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INTRODUCTION
Blood pressure is commonly expressed as the ratio of 
systolic to diastolic pressure (the pressure the blood 
exerts on the artery walls while the heart contracts 
and relaxes) [1]. A systolic blood pressure (SBP) of 140 
mm Hg or higher, or diastolic blood pressure (DBP) of 
90 mm Hg or higher, is considered as hypertension [2]. 
Primary and idiopathic hypertension is other names 
for essential hypertension. This type of high blood 
pressure is the most common in 90 to 95 percent of 
people. Essential hypertension appears to be largely 
influenced by genetic factors [3]. Hypertension is the 
greatest cause of death worldwide. Because the pri-
mary symptoms of hypertension are difficult to detect, 
many cases (40-50%) commonly go untreated, gaining 
it the term “silent killer” [4]. It is estimated that genes 
that govern vitamin D levels are causative of 30-50% 
of the BP fluctuations [5]. Identifying the genes that 
regulate vitamin D levels in essential hypertension 
may provide a more accurate factor in understanding 
the disease’s molecular pathophysiology. The RAAS 
plays an important role in the physiologic control of 
sodium and potassium balance, intravascular volume, 
and blood pressure [6]. Excessive RAAS activity is now 

well documented to raise the cardiovascular risk that is 
minimized by reducing or blocking the RAAS [7]. Low 
vitamin D levels have been linked to clinical outcomes 
previously associated with increased RAAS function, 
such as hypertension, inflammation, and CVD [8]. 
Animal investigations showed that 1,25(OH)2D3-VDR 
complex adversely regulates renin expression and that 
vitamin D-induced RAAS activity can prevent poor vas-
cular outcomes to the same extent as pharmaceutical 
angiotensin receptor antagonism [9]. This theory has 
been supported by human studies, which showed that 
reduced circulating vitamin D concentrations are associ-
ated with higher plasma renin activity and angiotensin 
II concentrations [10, 11] and that vitamin D deficiency 
is associated with higher RAAS activity, which can be 
reduced with vitamin D3 therapy intervention [9, 12]. 
Fok I (rs2228570) is a VDR gene SNP that has received a 
lot of attention. This polymorphism was discovered in 
the early 1990s, which is comprised of T to C mutation 
in exon-2. Because the mutation occurs in a start codon 
(ATG), the C variation causes an alternate start site to 
be employed, resulting in a larger protein [13]. The Fok 
I polymorphism can result in shortened proteins and is 
connected with an increased risk of hypertension. The 
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rs2228570 polymorphism is induced by thymine to cy-
tosine transfer, which causes a translational frameshift 
defined by an expansion of the open reading frame to 
the next initiation codon (ATG), leading to the synthesis 
of a shortened 424 amino acid protein. ATG-encoded 
methionine (M1 form) was found in the f allele, whereas 
ACG-encoded methionine (M4 form) was present in the 
F allele [14]. The shortened protein in people with the 
FF genotype is hypothesized to increase the develop-
ment of essential hypertension by boosting renin and 
angiotensin II production [15, 16]. It is suggested that 
the shortened protein’s transcription activity is more 
than that of the full-length protein. Furthermore, the 
shortened protein’s enhanced reactivity to 1,25(OH)2D3 
may change VDR function as well as vitamin D in cells 
and tissues [17]. This shows that 1.25(OH)2D3 can sup-
press renin expression in humans and raise the risk of 
cardiovascular and metabolic disorders [18].

AIM
The aim of this research is to understand how vitamin D 
receptor gene polymorphism (VDR rs2228570) affects 
blood pressure in Iraqi patients with essential hyper-
tension in Al Diwaniya province.

MATERIALS AND METHODS

STUDY DESIGN, PATIENTS RECRUITMENT, 
SETTING AND TIMING 
The study involved 90 people (50 men and 40 women). 
This is a single-center observational cross-sectional 
descriptive study for hypertension patients of Iraqi 
nationality who have been diagnosed using the Eighth 
Report of the Joint National Committee on the Pre-
vention, Detection, Evaluation, and Treatment of High 
Blood Pressure. All candidate patients were evaluated 
and diagnosed by a cardiologist or other professional 
caregiver. The study, which lasted from July 2022 to 
July 2023, was carried out at the Al-Diwaniyah teach-
ing hospital and the Department of Pharmacology 
and Therapeutics, College of Medicine, University of 
Al-Qadisiya, Iraq. The laboratory work was done in the 
Al-Qadisiyah University’s Department of Pharmacology 
and Therapeutics in the province of Diwaniyah.

QUESTIONNAIRE FORMULA
The following data were collected from the patients: 
name, age, sex, race, senior status, patient identification 
number, comorbidities, diagnosis, serum lipid level, uric 
acid, glucose, blood urea, and serum creatinine.

ETHICAL CONSIDERATIONS
The College of Medicine at Al-Qadisiyah University’s 
Ethics Committee approved the study, and all patients 
received an explanation of the procedures before pro-
viding their informed permission.

PRIMERS USED IN THE CURRENT STUDY
Using the PCR-TETRA ARM technique, blood samples 
were genotyped and examined for polymorphisms in 
the FOKI (rs2228570). The Integrated DNA Technologies 
(IDT) website and data from the National Center for 
Biotechnology Information (NCBI) were used to create 
polymerase chain reaction (PCR) primers for the VDR 

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

rs2228570 (FOKI)

Inner forward 70
AAGTGCTGGCCGCCATTGCCTACA  (24)

A-allele 201 bp.

G-allele 257 bp.

Two outer primers 404 
bp.

69℃

Inner reverse 70
CCGTGGCCTGCTTGCTGTTCTTACAGGTAC  (30)

Outer forward 70
AAAATGCAAGGGCTCCCTTCATGGAAACA   (29)

Outer reverse 70
CGAAGGCACTGTGCTCAGGCCTGG    (24)

Table 2. Substances used in study, their producer, and their place of origin
No. Chemical Company and Origin

1 TBE buffer Intron (Korea)

2 Agarose MarLiJu (Korea)

3 Ethidium bromide BioBasic (Canada) 

4 Ladder Bioneer (Korea)

5 Primers Macrogen (Korea)

Table 3. JNC8 classification of blood pressure [19]
Category Systolic Diastolic

Normal <120 and <80

Pre-hypertension 120-139 or 80-90

Hypertension (Stage 1) 140-159 or 90-99

Hypertension (Stage 2) >160 or ≥100
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FOKI (rs2228570) genes. The primers were designed 
especially for this study using information for SNP 
sequence available online (https://www.ncbi.nlm.nih.
gov/), SNP data and online tool for tetra arms primer 
design (http://primer1.soton.ac.uk/primer1.html), and 
for sequence SNP primer design (https://www.bioinfor-
matics.nl/cgi-bin/primer3plus/primer3plus.cgi/). The 
complementary nature of the given primers was further 
verified using the BLAST gene bank tool to ensure that 
they were not complementing the non-targeted gene. 
Deionized distilled water (DDH2O) was used to dissolve 
the lyophilized primers in the master tube to obtain a 
concentration of 100 pmol/l. Then, 10 pmol/μl was cre-
ated as the working solution by transferring 10 μl from 
the master tube to another tube and bringing the total 
volume to 100 μl with DDH2O (Table 1).These primers 
were provided by Bioneer Company, Korea.

CHEMICALS THAT WERE USED IN THE 
CURRENT STUDY
Table 2 shows the chemical compounds employed in 
this investigation, along with their place of origin and 
Production Company.

BLOOD SAMPLING
4ml of blood was taken from each patient, divided into 
two parts, and aspirated from the antecubital vein. 
–	�� 1ml of the patient’s whole blood was taken in an 

EDTA-containing tube for DNA extraction and kept 
at -20 C until DNA extraction.

–	� 3ml of the patient’s whole blood was collected in a 
gel tube, spun for five minutes at 5,000 revolutions 
per minute, and the serum was collected for use in 
biochemical assays.

Fig. 1. Image of electrophoresis of aga-
rose gel that demonstrates the analysis 
of PCR product of FOKI (rs2228570) 
gene from certain blood samples of 
patients.

Fig. 2. Sex distribution of participant 
hypertensive patients in the study 
(n=90).
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BLOOD PRESSURE MEASUREMENT
A mercury sphygmomanometer was used to take blood 
pressure (BP) measurements. Before getting the mea-
surements, the patient was instructed to sit comfortably 
and rest for five minutes with her right arm unclad and 
her legs uncrossed. The palm of the right arm was then 
raised and put on the table. The proper cuff size was 
selected. The cuff was kept at the same level as the 
heart during measurements. Patients are classified in 
the Eighth Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC8) as shown in table 3.

GENOTYPING 
Genomic DNA from blood samples was extracted by 
using a DNA isolation kit (Frozen Blood) Geneaid, USA.

PCR–TETRA ARM TECHNIQUE
Using the PCR-TETRA ARM technique, blood samples 
were genotyped and examined for polymorphisms in 
the FOKI (rs2228570) (Fig.1). 

STATISTICAL PROCESSING
SPSS version 25 was used to make the statistical anal-
ysis. The data were shown as mean ± SE. Allelic and 
genotypic frequencies for each SNP were calculated. 
P value <0.05 was considered statistically significant.

RESULTS

DEMOGRAPHIC DATA 
This study included 90 Iraqi hypertensive patients, 58.9% 
(n=53) were females and 41.1% (n=37) were males (Fig.2), 
with the mean ± SD age (years) of the study group 
53.2±13.8, and mean ± SD BMI of 29±5 kg/m².

EFFECT OF VDR POLYMORPHISM RS 
2228570 ON BLOOD PRESSURE
As shown in Table 4, the mean systolic blood pressure 
in homozygous AA, heterozygous AG, and homozygous 
GG carrier patients was 149, 150, and 166 respectively. 
On the other hand, mean diastolic blood pressure in 
homozygous AA, heterozygous AG, and homozygous 
GG carrier patients was 89, 89, and 94 respectively there 
was no statistically significant effect of rs 2228570 on 
systolic and diastolic blood pressure. 

EFFECT OF POLYMORPHISM RS2228570 ON 
VIT D LEVEL
As shown in table 5, the mean plasma level of Vit 
D was higher in homozygous GG carriers (9.8), and 
lower in homozygous AA carriers (4.4). The difference 
was statistically significant in the plasma level of Vit 
D between AA carriers and AG carriers (P value was 
<0.028), (Fig.2). Although the mean Vit D level in GG 
carrier was higher than that of AG and AA carriers 
but it is difficult to decide whether the difference is 
statistically significant or not because we have only 
two patients carry GG allele.

DISCUSSION
The most frequent allele was A (67%) while the 
most frequent genotype was AG (61%). G allele has 
minor frequency 33% and GG genotype was 2% 
(p=0.8). There have been numerous studies look-
ing at correlations between the rs2228570 variant 
and EH [20]. However, the findings have been con-
tentious and inconclusive. In a study in Morocco, 
Errouagui and coauthors [21] studied 177 patients 
with hypertension and 222 normotensive persons 
of both genders and discovered that rs 2228570 
polymorphism was related to AH in genotypes 
that are codominant, dominant, or recessive. The 

Table 4. Effect of VDR polymorphism rs 2228570 on blood pressure
Genotype rs2228570 Systolic BP means SE P value Diastolic BP mean SE P value 

AA 149 2.7

0.29 NS

89 1.2

0.6 NSAG 150 1.9 89 0.9

GG 166 1.5 94 6

Table 5. Effect of VDR polymorphism rs 2228570 on blood pressure
Genotype rs2228570 Numbers Mean Vid D level S.E P value 

AA 33 4.4 0.44

0.028 AG 55 7.5 1.05

GG 2 9.8 4.3
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results indicate the mean plasma level of Vit.D was 
higher in homozygous GG carriers (9.8), and lower 
in homozygous AA carriers (4.4). There was a statis-
tically significant difference in the plasma level of 
Vit D between AA carriers and AG carriers (P value 
was <0.028) Although the mean Vit D level in GG 
carrier was higher than that of AG and AA carriers 
but it is difficult to decide whether the difference is 
statistically significant or not because we have only 
two patients carry GG allele and thereby there is 
no statistically significant effect of VDR rs2228570 
on SBP and DBP (p=0.6) and responsiveness to val-
sartan with 45.5% were considered as responders 
and 54.4% as non-responders. This may be either 
because of the small size of the samples in this study 
or a potent indication of the absence of association 
between this variant and EH in the Iraqi population. 
There is no clear explanation for why the rs2228570 
variation is linked to hypertension. However, it has 
been proposed that the rs2228570 polymorphism 
is brought on by T to C change that causes a frame-
shift in translation marked by the creation of a 
truncated 424-amino-acid protein by extending the 
open reading frame to the next start codon (ATG) 
“ATG encoded methionine (M1 form)” was found 
in 427 amino acid protein’s G allele, whereas “ACG 
encoded methionine (M4 form)” was found in the 
A allele. It is believed that the shortened protein in 
people with the AA genotype enhances the produc-
tion of renin and angiotensin II, which in turn helps 
to develop essential hypertension [16].

CONCLUSIONS
Our research is the first of its kind in Iraq that investi-
gates allele and genotype frequency in Iraqi patients 
with essential hypertension. Our result showed the 
most common allele for rs2228570 was the A allele 
67% while the most frequent genotype was AG (61%), 
frequency of another genotype AA and GG were 37% 
and 2% respectively. Vit D receptor gene polymor-
phism rs2228570 was related to vit D level and there 
was no statistically significant effect on systolic and 
diastolic blood pressure.

frequency of the GG genotype was significantly 
lower in hypertension patients than in controls 
(P=0.002). The average vitamin D concentrations of 
patients with the AA, AG, and GG genotypes were 
“28.06±10.57, 29.04±11.97”, and “26.40±19.15 ng/
mL”, respectively. Nevertheless, there were no sta-
tistically significant variations in vitamin D levels 
between AA and AG genotype patients (P=0.6463) 
or those with AA and GG (P=0.0767) [21]. In a pro-
spective study by Wang et al. [22] recruited 1,211 
Caucasian American men. Hypertension affected 
695 of the patients. The vast majority of hyperten-
sive people with a VDR gene polymorphism and 
the prevalence of Fok I polymorphism was found 
in 885 subjects. Only the recessive model revealed 
a link between the VDR rs2228570 and the risk for 
hypertension. In model 2, the (HR) multivariate 
hazard ratio for the occurrence of hypertension was 
associated with the GG genotype. Patients with the 
GG genotype were more likely than those with the 
AG and AA genotypes to have an increased risk of 
hypertension in relation to 25 (OH) D concentra-
tion [22]. In an Italian investigation, Cottone and 
colleagues recruited 72 control volunteers of both 
sexes and 71 patients with essential hypertension. 
AA, AG, and GG genotype frequencies were 50.7%, 
42.3%, and 7.0%, in patients with hypertension, 
respectively, and 40.3%, 40.3%, and 40.0%, respec-
tively, in participants in good health 50.0% and 
9.7%, respectively. Patients with hypertension had 
frequencies of alleles of A and G of 71.8% and 28.2%, 
respectively, while normotensive people had allelic 
frequencies of 65.3% and 34.7%, respectively. All 
three Fok I polymorphism genotypes had distinct 
diastolic blood pressures (P=0.018). Diastolic blood 
pressure was greater in GG genotype patients com-
pared to AG genotype patients (P=0.002) 25 (OH) 
D levels were shown to be negatively correlated 
with heartbeat blood pressure, and this association 
was significant statistically. Among patients with 
the AG genotype (P=0.035). No particular geno-
type or allele was associated with hypertension. 
Additionally, no correlation between the Fok I 
polymorphism and RP activity was found [23]. Our 
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