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Possible correlations between SHZ63 rs2078863 gene
polymorphism, lifestyle, food habits, and nutritional intake of
Minangkabau females with hypertension

Dita Hasnil2, Cimi [lmiawati3, Firdawati Firdawati4, Nur Indrawaty Lipoeto>*

Abstract

B ackground: Hypertension is the commonest cardiovascular risk factor and a leading cause of death

PKI) INDEXED IN
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worldwide. Several genetic variants are known to be involved in the pathogenesis of this disease. this
study aimed to determine the relationship between the SH2B3 rs2078863 gene variants and hypertension
in Minangkabau women.

Methods: In total, 190 women aged 18-45 years participated in this study. Patient data, including weight,
height, Body Mass Index (BMI), and blood pressure examinations, were collected, and interviews regarding
their nutrient intake and physical activity were assessed with the Semi-Quantitative Food Frequency
Questionnaire (SQ-FFQ) and the Global Physical Activity Questionnaire (GPAQ) questionnaires. Blood was
collected from peripheral veins, followed by DNA isolation and genotyping examination using the Kompetitive
Allele Specific PCR (KASP) method.

Results: TT genotype in SH2B3 rs2078863 was observed to be more at risk of suffering from hypertension
compared to the CC+CT genotype (¥2 (1, n=190)=8.442, p=.004, phi=.21, OR=2.48). The regression logistic
analysis revealed the role of obesity, low physical activity, and age as risk factors for hypertension in the studied
population (p<0.05).

Conclusion: The SH2B3 gene variant and lifestyle factors related to obesity and low physical activity increase
the risk of hypertension.
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Introduction

Hypertension is the most common cardiovascular risk
factor and a leading cause of death worldwide.
Hypertension (HTN) is currently defined as systolic
blood pressure (SBP) values of 130 mmHg or more
and/or diastolic blood pressure (DBP) values of 80
mmHg or more [1]. A study of the North American
population showed that 33.5% of adults generally suffer
from hypertension [2]. In 2018, Indonesian Basic Health
Research reported the prevalence of this disease in the
Indonesian population aged > 18 years to be 34.1%,
increasing from 25.8% and 31.7% in 2007 and 2013,
respectively [3]. In West Sumatra, hypertension ranked
first among non-communicable diseases, with a
prevalence of 22.2% [4]

In the American adult population, hypertension is
more common among men than women; the prevalence
increases in women with advanced age. [5]. In
comparison, the prevalence is close to 50% in the
minority population of African Americans and Hispanic
women. Among those over 60 years old, the prevalence
becomes higher in women than in men, and this gap
widens due to aging factors associated with the majority
of elderly women, ease of access to medicines, ethnicity,
and polycystic ovarian syndrome. [6]. Hypertension
contributes to approximately one in five deaths among
women in the United States (USA); therefore, it is a more
challenging disease in women than in men. [7]. In
Indonesia, the incidence of hypertension is higher
among women (36.9%) than among males (31.3%) in the
over-18 population. [3].

The main problem is the “unknown” cause of
hypertension; 95% of all cases are idiopathic, often
known as essential hypertension. [1], which is a
multifactorial disorder involving the interaction of
several genes and environmental factors. Essential
hypertension has irreversible risk factors involving age,
gender, and genetics. Modifiable risk factors include
sodium intake.[8], physical activity[9], and obesity[10],
as well as vehicle and cigarette smoke pollution [11]. As
age increases, the hypertension risk doubles due to
Insufficient endothelium integrity, shear stress,
calcification, and autonomic abnormalities.[12]
Nutrient intake, such as high sodium intake and low
potassium, is also a risk factor for hypertension.[13] .
Excessive salt intake can cause some adverse effects,
including microvascular endothelial inflammation,
anatomical remodeling, and functional abnormalities.
And low potassium intake will increase sodium
reabsorption and can trigger fluid retention and increase
stroke volume. [14]. Potassium intake can be obtained
from fruits and vegetables. In Indonesia, fruit and
vegetable consumption data is less than 95.5% of the
Indonesian population, even in West Sumatra, this
figure reaches 97.2% [3].

Lower physical activity is a severe worldwide problem,
including in Indonesia. Based on the basic health
research report, in Indonesia, the lower physical activity
was 26.1% of the adult population, even in West
Sumatra, reaching 40.3% in 2018 [3]. The mechanism of
low physical activity with hypertension is associated
with endothelial dysfunction and obesity.[9]. 65-75
percent of the risk for primary (essential) hypertension
in humans is attributed to obesity[15]. The relationship
between obesity and hypertension may be associated
with several pathways, namely, insulin. [16],
sympathetic activity [17], leptin [18], decreasing
natriuretic peptides with consequent disturbances in
salt excretion [19], and the renin-angiotensin-
aldosterone system (RAAS) [20,21]. In the adult
population in Indonesia, the prevalence of obesity tends
to increase from 10.5% in 2007 to 14.8% in 2013 and
21.8% in 2018 [3]. Hypertension occurs due to the
interaction of these various risk factors; in other words,
one risk factor alone is not enough to be the leading
cause. In nine out of ten hypertension patients, the
interaction between genetic and environmental risk
factors elevates the risk of the disease. [22].
Approximately 20%-40% of the variation in blood
pressure among the general population is determined by
genetic factors [23]. The Minangkabau culture in
Indonesia is of special significance since it has the
biggest matrilineal system of kinship in the world, in
which women have more authority in both family and
community.[24] . Food supply is concentrated on women
in the Minangkabau community, and significant
evidence indicates a relationship between nutrition and
lifestyle and hypertension.[25]Consequently, it is crucial
to comprehend women's eating habits, lifestyle, and
genetic vulnerability to the condition. GWAS has linked
the SH2B3/LNK gene to hypertension and renal failure
in humans [26,27]. Sex-specific association of SH2B3
and SMARCA4 polymorphisms with diabetic and
nutritional disorders is documented by Ji et al. [27] in the
Chinese Han population and by Nikitin et al. [28] in the
Russian population. These findings are not well studied
in Indonesian ethnical groups, whereas it seems to be in
relation to ethno-genetic background, especially for
females [27,28].

The SH2B3 gene, located on chromosome 12 (12q24),
encodes the SH2B3 protein, which plays a role in the
regulation of cytokine signaling [29]. Genetic variation
in this gene is associated with hypertension [30], renal
impairment [31], blood lipid [32], and diabetes mellitus
[33]. The SH2B3 rs2078863 polymorphism causes a T>C
nucleotide substitution in the upstream intron region,
resulting in a decrease in SH2B3 protein expression. The
loss of SH2B3 induces severe inflammation in renal and
vascular tissues as well as an increase in IFNg
production by dendritic cells and T lymphocytes. SH2B3
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in dendritic cells may control the equilibrium between
proinflammatory Th1/Tcl cells and anti-inflammatory
Treg cells. IFNg probably mediates, at least partially, the
effect of LNK deficiency on hypertensive end-organ
damage [29,34]

Previous studies have shown a relationship between
the SH2B3 rs2078863 gene variant and risk factors for
the incidence of hypertension, but none involve
Minangkabau women. Therefore, this study aimed to
determine the association of the SH2B3 rs2078863 gene
variant with hypertension in Minangkabau women.

Methods

Sample Size Calculation

To calculate the sample size required in this study, we
used the power and Sample Size Program version 3.1.2
[35]. This study was a case study and an independent
control with one control per case. Previous data showed
that the T allele of the SH2B3 rs2078863 in the control
was 0.49 [34]. Suppose the actual chance ratio for
hypertension in exposed subjects relative to unexposed
subjects is 2.5. In that case, we need to study 80
hypertensive women patients and 80 non-hypertensive
women to be able to reject the null hypothesis that this
chance ratio was equal to 1 with a probability (power) of
0.8. The likelihood of a Type I error associated with
testing this null hypothesis is 0.05. We use uncorrected
chi-squared statistics to evaluate this null hypothesis.

Study Participant

Two hundred and five women were recruited from the
community health center in Padang City, West Sumatra.
Participants were recruited using the consecutive
sampling method after meeting the inclusion and
exclusion criteria. Inclusion criteria were healthy
women and hypertensive women (between 18 and 45
years old) with Minangkabau ethnicity, i.e., their mother
and grandmother are Minangkabau  without
intermarrying with other tribes. Among the 205 eligible
adults, five adults were excluded from the study.
Exclusion criteria included the following: having a
previous history of type 2 diabetes, kidney disease, and
hyperthyroid (n=1), being pregnant or lactating (n=4).
Among the 200 remaining adults, five volunteers did not
undergo blood sample collection. The sample consisted
of 195 women who completed an SQ-FFQ, GPAQ, and
underwent blood sample collection for genetic analysis.
Among 195 participants, five samples had missing data
during genotyping analysis. So the final sample
conducted by the analysis was 190 women, 95
hypertensive women, and 95 non-hypertensive women.
All participants provided written informed consent
before participating. Participants were allowed to leave
the study at will and drop out of any of the procedures.
The study was approved by the ethical review committee

of the Medical Faculty, Universitas Andalas (No.
491/UN.16.2/KEP-FK/2021).

Screened in community
health centre in Padang

(n=205)
Lost to study (n=5)

« Having previous history of diabetes melitus
kidney disease , or hypertiroid (n=1)
« Being pregnant or breastfeeding (n=4)

Consented to the studt
(n=200)

withdraw from study (n=5)

= not willing to have blood collection (n=5)

Completed the study
{n=195)

Lost to study (n=5)

= Having previous history of diabetes melitus,
kidney disease , or hypertiroid (n=1)
= Being pregnant or breastfeeding (n=4)

Final sample for analysis
n= 190 ( 95 hypertensive
and 95 non hypertensive

Figure 1: Flow chart of the subject recruitment process

Anthropometric and Blood Pressure Measurements
Body weight was measured to the nearest 100 g using an
electronic scale (Digital body scales EB-1613 H OneMed,
Indonesia), and height was measured to the nearest mm
using a stadiometer (microtoise) (OneMed Medicom
stature meter, YF.05.05.V.A.1022, Indonesia). The
height was measured with the head in the horizontal
plane and heels together in a standing posture. Body
mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared (kg/m2) and
categorized into non-obese and obese groups.
According to the weight criteria for Adults in the Asia
Pacific, Subjects with a BMI < 25 kg/m2 were classified
as non-obese, and those with a BMI of > 25 kg/m2 were
obese. [36].

Blood pressure was measured using a 3-series Upper
arm Blood Pressure Monitor (Model BP7100, Omron®
UK), with the participants in a sitting position. Based on
the ACC/AHA Hypertension Guidelines, systolic and
diastolic blood pressure levels above 130/80 mmHg are
categorized as hypertensive, and those equal to or below
130/80 mmHg are categorized as non-hypertensive [37].
Those subjects who were diagnosed with hypertension
by a general practitioner and had blood pressure less
than or equal to 130/80 mmHg due to antihypertensive
treatment were categorized as the hypertensive group.

Measurement of physical activity

Physical activity was measured through interviews using
the Global Physical Activity Questionnaire (GPAQ) [38].
The interview data were then converted into “The
metabolic equivalent of task (MET) units” per week.
Data on the duration of activities in the high- and
medium-intensity categories were multiplied by MET
coefficients of 8 and 4, respectively. The converted data
were subsequently grouped according to high, medium,
and low criteria. After obtaining the total value of
physical activity in MET units of minutes/week, the
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subjects were grouped based on the three levels of
physical activity, namely, high (MET > 3000), medium
(3000>MET>600), and low (MET <600)[39].

Assessment of nutrient intake

Food intake was assessed by a qualified nutritionist
using a previously validated and published Semi-
Quantitative Food Frequency Questionnaire (SQ-FFQ)
containing 223 food items, which Lipoeto developed.
[40]. In addition, it has been used in a previous study.
[41,42] . The SQ-FFQ was adapted to Minangkabau food
habits; Minangkabau is an ethnic group in West
Sumatra, Indonesia. The participants were asked to
estimate the frequency (number of times per day, week,
or month) and portion sizes of variety foods. It used
portion-size photographs of all relevant foods to
estimate portion-size intake. The data were then
analyzed using Nutritional Epidemiology (EpiNu)
software to estimate macronutrient intake and total
daily energy. [43].

Blood Collection and SNP Genotyping Analysis
Phlebotomy is utilized to withdraw blood from
peripheral veins. Before deoxyribonucleic acid (DNA)
extraction, blood samples were collected and stored at -
20°C in tubes containing ethylenediaminetetraacetic
acid (EDTA). DNA extraction from whole blood using a
PureLink™ Genomic DNA Mini Kit (Invitrogen,
Thermofhiser®, Massachusetts), following the
manufacturer’s instructions. The DNA concentration
was determined using a NanoDrop spectrophotometer.
Genotyping was performed at LGC Genomics
(http://www.lgcgroup.com/services/ genotyping), which
employs the competitive allele-specific PCR-KASP®
assay. The KASPTM genotyping technology utilized in
this study has been evaluated as accurate to greater than
99.8 percent. Validation of the KASPTM genotyping was
performed at LGC Genomics, and the project manager
confirmed the quality of the genotyping results.[44] .

Statistical Analysis

The normality test was carried out statistically
(Shapiro-Wilk and Kolmogorov-Smirnov tests) and
graphically (histograms, Q-Q plots, and box plots). If
the results were abnormal, data transformations were
performed, and the normality was reassessed. If the
results remained abnormal, an alternative statistical
test was conducted. The numerical data were calculated
as averages and standard deviations for normally
distributed data (height, weight, body mass index, blood
pressure, calorie intake, carbohydrates, proteins, fats,
sodium, and potassium) and as median and range values
for non-normally distributed data; frequencies and
percentages were determined for categorical data
(occupation, obesity, physical activity, smoking history,
alcohol, and SH2BS3). Chi-squared tests were conducted

to investigate the relationship of the SH2B3 rs2078863
gene variant with hypertension. Furthermore,
multivariate logical regression tests were carried out to
assess the association of SH2B3 gene variants with
hypertension by making adjustments to other
parameters. The model selected age, obesity, physical
activity, caloric intake, and carbohydrate intake as the
contributing factors based on the significance of the
bivariate statistical test with hypertension (/< 0.25).

Results

Demographic, Clinical Characteristics, and Food Intake
of Non-Hypertensive and Hypertensive Groups

In Table 1, significant differences were found in age,
occupation, height, weight, BMI, and systolic and
diastolic blood pressure between the non-hypertensive
and hypertensive groups (£<0.05). No differences were
observed in physical activity between the non-
hypertensive and hypertensive groups because most of
the subjects had low levels of physical activity. However,
statistically, the average MET values appeared to differ
between the groups. Differences were also observed in
carbohydrate intake between the groups: the
hypertensive group consumed more carbohydrates and
fiber than the non-hypertensive group. Additionally, the
non-hypertensive group had a higher intake of sodium
and potassium than the hypertensive group. In contrast,
the calorie, protein, and potassium data showed no
differences between the two groups. The hypertension
group had a higher fiber intake, potassium intake, and
fat intake, as well as a lower sodium intake than the non-
hypertensive group, because some of them had made
lifestyle modifications related to their diseases. In
general, both groups have a low average intake of
potassium and fiber from the guidelines for nutritional
adequacy figures set by the Indonesian government. A
low fiber intake, high sodium intake, low potassium
intake, and high fat intake are characteristic of
Minangkabau ethnic cuisine. In this study, data on fiber,
sodium, potassium, and fat intakes were not continued
for multivariate analysis because lifestyle modifications
made by some participants would have impacted the
research bias.

Distribution of SH2B3 Gene Variants in Non-
Hypertensive and Hypertensive Groups

In this study, the hypertensive group had more frequent
SH2B3-TT variants than the non-hypertensive group;
however, the CC and CT variants were not significantly
different between the two groups (Figure 2).

In Table 1, significant differences were found in age,
occupation, height, weight, BMI, and systolic and
diastolic blood pressure between the non-hypertensive
and hypertensive groups (p<0.05). No differences were
observed in physical activity between the non-
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hypertensive and hypertensive groups since most of the
subjects had low physical activity. However,
statistically, the average MET values appeared to differ
between the groups. Differences were also observed in
carbohydrate intake between the groups: the
hypertensive group consumed more carbohydrates and
fiber than the non-hypertensive group. Additionally, the
non-hypertensive group had a higher intake of sodium
and potassium than the hypertensive, while the calorie,
protein, and potassium data showed no difference
between the two groups. The hypertension group has a
higher fi-Ber, potassium intake, and fat intake, as well
as a lower sodium intake than the non-hypertensive
group because some of them have made lifestyle
modifications related to their diseases. The low fiber
intake, high sodium, and high fat intake are the
characteristics of Minangkabau ethnic cuisine.
THE FREQUENCY OF SH2B3 R52078863 GENE VARIANT IN
MINANGKABAU WOMEN OF NON-HYPERTENSIVE AND HYPERTENSIVE
GROUPS
O Non-hypertensiven=95 W Hypertensive n=95

60
53

)
s
=]
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g

S
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._!

SH2B3-CC SH2B3-CT SHZB3-TT
SH2B3R82078863 GENE VARIANT

Figure 2: The frequency of SH2B3 rs2078863 gene variants in
non-hypertensive and hypertensive Minangkabau women.
SH2B3-CC = SH2B3 gene, CC variant; SH2B3-CT = SH2B3 gene, CT
variant; SH2B3-TT = SH2B3 gene, TT variant.

Association of SH2B3 rs2078863 Gene Variants with
Hypertension

Based on the results detailed in Table 2, A chi square
group difference between SH2B3 genotype and
hypertension indicated a significant association of
medium effect (2 (1, n=190)=8.442 p=.004, phi=.21).
More women with SH2B3 TT genotype were suffer
hypertension compared to women with CC+CT genotype
(64,6% versus 42.4%), while more women with SH2B3
CC+CT genotype were not suffering hypertension
(57.6% versus 35.4%). After that, we can calculate the
power size in this study. a statistical association was
found between SH2B3 rs2078863 and the incidence of
hypertension, characterized by a p < 0.05. This study
included 95 women with hypertension and 95 non-
hypertensive women. Non-hypertensive patients
exhibiting the TT variant were 0.354; the true odds ratio
for hypertension in the high-risk group relative to the
CC+CT group was 2.481. The type 1 error probability

associated with this test was 0.05; thus, the power of this
study was 0.873.

SH2B?3 rs2078863 with Other Hypertension Risk Factors
As shown in Table 3, a correlation was observed between
SH2B?3 gene variants and hypertension. Statistically, the
logistic regression was characterized by a p-value of 0.04
and an OR of 2.134 (IK95% 1.035 - 4.401). Several other
risk factors for hypertension are age, obesity, and low
levels of physical activity.

Based on Table 3, age, obesity, SH2B3, and physical
activity were found to be associated with hypertension.
The strongest correlation was observed between obesity
and SH2BS.

From the logistic regression analysis, the following
equation was obtained:

Y = Constant + alx1+a2x2+....... +aixi

Y= -4.150 +.090 (year)+ 1.277 (obese) +(-
.000043)(Physical activity) + .934(SH2B3)

Where “year” is the entered age number; a value of 1
indicates obese, and a value of 0 indicates not obese;
“Physical activity” is the entered MET value based on
physical activity data; a value of 1 indicates SH2B3-TT,
and a value of 0 indicates SH2B3-CC+CT. The probability
of hypertension in Minangkabau women was calculated
using the following formula. [46]:

1
F= (1 +exp(=y))

For example, if a 31-year-old Minangkabau woman
exhibited the SH2B3-TT variant (i.e., obese, with a daily
MET value of 500 MET/day, her probability of suffering
from hypertension can be calculated by using the
following equation:

Y= -4.150 +.090 (year)+ 1.277 (obese) +(-.000043)(MET)
+.934(SH2B3)
Y = -4.150 + .090 (31) + 1.277 (1) +(-.000043)(500) +

.934(1)
Y=0,8295

e s 1 _ 1 _
Thus, the probability is P = o)) - Trexp08z)
0,696.

This means the probability of hypertension in this
individual is 69.6%. The above equation was validated in
terms of discrimination and calibration. The calibration
value was determined with the Hosmer-Lemeshow test,
with a p-value >0.05, meaning that it had good
calibration [45,46].

Discussion

Hypertension is the leading cause of cardiovascular
morbidity and mortality worldwide; it affects a third of
the adult population in the USA[47] . This study found a
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interaction sites, the pleckstrin and Src homology

hypertension in Minangkabau women. domains (SH2), and many putative tyrosine
phosphorylation sites [12].
Characteristics Non-hypertensive Hypertensive p-value®
n =95 n=95
Age (year; average=SD) 32,8 + | 8,0 38,5 + | 7,7 < 0,001
Occupation (n (%)) - - - - <0,001°
Housewife 3 (4,3) 66 (95,7) -
Teacher/Lecturer 36 (92,3) 3 (7,7) -
Employee/Civil servant/Health worker 30 (76,9) 9 (23,1) -
Blue-collar worker 4 (50,0) 4 (50,0) -
Businesswoman 3 (33,3) 6 (66,7) -
Student 19 (73,1) 7 (26,9) -
Height (cm; average+SD) 155.9 + 5.74 148.0 + 6.61 <0.001
Weight (kg; average*=SD) 65.9 + 13.65 71.0 + 13.35 0.01
27.1 + 4.9 32.2 + 5.71 <0.001
Non-obese 34 77.3 10 22.7 < 0.001
Obese 61 41.8 85 58.2 -
Blood pressure (mmHg; average*SD)
Systolic [ 1141 [+ [ 93 [ 150.0 [+ [ 145 [ <o0.001
Diastolic | 773 |+ | 75 [ 911 B [ 9.0 [ <0.001
Physical activity (MET)
Median (min-max) 780 (60-3920) 560 (60-3720) 0.077¢
High (n (%)) 3 (57.1) 6 (42.9) 0.297
Medium (n (%)) 44 (53.0) 39 (47.0) -
Low (n (%)) 43 (46.2) 50 (53.8) -
History of Smoking
No (n (%)) [ 95 [ (100) [ 95 [ (100) -
History of Alcohol Consumption
No (n (%)) 95 (100.0) 95 (100.0) -
Calorie intake (Kcal; average*SD) 1745.2 + 676.3 1887.4 + 598.3 0.127
Carbohydrate intake (g/day; average=SD) 259.4 + 111.9 295.1 + 127.1 0.041
Protein intake (g/day; average*SD) 66.4 + 27.9 70.4 + 70.5 0.607
Fat intake (g/day; average*SD) 48.6 = 24.6 41.2 + 19.8 0.024
Fiber intake (g/day ; median (min-max) 4.9 (1.1-29.1) 6.8 (1.4 -39.2) <0.001¢
Sodium intake (mg/day; average+SD) 603.2 [+ [ 3114 453.4 [+ [ 240.7 0.003
Potassium intake (mg/day; average*SD) 853.3 |+ | 386.9 896.2 |+ | 4358 0.153
a Independent t-test; ® Kolmogorov-Smirnov test; ¢ Mann-Whitney U test; SD, standard deviation; MET, metabolic equivalent of task.
Table 1: Characteristics of non-hypertensive and hypertensive Minangkabau women population in Indonesia.
SH2B3 Gene | Non-Hypertensive Hypertensive p-value OR CI 95%
Variant n % n % - - Minimal Maximal
CC+CT 72 57.6 53 42.2 0.004 2.481 1.335 4.661
TT 23 354 42 64.6 - - - -

a Analyzed with chi-squared test

Table 2: Bivariate analysis of the correlation between SH2B3 rs2078863 and hypertension in

Minangkabau women population in

Indonesia.
Parameters Coefficient S.E. Wald df P-value OR Confidence Interval 95%
Minimal Maximal

Age (years) .090 .022 16.375 1 <.001 1.094 1.047 1.143
Obesity 1.277 430 8.807 1 .003 3.585 1.543 8.332
Physical activity -.000043 .000 5.208 1 .022 1.000 0.999 1.000
SH2B3 934 357 6.855 1 .009 2.544 1.265 5.120
Constant -4.150 .886 21.947 1 .000 .016 - -

Table 3: Logistic regression results for SH2B3 gene variants and risk factors for hypertension in Minangkabau women.

This finding is in line with a study in Finland, which
found a relationship between the SH2B3 gene and the
incidence of hypertension. Another study in China also
linked the SH2B3 gene rs2078863 with coronary heart
disease [17,31]. This locus was selected randomly.
Therefore, further studies should be performed to verify
the association. Furthermore, GWAS linked the SH2B3
gene (LNK) to hypertension and kidney disease. This
gene encodes SH2B protein adapter 3 (SH2B3, LNK), an
intracellular pathway that plays a significant role in
hematopoiesis and cytokine signaling. From the N-
terminal to the C-terminal, SH2B3 contains proline-rich
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The SH2ZB3 gene is located on chromosome 12 at
12g24, and a polymorphism of the SH2B3 gene 2078063
induces a change in the base of thymine to cytosine
(T>C) in the intron area. This leads to substituted
transcript variants in the intron; we hypothesize that it
can decrease protein expression. Introns can affect
transcription by storing regulatory elements such as
enhancers and repressors [48]. In this variant gene, it is
located in the genic upstream. Furthermore, this gene
encodes the SH2B3/LNK protein, which plays a role in
the pathogenesis of hypertension through inflammatory
mechanisms. LNK protein deficiency in dendritic cells
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(DCs) can lead to the increased polarization of naive T
cells into interferon gamma (IFNG), thereby producing
T cells, specifically CD8 T cells, which cause the
accumulation of CD8 T cells in the kidneys and blood
vessels. Increased inflammation and IFNG production
lead to a rise in sodium reabsorption, superoxide
production, and albuminuria in the kidneys. This also
decreases the nitric oxide and endothelial-dependent
relaxation disorders of blood vessels, and eventually
triggers hypertension [49].

In experiments involving animals as subjects, mice
lacking the LNK/SH2B3 protein exhibited an increase in
the infiltration of monocytes/macrophages and T cells
in the kidney. The loss of LNK/SH2B3 protein causes
decreased nitric oxide levels and endothelium-related
relaxation disorders in comparison to normal rats.[50] .
According to additional studies, LNK/SH2B3 protein
deficiency increases IFNG levels, and IFNG produces T
cells, specifically CD8, which accumulate in the kidneys
and can induce hypertension. [30]. Other studies linked
genetic variations in SH2B3 to blood pressure and
elevated levels of Beta-2 microglobulins, a well-
characterized kidney filtration biomarker, likely leading
to increased CD8+ T-cell activation and interferon-y
production, which promote hypertension and
hypertensive end-organ damage. [51] .

CD8+T cells play a role in hypertension; a study by Sun
et al. demonstrated that these cells express the
mineralocorticoid receptor (MR), and that this T cell
receptor plays a significant role in systemic
hypertension [52]. The MR, which is a nuclear protein,
was found to complex with nuclear factor of activated T
cells 1 (NFAT1) and with activator protein 1 (AP1) to
promote IFNG production by CD8+ T cells; deletion of
the MR receptor in T cells caused a significant decrease
in Ang-II-induced hypertension and renal and vascular
damage. In contrast, T cell MR overexpression
exacerbated hypertension. Eplerenone, a commonly
used antagonist of the MR receptor, inhibited IFN
production by CD8+ T cells in hypertension. Another
study focused on the role of the MR on epithelial cells of
the distal kidney nephron in promoting sodium and
volume retention; however, there is growing evidence
that the MR has prohypertensive effects in other cells.
One study revealed that the T cell MR plays a previously
undefined role in hypertension. [53].

Deficiencies in this SH2B3 protein will increase the
hypertensive-related inflammatory response by
increasing the production of gamma interferon by
dendritic cells and T cells, in particular CD8 T cells. It
will result in a greater accumulation of T cells in the
kidneys and blood vessels. Increased inflammatory
response and IFNG production will result in an increase
in sodium reabsorption, superoxide production in the

kidneys, and a decrease in nitric oxide, which can lead to
hypertension.

IFNG = interferon gamma; LNK = lymphocyte adapter
protein; SH2B3 = SH2B adaptor protein 3.

It is known that hypertension is unlikely to occur if an
inflammatory process is the sole cause. The presence of
additional risk factors, such as a high salt intake or
obesity, will constitute a "second hit”. In the presence of
additional risk factors, genetic risk factors such as the
SH2B3 gene polymorphism will increase the risk of
hypertension.

In this study, after analyzing the logistic regression
test with other hypertension risk factors, the SH2B3 was
found to have an odds ratio of 2.481 (CI95% 1.335 -
4.661); other risk factors affecting the incidence of
hypertension included obesity, age, and low physical
activity. Moreover, the results revealed that obese
individuals had a 3.585-fold greater risk of suffering
from hypertension compared with their non-obese
counterparts. Increased renal tubular sodium
reabsorption affects pressure natriuresis and plays a
significant role in the development of obesity-related
hypertension. [54];

1) physical compression of the kidneys by fat in and
around the kidneys[20] , 2) activation of the renin-
angiotensin-aldosterone system (RAAS)[15], and 3)
increased sympathetic nervous system (SNS) activity is
the mediator of abnormal kidney function and increased
blood pressure during the development of obesity
hypertension [55]. Activity of the RAAS system is
presumably influenced by renal compression and SNS
activation. Obesity also activates mineralocorticoid
receptors independently of aldosterone and angiotensin
II [56]. Leptin and brain melanocortin system activation
are necessary for SNS activation in obesity.[56].In this
study obesity was also influenced by carbohydrate
intake, it was found 42 percent of our participants had
a carbohydrate intake of 319 g and more per day, Based
on the average caloric intake of our participants (1816
kcal/day), this equivalent to a 70.2% carbohydrate
consumption, which is much higher than the Indonesian
dietary recommendations, which suggest deriving 50%
of total energy from carbs [58,59].

Age-related increases in blood pressure are considered
to be a universal factor involved in human aging [60].
The physiological changes associated with aging lead to
elevations in systolic blood pressure, average arterial
pressure, and pulse pressure, as well as a decrease in the
ability to respond to sudden hemodynamic changes [61].
The increase in blood pressure observed with aging is
most likely related to arterial changes. Aging leads to
narrowing of the blood vessel lumen and hardening of
the vessel walls through a process known as
atherosclerosis [62].  Particularly,  endothelial
dysfunction associated with aging would contribute to
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the etiology, maintenance, and progression of
atherosclerosis. Endothelial dysfunction is the early
stage of atherosclerosis and contributes to its
progression [12]. Age-related endothelial dysfunction is
caused by an imbalance between nitric oxide (NO) and
reactive oxygen species (ROS), in addition to a reduction
in the number of endothelial progenitor cells (EPCs) in
the bone marrow or inhibition of EPC mobilization
[61,63]. In women, age factors are also associated with
menopause. Known hormonal changes play a role in
increasing the risk of hypertension in women [64,65].

The so-called "disuse syndrome" is the outcome of
physical inactivity (i.e., premature aging, obesity,
cardiovascular vulnerability, musculoskeletal fragility,
and depression) [66] This study confirmed the protective
effects of physical activity against hypertension by
correlating a low level of physical activity with the
prevalence of hypertension. Typically, physical activity
is recommended as a crucial lifestyle modification that
may aid in the prevention of hypertension. Physical
activity activates adaptive mechanisms, including the
enhancement of endothelial function and NO
production, the induction of pro-angiogenic pathways,
and the enhancement of insulin sensitivity. These
mechanisms result in a substantial decrease in blood
pressure. [67]. In addition to working outside the home,
women typically perform housework. Household
activities, such as cooking, shopping, and gardening,
can increase overall physical activity. Certain physical
activities, such as aerobic training, can increase the level
of endorphins in the female central nervous system,
promote adaptive changes in the hypothalamic—
pituitary—ovarian axis, and stimulate the production of
estrogen in the body's secretions. Estrogen is an
essential hormone for the body's metabolism of
substances and energy. According to various studies, a
woman's estrogen deficiency is closely associated with
abdominal obesity, insulin resistance, and related
diseases. [9].

In this study, low fiber and potassium intake were
found in all participants. For fiber, 4.9 g/day for the non-
hypertensive group and 6.8g/day for the hypertensive
group, and potassium, 603 mg/day for the non-
hypertensive group and 453 mg/day for the hypertensive
group. With an average intake value lower than the
nutritional adequacy value set by the government (30-
32 g/day for fiber and 4700 mg/day for potassium [59].
Minangkabau ethnic cuisine, which is low in fiber, low
in potassium, high in sodium, and high in fat, is an
environmental risk factor for suffering from
hypertension. Potassium has natriuretic and diuretic
actions, and hence has the ability to reduce blood
pressure. In a sodium-dependent diet, potassium

urine sodium excretion, elevated blood pressure, and
salt sensitivity. [68].

It is generally established that genetic or
environmental risk factors alone are unable to explain
the complexity of hypertension disease's etiology. [69].
Gene-environment interactions have a crucial role in
the aetiology of complex disorders. [70], as has been
shown in previous discussion. Specific SNPs may alter
the effect of environmental variables on complicated
illnesses, and vice versa. Evaluation of gene-
environment interactions may increase the prediction
capacity of phenotypes, find novel genetic profiles based
on ecological variables, improve understanding of
biological pathways and environmental influences, and
facilitate comprehension of phenotypic variation. If data
on SH2B3 genetic variation, age, physical activity, and
body mass index are available, a model was developed in
this research that may predict the vulnerability of a
Minangkabau woman to suffer from hypertension.

Minangkabau women exhibiting the SH2B3-TT variant
are genetically at higher risk of hypertension than
SH2B3-CC and SH2B3-CT variants; however, lifestyle
factors related to obesity and low physical activity also
increase the disease risk. This study found that more
than one-third of the participants consumed
carbohydrate intake that exceeded 70% of their total
calories; of course, this would increase the risk of
obesity, accompanied by low physical activity and low
fiber and potassium intake in the Minangkabau
population. it would have an impact on improving the
risk of hypertension related to gene-environment
interaction.
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