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ABSTRACT

Essential hypertension is a multifactorial disease influenced by both genetic and cardiometabolic
factors, with variable prevalence and risk profiles among different populations. Polymorphisms
in genes of the renin-angiotensin-aldosterone system (RAAS) and endothelial function have been
widely studied for their role in blood pressure regulation and the development of cardiovascular
complications. The aim of this study was to investigate the ACE I/D, AT1R A1166C, AGT M235T and
eNOS Glu298Asp polymorphisms, together with traditional risk factors, in relation to essential
hypertension in a population from San Luis, Argentina. A total of 208 hypertensive patients and 150
normotensive subjects were included. Demographic, anthropometric and biochemical data were
collected and analyzed. Genotypic and allelic frequencies of the polymorphisms were determined
by PCR-RFLP. Significant differences were found in body mass index (BMI), age, fasting glucose,
total cholesterol, HDL-C, triglycerides, and dyslipidemia, with higher levels in hypertensive
subjects. Advancing age, overweight, elevated fasting glucose and triglyceride levels were identified
as metabolic risk factors. Genotypic and allelic frequencies of the studied polymorphisms did not
differ significantly between hypertensive and control groups. No association was found between
the studied polymorphisms and hypertension in our population. Age, overweight, elevated fasting
glucose, and elevated triglycerides were identified as significant predictors of hypertension in this
population.

Key words: endothelial nitric oxide synthase, genetic polymorphisms, hypertension, renin—
angiotensin-aldosterone system, risk factors

RESUMEN

La hipertension arterial esencial es una enfermedad multifactorial influenciada por factores
genéticos y cardiometabolicos, con una prevalencia y perfiles de riesgo variables entre diferentes
poblaciones. Los polimorfismos en genes del sistema renina-angiotensina-aldosterona (RAAS) y
de la funcién endotelial han sido ampliamente estudiados por su rol en la regulacion de la presién
arterial y en el desarrollo de complicaciones cardiovasculares. El objetivo de este estudio fue
investigar los polimorfismos ACE I/D, AT1R A1166C, AGT M235T y eNOS Glu298Asp, junto con los
factores de riesgo tradicionales de hipertension arterial esencial, en una poblacién de San Luis,
Argentina. Se incluyeron 208 pacientes hipertensos y 150 sujetos normotensos. Se recolectaron
y analizaron datos demograficos, antropométricos y bioquimicos. Las frecuencias genotipicas y
alélicas de los polimorfismos se determinaron mediante la técnica de PCR-RFLP. Se observaron
diferencias significativas en indice de masa corporal (IMC), edad, glucosa en ayunas, colesterol
total, HDL-C, triglicéridos y dislipidemia, con valores mas elevados en los sujetos hipertensos. La
edad avanzada, el sobrepeso, laglucemiaenayunas elevadaylos niveles aumentados de triglicéridos
fueron identificados como factores de riesgo metabdlicos. Las frecuencias genotipicas y alélicas de
los polimorfismos estudiados no mostraron diferencias significativas entre los grupos hipertensos
y control. No se encontrd asociacion entre los polimorfismos analizados y la hipertension en esta
poblacion. La edad, el sobrepeso, la glucemia en ayunas elevada y los triglicéridos aumentados
se identificaron como predictores significativos de hipertensién arterial esencial en esta muestra.

Palabras clave: factores de riesgo, hipertension, dxido nitrico sintasa endotelial, polimorfismos
genéticos, sistema renina—angiotensina-aldosterona
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GENETIC AND HYPERTENSION

INTRODUCTION

Arterial hypertension (HT) is a common chronic
condition that affects approximately one in three adults
worldwide, as reported by the World Health Organization
(WHO). Nearly half of adults with HT are unaware of
their condition (NCD Risk Factor Collaboration, 2021).
This non-communicable disease is the primary risk
factor for cardiovascular disease and a major cause of
premature death worldwide.

While age and genetic factors contribute to HT
occurrence, other modifiable factors such as high salt
intake, physical inactivity, and harmful habits (smoking
and alcohol consumption) also increase HT risk (Mills et
al., 2020; Zhou et al., 2021).

Globally, HT prevalence doubled between 1999 and
2019, with a higher incidence in low- and middle-
income countries. In the Americas, HT prevalence is
around 35%, though it varies widely by region due to
genetic and environmental differences (Delucchi et al.,
2017; Zhou et al., 2021; Ordunez et al., 2022).

The RENATA 2 study, which surveyed 5,931 adults
in 25 cities across Argentina, found a hypertension
prevalence of 36.3% (Delucchi et al., 2017). More recent
data showed a combined HT prevalence of 46.6%,
whereas only 34.7% of individuals self-reported HT.
In San Luis province, prevalence reached 40.9%, the
highest in its region (Lamelas et al., 2019; Ministerio de
Salud de la Nacién, 2019; Giunta et al., 2023).

HT is considered a complex trait, with disease
predisposition resulting from interactions among
multiple genes (Lind and Chiu, 2013; Horani et al., 2015).
In 90% of patients, HT etiology is unknown, and genetic
factors are significant, with heritability estimated
at 30-50% (Agarwal et al., 2005; Padmanabhan and
Dominiczak, 2021).

The renin—angiotensin system (RAAS) plays
a key role in cardiovascular homeostasis and HT
pathogenesis. Extensive evidence links single nucleotide
polymorphisms (SNPs) in RAAS genes with HT (Agarwal
et al., 2005; Singh et al., 2010). These polymorphisms
can alter gene function and predispose individuals
to HT. Among the most studied are the angiotensin-
converting enzyme (ACE) insertion/deletion (I/D),
angiotensinogen (AGT) M235T, and angiotensin II type 1
receptor (AT1R) A1166C polymorphisms. Although RAAS
genetic variants have been widely studied, results across
different populations are inconsistent and sometimes
contradictory (Agachanetal., 2003; Companioni Napoles
et al., 2007, Bautista et al., 2008; Bonfim-Silva et al.,
2016; Isordia-Salas et al., 2023; Al-Eitan et al., 2024.).

The vascular endothelium is structurally simple but
functionally complex, regulating blood flow and vascular
homeostasis. In HT, endothelial dysfunction promotes
pathological vascular changes. Evidence associates
eNOS polymorphisms with HT, coronary disease, stroke,
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and preeclampsia (Moe et al., 2006; Oliveira-Paula et al.,
2017; Gallo et al., 2022). The clinically relevant eNOS
variants include the Glu298Asp (G894T) polymorphism,
the T-186C polymorphism and the 27 bp VNTR (variable
number of tandem repeats) in intron 4 (Oliveira-Paula
et al., 2017). Understanding genetic and molecular
mechanisms in HT pathophysiology is essential to
improve prevention, diagnosis, and treatment strategies
(Franks, 2009).

Genetic variability among human populations
significantly influences disease pathogenesis, posing
challenges for the development of tailored therapies. The
aim of the present study is to investigate the association
of the ACE I/D, AT1R A1166C, AGT M235T and eNOS
Glu298Asp polymorphisms with essential hypertension
and risk factors, in a population from the central region
of Argentina.

The research is justified by the existing knowledge
gap regarding HT genetics in our region. We seek to
determine whether these polymorphisms are more
prevalent in hypertensive patients, with the intent to
draw conclusions applicable to the general population,
provide data, and unify diagnostic criteria.

MATERIALS AND METHODS
Study design

A case-control study was conducted at Hospital Juan
Gregorio Vivas in San Luis, Argentina. The sample
comprised 358 individuals: 208 hypertensive patients
(HT group) and 150 normotensive subjects (control
group).

The study was approved by the Institutional Ethics
Committee of the Faculty, and adhered to the Declaration
of Helsinki. Written informed consent was obtained
from all participants.

Demographic and clinical data were collected from
both hypertensive patients and controls subjects.

Inclusion criteria: hypertensive patients were aged
18—75 years old with systolic blood pressure (SBP) =140
mmHg and diastolic blood pressure (DBP) 290 mmHg.
All patients had a diagnosis of essential hypertension
and were receiving antihypertensive treatment. The
control group comprised healthy individuals aged 18—
75 years with no history of hypertension and normal
physical and mental health.

Exclusion criteria: individuals outside the specified
age range were excluded. Pregnant women and patients
with secondary HT were also excluded.

Blood pressure measurement

Blood pressure was measured using a validated arm
cuff sphygmomanometer. Three consecutive readings
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were averaged. Hypertension was defined as a mean
SBP 2140 mmHg or DBP 290 mmHg, measured on three
separate occasions, or as a reported diagnosis. The
diagnosis of hypertension was based on the Seventh
Joint National Committee criteria (Chobanian et al.,
2003) and in accordance with the Argentine Consensus
of Hypertension 2025. Although threshold values for
defining hypertension have been revised in recent
years, it is recommended to reserve the definition of
hypertension for office-measured SBP values 2140
mmHg and/or DBP 290 mmHg, as from these levels
onward the clinical benefit of hypertension treatment is
undeniable (Aquieri et al., 2025).

Body mass index (BMI)

Height and weight were measured to calculate BMI
(kg/m?) according to the World Health Organization
guidelines. Patients were categorized as underweight
(<18.5 kg/m?), normal weight (18.5 to 24.9 kg/m?),
overweight (25 to 29.9 kg/m?), obese I (30 to 34.9 kg/m?),
obese II (35 to 39.9 kg/m?), and obese III (240.0 kg/m?).

Biochemical parameters

The biochemical parameters determined were fasting
plasma glucose (Glu) and lipid profile components
including total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C). All
measurements were performed using standardized
enzymatic methods.

Genetic analysis

Genomic DNA was extracted from leukocytes using
DNAzol™ (Invitrogen), quantified by spectrophotometry
(Epoch Biotek), and stored at -20 °C. Polymorphisms
were genotyped by Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP)
on a Smart Gradient PCR T960C thermocycler (Hangzhou
Jingle Sci Int, China). Amplicons or digested fragments
were separated on 2—3% agarose gels with GelRed™ and
visualized under UV.

Amplification of the Insertion/Deletion
polymorphism in the ACE gene (rs4646994)

Genotyping for I/D  polymorphism  was
performed using the PCR protocol (Rigat et al.,
1992); with the following primers: forward (fw):
5'-CTGGAGACCACTCCCATCCTTTCT-3' and reverse
(rv):  5'-GATGTGGCCATCACATTCGTCAGAT-3'. The
cycling conditions were as follows: initial denaturation
at 94°C for 1 min, followed by 30 cycles of annealing at
58°C for 1 min, extension at 72°C for 2 min, denaturation

(I/D)
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at 94°C for 1 min, and final extension at 72°C for 10 min.
PCR amplified products were I allele: 490bp and D allele:
190 bp.

Samples identified as DD homozygotes on the
gel required a second PCR due to preferential
amplification of the D allele and inefficient
amplification of the I allele. Primers used were fw:
5'-TGGGACCACAGCGCCCGCCACTAC-3' and rv:
5'-TCGCCAGCCCTCCCATGCCCATAA-3" (Lindpaintner
et al, 1995). The thermal conditions were: initial
denaturation at 94 °C for 5 min; 30 cycles of denaturation
at 94 °C for 1 min, annealing at 55 °C for 1 min, and
extension at 72 °C for 1.5 min; followed by a final
extension at 72 °C for 10 min. Only the I allele produced
a 335 bp fragment; DD homozygote samples showed no
amplification.

Amplification of the A1166C polymorphism in the AT1
receptor gene (rs5186)

The A1166C polymorphism was detected by
PCR-RFLP as described previously (Frishberg et
al, 1998). The following primers were used: fw
5’-AATGCTTGTAGCCAAAGTCACCT-3’ and rv
5’-GGCTTTGCTTTGTCTTGTTG-3’ . The cycling
conditions were: initial denaturation at 94 °C for 2 min;
35 cycles of denaturation at 94 °C for 1 min, annealing
at 60 °C for 1 min, and extension at 72 °C for 2 min;
followed by a final extension at 72 °C for 10 min. The PCR
products of 850 bp were digested with the restriction
endonuclease Ddel (Promega, USA) overnight at 37°C.
The enzyme generated two fragments (600 and 250
bp) and recognizes an additional site at nucleotide 1166
in the C allele, that cuts the 250 bp fragment into two
smaller bands. Digested products were: A allele-600 and
250 bp; C allele-600, 140 and 110 bp.

Amplification of the M235T polymorphism in the AGT
gene (rs699)

The M235T polymorphism was detected by PCR-RFLP
(Yuan et al., 2009). The following primers were used:
fws’-CCGTTTGTGCAGGGCCTGGCTCTCT-3’ and rvs’-
CAGGGTGCTGTCCACACTGGACCCC-3’. The thermal
conditions were an initial denaturation at 94°C for 1
min, followed by 30 cycles of denaturation at 94°C for 30
s, annealing at 65 °C for 30 s, and extension at 72 °C for
30 s, with a final extension at 72 °C for 5 min. The PCR
products of 162 bp were digested with the restriction
endonuclease Tthi111l (Thermo Scientific™) for 6 h at
37°C. The M allele remained uncut (162bp) and the T
allele produced fragments of 141 and 21 bp.

Amplification of the Glu298Asp polymorphism in the
eNOS gene (rs1799983)

Determination of Glu298Asp polymorphism was
performed by PCR-RFLP as described by Pereira
et al. (2006). The following primers were using:
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fw  5'-AAGGCAGGAGACAGTGGATGGA-3' and rv
5'-CCCAGTCAATCCCTTTGGTGCTCA-3'. The cycling
conditions were: initial denaturation at 94 °C for 3 min;
35 cycles of 94 °C for 1 min, 63 °C for 1 min and 72 °C
for 30 s; and a final extension at 72 °C for 5 min. The
resulting 248 bp product was digested overnight at 37 °C
with Mbo I (Promega, USA). The G allele remained uncut
(248 bp), whereas the T allele produced fragments of 158
bp and 90 bp.

Statistical Analysis

All data were expressed as means + standard deviation
(SD), frequency, or percentage as appropriate.
Distribution of genotype and allele frequencies
of ACE I/D, ATiR A1166C, AGT M235T and eNOS
Glu298Asp polymorphisms among hypertensive and
normotensive patients were assessed by the Chi square
(x2) test. Intergroup comparisons were made using
Student’s t-test. For continuous variables with normal
distribution, ANOVA was used to evaluate differences
among groups, followed by Tukey post-test. Odds ratio
(OR) was used as a measure of association. All data were
analyzed using SPSS software version 27.0 (SPSS Inc.,
Chicago, IL). A p-value <0.05 was considered statistically
significant.

RESULTS

A total of 358 subjects (208 hypertensive patients
and 150 controls) were examined in the present case-
control study. The demographic, anthropometric, and
biochemical characteristics of all the participants are
described in Table 1. Among the hypertensive group
(HT), 52.4% were male and 47.6% were female. The
mean BMI values were significantly higher in HT than
in controls (p<0.0001), exceeding the normal range in
both groups. Hypertensive and normotensive subjects
showed significant differences in age, fasting glucose,
total cholesterol, HDL-C, and triglycerides, which were
higher in the HT group. In addition, dyslipidemia values
were significantly higher in the HT group than in the
control group (p<0.01).

The results of the OR analysis for traditional
hypertension risk factors are shown in Table 2. The main
risk factors for hypertension were overweight/obesity
(BMIz25kg/m?; OR9.44; 95%CI4.81-18.50; p<0.001)
and age =50 years (p<0.001). Fasting glucose (z100mg/
dl) and elevated TG (=150mg/dl) were also associated
with an increased risk of hypertension.

The distribution of RAAS polymorphisms was
investigated in order to find possible associations
with the development of HT. Table 3 details the
distribution of genotypes and allelic frequencies of RAAS
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Table 1. Baseline characteristics and clinical data in
hypertensive (HT) and normotensive (control) patients

HT (n=208) Control (150) p value

Sex (% Male/Female) 52.4/47.6 31.3/68.7 —

Age (years) 543+9.6 39.75+13.56 <0.001
BMI (kg/m?) 31.3+£5.9 26.8 +4.7 <0.001
SBP (mm Hg) 153.2+16.3 1179 +11.7 <0.001
DBP (mm Hg) 90.5 +10.2 71.1+£9.7 <0.001
Glucose (mg/dl) 913+ 143 84.7+11.6 <0.001
Total cholesterol (mg/dl) 199.6 +36.3 189.1 £40.3 <0.02
HDL-C (mg/dl) 483+ 14.5 51.7+11.8 <0.04
LDL-C (mg/dl) 119.9 +34.5 115.7 +38.7 NS

Triglycerides (mg/dl) 179.4 £96.8 126.1 £ 60.5 <0.001
Dyslipidemia (%) 59.13 4491 <0.01

Presentation of values: mean + standard deviation (SD). BMI: body
mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol. NS: non significant (p > 0.05).

Table 2. Odds ratio (OR) analysis for classic risk factors for
hypertension

Risk factor OR (95% CI) p value
Age >50 years 7.45 (4.75 - 11.68) <0.001
BMI >25 kg/m? 9.44 (4.81 - 18.50) <0.001
Glucose >100 mg/dl 3.77 (1.40 — 10.11) 0.005
Total cholesterol >200 mg/dl 1.20 (0.73 - 1.97) NS
LDL-C >130 mg/dl 1.15 (0.68 — 1.93) NS
Triglycerides >150 mg/dl 2.76 (1.61 —4.74) <0.001

OR: odds ratio, Cl: confidence interval. BMI: body mass index, LDL-C: low-
density lipoprotein cholesterol. NS: non significant (p > 0.05).

polymorphisms. No significant genotypic and allelic
differences were found between hypertensive patients
and control subjects.

Genotypic and allelic frequencies of eNOS Glu298Asp
polymorphism are also shown in Table 3. No significant
genotypic or allelic differences were found between the
HT and control groups. The ORs for all polymorphisms
were non-significant.

The analyses of BMI, glucose, and lipid profiles
according to the genotypes of RAAS polymorphisms in
hypertensive and control subjects, stratified by sex, are
summarized in Table 4.

Regarding the ACE I/D polymorphism, hypertensive
individuals exhibited significantly higher BMI and
triglyceridelevels across genotypes. The ID genotype was
associated with elevated glucose levels in hypertensive
subjects, while the DD genotype was linked to lower
HDL-C, particularly among women.
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Table 3. Distribution of genotypic and allelic frequencies of the ACE I/D, ATIR ATIB6C, AGT M235T, and eNOS
Glu298Asp polymorphisms in the hypertensive group (HT) and normotensive group (Control)

HT Control

Polymorphism Genotype/  (n=208) (n=150) p value OR (95% CI) p value

allele
n % n %

ATIR A1166C AA 110 5288 81 54 AAvs. AC+CC  0.95 (0.62-1.45) NS
AC 78 3750 55 36.6 NS ACvs. AA+CC  1.03 (0.67-1.6) NS
cC 20 962 14 93 CCvs. AATAC 103 (0.5-2.11) NS
Allele A 298 71.63 217 723 NS Cus A 0.96 (0.74-1.44) NS
Allele C 118 2836 83 276

ACE I'D 1 57 2740 38 253 I vs. ID+DD 1.11 (0.69-1.79) NS
D 120 5770 79 526 NS ID vs. II+DD 1.22 (0.8-1.86) NS
DD 31 149 33 22 DDvs. IHID  0.62 (0.36-1.06) NS
Allele 234563155516 NS Dvs. I 0.83 (0.60-1.15) NS
Allele D 182 438 145 484

AGT M235T MM 31 1490 26 173 MM vs. MT+TT  0.83 (0.47-1.47) NS
MT 100 4808 79 526 NS MT vs. MM+TT  0.83 (0.54-1.26) NS
TT 77 3702 45 30 TTvs. MM+MT  1.37 (0.87-2.14) NS
Allele M 162 3894 131 436

ce NS Tvs. M 0.82 (0.60-1.11) NS
Allele T 254 61.06 169 56.4

eNOS Glu298Asp GG 106 5096 78 52 GG vs. GT+IT  0.95 (0.63-1.46) NS
GT 85 4086 61 406 NS GTvs. GG+TT 1.0 (0.65-1.54) NS
TT 17 818 11 73 TTvs.GG+GT  1.12(0.51-2.47) NS
Allel 2 139 217 72.

ele G o7 713 7723 NS Gvs. T 0.95 (0.68-1.32) NS

Allele T 119 28.61 83 277

OR: odds ratio, Cl: confidence interval. NS: non significant (,o > 0.05).

In the AT1R A1166C polymorphism, the AA and AC
genotypes were associated with increased BMI, glucose,
and triglyceride levels in hypertensives; additionally,
AA carriers showed higher total cholesterol and HDL-C,
especially in women.

For the AGT M235T polymorphism, hypertensive
individuals with the MM genotype had higher BMI and
total cholesterol levels; those with the MT genotype
had higher BMI, glucose, total cholesterol, LDL-C, and
triglycerides levels; and TT carriers displayed higher
BMI, glucose, and triglyceride levels, compared with the
control group.

Considering the NOS Glu298Asp polymorphism
(Table 4), the GG genotype was significantly associated
with most parameters, especially in women. While the
TT genotype was linked to higher glucose level.

Since BMI values exceeded the normal range in
both study groups (hypertensive and normotensive)
the relationship between BMI and the genotypes was
evaluated in the whole population (Table 5).

DISCUSSION

HT is a major public health issue in Argentina and
globally. We examined demographic, anthropometric,
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biochemical, and genetic factors in a central Argentine
population.

Hypertension is a complex polygenic disease, and
identifying the genes involved in its etiology can
contribute to a better understanding of the main
pathogenic mechanisms, target organ complications,
and interactions with environmental factors.

Recent Genome-Wide Association Studies (GWAS)
have identified a large number of loci related to HT
by examining common genetic variations. However,
it is important to note that a major limitation has
been the difficulty in linking SNPs to causal gene and
function. GWAS identify genetic regions linked to HT
but do not pinpoint the exact causal gene or mechanism
(Padmanabhan and Dominiczak, 2021).

Although polygenic risk scores have been used to
predict hypertension, their utility in the clinical setting
remains uncertain (Kauko et al., 2021).

The renin-angiotensin-aldosterone system is one
of the most relevant systems in the regulation of
blood pressure. Several studies have reported different
components of this system as candidates for the genetic
basis of essential hypertension (Bautista et al., 2008;
Singh et al., 2010; Lind and Chiu, 2013).

In the present study, we investigated the possible
association of RAAS genes polymorphisms with HT.
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Table 4. Anthropometric and biochemical parameters according to genotypes of the ACE I/D, ATIR AIIBBC, AGT M235T, and eNOS
Glu298Asp polymorphisms in the whole population (hipertensive and normotensive groups)

Anthropometric/ Polymorphism Genotype Whole population Male Female
biochemical (n=358) (n=157)  (n=201)
parameters HT Control
(n=208) (n=150) p value pvalue  pvalue
BMI (kg/m?) ACEI/D II 30.85+£4.79  26.02+4.91 0.001 0.059 0.001
ID 31.79+£5.08  27.59+5.03 0.001 NS 0.001
DD 31.04£4.86  26.00+3.79 0.001 0.04 0.001
ATIR A1166C AA 31.64+456  26.47+4.54 0.001 0.005 0.001
AC 30.77 £5.25 26.47 £4.25 0.001 0.02 0.001
CcC 32.83+580  30.27+6.65 NS NS 0.07
AGT M235T MM 31.01 £4.53 26.03 +4.83 0.001 NS 0.02
MT 30.94+£4.54  26.68£4.22 0.001 0.04 0.001
TT 32.29+5.63 27.50£5.54 0.001 NS 0.001
eNOS Glu298Asp GG 32284536  27.13+4.90 0.001 NS 0.001
GT 30.54+426  26.42+4.30 0.001 0.03 0.001
TT 31.43+£497  27.03+6.84 NS NS NS
Glucose (mg/dl) ACE I/D I 89.45+ 1598 84.35+8.67 NS NS NS
ID 92.67+13.26 84.55+12.60 0.001 NS 0.001
DD 89.77+14.78 85.32+12.42 NS NS NS
AT1R A1166C AA 91.51+14.62 82.54=10.76 0.001 NS 0.002
AC 91.08 +13.40 85.18+10.49 0.02 NS 0.07
cC 91.44+16.49 95.56+16.19 NS NS NS
AGT M235T MM 95.44+21.21 81.50+10.80 0.01 NS NS
MT 89.76 £12.74  86.60 £+ 12.60 NS NS 0.06
TT 91.67+12.41 83.40+10.41 0.001 NS 0.003
eNOS Glu298Asp GG 92.45+13.66 84.21+12.45 0.001 NS 0.004
GT 89.80+£15.50 86.26 +10.72 NS NS NS
T 90.92 +12.67 78.86 +10.46 0.04 NS 0.04
Total cholesterol (mg/dl) ACEI/D 11 202.10 £28.98 190.04 +43.75 NS NS 0.01
ID 198.65+39.27 189.64 +38.78 NS NS NS
DD 198.54 £37.70 187.08 =41.84 NS NS NS
ATIR A1166C AA 199.57 £35.20 187.25+41.95 0.06 NS 0.07
AC 200.23 £37.00 191.92+41.44 NS NS 0.07
CcC 197.33 £41.08 188.33 £25.48 NS NS NS
AGT M235T MM 200.11 +£38.91 179.82+37.79 0.09 NS 0.09
MT 198.11 +£33.46 187.59 £37.51 NS NS 0.02
T 201.33+£39.23 195.97+45.11 NS NS NS
eNOS Glu298Asp GG 200.84 +34.69 189.12+33.29 0.05 NS 0.08
GT 196.58 £37.93 186.43 £43.24 NS NS 0.04
T 205.69 +41.04 208.83 +68.35 NS NS NS
HDL-C (mg/dl) ACEI/D II 49.96 £21.04 52.87+12.89 NS NS NS
ID 48.15+11.32  50.67 +11.86 NS NS NS
DD 46.17+10.11  53.08 +10.91 0.02 NS 0.02
ATIR A1166C AA 47.66 +11.75 53.60 = 10.18 0.003 NS 0.009
AC 49.18£18.12  50.95+11.63 NS NS NS
cC 49.00 +13.07 44.33+18.52 NS NS NS
AGT M235T MM 47.89+10.94 49.88+10.37 NS NS NS
MT 46.63 +11.68 52.40+12.70 0.01 NS NS
TT 5091 +£18.58 51.82+11.43 NS NS NS
eNOS Glu298Asp GG 48.52+14.86 53.00 +13.23 0.07 NS NS
GT 48.10+13.92  49.77+10.42 NS NS NS
TT 48.62+15.00 57.00 +3.80 NS NS NS
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Table 4 (continues). Anthropometric and biochemical parameters according to genotypes of the ACE I/D, ATIR ATIBBC, AGT M235T,
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and eNOS Glu298Asp polymorphisms in the whole population (hipertensive and normotensive groups)

Anthropometric/ Polymorphism Genotype Whole population Male Female
biochemical (n=358) (n=157) (n=201)
parameters HT Control
(n=208) (n=150) p value pvalue pvalue
LDL-C (mg/dl) ACEI/D 11 118.72£33.10 118.57 £44.55 NS 0.08 0.02
ID 119.82 £35.12 115.58 £37.29 NS NS NS
DD 122.58 +36.15 113.50 £37.30 NS NS NS
ATIR A1166C AA 119.70 +£36.24 112.81 £38.30 NS NS 0.08
AC 119.62 +£33.03 118.86 £42.79 NS 0.09 NS
cC 121.94 +32.81 120.44 +21.47 NS NS NS
AGT M235T MM 119.48 £39.40 104.41 +33.26 NS NS NS
MT 119.15+£32.26 115.94 £ 37.30 NS NS 0.09
TT 121.11 £35.77 121.21 +42.85 NS NS NS
eNOS Glu298Asp GG 119.73 £33.22 113.60 + 34.08 NS NS NS
GT 117.59 +£35.53 114.89 +£40.83 NS NS NS
TT 132.54 +38.83 145.20 + 58.45 NS NS NS
Triglycerides (mg/dl) ACE /D II 182.77£99.41 128.04 +58.50 0.02 0.06 NS
ID 177.16 £94.66 128.82 +59.53 0.001 NS 0.002
DD 182.08 £95.80 118.63 +66.17 0.009 NS 0.004
ATIR A1166C AA 167.03 £81.12 123.33 +52.81 0.001 NS 0.001
AC 200.36 +99.23 124.65 +71.25 0.001 0.07 0.01
cC 164.78 £99.81 148.56 +55.92 NS NS NS
AGT M235T MM 163.56 = 68.34 150.35 +81.82 NS NS NS
MT 172.60 = 94.47 117.04 +54.30 0.001 NS 0.001
TT 19538 £ 98.61 126.62 + 54.61 0.001 0.01 0.051
eNOS Glu298Asp GG 175.77 + 89.56 129.68 + 58.37 0.001 NS 0.001
GT 185.09 +98.57 120.60 = 65.35 0.001 0.056 0.01
TT 177.62 £97.40 138.40 +38.76 NS NS NS

Values are presented as mean + standard deviation (SD). BMI: body mass index.
NS: not significant (p> 0.05). HDL-C: high-density lipoprotein cholesterol. LDL-C: low-density lipoprotein cholesterol.

There is evidence suggesting an association between
these genes and HT (Horani et al., 2015; Lamelas
et al., 2019), however, these variants have yielded
contradictory results across different populations
(Agachan et al., 2003; Moe et al., 2006; Companioni
Napoles et al., 2007; Bonfim-Silva et al., 2016).

The potential role of the ATi1R gene in the
predisposition to hypertension is controversial, and
conflicting results have been reported (Agachan et al.,
2003; Bautista et al., 2008; Sharma et al., 2024). The
present study found no association between the AT1R
A1166C polymorphism and hypertension. This finding
is consistent with our previous results of this SNP
in a population from San Luis (Lapierre et al., 2006).
Similarly, Bautista et al. (2008) and Isordia-Salas et
al. (2023) found no association between AT1R A1166C
polymorphism and hypertension.

The ACE I/D polymorphism is one of the most
widely studied genetic variants of the RAAS genes.
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Several authors have reported that ACE DD genotype
is associated with HT (Agachan et al., 2003; Bautista et
al., 2008; Isordia-Salas et al., 2023). However, we could
not find a relationship between this variant and the
HT in our population, which could be explained by the
interactions of different factors. In fact, according to a
recent genetic report for central Argentina, the genetic
context cannot be analyzed without taking into account
the different historical, migratory, socioeconomic and
demographic processes that result in the particular
genetic characteristics of each region (Garcia et al.,
2015).

Regarding AGT M235 Tpolymorphism, our results
revealed no differences in genotype and allele
frequencies between both groups. This is consistent with
some previous reports (Bautista et al., 2008; Yuan et al.,
2009). In contrast, other studies have reported a strong
association between the TT genotype and HT (Agachan
etal., 2003; Isordia-Salas et al., 2023).
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Table 5. Relationship between body mass index (BMI) and the genotypes of the ACE I/D, ATIR
ATIBBC, AGT M235T, and eNOS Glu298Asp polymorphisms in the whole population (hipertensive and

normotensive groups)

Whole population

Parameter Polymorphism Genotype value
Yy P YP (n=358) P
BMI (kg/m?) ACE I/D II 28.97 £5.36
ID 30.16 £ 5.45 0.05
DD 28.42 +£4.96
ATIR A1166C AA 2943 +5.21
AC 29.06 +5.28 0.03
CcC 31.85+6.17
AGT M235T MM 28.76 £5.25
MT 29.10 £ 4.89 0.05
TT 30.55+5.99
eNOS Glu298Asp GG 30.16 £ 5.75
GT 28.78 +4.71 NS
TT 28.96 £ 5.64

Values are presented as mean + standard deviation (SD). NS: non significant (p > 0.05).

The Glu298Asp polymorphism is one of the most
widely studied variants of the eNOS gene. In our
population we found no association between the
Glu298Asp genotype and HT. Consistent with our results,
Moe et al. (2006) reported that this eNOS polymorphism
was not associated with hypertension.

Gene—environment interactions in HT are complex.
While some studies report associations between RAAS
and eNOS SNPs and HT, others do not, likely due to
genetic and environmental heterogeneity (Horani et al.,
2015; Lamelas et al., 2019).

The lack of association observed in our population
may reflect underlying genetic heterogeneity. In
addition, genetic, epigenetic, and environmental factors
may interact to influence the hypertensive phenotype.
Another possible explanation includes epistatic gene—
gene interactions in which the effect of the studied gene
is masked by the effect of other susceptible genes.

A limitation of this study is the relatively small
sample size. Future research involving larger, more
diverse cohorts is necessary to validate or refine these
preliminary findings.

When we compared the demographic characteristics,
the anthropometric and biochemical parameters of
the hypertensive and control groups, we observed
significant differences in fasting plasma glucose, total
cholesterol, HDL-C, triglycerides, and dyslipidemia,
with higher levels in the hypertensive group. These
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findings reinforce the importance of metabolic factors
as key determinants of the risk of high blood pressure.
It is noteworthy that the BMI was significantly higher in
hypertensive patients than in controls; however, in both
groups, the BMI was above the normal range, indicating
a worrying fact about the existence of overweight
throughout our study population. The pervasive
overweight status within both groups underscores a
broader health challenge that needs to be addressed.

We analyzed traditional cardiovascular risk factors in
our population. The Odds Ratio (OR) analysis revealed
that the age (p<0.001), the overweight (p<0.001),
the elevated fasting glucose (p<0.005), and elevated
triglycerides (p<0.001) as significant predictors of HT.
The risk factors involved in the development of high
blood pressure have been reportedin numerous prior
studies, and our findings are consistent with most of
them (Pereira et al., 2006; Oliveira-Paula et al., 2017,
Lamelas et al., 2019; Mills et al., 2020; Zhou et al., 2021,
Giunta et al., 2023).

Evidence highlights that hypertension is not an
isolated problem, but is intrinsically linked to metabolic
disorders (such as glucose and lipid abnormalities),
forming a cardiometabolic risk complex that worsens
the patient’s prognosis, increasing vascular damage
and therisk of serious cardiovascular events. Therefore,
hypertension must be viewed in the context of other
metabolic factors, as their combined management is
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crucial for improving prognosis and reducing long-
term cardiovascular risk (Mills et al., 2020; Ordunez et
al., 2022).

A stratified analysis by sex was performed to study
the association between the different genotypes with
BMI, fasting glucose, and lipid profile parameters.

Overall, the results in Tables 4 and 5 indicate how
different genotypes modulate the anthropometric
and biochemical profile of our population, with more
pronounced effects in women and specific variations
according to each polymorphism. These findings suggest
a possible interaction between genetic variants and
adverse metabolic profiles associated with hypertension,
with a pattern of greater susceptibility in women. This is
consistent with Kauko et al. (2021), which suggests that
the effect of genetics on hypertension risk, compared
to that of modifiable factors, appears to be greater in
women than in men.

Studies on the role of gene polymorphisms in the
renin-angiotensin system and the eNOS gene in
the development of hypertension are limited in the
Argentine population.

To our knowledge, this is the first study of RAAS and
eNOS polymorphisms conducted in a primary health
care center attending population in San Luis; our prior
work focused solely on the AT1R A1166C polymorphism
and was performed in a private clinic setting (Lapierre
etal., 2006).

This research contributes to the cumulative growth
of knowledge, leading to a more comprehensive
understanding of hypertension and the genetic and
cardiometabolic factors that characterize populations in
our region.

CONCLUSION

These findings suggest that the ACE I/D, AT1R A1166C,
AGT M235T, and eNOS Glu298Asp polymorphisms are
not associated with the development of hypertension in
the studied population.

Age, overweight, elevated fasting glucose, and
elevated triglycerides are significant predictors of HT in
this population.

Given HT’s polygenic nature, larger studies in our
region are needed to confirm these results.

Understanding the distribution of genetic
polymorphisms and identifying their relationship to
cardiometabolic risk factors is crucial for developing
targeted public health strategies for hypertension.
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