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Abstract

Background: Hypertension (HTN) is a common and complex disorder influenced by multiple genetic
and environmental factor, where the underlying mechanisms of its etiology remain incompletely
understood although the identification of several contributing elements. This research sought to evaluate
the possible relationship between genetic polymorphisms in methylenetetrahydrofolate reductase
(MTHFR) and With-No-Lysine Kinase 1 (WNKI1) genes and susceptibility to hypertension.

Method: Genomic DNA was extracted from blood samples collected from 220 individuals with
hypertension and 220 normotensive controls. Genotyping of MTHFR (rs1801133 and rs1801131) and
WNKI1 (AluYb8) polymorphisms was performed using direct PCR and PCR-RFLP techniques. The
resulting data were subjected to appropriate statistical analyses.

Results: A statistically significant association was identified between the rs1801131 polymorphism of the
MTHFR gene and susceptibility to hypertension (p = 0.0006). This association remained significant under
the codominant, dominant, and recessive genetic models, with all p-values < 0.016. Furthermore, the CC
haplotype of the MTHFR gene showed a significant association with hypertension (OR =2.02, p = 1e-04).

Conclusion: These findings indicate that the MTHFR rs1801131 polymorphism is significantly associated
with hypertension susceptibility and may represent a potential genetic marker. This highlights its
relevance for future studies exploring genotype-driven risk assessment and personalized approaches to
hypertension management.
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Introduction

Hypertension (HTN) represents a chronic and
multifactorial ailment arising from a confluence of
environmental and genetic factors. It affects over a
quarter of the adult population, increasing the risk of
consequential maladies such as stroke, renal disease,
coronary heart disease and heart failure [1]. The
principal determinants of blood pressure are cardiac
output and total peripheral resistance, with diagnostic
thresholds generally set at diastolic blood pressure
(DBP) 2 90 mmHg and systolic blood pressure (SBP) >
140 mmHg [2, 3]. It is worth noting that over 90% of
hypertension instances fall under the classification of
essential hypertension, or hypertension with no

recognized etiology [4].

Due to population aging and increased exposure
to lifestyle risk factors such as poor diets, the
prevalence of hypertension is increasing globally [5].
Essential hypertension is estimated to affect
approximately 25-35% of the adult population and
60-70% of individuals beyond the seventh decade of
life across both developed and developing countries
[6]. However, not every country is experiencing the
same changes in the prevalence of hypertension [7].

Several sources provide evidence for the genetic
impact on blood pressure. Despite the fact that
different genes and genetic variables have been
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associated with the emergence of essential
hypertension, a particular person's disease is most
likely the result of numerous genes working together
[8]. Hypertension is estimated to have a heritable
component of up to 60%. Identifying genetic
variations associated with blood pressure regulation
is important for two main reasons: first, to recognize
individuals at high genetic risk for early diagnosis,
prevention and treatment; and second, to elucidate
the molecular mechanisms underlying hypertension,
which may reveal potential targets for prevention,
therapy and diagnostics [9].

The MTHER (methylenetetrahydrofolate
reductase) gene is located on the distal region of the
short arm of chromosome 1 (1p36.3). It encodes an
important enzyme implicated in folate and
methionine metabolism. The gene spans around
20.374 kb and involves 12 exons. Its mRNA transcript
is about 7,150 base pairs in length, which encodes a
protein of 656 amino acids [10]. It is intricately
involved in the metabolic pathways of both
homocysteine (Hcy) and folate. MTHEFR acts as a key
enzyme that influences the metabolism of
homocysteine (Hcy) [11]. The concentration of serum
homocysteine has been established as correlating with
the incidence of hypertension [12]. Homocysteine, a
sulfur-containing amino acid, has the potential to
cause damage to blood vessels [13]. Elevated levels of
homocysteine have a synergistic effect with
hypertension, notably increasing the risk of vascular
diseases [14, 15].

The maintenance of homeostasis surrounding
the vascular endothelium depends on the balance
between the availability of nitric oxide (NO) and the
presence of oxidizing reactive oxygen species (ROS).
Nitric oxide contributes to vasodilation and mitigates
platelet aggregation and adhesion within the vascular
endothelium and plays an important role in
hypertension. Circulating levels of NO are influenced
by the concentrations of Hcy and MTHER [16].

The MTHFR enzyme is produced by the MTHFR
gene, and its function is significantly influenced by
variations in this gene. Specifically, two widely
studied SNPs in the MTHFR gene known as C677T
(rs1801133) and A1298C (rs1801131) have been found
to be associated with decreased enzyme activity and
increased plasma homocysteine levels [17, 18]. The
MTHER gene rs1801133 variant is located in exon 4
and involves a cytosine-to-thymine substitution,
resulting in an alanine-to-valine change at codon 222
(Ala222Val). The resulting protein is thermally
unstable with low enzyme activity and hence less
MTHEFR function and increased concentration of
homocysteine (19, 20). Similarly, the rs1801131
polymorphism occurs in exon 7 and is characterized

by an adenine-to-cytosine substitution at nucleotide
position 1298, causing a glutamate-to-alanine
substitution at codon 429 (Glu429Ala) within the
C-terminal regulatory domain. This variant is also
related to decreased enzymatic activity, even though
to a lesser degree than rs1801133 (20, 21).

The human WNK1 (With-No-lysine Kinase 1)
gene located on chromosome 12p13 and consisting of
29 exons covers approximately 160 kb. It encodes
multiple transcripts that originate from different
promoters [22-24]. WNK1 is a serine/threonine
protein kinase that plays a role in regulating sodium
and potassium transport in the distal convoluted
tubules and cortical collecting ducts of kidney
nephrons. This function contributes to the modulation
of blood pressure [23, 25]. It is highly expressed in
many different tissues, with particularly high
concentrations being found in the kidney and the
cardiovascular system. The expression of WNKI1 is
localized mainly to the distal nephron of the kidney,
particularly within the region involved in NaCl
reabsorption. Research indicates that elevated WNK1
expression could potentially enhance NaCl
reabsorption, consequently promoting volume
expansion-induced hypertension [23].

There are some common polymorphisms and
haplotypes of WNK1 gene that are associated with
blood pressure and the severity of hypertension.
Among the polymorphisms of the WNK1 gene, the
insertion of the AluYb8 element in the WNKI1 intron
10 was observed to affect the variability of blood
pressure of individuals [26].

Despite  growing evidence of genetic
contributions to hypertension, studies exploring
relevant gene variants in Middle Eastern populations
remain scarce. We hypothesize that MTHFR
(rs1801133 and rs1801131) and WNK1 (AluYbS8)
polymorphisms may influence susceptibility to
hypertension in the Jordanian population.

Methods

Study Subjects

A total of 220 patients diagnosed with
hypertension and 220 normotensive controls were
enrolled from the Jordanian Arab population.
Participants were recruited during routine clinical
visits at the Cardiac Clinic and Coronary Care
Department of King Abdullah University Hospital
(KAUH) in Irbid, Jordan. All patients included in the
study were diagnosed with hypertension and were
undergoing treatment with various classes of
antihypertensive medications for a minimum
duration of one year; however, based on the class of
antihypertensive medication prescribed (ACEIs,
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ARBs, CCBs, BBs and TDs) participants were
categorized into five groups according to American
Heart Association (AHA) and Joint National
Committee (JNC) guidelines implemented at KAUH.

A total of 220 unrelated Jordanian patients were
enrolled in this study after excluding individuals who
did not meet the inclusion criteria. The inclusion
criteria specified having a confirmed clinical
diagnosis of hypertension, available medical data
recorded in the KAUH registry system, and being 35
years old or above. Exclusion criteria specified
participants who did not consent to the study, had
missing data, had relatives within the second degree
of kinship, or did not adhere to prescribed
anti-hypertension treatment. Additionally, a control
group comprising 220 unrelated, normotensive adult
volunteers was recruited from the general population.
Inclusion criteria required that participants be adults
without a prior diagnosis of hypertension,
cardiovascular disease, or chronic kidney disease.
Individuals receiving antihypertensive medications or
with a history of secondary hypertension were
excluded. Participants who refused to sign the
informed consent form or were not of Jordanian
nationality were also excluded. Approval for the
study design and proposal was granted by the
Human Ethics Committee of Jordan University of
Science and Technology, Irbid, Jordan. All individuals
enrolled in the study gave their written informed
consent.

Sample Preparation and Genotyping

Genomic DNA extraction was carried out from
frozen whole blood samples, following the
manufacturer’s instructions for the Puregene® Blood
Core Kit A (Qiagen, USA). DNA concentration and
purity were evaluated using agarose gel
electrophoresis and the NanoDrop ND-1000
spectrophotometer (BioDrop, UK).

Genotyping of the MTHFR (rs1801133 and
rs1801131) and WNK1 (AluYb8) polymorphisms was
conducted using direct PCR and PCR-restriction
fragment length polymorphism (PCR-RFLP) methods.
Each PCR reaction for all examined polymorphisms
was carried out in a final volume of 25 puL, containing
6.5 pL nuclease-free water, 12.5 puL of 2x PCR Master
Mix (Promega, Madison, WI, USA), 1.5 pL of each
forward and reverse primer (10 uM stock
concentration), and 3 pL of genomic DNA (~60 ng).
Primer sequences for the analyzed polymorphisms
are listed in Table 1.

Reactions were performed in a thermal cycler
(Applied Biosystems Veriti, Thermo Fisher Scientific,
Waltham, MA, USA) under the following conditions:
initial denaturation at 95°C for 10 min, followed by 35

cycles of 95°C for 30 s (denaturation), 30 s of annealing
at 60°C for MTHFR (rs1801133 and rs1801131) and
58.8°C for WNKT1, and 72°C for 30 s (extension), with a
final elongation at 72°C for 5 min. PCR products of
rs1801133 and rs1801131 (10 uL) were digested with
the appropriate restriction enzyme (Hinfl for
151801133 and Mboll for rs1801131; Thermo Fisher
Scientific, Waltham, MA, USA) in a 10 pL reaction
mixture at 37°C for 2 h. The digested products, along
with WNK1 PCR products, were resolved on a 3%
agarose gel (HiMedia, Mumbai, India), and the
resulting fragment sizes are shown in Table 1.
Genotyping quality was assessed by re-analyzing a
randomly selected subset of 20% of samples, which
yielded 100% concordance between runs. Samples
with unclear or ambiguous results were re-genotyped
to ensure accurate genotype assignment. The overall
call rate for all polymorphisms was 100%.

Statistical Analysis

Various statistical tests were employed, and
different software applications were used for these
analyses. SNPStats, a web-based statistical tool
accessible at http:/ /www.snpstats.net/start.htm, was
used to test for Hardy-Weinberg Equilibrium,
estimate allelic and genotypic frequencies, test genetic
models, and study the association of haplotypes with
disease predisposition. The estimates of association
were described as Odds Ratios (ORs), with 95%
Confidence Intervals (CIs). The correlations of
genotypes with  phenotypes were analyzed
statistically by using Pearson chi-square tests,
together with a one-way ANOVA test, via SPSS
software version 26.0 (SPSS, Inc., Chicago, IL). A
multivariable binary logistic regression model was
applied to evaluate the independent effect of the
studied polymorphisms on disease risk while
adjusting for potential confounding variables. For
multiple comparisons, the effective number of
polymorphisms was estimated according to a
previously described method [27]. For correcting the
significance level, the Bonferroni test was applied,
whereby the significance level was calculated as a/n,
where a = 0.05 and n corresponds to the total number
of performed tests [28].

Results

Population Characteristics and Hardy-
Weinberg Test

The control group consisted of 220 healthy
individuals (mean age: 58.75 + 10.28 years), of whom
37.3% were male. The hypertensive group included
220 patients (mean age: 58.84+ 10.39 years), with
58.2% male participants. Body mass index (BMI) was
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assessed for both groups, with mean values of 25.04
+4.28 for the control group and 31.60+ 6.04 for the
hypertensive patients. Baseline characteristics of the
participants are detailed in Table 2.

Hardy-Weinberg equilibrium (HWE) analysis
was conducted for all investigated SNPs, and no
significant deviations were observed in either the case
or control groups (p > 0.05). Consequently, all SNPs
were included in subsequent analyses, as presented in
Table 3.

Genetic Association of WNKI1 and MTHFR
Polymorphisms with Hypertension

The distributions of genotypes and allele

Table 1. The primer structure and PCR Product Characteristics.

frequencies for MTHFR and WNKI1 gene
polymorphisms are presented in Table 4. A significant
association was identified for the MTHFR rs1801131
polymorphism. The A allele was significantly more
frequent in controls compared to cases (80% vs. 68%),
while the C allele was more prevalent among patients
(32% vs. 20%) (p = 0.0001). Genotype frequencies also
showed a significant difference between the two
groups (p = 0.0006), with the AA genotype being more
common in the control group while the CC genotype
was more frequent in the case group. These findings
suggest that the CC genotype may be associated with
increased susceptibility to hypertension.

Polymorphism Primers Restriction enzyme Allele Fragment size (bp)
MTHEFR F: 5-TGAAGGAGAAGGTGTCTGCGGGA-3' HinfI C 198

(rs1801133) R: 5'-AGGACGGTGCGGTGAGAGTG-3' T 175,23

MTHEFR F: 5'-CTTTGGGGAGCTGAAGGACTACTAC-3' Mboll A 56, 31, 30, 28, 18
(rs1801131) R: 5'-CACTTTGTGACCATTCCGGTTTG-3' C 84,31, 30,18
WNK1 F: 5-GGGTAACCAACCCTTGAAGTAGG-3' _ 1 640

(AluYb8) R: 5'-GGGTACTTCTCAAGTGATTAGGAGGA-3' D 353

Table 2. Comparison of baseline characteristics between hypertensive and control groups.

Characteristics Male control Male case P-value Female control Female case P-value
(n=82) (n=128) (n=138) (n=92)

Age (Mean * SD) 58.70 £10.27 57.95+10.12 0.601 58.78 +10.32 60.29 +10.28 0.290

Body Mass Index (kg/m?) (Mean + SD) 26.37 £4.26 29.85+4.78 < 0.0001* 24.25+4.10 34.02+6.75 < 0.0001*
Underweight 2(2.4%) 0(0%) 0.0009* 7 (5.1%) 0 (0%) <0.0001*
Normal weight 33 (40.3%) 24 (18.8%) 79 (57.2%) 7 (7.6%)
Overweight 32 (39%) 39 (30.4%) 37 (26.8%) 19 (20.7%)
Obesity 15 (18.3%) 65 (50.8%) 15 (10.9%) 66 (71.7%)

Smoker Yes 41 (50%) 52 (40.6%) 0.202 5(3.6%) 6 (6.5%) 0.355
No 41 (50%) 76 (59.4%) 133 (96.4%) 86 (93.5%)

Table 3. Minor allele frequencies and Hardy—Weinberg
equilibrium analysis in cases and controls.

Polymorphism Control (n=220) Cases (n=220)

MA MAF HWE MA MAF HWE

p-value p-value

MTHFR T 34% 0.55 T 35% 0.18
(rs1801133)
MTHFR C 20% 1 C 32% 0.44
(rs1801131)
WNK1 I 15% 0.12 1 11% 0.32
(AluYb8)
MA Minor Allele
MAF Minor Allele Frequency

In contrast, for the MTHFR 151801133

polymorphism, no statistically significant differences
were observed between hypertension cases and
controls at either the allele level (p = 0.776) or
genotype level (p = 0.848). Regarding the WNK1
(AluYDb8) polymorphism, no statistically significant

differences were observed between cases and controls
at either the allele level (p = 0.074) or genotype level (p
= 0.173), suggesting no association with hypertension
risk in this study population.

Genetic Model Analysis

Genetic models were employed to assess the
association ~ between = MTHFR and  WNKI1
polymorphisms and hypertension risk. Odds ratios
estimating the risk of hypertension for each MTHFR
and WNK1 polymorphism are provided in Table 5.
Significant associations were identified between
MTHFR 151801131 and hypertension under the
codominant (OR =1.69 and 3.70; p = 5e-04), dominant
(OR = 1.92; p = 8e-04), and recessive (OR = 3.01; p =
0.0036) genetic models, indicating notable differences
between cases and controls, with the CC genotype
appearing to be associated with an increased risk of
hypertension. The remaining polymorphisms did not
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demonstrate significant associations with
hypertension under any of the genetic inheritance
models.

Haplotype Analysis of MTHFR Gene

Haplotype structures of the rs1801133 and
rs1801131 SNPs in the MTHEFR gene were analyzed to
assess their potential contribution to hypertension
susceptibility. A significant association was identified
between the CC haplotype and increased
susceptibility to hypertension (OR = 2.02; p = 1e-04).
However, no significant associations were found for
the remaining haplotype structures, as presented in
Table 6.

Association of WNKI1 and MTHFR
Polymorphisms with Hypertension-Related
Clinical Outcomes

The analysis aimed to evaluate whether different
genotypes of the studied polymorphisms are
associated ~with variability in clinical and

anthropometric characteristics within the
hypertension patient group. Table 7 presents the
associations  between  specific = polymorphism

genotypes and clinical outcomes. For the WNK1
polymorphism (AluYb8), significant correlations were
observed with pulse rate (p = 0.0147), HDL cholesterol
(p = 0.0080) and HbAlc (p = 0.0103). In contrast, no
significant associations were observed between the

MTHFR polymorphisms (rs1801133 and rs1801131)
and any hypertension-related clinical outcomes.
These results indicate that particular genetic
polymorphisms in the WNK1 gene could affect some
clinical trait associated with hypertension, thus
underscoring the possible involvement of genetic
factors in its pathophysiology.

Table 4. Genotype distribution and relative allele frequency for
MTHFR and WNKI polymorphisms.

Polymorphism Allele/  Cases Control p-value* Chi-square
Genotype (N =220) (N =220) x?)
MTHFR T 154 (35%) 150 (34%) 0.77 0.08
(rs1801133) C 286 (65%) 290 (66%)
T 22 (10%) 23 (10%) 0.84 0.32
CT 110 (50%) 104 (47%)
CcC 88 (40%) 93 (42%)
MTHFR C 140 (32%) 89 (20%) 0.0001*  15.35
(rs1801131) A 300 (68%) 351 (80%)
CcC 25 (11%) 9 (4%) 0.0006* 14.77
AC 90 (41%) 71 (32%)
AA 105 (48%) 140 (64%)
WNK1 I 50 (11%)  68(15%)  0.07 3.17
(AluYDb8) D 390 (89%) 372 (85%)
I 1(0%) 2 (1%) 0.17 3.50
ID 48 (22%) 64 (29%)
DD 171 (78%) 154 (70%)

p-values were calculated using the chi-square (x?) test for comparison of allele and
genotype frequencies between groups.

* P-values < 0.0167 (0.05/# of SNPs, 0.05/3 = 0.0167 after applying multiple
comparisons) are considered significant.

Table 5. Genetic model analyses of MTHFR and WNKI polymorphisms in cases and controls.

Polymorphism Model Genotype Cases (%) Controls (%) OR (95% CI) p- value
MTHFR Codominant c/C 88 (40%) 93 (42.3%) 1.00 0.85
(rs1801133) C/T 110 (50%) 104 (47.3%) 1.12 (0.75-1.66)
T/T 22 (10%) 23 (10.4%) 1.01 (0.53-1.94)
Dominant c/C 88 (40%) 93 (42.3%) 1.00 0.63
C/T-T/T 132 (60%) 127 (57.7%) 1.10 (0.75-1.61)
Recessive c/C-C/T 198 (90%) 197 (89.5%) 1.00 0.88
T/T 22 (10%) 23 (10.4%) 0.95 (0.51-1.76)
Overdominant C/C/T/T 110 (50%) 116 (52.7%) 1.00 0.57
C/T 110 (50%) 104 (47.3%) 112 (0.77-1.62)
MTHEFR Codominant A/A 105 (47.7%) 140 (63.6%) 1.00 5e-04*
(rs1801131) A/C 90 (40.9%) 71 (32.3%) 1.69 (1.13-2.52)
c/C 25 (11.4%) 9 (4.1%) 3.70 (1.66-8.27)
Dominant A/A 105 (47.7%) 140 (63.6%) 1.00 8e-04%
A/C-C/C 115 (52.3%) 80 (36.4%) 1.92 (1.31-2.81)
Recessive A/A-A/C 195 (88.6%) 211 (95.9%) 1.00 0.0036*
c/C 25 (11.4%) 9 (4.1%) 3.01 (1.37-6.60)
Overdominant A/A-C/C 130 (59.1%) 149 (67.7%) 1.00 0.06
A/C 90 (40.9%) 71 (32.3%) 1.45 (0.98-2.15)
Codominant D/D 171 (77.7%) 48 154 (70%) 1.00 0.17
1/D (21.8%) 64 (29.1%) 0.68 (0.44-1.04)
WNK1 1/1 1(04%) 2(0.9%) 0.45 (0.04-5.02)
(AluYb8) Dominant D/D 171 (77.7%) 154 (70%) 1.00 0.065
1/D-I/1 49 (22.3%) 66 (30%) 0.67 (0.44-1.03)
Recessive D/D-I/D 219 (99.5%) 218 (99.1%) 1.00 0.56
I/1 1(0.4%) 2(0.9%) 0.50 (0.04-5.52)
Overdominant D/D-1/1 172 (78.2%) 156 (70.9%) 1.00 0.08
1/D 48 (21.8%) 64 (29.1%) 0.68 (0.44-1.05)

* P-values < 0.0167 (0.05/# of SNPs, 0.05/3 = 0.0167 after applying multiple comparisons) are considered significant.
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Table 6. Association between hypertension and different MTHFR ~ Platelets 0.730= 0.2492 0.380
03150 1.4010 0.970b
haplotypes.
Nar 0.409: 0.588s 0.053
Haplotype Total Control Cases OR (95%CI)  p-value 0.8970 0.531¢ 2.9730
CA 04059  0.4695 03433 1.00 K* 0.405 0.173 0.5542
b b b
TA 03339 03282 03385 1.29 (0.94-1.77) 0.12 0907 1768 0592
Urea 0553 0.963 02160
- | *
cc 02486 0.1896 03067 2.02 (1.43 -2.85) le-04 09885 0087 15425
TC 00116  0.0127 0.0115 1.26 (0.21-7.46) 0.8 Creatinine 0.455 03375 03505
* P-values < 0.0167 (0.05/# of SNPs, 0.05/3 = 0.0167 after applying multiple 0.789b 1.091b 1.047b
comparisons) are considered significant. Total Cholesterol 0.831a 0.456 0.6362
0.1850 0.787> 0.453b
L . . LDL 0.226 07434 0.853
Tadblle. 7 IAssocmtlon.bethwe:n studleFI polynjorphlsm genotypes 1.501b 0.296b 0.150%
and clinical outcomes In the ypertension patlent group. HDL 0.008a 0575 0.995
Clinical Outcome WNK1 MTHFR MTHFR 4.996 0.554v 0.004v
(AluYb8) (rs1801133)  (rs1801131) Triglyceride 0.101 0581 0.575
1/ID/DD TT/TC/CC  AA/AC/CC 2322 0.5440 0.555b
Age 0.260 0.157a 0.477 Glucose 0.161 0.1672 0333
1.353b 1.868b 0.743b 1.8500 1.815 1.108b
Gender 0.421a 0.901a 0.4762 HBA1C 0.010 0.254a 01972
1.728¢ 0.206¢ 1.481¢ 4722 13810 1.642
BMI 0.332a 0.132a 0.6112 Thyroid Stimulating Hormone 0.0892 0.5692 0.6952
1452 1.9640 0.577b (TSH) 2.468b 0.5660 0.364b
Newly Diagnosed HTN 0.5222 0.874a 0.278a Albumin 0.3342 0.5612 0.099a
1.299¢ 0.267¢ 2.557¢ 1.103b 0578 2.345b
Know HTN 0.522a 0.874a 0.278a Total Protein 0.359a 0.095a 0.689a
1.299¢ 0.267¢ 2.557¢ 1.031 23820 0.372
Number of Years of HTN 0.700a 0.633a 0.924a a P-values < 0.0167 (0.05/# of SNPs, 0.05/3 = 0.0167 after applying multiple
0.357b 0.457b 0.078b comparisons) are considered significant.
Systolic Blood Pressure (SBP) 09634 0.746% 0.138s " ANOVA-derived F-value.
0.037b 0.292b 1.995b ¢ Pearson chi-squared-derived x2 value.
Diastolic Blood Pressure (DBP) 0.073a 0.497a 0.248a
2,640 0.701® 1.403b
Pulse Rat 0.0142 0.994a 0.6722 — o . .
Hise Rate 431 0005 03970 Multivariable Logistic Regression Analysis of
Diabetes Mellitus 0.667a 0.293a 0.125a Predictors for Hypertenswn Risk
0.807¢ 2.449¢ 4.154¢ Multivariable bi lowisti . lvsi
Number of Years DM 05508 02575 05420 ultivariable binary logistic regression analysis
0.5830 1.3660 0.612b was performed to evaluate the independent effects of
Diabetes Mellitus Treatment 05422 0.243 0.106* genetic  polymorphisms and covariates on
1.225¢ 2.823¢ 4.478¢ hypertension risk. The model included age, BMI,
Ischemic Heart Disease 0.2911a 0.4339a 0.6234a .
2 468¢ 1670 0.9450¢ gender, smoking status and genotypes of MTHFR
Heart Failure 0.851a 0.148a 0.223a (r51801131, r51801133) and WNK1 (Alqug), as
0.320¢ 3.812¢ 2.054¢ presented in Table 8.
Peripheral Vascular Disease 0.804a 0.278a 0.801a Across all models, BMI and gender remained
0.434< 2.558¢ 0.443¢ ionificant] iated ith h tensi sk
Cerebrovascular Accident 0.701a 0.9362 0.431a sighificantly —assoclate Wl yper er}swn I‘I'S :
0.708¢ 0.131¢ 1.683¢ Increased BMI was consistently associated with
Chronic Kidney Disease 0.266° 0.933° 0.0872 higher odds of hypertension (OR = 1.29-1.30, p <
26426 0.157¢ 4.878¢ 0.001), while males had significantly higher odds
Dialysi 0.636 03722 0.5560
1aysis 0903 Lore L1 compared to females (OR = 3.19-3.60, p < 0.001). In
Atrial Fibrillation 00312 03920 0.649 contrast, age and smoking were not significantly
6.945¢ 1.870¢ 0.864< associated with (p > 0.0167).
Smoker 8232“ 8;;2“ g-ggza Regarding  genetic = polymorphisms, no
! c . < B C . .o .
significant correlation was observed between any of
Ex-smoker 0.561a 0.897a 0.333a X K K
1.154¢ 0.217¢ 2.198¢ the studied SNPs and hypertension risk after
Diet 0.795 0.054 0.4150 Bonferroni correction. Specifically, for MTHFR
0.458¢ S8l 1.755¢ (rs1801131), neither the C/C nor A/C genotypes
Fxercises Fys o o showed a significant association compared to the
Hemoglobin (HB) 0,908 0,788 0.827 A/ A reference genotype (p > 0.0167). Similarly, for
0.096° 0.238° 0.189 MTHER (rs1801133) and WNK1 (AluYb8), none of the
White Blood Cells (WBCs) 01712 0.6592 0.733 genotypes were significantly associated with
1.783b 0.418° 0.310b

hypertension risk (p > 0.0167).
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Table 8. Multivariable Binary Logistic Regression Analysis of
Genetic  Polymorphisms and Covariates Associated with
Hypertension Risk.

Odd ratio Confidence interval P value*
95 %

Polymorphism** Covariate

MTHFR Age 1.007 0.985 - 1.030 0521

(rs1801131) BMI 1.295 1.228 - 1.365 0.000*
Gender 3.190 1.898 - 5.365 0.000*
Smoking 0481 0.251 - 0.924 0.028
c/C 2.637 1.032 - 6.737 0.043
A/C 1.718 1.045 - 2.824 0.033
A/A Reference

MTHFR Age 1.006 0.984 - 1.029 0584

(rs1801133) BMI 1302 1.234 - 1.374 0.000*
Gender 3.604 2141 - 6.068 0.000*
Smoking 0471 0.248 - 0.894 0.021
T/T 1.043 0.455 - 2.392 0921
c/T 1.499 0.908 - 2.474 0113
Cc/C Reference

WNKI1 Age 1.006 0.983 - 1.029 0.624

(AluYb8) BMI 1.296 1.230 - 1.366 0.000*
Gender 3.435 2.054 - 5.745 0.000*
Smoking  0.462 0.244 - 0.874 0.018
/1 1103 0.041 - 29.321 0.953
/D 0.637 0371 -1.093 0.102
D/D Reference

**The reference category is the control.
* P-values < 0.0167 (0.05/# of SNPs, 0.05/3 = 0.0167 after applying multiple
comparisons) are considered significant.

Overall, after adjustment for multiple
comparisons and potential confounders, only BMI
and gender emerged as significant independent
predictors of hypertension, while the investigated
genetic variants did not demonstrate a statistically
significant association.

Discussion

Although the underlying causes of hypertension
have not been fully elucidated, several risk factors
have  been  established, including genetic
susceptibility, aging and adverse lifestyle choices. An
estimation 70-80% of hypertensive cases are
associated with unhealthy lifestyles and the presence
of multiple risk factors substantially increases the
probability of hypertension [29, 30]. The development
of hypertension involves intricate interactions
between environmental exposures and genetic
background [31]. Numerous polymorphic variants
have recently been reported to contribute to
susceptibility to hypertension. In this study, we
evaluated the potential association of MTHFR
(rs1801133, rs1801131) and WNK1 (AluYbS)
polymorphisms with hypertension susceptibility in a
Jordanian cohort.

The MTHFR enzyme is a critical enzyme
involved in homocysteine (Hcy) metabolism. Elevated
homocysteine concentrations (hyperhomo

cysteinemia) are a recognized risk factor for
hypertension and cardiovascular disease potentially
mediated through vascular endothelial and smooth
muscle cell dysfunction [32, 33]. The enzymatic
activity of MTHER in vivo is strongly influenced by
genetic polymorphisms. The MTHFR 1s1801133
polymorphism reduces enzyme activity and
substantially modifies concentrations of several
physiological metabolites, including homocysteine,
folic acid and vitamins [34]. The folate metabolic
pathway is affected by the rs1801133 polymorphism,
which decreases enzyme activity and thermostability,
resulting in impaired methylation processes [35].
Disruption of folate metabolism is linked to elevated
plasma homocysteine (Hcy) levels or hyperhomo
cysteinemia  [36, 37]. Hyperhomocysteinemia
promotes oxidative stress and impairs vascular wall
elasticity, leading to endothelial dysfunction,
hypertension and related complications [14, 38].

The MTHEFR 151801133 (C677T) polymorphism
has been widely investigated in relation to
cardiovascular diseases due to its role in folate
metabolism and homocysteine regulation. A large
meta-analysis demonstrated a significant association
between the rs1801133 T allele and increased risk of
ischemic stroke across multiple populations,
particularly among Asian and middle-aged groups
[39]. Similarly, this variant has been linked to
coronary artery disease, where the T allele was
associated with elevated homocysteine levels,
increased cardiometabolic risk factors and greater
severity of coronary lesions [40]. In addition, carriers
of this variant have been shown to exhibit
unfavorable lipid profiles and inflammatory markers,
further supporting its role in cardiovascular risk
pathways [40].

Several studies have explored the association
between the rs1801133  polymorphism and
susceptibility to hypertension. Multiple meta-analyses
including ethnically diverse populations have
reported that the TT genotype and T allele of
rs1801133 are significantly  associated  with
hypertension susceptibility [41-43]. Additionally, one
meta-analysis demonstrated a positive correlation
between this SNP and hypertension in Caucasians
and East Asians [44].

The T allele has been associated with an elevated
hypertension risk in several populations, including
Taiwanese [45], Chinese [46-48], male Spaniards [49],
Indians [50], Argentineans [51, 52] and Australian
Caucasians [53]. Whereas the TT genotype was linked
to hypertension in Moroccans [54] and Turkish
individuals [55]. The C/T genotype appears to be a
risk factor in Caucasians [53]. Nonetheless, no
significant relationship between the rs1801133 and
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hypertension was reported in Sri Lankan [44],
Algerian [56], Caucasian [57], South African [58],
Danish [59], Chinese [60, 61], Japanese [62], Latino
[44], Black African [44], and Indian [44] populations.
Our findings are consistent with those reported in
several populations, including Sri Lankan and Danish
cohorts; however, they contrast with studies in other
ethnic groups, suggesting that genetic background
and study design may influence the observed
associations.

Another polymorphism of the MTHFR gene is
rs1801131, which has been reported in several studies
to disrupt homocysteine metabolism and contribute to
elevated plasma homocysteine levels [63-65].
However, meta-analyses have consistently reported
no significant association between the MTHFR
rs1801131 polymorphism and hypertension. In a
meta-analysis including 1,009 cases and 994 controls,
rs1801131 showed no significant relationship with
hypertension [42]. Similarly, another meta-analysis
comprising 11 studies with 2,504 cases and 2,979
controls demonstrated that rs1801131 was not
significantly associated with hypertension in either
overall or subgroup analyses across all genetic models
[44].

Several studies have reported no significant
association  between the MTHFR 1s1801131
polymorphism and hypertension. For instance, no
relationship was found between this variant and the
development of essential hypertension in Turkish
populations [55], and similar negative findings were
observed in Northeast Chinese populations [61]. In
contrast, Markan et al. reported an association
between rs1801131 alleles and increased hypertension
risk in the Indian population [50]. Similarly, the CC
genotype and C allele were found to be significantly
associated with hypertension in Caucasian subjects
[57]. In the Qassim region of Saudi Arabia, a higher
frequency of the mutant C allele was observed in
hypertensive cases compared with controls [66].
Moreover, in the Bai population from Yunnan, China,
the CC genotype of rs1801131 was shown to
significantly elevate hypertension risk [67]. Our
findings are consistent with studies in Indian,
Caucasian and Saudi populations; however, they
differ from studies reporting no association, which
may be attributed to genetic heterogeneity as well as
differences in population characteristics and
environmental exposures.

This inconsistency between studies may reflect
population-specific genetic architecture, as well as
differences in environmental exposures such as
dietary folate intake, which may modulate the
functional impact of the rs1801131 variant.
Furthermore, variations in allele frequencies and

linkage disequilibrium patterns among different
ethnic groups may contribute to the inconsistent
associations observed, highlighting the importance of
population-specific investigations. In addition,
variations in the linkage disequilibrium between
populations around the 1rs1801131 locus may
influence the observed associations and should be
considered when interpreting cross-population
comparisons.

WNKT1 belongs to the serine/threonine kinase
family and exerts regulatory effects on several ion
channels that contribute to sodium and chloride
transport in the kidney [68, 69]. The sodium-chloride
cotransporter (NCC), located in the distal convoluted
tubule (DCT), plays a pivotal role in sodium
reabsorption and, when hyperactivated, contributes
to volume expansion and the development of
hypertension [70, 71]. Activation of the sodium-
chloride cotransporter (NCC) requires direct
phosphorylation by Ste20-like proline-alanine-rich
kinase (SPAK) and oxidative stress-responsive kinase
1 (OSR1), both of which are downstream targets
activated via phosphorylation by members of the
WNK kinase family [72]. Mutations in WNKI1 have
been reported to be associated with upregulated
expression of L-WNKT1 in the distal tubule, which
leads to overactivation of the WNK-SPAK/OSR1-
NCC  signaling  pathway, enhanced NaCl
reabsorption, and contributes to hypertension [73].

Several WNK1 polymorphisms have been
implicated in blood pressure regulation and
hypertension severity [74-76]. Among these, the
AluYb8 insertion in intron 10 of WNKI1 has been
relatively understudied with respect to hypertension.
Its inclusion in the present study was motivated by
previous evidence suggesting its contribution to
interindividual variability in blood pressure,
particularly in European populations [26], although
findings across studies remain inconsistent. However,
no association was observed in a Russian Caucasian
cohort [77], indicating potential population-specific
effects. Thus, evaluating this polymorphism in
Jordanians aimed at elucidating the possible
involvement of this polymorphism in an unstudied
population and gaining insight into genetic
differences between populations. Consistent with
previous reports, we found no significant link
between the AluYDb8 insertion polymorphism and
hypertension. This lack of association may indicate
that the effect of this polymorphism is population-
specific or that its contribution to hypertension risk is
modest and influenced by interactions with other
genetic or environmental factors.

From a clinical perspective, the identification of
the MTHFR rs1801131 polymorphism as a potential
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risk factor may contribute to improved risk
stratification for hypertension, particularly in
populations with similar genetic backgrounds.
However, its clinical applicability remains limited and
requires validation in larger, well-characterized
cohorts. With regard to the relatively modest effect
size and inconsistency in the findings regarding the
association between the SNP and hypertension across
different populations, rs1801131 alone is not sufficient
as a clinical biomarker for predicting the risk of
hypertension, and instead, it should be used within a
multifactorial risk model. Although MTHFR and
WNKT1 are involved in distinct biological pathways,
potential gene-gene interactions may contribute to
hypertension susceptibility and warrant further
investigation. To the best of our knowledge, this study
represents one of the first investigations evaluating
these polymorphisms in a Jordanian population,
thereby providing valuable insight into population-
specific genetic risk factors.

Gender differences in hypertension were
observed in the present study as a secondary finding.
In the multivariable regression analysis, Gender was
included as a covariate and showed a significant
association with hypertension, with higher odds
observed in males compared with females. This
indicates that Gender may act as an important
demographic factor associated with hypertension risk
in the studied population. Epidemiological evidence
from previous studies has consistently reported
age-dependent  differences  in  hypertension
prevalence between males and females, with higher
risk in males during early and middle adulthood and
increasing risk in females after menopause [78]. These
patterns are thought to be influenced by hormonal,
metabolic, and lifestyle-related factors [79]. The
present findings are consistent with this general
epidemiological trend; however, Gender differences
were not the primary objective of this study, and no
stratified or interaction analyses were performed.
Therefore, the observed association should be
interpreted as a covariate effect rather than evidence
of gender-specific genetic susceptibility.

Beyond that, we identified several limitations
despite providing new evidence. Due to the case-
control design, the ability to infer causality between
the MTHFR 1rs1801131  polymorphism and
hypertension was restricted, and the analysis did not
account for all possible environmental and lifestyle
factors that may interact with genetic predispositions.
More importantly, the study population was
relatively homogeneous, which may limit the
generalizability of the findings to other ethnic or
geographic groups. Despite using regression analysis
to adjust for important confounding factors such as

age, gender, BMI, and smoking status, the possibility
of residual confounding by unmeasured factors
cannot be ruled out. Additionally, while Bonferroni
correction was applied to address multiple testing, its
conservative nature may increase the risk of type II
error and may lead to masking true associations.
Moreover, the absence of longitudinal clinical data in
the form of pre- and post-treatment measures
prevented us from assessing the influence of these
genetic markers on treatment response. In addition,
the availability of clinical parameters was restricted,
particularly among control participants, which may
have constrained the assessment of genotype-
phenotype relationships. Furthermore, plasma
homocysteine levels were not measured in this study.
Given that the 1rs1801131 polymorphism is
functionally linked to elevated homocysteine
concentrations, the absence of these data precluded
assessment of the relationship between the genetic
variant and  hyperhomocysteinemia, a key
intermediate  phenotype  implicated in the
pathogenesis of hypertension. Hence, the biology
behind how this variant predisposes an individual to
the disease was not established.

We suggest that future research should focus on
longitudinal study designs and include larger, more
diverse populations to validate these findings.
Additionally, incorporating biochemical
measurements such as homocysteine levels, alongside
functional studies, would better understand the
molecular mechanisms through which 1rs1801131
influences blood pressure regulation and may help
guide the development of targeted interventions.

Conclusion

Our study provides preliminary evidence that
the MTHER rs1801131 variant may be associated with
an increased risk of hypertension in the studied
population. These findings suggest a potential role for
this variant in blood pressure regulation, highlighting
the importance of considering genetic variability
across populations. However, further studies
involving larger and more diverse cohorts, as well as
functional analyses, are needed to validate these
results and clarify the wunderlying biological
mechanisms.
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