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Abstract

Background: Hypertension (HTN) is a major global health issue influenced by genetic,
environmental and demographic factors. The angiotensin-converting enzyme 2 (ACE2), important
for blood pressure regulation, has been linked to HTN in different ethnic populations, but research
among the southern Bangladeshi population is unavailable. The aim of the study: This study aimed
to evaluate the impact of the ACE2 gene G8790A polymorphism on essential HTN, considering
epidemiological factors and gender-specific association. Materials and methods: A case-control
study was conducted with 260 hypertensive and 234 healthy individuals from Chittagong Medical
College, Bangladesh, to genotype the ACE2 G8790A polymorphism by the PCR-RFLP method.
Physical, epidemiological and biochemical parameters were assessed to understand their relationship
with genetic variations. Results: The study revealed a significant association between the ACE2 AG
heterozygous genotype and HTN in females (OR = 15.44, 95% CI 3.56-67.02, P < 0.001) with no
similar risk in males (P = 0.742). No significant correlation was identified between the ACE2
polymorphism and biochemical factors. HTN patients had significantly higher levels of serum
creatinine (male: 25.11% vs 1.30%; female: 23.97% vs 0%; P < 0.001) and urine albumin (male:
3.40% vs 0%; female: 5.70% vs 0%; P < 0.001) than controls. The low level of HDL cholesterol was
noted in HTN patients (male: 49.00% vs 24.78%, female: 48.40% vs 10.25%; P < 0.001).
Conclusion: HTN patients with ACE2 gene mutant variants (AG and AA) showed a higher
prevalence of diabetes and CVD. This is the first study to highlight a significant gender-specific
association between the ACE2 G8790A heterozygous genotype and HTN in Bangladeshi women,
offering a potential gender-based biomarker for managing HTN.
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Introduction. Hypertension (HTN) is a
complex medical condition and a major public
health issue, affecting about one-third of the
global population. Essential hypertension (EH)
is a multifactorial and polygenetic disease
characterized by increased arterial blood
pressure (SBP >140 mmHg/DBP > 90 mmHg)
frequently stemming from heightened
resistance due to arterial constriction,
including 90-95% of the HTN cases [1, 2, 3].
Moreover, EH is a pivotal risk factor for
myocardial infarction, vascular disease, heart
failure, stroke, and renal complications [4].
Despite lifestyle adjustments and treatment
options, the incidence of EH is increasing
alarmingly and is expected to reach ~29% of
the global adults by 2025 [5]. According to the
World Health Organization report [6], about
1.28 billion adult individuals suffer from HTN
globally, with the majority comprising two-
thirds residing in low- and middle-income
nations. In Bangladesh, around 68% of
fatalities result from non-communicable
diseases (e.g., HTN, cardiovascular diseases,
diabetes), and HTN contributes to 15-20% of
these cases [7].

Essential HTN prevalence and its related
complications are attributed to genetic,
environmental, demographic, vascular,
neuroendocrine, and other factors. Genetic
factors account for about 30% of the familial
aggregation of HTN [8]. Therefore, it is
important and necessary to identify these
factors and their interactions to help control
HTN. Researchers pointed out that the small
contribution of each genetic factors and the

interactions among them make it difficult to
identify genetic markers for this disease [9, 10].
Many candidate genes like angiotensin-
converting enzyme (ACE), angiotensin-
converting enzyme 2 (ACE2), and
urotensin 2 (U7S2), have been implicated in
EH susceptibility [11, 12]. Furthermore, EH
has been associated with a complex
relationship of multiple polymorphisms in
different genes.

There are several genetic determinants
implicated in the pathogenesis of EH. The
renin angiotensin aldosterone system (RAAS)
is one of the most important pathways in the
management and pathogenesis of EH [8]. A
number of studies have focused on genetic
variation in RAAS genes, especially the ACE?2
gene [3, 5, 9, 12]. RAAS plays an important
role in the regulation of blood pressure (BP)
and electrolyte balance. ACE2 is one of the key
components in the RAAS that shares 42%
identity with the catalytic domain of somatic
ACE. It is a carboxypeptidase that plays a
protective role in the regulation of BP
homeostasis and cardiac function [3, 13]. The
ACE2 enzyme is encoded by a 40-kb ACE2
gene, which has been mapped to Xp22. The
ACE?2 gene contains 20 introns and 18 exons,
which encode a polypeptide of 805 amino
acids [14]. In the RAAS pathway, the ACE2
enzyme converts vasoactive angiotensin
I (Ang ) to angiotensin 1-9 and angiotensin II
(Ang II) to angiotensin 1-7 (Ang 1-7) [15, 16].
This enzyme is an important modulator of the
clinical manifestations of HTN, cardiovascular
diseases (CVD) and kidney abnormalities by
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converting Ang II into Ang 1-7. The resulting
Ang 1-7 causes diuresis, natriuresis, and
systemic and localized vasodilation [17].

Polymorphisms in RAAS components
are an attractive focus of genetic research on
hypertension due to their significant role in
regulating BP and individual susceptibility to
the condition. The ACE2 gene exhibited
multiple  allelic ~ variations,  including
152285666, 151514283, 154646155, rs4646176,
and rs879922 as reported in previous studies
[5, 18]. Among these variants, rs2285666
(G > A, intron 3/4), also known as G8790A, is
the extensively studied single-nucleotide
polymorphism (SNP) of the ACE2 gene in
different ethnic populations with HTN [2, 19,
20, 21]. This A allele is associated with greater
ACE2 levels in the blood serum of healthy
individuals, diabetic subjects, and cerebral
stroke patients [22].

The SNP G8790A of ACE2 has been
reported to be correlated with HTN, cerebral
stroke, coronary heart disease and diabetes
[23]. Besides, Pan et al. [2] concluded that the
ACE2 G8790A polymorphism is not only
associated with EH but also shows
geographical, ethnic, and gender diversity. The
association between the ACE2 G8790A
polymorphism and HTN remains controversial
across ethnic groups, as numerous studies have
failed to establish a significant link [18, 24].
However, the correlation of ACE2 SNPs with
HTN in the Bangladeshi population is not yet
reported.

The aim of the study. This research
sought to investigate the association between
the ACE2 gene polymorphism (G8790A),
epidemiological factors, and genders (male
and female) with the clinical manifestations of
HTN among the population of the southern
part of Bangladesh.

Materials and methods

Study design, period and ethics
statement

A case-control study was carried out
from September 2022 to June 2024 at the
Department of Genetic Engineering and
Biotechnology, University of Chittagong, in
collaboration with the Department of
Medicine, Chittagong Medical College

(CMC), Chattogram, Bangladesh. This study
and questionnaire were approved by the
Ethical Review Committee of CMC (Memo
no: CMC/PG/2022/247), Chattogram, and all
methods were conducted in accordance with
relevant guidelines and recommendations. For
this study, a total of 494 participants were
enrolled, and they were divided into two
groups: the case group consists of 260 essential
hypertensive  patients (male = 144,
female = 116) attending the medicine ward of
CMC, Chattogram, Bangladesh and the control
group consists of 234 healthy normotensive
individuals (male = 194, female = 40) were
collected randomly from different wards of
CMC. The inclusion criteria for HTN subjects
were: (1) EH diagnosed (SBP >140
mmHg/DBP >90 mmHg) according to the
WHO guideline of HTN [25] and registered at
CMC, and (i1) confirmation that all the subjects
are of Bangladesh origin. The selected controls
were healthy individuals having normal blood
pressure (SBP/DBP 120-129/80-84 mmHg)
with no other symptoms of HTN.

The exclusion criteria were: (i) presence
of any infectious disease, (i1) conditions where
phlebotomy is contraindicated, (iii) age less
than 18 years and greater than 70 years, (iv)
pregnancy and (v) unwillingness to participate
in the study. All procedures were designed and
executed to ensure full compliance with the
ethical clearance and to uphold the principles
for research involving human subjects. Before
the interview, the participants were briefed on
the research purpose, and written informed
consent was taken. All participants (n = 494)
were interviewed face-to-face with a
standardized and pre-tested questionnaire.
Socio-demographic and clinical information
for each subject was collected and reviewed by
a health professional. Moreover, participants'
data, including written consent forms, were
methodically documented, with confidentiality
assured by removing their names and storing
them in a secure and restricted place.

Data collection procedure

The structured questionnaire was
administered by experienced nurses to collect
demographic and epidemiological data. The
general characteristics (e.g., age and its
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category, body mass index, blood pressure,
gender, dwelling place, education), behavioral
characteristics (such as smoking/tobacco
consumption, consumption of fruit, vegetable,
meat, physical activity and additional salt
intake) were obtained through interviewing
both HTN patients and controls with the
questionnaire. The body mass index (BMI;
kg/m?) of the participants was measured using
calibrated equipment and a standardized
protocol. Blood pressure (BP) was measured
after a minimum rest period of 30 min in
individuals who had consumed hot beverages
like coffee. The measurements were taken
using a sphygmomanometer at the midpoint of
the left arm, with the participant seated and
supported by an armrest. BP was measured
twice at 5-min intervals, and the average of the
two readings was considered the accurate
value. The thresholds for elevated BP were set
at SBP> 140 mmHg and DBP> 90 mmHg.
Unless otherwise stated, age, BMI and BP
were expressed as mean + SD, and other
general and behavioral characteristics were
expressed in percentage (%) for all HTN
patients and healthy controls.

Collection and processing of samples

From each case and control subject, 5
mL of venous blood samples were obtained
using sterilized disposable hypodermic
needles. For genomic DNA extraction, a 2 mL
fraction of the blood sample was transferred to
an EDTA tube (5 mL). The remaining 3 mL
sample was taken into another tube and
centrifuged at 4000 rpm for 10 min to obtain
blood serum. The collected whole blood and
serum samples were stored at —20 °C for
molecular and biochemical analyses. Urine
samples were also collected in sterile urine
vials and preserved carefully until analysis.

Genomic DNA extraction, PCR
amplification and RFLP

The rs2285666 polymorphism of the
ACE2 gene was initially detected by
polymerase chain reaction (PCR)-restriction
fragment length  polymorphism (RFLP)
analysis of genomic DNA (gDNA). The gDNA
was extracted from peripheral whole blood of
both HTN patients and controls utilizing the

commercial ReliaPrep™ Blood gDNA
Miniprep System (Promega, USA) according
to the manufacturer’s instructions. During
gDNA isolation, proteinase K (20 pL) was
added to the reaction mixture to inhibit
protease activity if it occurred in the sample or
reaction mixture. The primers were designed to
amplify a unique region specifically from
19803 bp to 20268 bp within the 40 Kb ACE2
gene sequence. The gDNA was amplified
through PCR by targeting the region carrying
the G8790A SNP of the ACE2 gene with
forward and reverse primer pairs [21]. The
amplification was conducted in a final volume
of 15 pL containing 7.5 pL master mix (New
England Biolabs Inc., USA), 1 pL template
gDNA, 1 pL (10 pM) of each primer, and
4.5 pL nuclease-free water. To amplify the
targeted ACE2 polymorphism (rs2285666), a
32-cycle PCR profile was performed at
optimal conditions using a thermal cycler (Nyx
Technik Inc., USA), which included initial
denaturation at 94 °C for 5 min, denaturation
at 94 °C for 30 s, primer annealing at 58 °C for
40 s and elongation at 72 °C for 40 s. The final
extension lasted for 5 min at 72 °C. The
resulting PCR product was digested with the
restriction enzyme Alul (New England Biolabs
Inc., USA) at 37 °C for 3 h. At the end of
incubation, the enzymatic reaction mixture
was heated to 80 °C for 20 min to stop the
digestion. The target fragments of the ACE2
gene were screened by agarose gel (2%, wi/v)
electrophoresis and were visualized under a
UV transilluminator (Benda, Germany). The
PCR product of the rs2285666 allele of the
ACE?2 gene was stored at —20 °C until analysis.

Genotyping of ACE2 polymorphism

The genotyping of the ACE2 gene
polymorphism rs2285666 (G>A) was carried
out using the PCR-RFLP, followed by
confirmation through gene sequencing. During
PCR, primer pairs were designed to bind
within intron 3 of the ACE2 gene, with the
forward primer annealing at positions 19,803-
19,823 bp and the reverse primer at positions
20,249-20,268 bp. The ACE2 gene is located
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on the Xp22 region of the X chromosome and
consists of 20 introns and 18 exons.
Amplification produced a single fragment of
466 bp, which was visualized by
electrophoresis on a 1.5% (w/v) agarose gel
using a 100 bp DNA ladder as a reference. To
assess the rs2285666 polymorphism, the PCR
amplicons were digested with the restriction
enzyme Alul. This digestion generated distinct
banding patterns corresponding to the different
genotypes: a single undigested fragment of 466
bp for the wild-type GG genotype, two
fragments of 281 bp and 185 bp for the
homozygous AA mutant genotype, and three
fragments of 466, 281, and 185 bp for the
heterozygous AG genotype.

Sequencing of the PCR amplicon

To confirm genotyping of the ACE2 gene
polymorphism rs2285666, 10% of the total
cases and controls were randomly selected for
re-amplification by PCR. The obtained PCR
amplicons were sequenced by a genetic
analyzer (ABI PRISM 3100, Applied
Biosystems, USA). All segments were
sequenced in both directions to ensure any
nucleotide differences. Sequence variations
were examined using DNA-based tools [26]
and the Clustal Omega alignment tool [27].

Clinical and biochemical parameters

The blood serum samples were analyzed
with an autoanalyser (Dimension, Siemens,
Germany) to determine the following
biochemical parameters: total cholesterol
(TC), triglycerides (TG), high-density
lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, and serum
creatinine. Urine samples were tested
immediately to determine the qualitative
albumin level in both hypertensive and control
subjects.

Data processing and analysis

The confirmation of Hardy-Weinberg
equilibrium (HWE) was achieved through the
chi-square (¥2) test. All statistical analyses
were conducted using R Studio (V.4.3.1). The
comparison of genotype and allele
distributions between the HTN and control
groups was assessed using chi-square tests. A
rigorous test estimating 2 values at the 0.05%
level of significance was performed to

determine whether the genotypic frequencies
of the ACE2 polymorphism departed from
HWE. Variables that did not meet the standard
limit were excluded from the analysis. The
odds ratio (OR) with a 95% confidence interval
(Cl) was used to evaluate the relationship
between genotype and HTN. Relative risk
(RR) estimation (95% CI) was applied to
confirm the likelihood of disease incidence for
different genotypes. Genotype and allelic
frequencies in case and control groups were
tested using logistic regression before and after
adjustment for categorical variables. The
results were considered statistically significant
if the P-value was < 0.05.

Results

Analysis of general characteristics

The general characteristics were
employed to collect sociodemographic and
epidemiological variables. These variables are
assessed extensively in HTN studies to
understand risk factors, identify health
disparities and design targeted interventions
for different ethnic populations [3, 28].
Moreover, these factors help to highlight the
racial disparities in terms of HTN outcomes.
This study evaluated ten sociodemographic
variables, such as gender, age, age category,
BMI, SBP, DBP, residential area, educational
status, occupation, and family history of HTN
to examine the epidemiological differences
between the HTN case and control groups.
Table 1 presents the general characteristics,
including sociodemographic variables, of
study participants. The mean age of the case
and control groups was 45 £ 9 and 39 + 8§,
respectively.

The higher average age was observed
among HTN cases, which may be attributed to
the increased risk of developing HTN with
older age. Categorizing the age, the 40-49 year
group had the highest number of hypertension
cases (44%), while the 25-39 year group had
the maximum (62%) healthy controls (Table
1). The BMI value of the case was slightly
higher (23.65 £ 3.65 kg/m?) than that of the
control (22.37 + 1.62 kg/m?). This result
suggested that individuals in the case group
have a higher prevalence of high body weight
compared to the control group. The average
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SBP of the case and control groups was 142 +
2 and 120 + 2 mmHg, with the corresponding
DBP being 86 + 12 and 80 + 3 mmHg,
respectively. The higher SBP value of the case
group indicated a greater prevalence of HTN
among the studied populations. According to
the study, 58% of patients with hypertension
lived in rural areas, compared to 69% of
healthy subjects who lived in urban areas.

The higher proportion of patients from
rural areas suggested a lower level
of awareness about HTN. Only 11% of patients
had a bachelor's or higher degree and 46%

of patients with primary education, whereas
59% of healthy participants had a bachelor's or
higher degree (Table 1). The higher percentage
of educated individuals in the control group
may suggest better health literacy and healthier
lifestyle choices, potentially contributing to
their lower HTN prevalence. In case of
occupation, 38% of the cases were housewives
and 74% of the controls were in service.
However, there was no significant statistical
difference (P = 0.6) between the cases and
controls regarding the family history of HTN.

Table 1
General characteristics of study subjects
Study participants
Sociodemographic Overall Case Control
variables (n =494) (n = 260) (n=234) P-value
n % n % n %
Gender Male 338 68 144 55 194 83 <0.001*
Female 156 32 116 45 40 17
Age (year)? 41 +9.00 - 45+9.00 - 39 +8.00 - <0.001*
Age category 25-39 199 40 54 21 145 62 <0.001*
(year) 40-49 171 35 114 44 57 24
50-59 96 19 72 28 24 10
> 60 28 5.70 20 7.70 8 3.40
BMI (kg/m?)? 23.20+3.14| - 23.65 + 3.65 - | 2237+1.62 - 0.013*
SBP (mmHg)? 132+ 18 - 142 + 20 - 120 + 20 - <0.001*
DBP (mmHg)? 83+ 10 - 86+ 12 - 80 + 30 - 0.80
Residential Rural 224 45 150 58 64 31 <0.001*
area Urban 270 55 110 42 160 69
Educational Bachelor or 166 34 28 1 138 59 <0.001*
status above
Higher 72 15 32 12 40 17
secondary
Secondary 70 14 50 19 20 8.50
school
Primary 152 31 120 46 32 14
Iliterate 34 6.9 30 12 4 1.70
Occupation Service 216 44 44 17 172 74 <0.001*
Business 66 13 28 11 38 16
Housewife 120 24 98 38 22 9.40
Dependent 64 13 62 24 2 0.90
g”emp'oye 28 5.7 28 11 0 0
Family history | Yes 253 51.21 136 52 117 50 0.60
of HTN No 241 48.79 124 48 117 50

Note: BMI = Body mass index; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; HTN = Hypertension;
a\Values were expressed in mean =+ standard deviation; Values in parenthesis are percentages calculated with respect to n
and selected participant; *Significant difference between study groups (P < 0.05). Reference value: BMI: 18.5-24.9 kg/m?;

SBP/DBP: <120/80 mmHg.
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The aforementioned results highlighted
the statistically significant socio-demographic
differences (P <0.001) between case and

control groups in terms of general
characteristics, including gender, age, age
category, BMI, SBP, residential area,

education, and occupation. The other two
variables, such as DBP and family history of
HTN, showed insignificant differences (Table
1) in the study.

Analysis of behavioral characteristics

The lifestyle factors as well as behavioral
characteristics are crucial in the development,
progression, and management of HTN [29].
Thus, it is necessary to study these factors for
designing effective strategies in order to
prevent and treat HTN by comprehending their
impact on the conditions. In this study, six
lifestyle variables, including smoking/tobacco
consumption, frequency of consuming fruits,
vegetables, and meat, physical activity, and
additional salt intake, were examined to
determine the behavioral and/or dietary habit
differences between the case and control
groups. The lifestyle features of the study
participants are summarized in Table 2.

Individuals with HTN have a higher proportion
of current (25%) and former (18%) smokers
compared to the healthy controls (P < 0.001).
There were no significant differences (P = 0.7)
observed in fruit consumption frequency
between the cases and controls.

The practice of vegetable and meat
consumption (times per week) was found to be
significantly higher in controls, which implied
the importance of healthy and balanced food
intake for preventing HTN. Moreover, the
control group had a higher proportion of
people engaged in more daily physical activity
(P < 0.001) than HTN subjects (Table 2),
which might play an important role in avoiding
HTN complications. The percentage of
additional salt intake did not show a significant
difference (P = 0.083) between the study
groups. The significant differences were
observed between the case and control groups
concerning smoking/tobacco consumption,
vegetable and meat intake, and physical
activity level. There were no significant
differences between the groups in terms of fruit
consumption or additional salt intake.

Table 2
Lifestyle factors of study subjects
Study participants
. - Overall Case Control
Behavioral characteristics (n = 494) (n = 260) (n = 234) P-value
n % n % n %
Smoking/chewable Current 118 24 64 25 54 23 <0.001*
tobacco consumption Former 52 11 46 18 6 2.60
Never 324 65 150 58 174 74
Fruit consumption | <3 340 69 176 68 164 70 0.70
(times/week) >3 154 31 84 32 70 30
Vegetable consumption <3 470 95 240 92 230 98 0.029*
(times/week) >3 24 5 20 7.70 4 1.70
Meat consumption <3 128 26 24 9.20 104 44 <0.001*
(times/week) >3 366 74 236 91 130 56
Physical activity <30 98 20 84 32 14 6.00 | <0.001*
(min per day) 30-60 118 24 94 36 24 10
> 60 34 7 0 0 34 15
None 244 49 82 32 162 69
Additional salt intake Yes 82 17 36 14 46 21 0.083
No 412 83 224 86 188 79

Note: Females were not smokers; Values in parenthesis are percentages calculated with respect to n and selected
participant; *Significant difference between groups (P < 0.05).



Opuzunaﬂbnaﬂ cmambus
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 362

Genotyping results of the ACE2
polymorphism

The banding patterns of PCR products
and its restriction fragments for the rs2285666
polymorphism in the ACE2 gene are illustrated
in Fig. 1. The uncut PCR products showed a
single amplicon of 466 bp in all samples,
confirming the successful amplification of the
rs2285666 region of the ACE2 gene (Fig. 1a).
After digestion with the Alul enzyme, distinct
banding patterns corresponding to different
genotypes were observed. A single band of 466
bp was detected in lanes 3 and 5, indicating the

homozygous wild-type GG genotype. Two
bands of 281 bp and 185 bp were observed in
lanes 2, 4, 6, and 7, representing the
homozygous mutant AA genotype. Three
bands of 466 bp, 281 bp, and 185 bp were
present in lane 1, corresponding to the
heterozygous AG genotype (Fig. 1b). These
banding patterns confirmed the occurrence of
genetic variation at the rs2285666 locus of the
ACE2 gene. Furthermore, the distribution of
the genotypes in the studied population
showed no significant deviation from Hardy-
Weinberg equilibrium (HWE).

Lanes/Samples

()

500 bp

400 bp 466 bp
Lanes/Samples
(b)
500 bp 466 bp
281b
200 bp P
100 bp 185 bp

Genotype - AG AA GG AA GG

AA  AA

Fig. 1. Genotyping of the ACE2 gene polymorphism rs2285666 through the PCR-RFLP method
using primers, Alul enzyme, and gel electrophoresis. (a) Visualizing the amplicons of the ACE2
gene rs2285666 allele on agarose gel (1.5%, w/v). Genomic DNA was extracted from blood and
amplified by PCR. The targeted PCR product size was 466 bp. L represents DNA ladder (100 bp);
lanes 1-7 represent uncut PCR products. (b) Agarose gel (2%) image of PCR-RFLP fragments of
the ACE2 (rs2285666) gene. Lane 1 denotes heterozygous AG genotype; lanes 2, 4, 6 and 7 denote
homozygous AA genotype (mutant); lanes 3 and 5 denote wild-type GG genotype.
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The allelic and genotypic frequencies of
the rs2285666 allele of the ACE2 gene were
investigated using HWE among males and
females, respectively. The association between
the rs2285666 (G>A) and the risk of EH in
female participants was also explored in this
study. Table 3 represents the frequencies of the
ACE2 gene polymorphism rs2285666 (G>A)
in male and female subjects and its association
with EH risk, specifically in females. The G
allele frequency was observed in 52.78% of
male HTN cases and 54.63% of male controls,
while the A allele was found in 47.22% of male
HTN cases and 45.36% of male controls

(Table 3a). In males, no significant difference
was observed between the A and G alleles.
Since ACE2 is an X-linked gene and males
carry only one copy of the X chromosome,
genotypic distribution was not applicable due
to the absence of allelic variation. In females,
the AG genotype was significantly associated
with the higher risk of HTN, occurring in
44.84% of cases and 5% of controls
(P = 0.0009). Moreover, the AA genotype was
found to be about 3.99 times less likely to be a
risk factor for HTN in females when compared
with the GG genotype (Table 3b).

Table 3

Allelic and genotypic frequencies of ACE2 gene polymorphism rs2285666 among male
and female participants respectively, and its association with HTN risk in females

(a) Male participants
Allelic Case Control
frequency (n = 144) (n=194) OR (35% ClI) P-value
n % n %
G 76 52.78 106 54.63 | 1.00 (Reference)
A 68 47.22 88 45.36 | 0.93 (0.59-1.44) 0.742
Total 114 100 194 100
(b) Female participants
Genotypic Case Controls
frequgn%y (n = 116) (n = 40) OR (95% CI) P-value
n % n %
GG 38 32.75 14 35 1.00 (Reference)
AG 52 44.84 2 5 9.58 (2.05-44.66) 0.0009*
AA 26 22.41 24 60 0.39 (0.17-0.91) 0.040
Total 116 100 40 100
(c) Polymorphism rs2285666 (G>A) and HTN risk in females
Case Control
Model Genotype (n=116) (n=40) OR (95% CI) P-value
n % n %
Dominant GG 38 32.80 14 35 1.00 (Reference)
AG+AA 78 67.20 26 65 1.11 (0.52-2.36) 0.80
Recessive GG+AG 90 77.60 16 40 1.00 (Reference)
AA 26 22.40 24 60 0.19 (0.09-0.42) <0.0001*
Over dominant GG+AA 64 55.20 38 95 1.00 (Reference)
AG 52 44.80 2 5 15.44 (3.56-67.02) <0.0001*

Note: HTN = Hypertension; OR = Odds ratio; Cl = Confidence interval; Frequency data were expressed in percentage
(%); Allelic and genotypic frequencies were determined with Hardy-Weinberg equilibrium; Models were analyzed by
logistic regression and shown as percentage values; Values in parenthesis are percentage (%) calculated with respect to n
and selected participant; *Significant difference between groups (P < 0.05).

The PCR products of rs2285666 from
randomly selected cases and controls were
sequenced to validate the genotyping method.
The chromatograms of sequencing results for

the rs2285666 polymorphism in the ACE2
gene are depicted in Fig. 2. In chromatograms,
the nucleotides are color-coded as red, green,
blue and black for thymine (T), adenine (A),
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cytosine (C), and guanine (G) respectively, to
clearly distinguish each base in DNA
sequences. In Fig. 2a, the G allele was present
in two copies in the study people as indicated
by the chromatogram  with  peaks
predominantly in blue. This result reflected
that the genotype was homozygous for the G
allele (GG). The chromatogram with blue and
green curves represented a heterozygous
genotype as GA (Fig. 2b). These findings
suggested that the individuals with this
genotype have one mutant (A) allele and one
wild-type (G) allele at the rs2285666 locus. A

(a) Homozygous wild-type (GG) genotype

consistent green curve demonstrated the
homozygous mutant (AA) genotype with
peaks predominantly in green. It indicated that
the rs2285666 locus has two identical mutant
(A) alleles (Fig. 2c). This genotype resulted in
two copies of the A allele in an individual.
Therefore, it is mentioned that the AG
genotype of the rs2285666 allele in females
was significantly linked to the higher risk of
HTN (44.8% cases vs. 5% controls), while the
AA genotype showed no significant
association (22.4% cases vs. 60% controls).

Fig. 2. Chromatograms of sequencing results for the rs2285666 polymorphism in the ACE2 gene.
The PCR products of the ACE2 gene rs2285666 from selected cases and controls
(10% of the total samples) were sequenced
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Association of the ACE2 gene
polymorphism with HTN risks

A multivariate logistic regression
analysis was conducted to estimate the
relationship  between the ACE2 gene
polymorphism rs2285666 (G>A) and HTN
risk in female participants. The Odds ratios
(OR) with 95% confidence interval (CI) were
calculated to quantify this association for both
case and control groups. This analysis was
performed only in female subjects as the ACE2
gene is located on the X chromosome.
According to the dominant model (Table 3c¢),
which compares GG to the combined AG+AA
genotypes, there was no significant association
with HTN risk in females (P = 0.08). In the
recessive model, the AA genotype was more
frequent among controls than cases, indicating
a protective effect against HTN. In contrast,
under the dominant model, the AG genotype
appeared more frequently in hypertensive
patients than in controls, suggesting an
increased risk of HTN (Table 3c). These
findings consistently showed that the AG
genotype was associated with a higher risk of
HTN in females across different models,
whereas the AA genotype was related to a
reduced risk. The association of the rs4646994
allele with HTN was examined through
frequency distribution (Table 3a), with
interpretation adjusted for the fact that males
carry only one copy of the X-linked gene.

Analysis of clinical and biochemical
parameters

This study examined the clinical and
biochemical profiles of male and female
participants, with a focus on comparing case
and control groups, to identify significant
gender differences in various health
parameters. The clinical and biochemical
characteristics, including SBP, DBP, TC, TG,
HDL, LDL, serum creatinine, and urine
albumin, are listed in Table 4.

Among male participants, 83% of cases
exhibited high SBP compared to 7% of
controls, showing a significant difference
(P < 0.001). Similarly, 78.35% of cases had
high DBP compared to 94.03% of controls,
which was also statistically significant
(P <0.001). Regarding lipid profiles, TC levels

did not show a significant difference between
cases and controls (P = 0.30), with 26.32% of
cases and 21% of controls having high TC
levels. However, TG levels were considerably
elevated in cases, with 71.44% having high TG
values compared to 35.34% of controls,
approaching statistical significance (P = 0.05)
(Table 4). The higher TG values indicated the
potential role of dyslipidemia in the
progression of HTN.

The HDL cholesterol levels revealed a
significant distinction, with 49% of cases
having low HDL compared to 24.78% of
controls (P < 0.001) in males. Conversely,
21.17% of controls had high HDL values,
while none of the cases had higher HDL levels.
The low level of HDL in HTN patients was
probably due to the HTN-related metabolic
complications. For male participants, 17.88%
of HTN cases had high LDL cholesterol levels
compared to 11.22% of controls, with no
significant difference (P = 0.12). Serum
creatinine levels were significantly higher in
the case group, with 25.11% having elevated
levels compared to 1.30% of controls
(P < 0.001). The quantitative levels of urine
albumin differed significantly, with 97.60% of
controls having no albumin compared to only
10% of cases, while higher albumin levels
(+, ++, +++) were observed exclusively in
cases (P <0.001).

For female participants, the SBP showed
a significant difference between cases and
controls (P < 0.001), with 79.95% of cases
having high SBP compared to none of the
controls (Table 4). The DBP levels also
showed a significant disparity (P < 0.001),
with 64.25% of cases having high DBP,
whereas all controls had normal DBP. The TC
values among females did not show significant
differences between cases and controls
(P >0.9), with 33.30% of cases and 32.85% of
controls having high TC. Similarly, TG levels
did not differ significantly (P = 0.80), with
78% of cases and 74.22% of controls having
high TG. However, HDL cholesterol levels
presented a significant difference (P < 0.001);
48.40% of cases had low HDL compared to
10.25% of controls. LDL cholesterol levels did
not show significant differences (P = 0.5), with
28.59% of cases and 35% of controls having



OpueuHaJZbHaﬂ cmanmovi
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 366

high LDL levels. Serum creatinine levels were
significantly higher in the case group
(P =0.003), with 23.97% of cases having their
elevated levels compared to none of the
controls. Urine albumin levels also showed
significant differences (P < 0.001), with
94.40% of controls having no albumin

compared to only 5.70% of cases, while higher
albumin levels were more prevalent in cases
(Table 4). The biochemical analyses
demonstrated that the high levels of serum
creatinine and urine albumin in male and
female HTN patients could be attributed to
impaired kidney function associated with EH.

Table 4

Clinical and biochemical profiles of study populations on the basis of gender

Male participants Female participants
. Case Control Case Control
Variables (n=144) | (n=194) P-value (n=116) | (n=40) P-value
(%) (%)

SBP (mmHg)
Normal 17.00 93.00 20.05 100
High 83.00 7.00 <0.001* | 79.95 0.00 <0.001*
DBP (mmHg)
Normal 22.65 5.97 35.75 100
High 78.35 94.03 <0.001* | 64.25 0.00 <0.001*
TC (mg/dL)
Normal 73.68 79.00 66.70 67.15
High 26.32 21.00 0.30 33.30 32.85 >0.90
TG (mg/dL)
Normal 28.56 64.66 22.00 25.78
High 71.44 35.34 0.05 78.00 74.22 0.80
HDL (mg/dL)
Low 49.00 24.78 48.40 10.25
Normal 51.00 54.05 <0.001* | 43.00 79.75 <0.001*
High 0.00 21.17 8.60 10.00
LDL (mg/dL)
Normal 82.12 88.78 71.41 65.00
High 17.88 11.22 0.12 28.59 35.00 0.50
Serum creatinine (mg/dL)
Normal 74.89 98.70 76.03 100
High 2511 1.30 <0.001* 397 0.00 0.003*
Urine albumin (qualitative)

Nil 10.00 97.60 5.70 94.40

Trace 56.00 2.40 47.60 5.60

+ 14.00 0.00 <0.001* | 30.00 0.00 <0.001*

++ 16.60 0.00 11.00 0.00

+++ 3.40 0.00 5.70 0.00

Note: SBP = Systolic blood pressure; DBP = Diastolic blood pressure; TC = Total cholesterol; TG = triglycerides; HDL
= high density lipoprotein; LDL = low density lipoprotein; Nil = Absence of albumin; Trace = Very low amount of
albumin; Number of "(+)" signs = Increasing quantity of albumin. Reference value: SBP/DBP: <120/80 mmHg; TC: <200
mg/dL; TG: <150 mg/dL; HDL: >40 mg/dL; LDL: <100 md/dL; Serum creatinine: Male 0.4-1.4, Female 0.3—1.1 mg/dL.
Values in percentages are calculated with respect n and selected participants; *Significant difference between groups

(P < 0.05).
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Table 5 presents the influence of the
ACE2 G8790A polymorphism on clinical and
biochemical profiles in male and female HTN
patients. In male hypertensive patients, the
ACE2 G8790A polymorphism showed no
notable association with BMI, blood pressure,
TC, TG, LDL, serum creatinine and urine
albumin level, although reduced HDL levels
were more frequent in G allele carriers. In
female hypertensive patients, the distribution
of BMI and SBP did not differ notably across

genotypes. However, DBP was higher in AG
and GG carriers compared to AA. TC and TG
were also elevated among AG and GG groups.
Significant variation was observed in serum
creatinine levels (P = 0.012), with AA carriers
more often within the normal range (Table 5).
Urine albumin excretion differed significantly
across all three genotypes, with the highest
(+++) amount observed in female AA carriers
(P =0.001).

Beginning of Table 5

Influence of ACE2 G8790A polymorphism on clinical and biochemical profiles
of hypertensive patients

Male HTN patients Female HTN patients
Variables Aallele | Gallele p-value AA AG (C;Ci p-value
(n=68) | (hn=76) (n=26) | (n=72) 38)
% %

BMI
Normal weight 51.50 47.40 50.00 50.00 47.40
(18.5-24.9)
Overweight 36.80 36.80 0.56 38.50 36.10 44.70 0.61
(25-29.9)
Obese 11.70 15.80 11.50 13.90 7.90
> 30
SBP (mmHg)
Normal 15.93 17.00 27.07 19.00 15.15 0.50
High 84.07 83.00 0.90 72.93 81.00 84.85
DBP (mmHgQ)
Normal 28.00 17.12 47.00 43.48 20.09 0.033*
High 72.00 82.88 0.13 53.00 56.52 79.91
TC (mg/dL)
Normal 73.86 74.00 >0.90 87.72 50.25 69.91 0.002*
High 26.14 26.00 12.28 49.75 30.09
TG (mg/dL)
Normal 73.60 73.50 >0.09 87.00 50.13 69.70 0.003*
High 26.40 26.50 13.00 49.87 30.30
HDL (mg/dL)
Low 39.21 59.55 38.00 55.07 50.00
Normal 60.79 40.45 0.019* | 55.70 31.42 45.00 0.20
High 0.00 0.00 6.30 13.51 5.00
LDL (mg/dL)
Normal 82.00 81.92 >0.90 81 59.48 75.17 0.08
High 18.00 18.08 19 40.52 24.83
Serum creatinine (mg/dL)
Normal 74.13 75.56 0.70 69.23 90.90 65.33 0.012*
High 25.87 24.44 30.77 9.10 34.67




OpueuHaJleaﬂ cmamaous

U ! Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 368
Original article

End of Table 5

Influence of ACE2 G8790A polymorphism on clinical and biochemical profiles
of hypertensive patients

Male HTN patients Female HTN patients
Variables Aallele | Gallele | . AA AG (C;E pvalue
(n=68) | (n=76) (n=26) | (n=72) 38)
% %
Urine albumin (qualitative)
Nil 10.00 9.89 0 10.47 5.30
Trace | 60.70 52.54 43.11 55.00 41.89
+ 13.00 14.11 0.90 35.73 25.23 32.74 0.001*
++ 13.00 20.06 0.00 9.30 20.07
+++ 3.30 3.40 21.16 0.00 0.00

Note: BMI = Body mass index; HTN = Hypertension; SBP = Systolic blood pressure; DBP = Diastolic blood pressure;
TC = Total cholesterol; TG = triglycerides; HDL = High density lipoprotein; LDL = Low density lipoprotein; Nil =
Absence of albumin; Trace = Very low amount of albumin; Number of "(+)" signs = Increasing quantity of albumin.
Reference value: SBP/DBP: <120/80 mmHg; TC: <200 mg/dL; TG: <150 mg/dL; HDL: >40 mg/dL; LDL: <100 md/dL;
Serum creatinine: Male 0.4-1.4, Female 0.3—1.1 mg/dL. Values in percentages are calculated with respect n and selected

participants; *Significant difference between groups (P < 0.05).

For female HTN patients, SBP levels
were high across all genotypes with no
significant differences (P = 0.5). DBP was
significantly higher in GG genotype carriers
(79.91%) compared to AA (53%) and AG
(56.52%, P = 0.033). The levels of TC were
significantly higher in AG carriers (49.75%)
compared to AA (12.28%) and GG (30.09%, P
= 0.002). The TG levels also showed higher
values in AG (49.87%) carriers compared to
AA (13.00%) and GG (30.30%) genotype
carriers (Table 5). The HDL cholesterol levels
did not show significant differences (P = 0.20).
The LDL cholesterol levels approached
significance (P = 0.085), with AG carriers
having higher levels. Serum creatinine was
significantly higher in GG carriers (34.67%)
compared to AA (30.77%) and AG (9.10%, P
= 0.012). The levels of urine albumin differed
significantly (P = 0.001), with higher levels in
AA and GG carriers. It is highlighted that the
ACE2 G8790A polymorphism significantly
affected the specific biochemical factors such
as TC, HDL, LDL, serum creatinine, and urine
albumin in male and female HTN patients.

Males with the G allele had lower HDL levels,
while no other parameters showed significant
differences on the basis of allele. However,
females with the AG genotype had higher TC
and lower serum creatinine levels, and GG
carriers had higher DBP and urine albumin
levels.

Association of ACE2 Genotypes with
Physical Activity and Smoking Status

Table 6 shows the distribution of ACE2
genotypes by physical activity and smoking
status. Among individuals with low physical
activity (<30 min/week), wild-type
participants had a higher number of cases
compared to controls, while moderate activity
(30-60 min/week) was associated with the
largest number of cases for both wild-type and
mutant genotypes (Table 6a). For physical
activity above 60 min, all participants were
controls, regardless of genotype. As shown in
Table 6b, former smokers with the mutant
genotype had very few cases, whereas never
smokers with the wild-type had more cases.
This suggests differences in risk patterns
across genotype groups.
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Table 6

Distribution of ACE2 genotypes by physical activity and smoking status among
hypertensive patients and controls

(a) Physical Activity

Genotype (ri?rf?v%zg)li) Case n (%) Control n (%) OR (95% CI)
Wild <30 46 (17.69) 10 (4.27) 1.00
30-60 52 (20) 53 (22.65) 6.59 (2.82-15.39)
> 60 0 (0.0) 63 (26.92)
None 62 (23.85) 0 (0.0) 0.89
Mutant <30 38 (14.62) 19 (8.12) 1.00
30-60 42 (16.15) 59 (25.21) 3.12 (1.53-6.37)
> 60 0 (0.0) 27 (11.54)
None 20 (7.69) 3(1.29) 0.30 (0.08-1.18)
(b) Smoking status
Genotype Category Case n (%) Control n (%) OR (95% CI)
Wild Current 43 (16.54) 32 (13.67) 1.00
Former 21 (8.08) 4 (1.71) 0.52 (0.09-3.11)
Never 96 (36.92) 90 (38.46) 1.50 (0.68-3.30)
Mutant Current 21 (8.08) 22 (9.41) 1.00
Former 25 (9.62) 2 (0.86) 0.04 (0.00-0.30)
Never 54 (20.76) 84 (35.89) 1.37 (0.60-3.16)

Note: Total cases (n) = 260 (wild-type = 160, mutant = 100); Total controls (n) = 234 (wild-type = 126, mutant = 108).

Comorbidities in HTN patients

Different genotypes (wild-type GG and
mutant AG, AA) of the ACE2 gene
polymorphism rs2285666 (G8790A) were
studied to evaluate their impact on various

comorbidities among HSTON individuals. The
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distribution of comorbidities in HTN patients
revealed significant differences among the
wild-type GG, mutant AG, and AA genotypes.
The comorbidities in HTN patients with
different ACE2 genotypes are shown in Fig. 3.

e Wild
Bl Mutant

KD

ND RD

HTN associated comorbidities

Fig. 3. Comorbidities among the hypertensive patients with ACE2 genotypes: wild-type GG,
mutant AG and AA. CVD = Cardiovascular disease; EP = Eye problem; KD = Kidney disease;
ND = Neurological disease; RD = Respiratory disease (P < 0.05)
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Among the comorbidities, diabetes was
more frequently observed in patients with the
GG genotype, though this association was
marginally  significant (P = 0.049).
Cardiovascular disease (CVD) showed the
highest prevalence in both wild-type GG and
mutant AG, AA genotypes without statistically
significant (P > 0.05) difference (Fig. 3). There
were no significant differences between the
wild and mutant genotypes for other
comorbidities such as eye problems (EP),
kidney disease (KD), neurological disease
(ND) and respiratory disease (RD). This study
revealed that HTN patients with distinct
genotypes of the ACE2 gene displayed diverse
comorbidity profiles, with mutant genotypes
(AG and AA) commonly associated with a
higher prevalence and severity of diabetes and
CVD, as well as increased risks of EP, ND,
RD, and KD conditions.

Discussion. Essential hypertension (EH)
is one of the most common and serious public
health problems, and is responsible for high
cardiovascular morbidity and mortality
worldwide [11]. In Bangladesh, several factors
such as rapid urbanization, sedentary lifestyles,
poor eating habits, increased cigarette use, and
rising CVD rates may contribute to HTN [30].
Numerous genes and non-modifiable factors
contribute to BP regulation in a polygenic
manner [31]. This study identified notable
sociodemographic and behavioral disparities
between the HTN patients and healthy
controls. The percentage of male HTN patients
was significantly higher than that of females,
which is consistent with previous studies [32,
33]. Age was identified as a significant risk
factor, with HTN patients having a higher
mean age than controls, aligning with prior
research [34]. The highest HTN prevalence
was observed in the 40-49 year age group,
contrasting with an earlier study that showed
the 50-59 year age group as the most
prominent risk group [28]. The HTN patients
had higher BMI, SBP, and DBP (Table 1).
Besides, they resided in rural areas, had lower
levels of education, higher smoking rates, and
lower levels of physical activity, with fewer
reporting regular exercise and vegetable intake
[3, 28]. These findings highlight the need for

targeted interventions to address HTN
disparities and improve public health.

The effect of the ACE2 gene
polymorphisms on HTN is controversial across
distinct ethnic populations [9, 18, 34, 35].
Hence, this study investigated the association
between the ACE2 gene polymorphism
rs2285666 and HTN in southern Bangladeshi
populations. No allele frequency difference
was found in males (Table 3a), which is
comparable with a meta-analysis [18] for the
HTN case and control groups. In the current
study, different genetic models of inheritance
were utilized to assess the correlation between
the ACE2 G8790A gene polymorphism and
HTN risk in females solely, as this gene exists
on the X chromosome. In the dominant model,
no significant relationship was found for
AG+AA/GG frequency (Table 3c). The
recessive model showed that the AA genotype
may exert a protective effect against HTN in
females, as it was more prevalent in the control
group than in the case group. It indicated a
significant inverse relationship between the
AA genotype and HTN risk in females (Table
3c). In accordance with these findings, Li [18]
explored the ACE2 gene polymorphism in
women using dominant and recessive models,
and the author reported that both models
demonstrated an insignificant association
between the ACE2 G8790A polymorphism and
HTN risk.

Additionally, no significant differences
in genotypic distribution were observed
between female cases and controls in this
study. A previous research also reported no
significant variation in genotype frequencies
[34], consistent with the obtained results for
the AA and AG genotypes, although their data
differed slightly for the AG genotype. In
contrast to these reported findings, this
research revealed that females with a
heterozygous AG genotype were at an
increased risk of developing hypertension
compared to those with a GG genotype (Table
3b). This result is further supported by the
dominant model (Table 3c), which highlighted
a markedly increased risk of HTN among
females carrying the AG genotype compared
to other genotypes. In a community-based
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study conducted in central China, the authors
[35] reported that analysis of a single SNP
(rs2285666) showed no significant differences
in minor allele frequency (A) among females
in dominant, recessive, and additive models,
nor were any differences observed among male
patients. Contrasting findings were reported,
with significant genotype and allele frequency
differences in HTN patients in the Dongxiang
population compared to controls, including a
higher prevalence of the AA genotype and the
A allele, regardless of gender. Furthermore,
Dongxiang HTN patients showed higher AG
and AA genotype frequencies and a higher A
allele prevalence than Han HTN patients [12].

Several studies have reported a positive
association between G8790A and HTN [9, 36].
Therefore, the function of the ACE2 G8790A
SNP in HTN remains a subject of debate due
to conflicting findings. Such heterogeneous
findings regarding the relationship between the
rs2285666 gene polymorphism and HTN can
be attributed to the following factors. Firstly,
hormonal factors and differences in sex
chromosomes play a vital role in BP variations
between males and females [12, 19, 37].
Secondly, genetic factors, including significant
variations in the frequency of ACE2 variants,
exist across racial and ethnic groups, further
contributing to this heterogeneity [12, 38]. The
present study found no association between the
G8790A allele (A) and HTN in male patients,
consistent with several previous studies,
although it revealed a new finding, a
significantly  higher frequency of the
heterozygous mutation (AG) in female HTN
patients (Table 3a, b).

A previous study on the association
between the G8790A polymorphism and type
2 diabetes mellitus reported a higher frequency
of the heterozygous (AG) mutation in females
[39], but no other studies have reported this
association in female patients. This novel
finding was detected probably due to the
interaction between A and G alleles in the
heterozygous state, which influences gene
expression  or  regulatory  mechanisms
differently in females, potentially contributing
to HTN risk, while the allelic interaction might
not be prominent in males. Additionally,

rs2285666 exhibits properties of a quantitative
trait locus for HTN, a DNA region linked to a
distinct phenotypic trait that varies in degree
and is known to show a polygenic effect [40].
It is plausible that HTN is influenced by
multiple genes and environmental factors
(including geographic location), rather than
being solely determined by a single gene.

The clinical and biochemical profiles
were compared between male and female
participants in this study. Hypertensive
patients showed higher SBP and DBP values,
along with lower HDL cholesterol levels
(Table 4), consistent with previous findings in
a study conducted in Spain [41]. Elevated
serum creatinine in both males and females
indicated possible renal impairment, in
agreement with earlier research [42]. Urine
albumin levels were significantly higher in
cases, as supported by numerous studies [43,
44]. By contrast, TC, TG and LDL did not
show notable differences between cases and
controls in either gender.

The ACE2 gene polymorphism
rs2285666 was studied to evaluate its impact
on the biochemical variables in male and
female HTN patients (Table 5). In males,
differences in HDL cholesterol levels
suggested that allele variation may influence
lipid metabolism, although no consistent
effects were observed for other clinical
variables. In female HTN patients, GG
genotype carriers had higher DBP and serum
creatinine levels, AG carriers showed elevated
TC levels, and AA carriers had higher urine
albumin levels. Thus, no consistent risk
genotype for biochemical parameters was
identified, highlighting the need for further
studies with larger sample sizes. Pinheiro et al.
[9] reported no statistically significant impact
of the G8790A variant on clinical factors in
HTN patients of both genders. Table 6
demonstrates that ACE2 genotypes may
influence the relationship between physical
activity, smoking status, and HTN risk.
Differences in case distributions across activity
levels and smoking categories suggest a
potential gene-environment interaction, but
further data are needed to confirm these
associations.
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The impact of the ACE2 rs2285666
genotypes (GG, AG, and AA), on various
comorbidities in HTN patients was assessed
(Fig. 3). The GG genotype was marginally
linked to a higher frequency of diabetes, while
CVD was prevalent across all genotypes. Yang
et al. [36] similarly reported that the G8790A
variant might increase myocardial infarction
(M) risk in females and, when combined with
alcohol consumption, raise the likelihood of
chronic heart disease and MI risk in males. No
clear genotype-related differences were
observed for other comorbidities, including
EP, KD, ND and RD. Mutant genotypes (AG,
AA) were connected to higher prevalence and
severity of diabetes, CVD, and other health
conditions. This study identified a novel
association between the ACE2 G8790A
polymorphism and increased HTN risk in
females with the AG genotype. It underscores
the importance of genetic and gender
differences in HTN management. However,
the small sample size and focus on southern
Bangladeshi populations limit generalizability.
Further research with larger samples is needed.

Conclusion. HTN is a multifactorial and
polygenic condition affecting about one-third
of the global population and is progressively
becoming a serious health issue in Bangladesh.
The impact of the ACE2 gene polymorphism
on essential hypertension was investigated to
identify sociodemographic and genetic factors
associated with HTN in the southern region of
Bangladesh. The research pointed out the risk-
associated polymorphisms in HTN patients
using the PCR-RFLP method with ACE2
G8790A-specific primers and the Alul enzyme
to detect the specific SNP. This study revealed
that the heterozygous AG genotype of the
ACEZ2 gene is associated with an increased risk
of HTN, suggesting its potential as a biomarker
for early diagnosis and the prevention of
complications. The ACE2 gene polymorphism
significantly affected the serum creatinine,
urine albumin, TC, HDL, LDL in male and
female HTN patients, which can lead to kidney
disease and cardiovascular disease (CVD).
HTN patients with different ACE2 gene
genotypes indicated the varied comorbidities
with mutant genotypes (AG and AA) usually

linked to a higher prevalence and severity of
diabetes and CVD conditions. Additionally,
environmental factors such as diet and lifestyle
might play a significant role in HTN
prevalence. This work underscores the
importance of considering both genetic and
environmental factors in developing public
health strategies to challenge the growing
burden of HTN. By highlighting the interplay
among these factors, this study will contribute
to a deeper understanding of HTN in the
Bangladeshi population and offer valuable
insights for more effective, and targeted
healthcare interventions in future research and
public health management. Understanding the
impact of the ACE2 gene polymorphism on
hypertension will not only help in tailoring
more personalized treatment approaches for
HTN patients but also address their specific
comorbidities more effectively.

Financial support

This study was funded and supported by the
Grants for Advanced Research in Education
(GARE) program under the Ministry
of Education, Government of the People’s
Republic of Bangladesh (PID: LS20222237;
GO No: 37.20.0000.004.033.020.2022-596)
and the Research & Publication Cell (RPC:
503/2023-24/2" Call/33/2024), University
of Chittagong.

Conflict of interests
The authors have no conflict of interest to
declare.

References

1. Oparil S, Acelajado MC, Bakris GL, et
al. Hypertension. Nature Reviews Disease Primers.
2018:;4:18014. DOI:
https://doi.org/10.1038/nrdp.2018.14

2. PanY,WangT,LiY,etal Association
of ACE2 polymorphisms with susceptibility to
essential hypertension and dyslipidemia in
Xinjiang, China. Lipids in Health and Disease.
2018;17(1):1-9. DOLl:
https://doi.org/10.1186/s12944-018-0890-6

3. Patnaik M, Pati P, Swain SN, et al.
Association of angiotensin-converting enzyme and
angiotensin-converting  enzyme-2 gene
polymorphisms with essential hypertension in the


https://doi.org/10.1038/nrdp.2018.14
https://doi.org/10.1038/nrdp.2018.14
https://doi.org/10.1186/s12944-018-0890-6
https://doi.org/10.1186/s12944-018-0890-6

Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(3):355-376 373
Research Results in Biomedicine. 2026:12(3):355-376

population of Odisha, India. Annals of Human
Biology. 2014;41(2):145-152. DOI:
https://doi.org/10.3109/03014460.2013.837195

4. Picariello C, Lazzeri C, Attana P, et al.
The impact of hypertension on patients with acute
coronary syndromes. International Journal of
Hypertension. 2011;2011:563657. DOl:
https://doi.org/10.4061/2011/563657

5. Zhang Q, Cong M, Wang N, et al.
Association of angiotensin-converting enzyme 2
gene polymorphism and enzymatic activity with
essential hypertension in different gender: A case-
control study. Medicine. 2018;97(42):e12917.
DOI:
https://doi.org/10.1097/MD.0000000000012917

6. World Health Organization.
Noncommunicable diseases [Internet]. Geneva:
World Health Organization; 2022 [cited 2025 Jun
10]. Available from: https://www.who.int/news-
room/fact-sheets/detail/noncommunicable-
diseases

7. El-Saharty S, Ahsan KZ, Koehlmoos
TLP, et al. Tackling noncommunicable diseases in
Bangladesh: now is the time. Washington (DC):
World Bank; 2013. DOI:
https://doi.org/10.1596/978-0-8213-9920-0

8. Mengesha HG, Petrucka P, Spence C, et
al. Effects of angiotensin converting enzyme gene
polymorphism on hypertension in Africa: A meta-
analysis and systematic review. PloS ONE.
2019;14(2):0211054. DOI:
https://doi.org/10.1371/journal.pone.0211054

9. Pinheiro DS, Santos RS, Jardim PCBYV,
et al. The combination of ACE I/D and ACE2
G8790A polymorphisms reveals susceptibility to
hypertension: A genetic association study in
Brazilian patients. PloS ONE.
2019;14(8):e0221248. DOI:
https://doi.org/10.1371/journal.pone.0221248

10. Shih PB, Connor DT. Hereditary
determinants of human hypertension: strategies in
the setting of genetic complexity. Hypertension.
2008;51(6):1456-1464. DOI:
https://doi.org/10.1161/HYPERTENSIONAHA.1
07.090480

11. Birhan TA, Molla MD, Abdulkadir M,
et al. Association of angiotensin-converting
enzyme gene insertion/deletion polymorphisms
with risk of hypertension among the Ethiopian
population. PLoS ONE. 2022;17(11):e0276021.
DOI:
https://doi.org/10.1371/journal.pone.0276021

12. Yi L, Gu YH, Wang XL, et al
Association of ACE, ACE2 and UTS2

polymorphisms with essential hypertension in Han
and Dongxiang populations from north-western
China. Journal of International Medical Research.
2006;34(3):272-283. DOL:
https://doi.org/10.1177/147323000603400306

13. Chamsi-Pasha MAR, Shao Z, Tang
WHW. Angiotensin-converting enzyme 2 as a
therapeutic target for heart failure. Current Heart
Failure  Reports.  2014;11(1):58-63.  DOI:
https://doi.org/10.1007/s11897-013-0178-0

14. Luo Y, Liu C, Guan T, et al
Association of ACE2 genetic polymorphisms with
hypertension-related target organ damages in south
Xinjiang. Hypertension Research. 2019;42(5):681-
689. DOI: https://doi.org/10.1038/s41440-018-
0166-6

15. Norambuena-Soto |, Lopez-Crisosto C,
Martinez-Bilbao J, et al. Angiotensin-(1-9) in
hypertension. Biochemical Pharmacology.
2022;203:115183. DOL:
https://doi.org/10.1016/j.bcp.2022.115183

16. Benaroua C, Pucci F, Rooman M, et al.
Alterations in the renin-angiotensin system during
septic shock. Annals of Intensive Care.
2025;15(1):40. DOl:
https://doi.org/10.1186/513613-025-01166-7

17. Jiang F, Yang J, Zhang Y, et al
Angiotensin-converting enzyme 2 and angiotensin
1-7: novel therapeutic targets. Nature Reviews
Cardiology. 2014;11(7):413-426. DOl:
https://doi.org/10.1038/nrcardio.2014.59

18. Li Y. Lack of association of ACE2
G8790A gene mutation with essential hypertension
in the Chinese population: a meta-analysis
involving 5260 subjects. Frontiers in Physiology.
2012;3:364. DOI:
https://doi.org/10.3389/fphys.2012.00364

19. Liu J, Ji H, Zheng W, et al. Sex
differences in renal angiotensin converting enzyme
2 (ACE2) activity are 17p-oestradiol-dependent
and sex chromosome-independent. Biology of Sex
Differences. 2010;1(1):6. DOl:
https://doi.org/10.1186/2042-6410-1-6

20. Lu N, Yang Y, Wang Y, et al. ACE2
gene polymorphism and essential hypertension: an
updated meta-analysis involving 11,051 subjects.
Molecular Biology Reports. 2012;39:6581-6589.
DOI: https://doi.org/10.1007/s11033-012-1487-1

21. Zhang X, Wang Y, Zheng Y, et al.
Effect of ACE, ACE2 and CYP11B2 gene
polymorphisms and noise on  essential
hypertension among steelworkers in China: a case—
control study. BMC Medical Genomics.
2022;15:22. DOI: https://doi.org/10.1186/s12920-


https://doi.org/10.3109/03014460.2013.837195
https://doi.org/10.4061/2011/563657
https://doi.org/10.1097/md.0000000000012917
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1371/journal.pone.0221248
https://doi.org/10.1371/journal.pone.0221248
https://doi.org/10.1161/hypertensionaha.107.090480
https://doi.org/10.1161/hypertensionaha.107.090480
https://doi.org/10.1371/journal.pone.0276021
https://doi.org/10.1371/journal.pone.0276021
https://doi.org/10.1177/147323000603400306
https://doi.org/10.1177/147323000603400306
https://doi.org/10.1007/s11897-013-0178-0
https://doi.org/10.1007/s11897-013-0178-0
https://doi.org/10.1038/s41440-018-0166-6
https://doi.org/10.1038/s41440-018-0166-6
https://doi.org/10.1186/2042-6410-1-6
https://doi.org/10.1186/2042-6410-1-6
https://doi.org/10.1007/s11033-012-1487-1

Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 374

022-01177-0

22. Wu 'Y, LiJ, Wang C, et al. The ACE2
G8790A polymorphism: involvement in type 2
diabetes mellitus combined with cerebral stroke.
Journal of Clinical Laboratory Analysis.
2016;31(2):e22033. DOL:
https://doi.org/10.1002/jcla.22033

23. Mohlendick B, Schonfelder K,
Breuckmann K, et al. ACE2 polymorphism and
susceptibility for SARS-CoV-2 infection and
severity of COVID-19. Pharmacogenetics and
Genomics. 2021;31(8):165-171. DOLl:
https://doi.org/10.1097/FPC.0000000000000436

24. Zhou JB, Yang JK. Meta-analysis of
association of ACE2 G8790A polymorphism with
Chinese Han essential hypertension. Journal of the
Renin-Angiotensin-Aldosterone System.
2009;10(1):31-34. DOLl:
https://doi.org/10.1177/1470320309103047

25. Al-Makki A, DiPette D, Whelton PK, et
al. Hypertension pharmacological treatment in
adults: a World Health Organization guideline
executive summary. Hypertension.
2022;79(1):293-301. DOI:
https://doi.org/10.1161/HYPERTENSIONAHA.1
21.181

26. Heracle BioSoft. DNA Baser Sequence
Assembler v3x [computer program]. Pitesti
(Romania): Heracle BioSoft SRL; 2012. Available
from: http://www.dnabaser.com

27. Sievers F, Higgins DG. Clustal omega.
Current Protocols in Bioinformatics.
2014;48:3.13.1-3.13.16. DOI:
https://doi.org/10.1002/0471250953.bi0313s48

28. Khanam MA, Lindeboom W, Razzaque
A, et al. Undiagnosed and uncontrolled
hypertension among the adults in rural Bangladesh:
findings from a community-based study. Journal of
Hypertension.  2015;33(12):2399-2406. DOI:
https://doi.org/10.1097/HJH.0000000000000712

29. Ezzati M, Riboli E. Behavioral and
dietary risk factors for noncommunicable diseases.
New  England Journal of Medicine.
2013;369(10):954-964. DOI:
https://doi.org/10.1056/NEJMra1203528

30. Roy PK, Khan MHR, Akter T, et al.
Exploring socio-demographic-and geographical-
variations in prevalence of diabetes and
hypertension in Bangladesh: Bayesian spatial
analysis of national health survey data. Spatial and
Spatio-temporal Epidemiology. 2019;29:71-83.
DOI:_https://doi.org/10.1016/j.sste.2019.03.003

31. Cabrera CP, Ng FL, Nicholls HL, et al.
Over 1000 genetic loci influencing blood pressure

with multiple systems and tissues implicated.
Human Molecular Genetics. 2019;28(R2):R151-
161. DOI: https://doi.org/10.1093/hmg/ddz197

32. Aparicio HJ, Benjamin EJ, Callaway
CW, et al. Heart disease and stroke statistics-2021
update: a report from the American Heart
Association. Circulation. 2021;143(8):e254-e743.
DOI:
https://doi.org/10.1161/CIR.0000000000000950

33. Cutler JA, Sorlie PD, Wolz M, et al.
Trends in hypertension prevalence, awareness,
treatment, and control rates in United States adults
between 1988-1994 and 1999-2004.
Hypertension. 2008;52(5):818-827. DOl:
https://doi.org/10.1161/hypertensionaha.108.1133
57

34. Islam MM, Hossain MS, Rahman MM,
et al. Healthy lifestyle knowledge and age at
hypertension diagnosis: a primary health care
based survey in Bangladesh. Journal of Human
Hypertension. 2025;39(6):448-456. DOl:
https://doi.org/10.1038/s41371-025-01019-3

35. Fan X, Wang Y, Wang H, et al.
Polymorphisms of angiotensin-converting enzyme
(ACE) and ACE2 are not associated with
orthostatic blood pressure dysregulation in
hypertensive patients. Acta Pharmacologica
Sinica. 2009;30(9):1237-1244. DOI:
https://doi.org/10.1038/aps.2009.110

36. Yang W, Huang W, Su S, et al.
Association study of ACE2 (angiotensin |-
converting enzyme 2) gene polymorphisms with
coronary heart disease and myocardial infarction in
a Chinese Han population. Clinical Science.
2006;111(5):333-340. DOL:
https://doi.org/10.1042/cs20060020

37. Charchar FJ, Bloomer LDS, Barnes
TA, et al. Inheritance of coronary artery disease in
men: an analysis of the role of the Y chromosome.
The Lancet. 2012;379(9819):915-922. DOI:
https://doi.org/10.1016/S0140-6736(11)61453-0

38. Niu W, Qi Y, Hou S, et al. Correlation
of angiotensin-converting enzyme 2 gene
polymorphisms with stage 2 hypertension in Han
Chinese. Translational Research. 2007;150(6):374-
380. DOI:
https://doi.org/10.1016/j.trsl.2007.06.002

39. Younas H, ljaz T, Choudhry N.
Investigation of angiotensin-1 converting enzyme
2 gene (G8790A) polymorphism in patients of type
2 diabetes mellitus with diabetic nephropathy in
Pakistani population. PloS ONE.
2022;17(2):e0264038. DOI:
https://doi.org/10.1371/journal.pone.0264038


https://doi.org/10.1002/jcla.22033
https://doi.org/10.1002/jcla.22033
https://doi.org/10.1097%2FFPC.0000000000000436
https://doi.org/10.1177/1470320309103047
https://doi.org/10.1161/HYPERTENSIONAHA.121.18192
https://doi.org/10.1161/HYPERTENSIONAHA.121.18192
http://www.dnabaser.com/
https://doi.org/10.1002/0471250953.bi0313s48
https://doi.org/10.1097/hjh.0000000000000712
https://doi.org/10.1016/j.sste.2019.03.003
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1038/aps.2009.110
https://doi.org/10.1038/aps.2009.110
https://doi.org/10.1042/cs20060020
https://doi.org/10.1042/cs20060020
https://doi.org/10.1016%2FS0140-6736(11)61453-0
https://doi.org/10.1016/j.trsl.2007.06.002

Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(3):355-376
Research Results in Biomedicine. 2026:12(3):355-376

375

40. Yin M, Augustin B, Fu Z, et al.
Geographic  distributions  in  hypertension
diagnosis, measurement, prevalence, awareness,
treatment and control rates among middle-aged and
older adults in China. Scientific Reports.
2016;6(1):37020. DOI:
https://doi.org/10.1038/srep37020

41. Rubies-Prat J, Ordonez-Llanos J,
Martin S, et al. Low-density lipoprotein particle
size, triglyceride-rich lipoproteins, and glucose
tolerance in non-diabetic men with essential
hypertension. ~ Clinical and  Experimental
Hypertension. 2001;23(6):489-500. DOl:
https://doi.org/10.1081/ceh-100104240

42. Coresh J, Wei GL, McQuillan G, et al.
Prevalence of high blood pressure and elevated
serum creatinine level in the United States:
findings from the third National Health and
Nutrition Examination Survey (1988-1994).
Archives of Internal Medicine. 2001;161(9):1207-
1216. DOI:
https://doi.org/10.1001/archinte.161.9.1207

43, Kumar V, Sweta, Khurana T, et al.
Essential hypertension is associated with higher
prevalence of microalbuminuria: a cross-sectional
study. Annals of International Medical and Dental
Research. 2021;7(3):112-120.

44. Poudel B, Yadav BK, Nepal AK, et al.
Prevalence and association of microalbuminuria in
essential hypertensive patients. North American
Journal of Medical Sciences. 2012;4(8):331-335.
DOI: https://doi.org/10.4103/1947-2714.99501

Received 10 June 2025
Revised 11 October 2025
Accepted 18 October 2025

Information about the authors

Fahmida Khanam, MS, Research Fellow at the
Department of Genetic Engineering and
Biotechnology, Researcher at the Next-generation
Sequencing, Research and Innovation Laboratory
of Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
fahmida.lipson@gmail.com, ORCID:
https://orcid.org/0000-0003-3793-2162.

Abdus Sattar, Md. FCPS, Professor, Department
of Medicine, Chittagong Medical College,
Chattogram, Bangladesh, E-mail:
dr.sattar_cox@yahoo.com, ORCID:
https://orcid.org/0000-0001-5027-5270.
Mahmud H. Arif, MBBS, Assistant Professor,

Department of Medicine, Chittagong Medical
College, Chattogram, Bangladesh, E-mail:
arif. mahmud@gmail.com, ORCID:
https://orcid.org/0000-0002-0860-5149.

Mirza N. Karim, MBBS, Assistant Professor,
Department of Medicine, Chittagong Medical
College, Chattogram, Bangladesh, E-mail:
mirzanurulkarim@gmail.com, ORCID:
https://orcid.org/0000-0002-7010-9525.

Enshad E. Ullah, MBBS, Assistant Professor,
Department of Medicine, Chittagong Medical
College, Chattogram, Bangladesh, E-mail:
enshadekramullah@gmail.com, ORCID:
https://orcid.org/0009-0008-4543-2313.

Kallyan Chakma, MS, Research Fellow at the
Department of Genetic Engineering and
Biotechnology, Senior Researcher at the Next-
generation Sequencing, Research and Innovation
Laboratory of Chittagong, Disease Biology and
Molecular  Epidemiology = Research  Group,
Biotechnology Research and Innovation Centre,
University  of  Chittagong, Chattogram,
Bangladesh, E-mail: kallyan679@gmail.com,
ORCID: https://orcid.org/0000-0002-9870-4561.

Md. Ashikur A. Akash, MS, Research Assistant
at the Department of Genetic Engineering and
Biotechnology, Researcher at the Next-generation
Sequencing, Research and Innovation Laboratory
of Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
akash.geb.cu@gmail.com, ORCID:
https://orcid.org/0009-0005-2786-7450.

Meheadi H. Rumi, MS, Research Fellow at the
Department of Genetic Engineering and
Biotechnology, Researcher at the Next-generation
Sequencing, Research and Innovation Laboratory
of Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
rumicu0@gmail.com, ORCID:
https://orcid.org/0000-0001-7381-0774.

Sajia Afrin, MS, Research Assistant at the
Department of Genetic Engineering and
Biotechnology, Researcher at the Next-generation
Sequencing, Research and Innovation Laboratory
of Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
afrinbintil2@gmail.com, ORCID:
https://orcid.org/0000-0002-4274-9541.


https://doi.org/10.1081/ceh-100104240
https://doi.org/10.4103/1947-2714.99501
mailto:fahmida.lipson@gmail.com
mailto:dr.sattar_cox@yahoo.com
mailto:arif.mahmud@gmail.com
mailto:mirzanurulkarim@gmail.com
mailto:enshadekramullah@gmail.com
mailto:rumicu0@gmail.com

Opuzuﬂaﬂbnaﬂ cmambus
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 376

Afroza A. Tanni, MS, Lecturer at the Department
of Genetic Engineering and Biotechnology, Senior
Researcher at the Next-generation Sequencing,
Research and Innovation Laboratory  of
Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
afrozatanni.geb@cu.ac.bd, ORCID:
https://orcid.org/0000-0003-3126-1054.

Adnan Mannan, PhD, Professor at the
Department of Genetic Engineering and
Biotechnology, Deputy Director of the Next-
generation Sequencing, Research and Innovation
Laboratory of Chittagong, Disease Biology and

Molecular  Epidemiology = Research  Group,
Biotechnology Research and Innovation Centre,
University of Chittagong, Chattogram,
Bangladesh, E-mail: adnan.mannan@cu.ac.bd,
ORCID: https://orcid.org/0000-0003-4070-9586.
S.M. Rafiqul Islam, PhD, Postdoc, Professor at
the Department of Genetic Engineering and
Biotechnology, Director of the Next-generation
Sequencing, Research and Innovation Laboratory
of Chittagong, Disease Biology and Molecular
Epidemiology Research Group, Biotechnology
Research and Innovation Centre, University of
Chittagong, Chattogram, Bangladesh, E-mail:
smrafiqulgeb@cu.ac.bd, ORCID:
https://orcid.org/0000-0001-6901-4070.


mailto:afrozatanni.geb@cu.ac.bd
mailto:adnan.mannan@cu.ac.bd
mailto:smrafiqulgeb@cu.ac.bd
https://orcid.org/0000-0001-6901-4070

	08.06.2026_Maket_NR_2026_3_Med

