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ABSTRACT

Background: Hypertension is a major cardiovascular disorder. Epigenetic biomarkers, particularly histone modifications and non-
coding RNAs, offer potential for early detection and therapeutic targeting in precision cardiovascular medicine. Objective: This
study evaluates the role of histone acetylation and circulating microRNAs in hypertensive patients, aiming to establish predictive
biomarkers for vascular remodeling, left ventricular hypertrophy, and overall disease severity. Methods: A cross-sectional study
was conducted at the Department of Medicine, Ibne Sina Hospital, Dhaka, Bangladesh, from June 2023 to June 2024. Eighty-six
hypertensive patients were enrolled. Histone acetylation (H3K9ac) was assessed using chromatin immunoprecipitation assays,
while circulating microRNAs (miR-21, miR-155) were quantified through qRT-PCR. Clinical parameters, echocardiographic
findings, and vascular stiffness indices were statistically analyzed using SPSS v26. Results: The mean systolic blood pressure was
156.8 + 12.4 mmHg and diastolic 97.3 + 8.6 mmHg. Histone H3K9 hypoacetylation was observed in 38.4% (n=33), significantly
correlated with carotid-femoral pulse wave velocity (mean 12.3 + 2.1 m/s vs. 9.6 + 1.8 m/s; p=0.003). Circulating miR-21 was
elevated in 62.8% (n=54), positively associated with left ventricular mass index (r=0.46, p=0.005). MiR-155 levels were reduced in
44.1% (n=38), inversely related to systolic BP (r=-0.38, p=0.008). Multivariate regression indicated H3K9 hypoacetylation explained
21% variance in vascular stiffness (R?=0.21, 3=0.39, p=0.002). Conclusion: Histone hypoacetylation and dysregulated microRNAs
strongly correlate with hypertension severity and cardiovascular remodeling. These biomarkers show translational potential for
precision medicine, guiding individualized diagnostics and therapeutic interventions.
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INTRODUCTION

Hypertension, clinically recognized as a
persistent elevation of arterial blood pressure,

This ongoing challenge has necessitated a transition
a framework that
emphasizes individualized prevention, diagnosis,

towards precision medicine,

remains a major global health burden and a leading
risk factor for cardiovascular morbidity and mortality.
According to the World Health Organization (WHO),
1.28 billion adults
worldwide, with an alarming increase in prevalence

hypertension affects over
across low- and middle-income countries.! Despite
decades of research and substantial progress in
interventions, hypertension
continues to demonstrate complex etiologies and
heterogeneous  clinical The
multifactorial interplay of genetic, environmental,
and lifestyle determinants highlights the inadequacy

of a uniform diagnostic and therapeutic paradigm.?

pharmacological

manifestations.

and therapy. Within this framework, the emergence of
epigenetic biomarkers offers promising avenues for
understanding hypertension pathogenesis and
therapeutic strategies. Epigenetics,
defined as the heritable regulation of gene expression
independent of DNA  sequence variation,
encompasses molecular mechanisms such as DNA
methylation, histone modifications, and non-coding
RNAs. These processes
architecture and transcriptional activity, thereby

optimizing

modulate chromatin
influencing cellular phenotype and function. Unlike
genetic mutations, epigenetic marks are dynamic,
reversible, and highly responsive to environmental
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stimuli, rendering them particularly relevant to
multifactorial disorders such as hypertension.®> The
potential of epigenetic signatures to serve as
biomarkers arises from their tissue specificity, relative
stability in biofluids, and capacity to integrate genetic
predispositions  with exposures.
Recent evidence underscores the critical involvement
epigenetic regulation
remodeling, endothelial dysfunction, renal sodium
handling, and neurohormonal activation, all of which

environmental

of aberrant in vascular

are central to the pathophysiology of hypertension.
DNA methylation, the addition of a methyl group to
cytosine CpG dinucleotides,
represents the most extensively studied epigenetic
mechanism in cardiovascular research. Hypertension-

residues within

associated differential methylation has been identified
in key genes regulating vascular tone, such as
endothelial nitric oxide synthase (eNOS), angiotensin-
converting enzyme (ACE), and components of the
renin—angiotensin—aldosterone system (RAAS). For
example, hypermethylation of the eNOS promoter
region has been correlated with impaired endothelial-
dependent vasodilation, thereby contributing to
increased vascular resistance.® Similarly, aberrant
methylation in genes controlling renal sodium
transport has been implicated in salt-sensitive
hypertension. These findings illustrate the potential of
methylomic profiles to act as early biomarkers for risk
stratification and therapeutic responsiveness. Histone
modifications, including acetylation, methylation,
and phosphorylation, further add layers of
complexity to epigenetic regulation. Histone
acetylation, mediated by histone acetyl transferases,

generally promotes transcriptional activation,
whereas histone deacetylation suppresses gene
expression.® Studies have demonstrated that

hypertension is associated with dysregulated histone
acetylation patterns in vascular smooth muscle cells,
leading to abnormal proliferation and vascular
remodeling. Moreover, pharmacological inhibitors of
histone deacetylases (HDACs) have shown preclinical
efficacy in attenuating hypertension-induced cardiac
hypertrophy and fibrosis.”

These insights underscore the potential of
histone modification signatures both as biomarkers of
disease progression and as therapeutic targets. Non-
coding RNAs, particularly microRNAs (miRNAs) and
long non-coding RNAs (IncRNAs), represent another
dimension of epigenetic regulation in hypertension.
Several miRNAs, such as miR-155, miR-21, and miR-

126, have been implicated in endothelial dysfunction,
vascular and RAAS
Circulating miRNAs are stable in plasma and serum,
making them attractive candidates for minimally
invasive biomarkers. For instance, elevated levels of
miR-21
remodeling and renal dysfunction in hypertensive
patients.® Similarly, IncRNAs increasingly
recognized as regulators of chromatin remodeling
and gene expression, with emerging evidence linking
IncRNAs  to
hypertrophy and vascular stiffness. Together, these
findings position non-coding RNAs as central players
in the epigenetic landscape of hypertension. The
convergence of epigenetic
hypertension pathophysiology supports a paradigm
in which epigenetic biomarkers may facilitate earlier
diagnosis, more accurate risk stratification, and better
prediction of therapeutic response. Moreover, the
dynamic nature of epigenetic marks enables their

inflammation, regulation.

have been associated with vascular

are

specific hypertensive  cardiac

mechanisms and

modification through lifestyle interventions, dietary
changes, and pharmacological agents, providing a
unique opportunity for precision-based therapies.®
For instance, dietary supplementation with folate and
other methyl donors has been shown to reverse
aberrant DNA methylation in cardiovascular disease
models. Similarly, lifestyle modifications such as
exercise have been demonstrated to induce beneficial
epigenetic changes in vascular and cardiac tissues.
These findings highlight the translational potential of
targeting epigenetic pathways in the
management of hypertension. The application of
epigenetic biomarkers in hypertension aligns with the
broader vision of precision cardiovascular medicine,
which
environmental data to optimize patient care.! High-
throughput technologies such as epigenome-wide
studies  (EWAS),
and advanced bioinformatics

clinical

integrates molecular, clinical, and

association next-generation
sequencing,
accelerating the
signatures associated with blood pressure regulation.
In addition, the integration of
approaches—combining epigenomics with genomics,
transcriptomics, proteomics, and metabolomics—
provides a comprehensive framework for delineating

the molecular heterogeneity of hypertension.!’ This

are
discovery of novel epigenetic

multi-omics

integrative strategy holds the promise of transforming
the paradigm
personalized approach tailored to the molecular
profile of each patient.

current one-size-fits-all into a
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MATERIALS AND METHODS

This investigation was designed as a cross-
sectional observational study conducted at the
Department of Medicine, Ibne Sina Hospital, Dhaka,
Bangladesh. The study was carried out between June
2023 and June 2024, with a total of 86 hypertensive
patients recruited through purposive sampling from
the outpatient and inpatient departments.
Hypertension was defined according to the European
Society of Cardiology/European Society  of
Hypertension (ESC/ESH) 2018 guidelines, with
systolic blood pressure 2140 mmHg and/or diastolic
blood pressure 290 mmHg confirmed on at least two
separate occasions. Patients aged 30-70 years were
eligible, while those with secondary hypertension,
malignancies, autoimmune  disorders,
pregnancy, or severe renal/hepatic dysfunction were
excluded to minimize confounding variables. The
study aimed to explore associations between
epigenetic histone
modifications and non-coding RNAs, and clinical
manifestations of hypertension, including vascular
stiffness and cardiac remodeling. This design enabled

active

biomarkers,  specifically

the integration of molecular and clinical variables in a
real-world hospital setting. Data were collected using
structured clinical forms and standardized laboratory
protocols. Demographic information, medical history,
lifestyle patterns, and antihypertensive medication
use were documented through patient interviews and
hospital records. Blood pressure was measured using
a calibrated sphygmomanometer, with three readings
taken at five-minute intervals and averaged. Venous
blood samples were obtained following overnight
fasting. Plasma was separated for microRNA

Sex Distribution

Current Smoker

Female

Male

Smoking Status

quantification, while peripheral blood mononuclear

cells isolated for chromatin
immunoprecipitation assays to measure histone
acetylation. Echocardiographic evaluations were
performed to assess left ventricular mass index, while

carotid-femoral pulse wave velocity was recorded

were

using a non-invasive tonometry system to assess
vascular stiffness. Data were coded and entered into
IBM SPSS Statistics software, version 26.0. Continuous
variables were expressed as mean =*
(SD),
frequencies and percentages. Independent t-tests or
ANOVA were applied to compare continuous
variables across subgroups, while chi-square tests
were used for categorical comparisons. Pearson

standard

deviation and categorical variables as

correlation coefficients assessed associations between
epigenetic biomarkers outcomes.
Multivariate linear regression models were employed
to determine the predictive value of biomarkers for
blood pressure, vascular stiffness, and left ventricular

and clinical

mass. A p-value <0.05 was considered statistically
significant, and confidence intervals (95% CI) were
calculated for regression estimates.

RESULTS

The study recruited 86 hypertensive patients
from the Department of Medicine, Ibne Sina Hospital,
Dhaka, between June 2023 and June 2024. The results
indicated significant associations between epigenetic
biomarkers (histone acetylation and non-coding
RNAs) and clinical outcomes, including vascular
stiffness, left ventricular mass index (LVMI), and
blood pressure severity.

Family History of Hypertension

Family History Ne

Never Smoked
59.3%
Family History Yes

Figure 1: Demographic Characteristics of Patients (n=86)

The study population had a nearly balanced
sex distribution, with slightly more males (54.7%). The
mean age was 52.6 years, and nearly 60% reported a

family history of hypertension. Half of the

participants were non-smokers.
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Table 1: Clinical and Hemodynamic Parameters

Parameter Mean + SD | Normal/Abnormal Distribution | p-value (vs. Guide linecut
off)

Systolic BP(mmHg) 156.8 +12.4 | 100% abnormal (>140 mmHg) <0.001

Diastolic BP (mmHg) 97.3+8.6 100% abnormal (>90 mmHg) <0.001

Pulse Pressure (mmHg) 59.5+10.3 | - —

Heart Rate (beats/min) 81.2+9.7 Normal range 0.34

LVMI (g/m?) 122.6 +24.5 | 63% hypertrophic 0.002

Carotid-femoral PWV (m/s) | 11.8 +2.1 68% abnormal (>10 m/s) 0.001

All patients had blood pressures above

hypertrophy, and over two-thirds demonstrated

diagnostic thresholds. Nearly two-thirds had abnormal vascular stiffness (PWV >10 m/s).
echocardiographic evidence of left ventricular
Table 2: Histone Acetylation (H3K9ac) Profiles
Status Frequency (n) | Percentage (%) | Association with PWV (mean = SD) | p-value
Hypoacetylation 33 38.4 123+2.1m/s 0.003
Normal acetylation | 53 61.6 9.6 +1.8m/s -

Histone H3K9 hypoacetylation was observed
in 38.4% of patients and was significantly associated

p=0.005
r = 0.46 with LVMI

100

Percentage (%)
2

40

20

miR-21

with higher PWV values, suggesting a strong
relationship with vascular stiffness.

mm Elevated
p=0.008 M Reduced
r=-0.38 with S mmm Normal

miR-155

Figure 2: Circulating MicroRNA Expression

Elevated circulating miR-21 was found in
nearly two-thirds of patients and positively correlated
with LVMI. Conversely, reduced miR-155 was present

in 44% of patients and inversely correlated with

systolic BP.

Table 3: Multivariate Regression Analysis

Predictor Outcome Variable | B-coefficient | R? | p-value
H3K9 hypoacetylation | PWV 0.39 0.21 | 0.002
miR-21 elevation LVMI 041 0.24 | 0.001
miR-155 reduction SBP -0.34 0.18 | 0.004

Published by: Official Organ of Bangladesh Society of Clinical Research
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Regression models revealed that H3K9
hypoacetylation explained 21% of variance in PWV,
elevated miR-21 explained 24% of variance in LVMI,

80

70

Percentage (%)

H3K9 Hypoacetylation (%)

Elevated miR-21 (%)

and reduced miR-155 explained 18% of variance in
systolic BP.

Epigenetic Biomarker Dis"ilig'n::inoz.n by Hypertension Severity

. Mild HTN
= Moderate HTN
mmm Severe HTN

p=0.004

Reduced miR-155 (%)

Figure 3: Stratification by Hypertension Severity

Epigenetic abnormalities were progressively
more prevalent with increasing hypertension severity.
Severe cases demonstrated the highest prevalence of
histone hypoacetylation and miRNA dysregulation,
aligning with elevated LVMI values.

DISCUSSION
The present investigation demonstrated
significant ~ associations = between  epigenetic

biomarkers—specifically histone The mean age of 52.6
years reflects the typical demographic pattern of
hypertension in South Asian populations, where
onset occurs earlier than in Western cohorts. Similar
findings were reported in the Indian cohort of the
PURE study, where the mean age of hypertensive
individuals was 50.2 years.’? A nearly balanced sex
distribution (54.7% male, 45.3% female) is consistent
with the INTERHEART study, which observed no
significant sex differences in hypertension prevalence
across South Asia. However, other studies, such as the
Bangladesh Demographic and Health Survey (BDHS),
noted a slightly higher prevalence among women,
particularly in rural settings. The mean BMI of 27.4
kg/m? aligns with findings from Kibria ef al., who
observed overweight status as a strong predictor of
hypertension in Bangladeshi adults.’® Smoking
prevalence in this cohort (32.6%) mirrors the global
estimate of 31% among hypertensive men reported by
WHO, reinforcing smoking as a key modifiable risk
factor.’* Family history of hypertension was reported
by 59%, closely resembling the 62% reported in the

Framingham Offspring Study, suggesting genetic
susceptibility as an important background
determinant.

Hemodynamic Findings and Comparison with
Guidelines

All patients demonstrated SBP and DBP
values above diagnostic thresholds, with mean values
of 156.8 mmHg and 97.3 mmHg, respectively. This
degree of elevation corresponds with the “Stage 2
hypertension” classification by ESC/ESH guidelines.’s
Similar averages were noted in the REGARDS cohort
in the United States, where mean SBP was 154 mmHg
among poorly controlled hypertensives. Pulse wave
velocity (PWV) averaged 11.8 m/s, with 68% above the
abnormal cut-off of 10 m/s. This finding is comparable
to data from the Strong Heart Study, where PWV
values >12 m/s were predictive of cardiovascular
events in hypertensive populations.'® The prevalence
of left ventricular hypertrophy (63%)
investigation is higher than the 48% reported in the
LIFE study, possibly reflecting regional variations in
hypertension severity, obesity prevalence, and
treatment adherence.

in this

Histone Acetylation and Hypertension

Histone H3K9 hypoacetylation was detected
in 38.4% of patients and was strongly associated with
elevated PWV. Previous studies corroborate these
findings. Davis et al. reported reduced histone
acetylation in vascular smooth muscle cells of

Published by: Official Organ of Bangladesh Society of Clinical Research
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increased
contractility and stiffness.’” Similarly, Study
demonstrated that histone deacetylase (HDAC)
activation promoted vascular remodeling and
hypertrophy in rodent hypertension models.
Comparative percentages vary across studies, largely
due to methodological differences. For example, Shi et
al., reported hypoacetylation prevalence of 30% in
coronary artery specimens, while a Japanese cohort
reported 45% in
hypertension.’® Despite variation, the consistent

hypertensive  patients, leading to

rates closer to resistant
association between hypoacetylation and vascular
stiffness supports its role as a mechanistic biomarker.
Importantly, pharmacological modulation of histone
acetylation  has

Preclinical  studies

shown therapeutic
using HDAC
demonstrated improved vascular compliance and
reduced blood pressure. The present investigation’s
correlation between hypoacetylation and PWV
variance (21%) reinforces the translational potential of

promise.
inhibitors

acetylation-targeted therapies.

Circulating MicroRNA-21 and Cardiac Remodeling

Elevated miR-21 was detected in 62.8% of
patients and positively correlated with LVMI (r=0.46).
This finding aligns with several prior studies.
Altaweel et al. reported that miR-21 was upregulated
in peripheral blood mononuclear cells of hypertensive
patients and associated with increased LVMI"
Similarly, Bink et al., documented elevated miR-21 in
patients with left ventricular hypertrophy secondary
to hypertension, suggesting its role in fibrotic
remodeling.? The frequency in this investigation
(62.8%) is slightly higher than the 55% reported in a
European hypertensive cohort, possibly reflecting
ethnic or environmental influences. Mechanistically,
miR-21 promotes cardiac fibrosis by targeting sprouty
homolog 1 (SPRY1) and modulating TGF-f signaling
pathways.2! Experimental suppression of miR-21 in
hypertensive rats attenuated myocardial fibrosis and
improved function, further
biological plausibility.

cardiac providing

Circulating MicroRNA-155 and Blood Pressure
Regulation

Reduced miR-155 was observed in 44.1% of
patients and inversely correlated with SBP (r=-0.38).
This aligns with results from Peng et al., who showed
that downregulation of miR-155 contributed to
angiotensin II-induced hypertension by enhancing
ATIR expression.?? Similarly, Ntsethe et al. observed

decreased miR-155 levels in hypertensive patients,
linking its reduction to pro-inflammatory cytokine
overexpression.? The proportion of reduced miR-155
in this study (44%) closely matches findings by Similar
study who reported 40% reduction in North African
hypertensive populations. In contrast, other studies
reported higher frequencies of 55-60% in resistant
hypertension suggesting that severity may influence
The correlation with SBP
reinforces miR-155 as a protective regulator, with

prevalence. inverse

therapeutic replacement strategies being explored.

Multivariate Regression and Predictive Value

The regression models demonstrated that
histone hypoacetylation explained 21% of variance in
PWYV, elevated miR-21 explained 24% of variance in
LVMI, and reduced miR-155 explained 18% of
variance in SBP. These effect sizes are comparable
with prior reports. For instance, Juarez et al., reported
that epigenetic biomarkers accounted for 15-25% of
variance in vascular outcomes in community-based
cohorts.?* Similarly, Reel et al. demonstrated that
multi-omics models incorporating epigenetics
explained up to 30% of blood pressure variability.?
These findings highlight that while epigenetic
biomarkers are not sole determinants, they contribute
significantly to the heterogeneity of hypertension

outcomes, warranting integration into risk
stratification frameworks.
Stratification by Hypertension Severity

When stratified by severity, severe
hypertension was associated with the highest

prevalence of hypoacetylation (61.5%), elevated miR-
21 (80.8%), and reduced miR-155 (65.4%). These
trends mirror those observed in the Korean Genome
and Epidemiology Study (KoGES), where advanced
hypertension correlated with higher prevalence of
epigenetic LVMI
progressively increased across severity categories,
consistent with the MESA study, which demonstrated
a dose-dependent relationship between blood
pressure categories and left ventricular hypertrophy.
These consistent findings underscore the importance
of epigenetic dysregulation as both a marker and
mediator of disease progression.

dysregulation.?®  Moreover,

CONCLUSION

This investigation highlights the pivotal role
of epigenetic biomarkers in advancing precision

cardiovascular medicine. Histone H3K9

Published by: Official Organ of Bangladesh Society of Clinical Research
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hypoacetylation, elevated circulating miR-21, and
reduced miR-155 demonstrate strong associations
with vascular stiffness, left ventricular remodeling,
and blood pressure regulation. These biomarkers
provide mechanistic insights into hypertension and
hold promise as diagnostic and prognostic tools. Their
integration into clinical practice may allow earlier
detection, individualized therapy, and improved
outcome prediction. Future research should validate
these findings in larger, multi-ethnic cohorts, establish
causality through longitudinal designs, and evaluate
therapeutic modulation of epigenetic pathways. By
bridging molecular with
endpoints, epigenetic research has the potential to

mechanisms clinical
transform hypertension management and contribute
to the broader
cardiovascular care.

paradigm of personalized
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