al. in 2006 including 35 genetic stud-
ies has also demonstrated a significant association between this polymorphism and 
hypertension (Zintzaras et al. 2006). Shankarishan et al. suggested that a genotype 
is associated with increased risk of hypertension comparing to ab and bb genotypes 
(Shankarishan et al. 2014). Colomba et al. studied eNOS polymorphisms and car-
diovascular damage in hypertensive Italian subjects, and reported 4aa genotype to 
be present in 2.5% of hypertensive subjects while being completely absent in nor-
motensives (Colomba et al. 2008). Detrimental effects of an allele have been indi-
cated in a meta-analysis where 22% of the increased risk for hypertension was dem-
onstrated in the presence of an allele (Zintzaras et al. 2006). Although interesting 
results were obtained by Kitsios and Zintzaras indicating a reverse association for 
this allele, taken into account the influences of potential confounders with a multi-
variate logistic regression model, the association was not significant. They also dem-
onstrated no significant genotype-smoking interplays (Kitsios and Zintzaras 2010) 
considering previous studies suggesting smoking-dependent effects of 4a/b poly-
morphism (Wang et al. 1996; Rios et al. 2007).

Considering aforementioned points, significant associations between studied 
polymorphisms of eNOS gene and EHT are illuminated; however, relying only 
on individual polymorphisms may not be highly informative and the results are 
not usually consistent in multifactorial diseases such as hypertension. Instead, 
haplotypes can bring about more powerful and accurate tool in the analysis of 
genetic association studies. The key determinant of disease susceptibility can be 
the interaction between multiple genetic markers in combination with each other 
as haplotypes rather than individual polymorphisms (Kitsios and Zintzaras 2010; 
Cardon and Abecasis 2003). This approach is believed to be more powerful than 
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single-marker analysis especially when the markers are in functional regions of 
DNA and can represent biological roles (Zintzaras and Kitsios 2006; Zintzaras 
and Lau 2008). Thus, in the present study, we provided pairwise, ternary, and 
foursome haplotypes to assess their associations with EHT and compare their 
power as risk assessing markers. Among studied pairwise haplotypes, six hap-
lotypes were significantly associated with EHT, whereas four haplotypes were in 
reverse association with EHT indicating their protective effects. According to our 
statistical analysis, 786C/922A, 786C/922G, 786C/4a, 786C/894 T, 922A/4a, and 
922G/4a were associated with high risk of EHT development, while 786 T/922A, 
786 T/922G, 786 T/894 T, and 922A/4b were reversely associated. As one may 
consider, although haplotype analysis indicate that 786C/922A, 786C/922G, 
922A/4a, and 922G/4a haplotypes are positively associated with EHT, it seems 
that major informative polymorphisms are 786C and 4a in these haplotypes since 
irrespective of both forms of A922G SNP; these haplotypes demonstrate positive 
associations, and hence, 786C/922A, 786C/922G, 922A/4a, and 922G/4a hap-
lotypes cannot be considered powerful markers. Similarly, taking into account 
the reversely associated haplotypes, 786  T/922A and 786  T/922G cannot be 
considered useful haplotypes in risk assessment based on the previous descrip-
tion. Marked interethnic variations in polymorphisms and haplotypes of eNOS 
gene and also their associations with susceptibility to cardiovascular diseases 
have been described by Tanus Santus et  al. in a study in Caucasians and Afri-
can Americans as well as white and black Brazilians (Tanus-Santos et al. 2001; 
Marroni et al. 2005). Shankarishan et al. investigated eNOS gene polymorphisms 
and risk of hypertension in an Indian population considered a pairwise analysis 
of three eNOS gene polymorphisms and reported significant linkage disequilib-
rium between intron 4 and G894T polymorphisms. 894 T/4a, 894G/4a, 894 T/4b, 
786 T/4a, 894 T/786 T, and 894 T/786C were reported haplotypes to be signifi-
cantly associated with the risk of hypertension (Shankarishan et al. 2014).

Ternary haplotype analysis revealed that 786C/922A/4a, 786C/922A/4b, and 
786C/922G/4b haplotypes are significantly associated with hypertension, while 
786  T/922G/4a and 786  T/922G/894  T haplotypes demonstrate protective effects 
against hypertension. It has been reported by Sandrim et al. in that 786C/894G/4b 
haplotype indicates protective effect, while 786C/894  T/4b represents a positive 
association with susceptibility to hypertension (Sandrim et  al. 2006a). The same 
group also reported a protective role for 786C/894G/4b and positive association for 
786C/894 T/4b haplotypes when investigating the development of hypertension in 
patients with or without type 3 diabetes mellitus (Sandrim et al. 2006b). These stud-
ies are not in favor of the results of our study. Previous studies have reported differ-
ent results regarding haplotypes association with hypertension. 786 T/894G/4a has 
been reported to have protective effects against hypertension (Kitsios and Zintzaras 
2010), while others have reported their significant association with hypertension 
(Kumar et al. 2009). In the present study, we found neither protective role nor patho-
genic role for this haplotype and EHT.

In regards with foursome haplotypes of investigated polymorphisms, in this 
study, only 786 T/922G/894 T/4b haplotype was statistically significant which con-
ferred protective role against EHT.
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Conclusion

In conclusion, we mentioned certain individual polymorphisms of eNOS gene to 
be associated with EHT where investigating them as haplotypes suggested them 
as more powerful markers. Although the current study does not include functional 
studies of investigated polymorphisms, the results for potential association of them 
with hypertension are supported based on with previous studies. Hypertension as a 
multifactorial disorder is under the influence of complex interplays between genetic 
predispositions and environmental factors; however, the exact mechanisms are not 
yet fully understood. The coexistence of genetic susceptibility and adverse environ-
mental factors contribute to the initiation and development of hypertension. There-
fore, future studies should embrace investigation of environmental factors in the 
background of genetic variations in larger populations to reveal risk factors more 
thoroughly.
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