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ABSTRACT

Hypertension is emerging as the most prevalent risk factor of ischemic heart disease in
young adults, but awareness is low in this age group. The prevalence of
prehypertension in this population is also high, putting them at higher cardiovascular
risk. The pathophysiology of essential hypertension has yet to be fully understood, and
epigenetic modifications have been proposed to play some role. To date, very few
epigenetic studies were done in young adults with prehypertension and hypertension.
The aim of this study was to compare the level of DNA methylation in the promoter of
implicated genes in young adults with normotensive blood pressure, prehypertension
and hypertension. An observational cross-sectional study was conducted among 240
subjects age 18 to 45 years in Kuantan, Pahang, Malaysia. Eighty subjects were
recruited for each blood pressure group; normotension, prehypertension, and
hypertension as defined by the Ministry of Health Malaysia Clinical Practice
Guidelines 4™ edition. MethyLight analysis was performed to determine DNA
methylation levels of IL-6, ADD1 and AGTR1 gene promoter in the blood.
Differentially methylated genes in prehypertension and/or hypertension group were
followed by gene expression study (n = 10 per group). There was no significant
difference in IL-6 methylation between hypertensive and normotensive. I1L-6 predicted
prehypertension in males (p = 0.014), but not females. Hypertensive and
prehypertensive males, and prehypertensive females, had lower ADD1 methylation
than their respective normotensive counterparts. After adjusting for other covariates,
ADD1 methylation predicted prehypertension and hypertension in males (p = 0.002
and p = 0.034 respectively). There was no significant difference in AGTR1
methylation between the three groups in both sexes. There was no significant
association between IL-6 and ADD1 methylation level and gene expression level.
DNA methylation of IL-6 and ADD1 are independent predictors of prehypertension
and/or hypertension in males hence has potential as an adjunct biomarker for risk
stratification or disease progression. This is the pioneering study of IL-6, ADD1 and
AGTR1 methylation in prehypertensive and hypertensive young adults. Further study
to delineate potential mechanisms linking DNA methylation to disease development is
warranted.
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CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW OF STUDY

Cardiovascular diseases dictates the highest mortality and morbidity for non-—
communicable disease worldwide, accounting for approximately 17 millions death per
annum, or one third of total death, and is projected to further rise in 2030 (World
Health Organization, 2013). The main pathophysiology of cardiovascular disease is
the development of atherosclerosis, which is associated with several risk factors
including hypertension, obesity, smoking, dyslipidaemia, diabetes mellitus and family
history of cardiovascular disease. Of all deaths due to cardiovascular disease |,
hypertension alone is responsible for 45 to 51 % of ischemic heart disease and stroke
death (World Health Organization, 2013).

Hypertension was also the most prevalent cardiovascular disease risk factors
among the acute coronary syndrome (ACS) patients in Malaysia according to the
latest National Cardiovascular Disease—Acute Coronary Syndrome Registry (NCVD-
ACS 2011-2013) (Wan Ahmad & Sim, 2015). This is contrasting the global data
reported by the Global Registry for Acute Coronary Effect (GRACE) study in which
smoking precedes the other cardiovascular disease risk factors (Global Registry for
Acute Coronary Effect, 2007). It is also important to note that the mean age of ACS
patients in Malaysia is approximately 6.5 years younger than other countries included
in the GRACE study.

In 95 % of hypertension cases, there is no exact cause identified and therefore

is termed as essential hypertension (Carretero & Oparil, 2000). National Morbidity



and Health Survey in 2011 indicated that as much as two-third of adults age 18 years
and above have raised blood pressure, with almost half of the adult population have
prehypertension—the pre-disease transition state between normotension to
hypertension (Naidu et al., 2019). Furthermore, the awareness of hypertension among
Malaysians is low, especially in younger age group of age 18 to 54 years (Institute for
Public Health (IPH), 2015a). Additionally, prehypertension largely affects young
adults and is associated with higher cardiovascular risk, especially in young adults
(Egan & Stevens-Fabry, 2015; Elliott & Black, 2007). An earlier study in United
States—the Framingham Heart Study—reported that up to 37 % of prehypertensive
cases below 65 years, and up to 50 % above 65 years convert to hypertension in 4
years (Vasan et al., 2001). Meanwhile, a more recent local study indicated that the
prehypertension—hypertension conversion rate was 69% in 10 years (Ching et al.,
2012).

The exact cause of essential hypertension remains unknown although
evidences have suggested that both genetic and environmental factors have roles in its
pathophysiology (Carretero & Oparil, 2000; Kunes & Zicha, 2009). Nevertheless,
several mechanisms were proposed to be involved, for example, inflammatory,
abnormal sodium handling and the renin angiotensin aldosterone system (Montecucco
et al., 2011; Orlov et al., 2014; Solak et al.,, 2016). Most studies into the
pathophysiology of essential hypertension focused on genetic polymorphism, gene
expression, and protein expression in these implicated pathways. Genetic—
environmental interaction that underlies essential hypertension may be explained by
the epigenetics phenomenon, in which alteration in the gene expression regulation
occurs in response to environmental stimuli without changing the nucleotide sequence

(Millis, 2011; Raftopoulos et al., 2015). One of the most understood epigenetic



mechanisms is deoxyribonucleotide acid (DNA) methylation. It is hypothesised that
DNA methylation at the promoter region of a gene could alter the gene expression at
the transcription level (D. H. K. Lim & Maher, 2010). Since modification of DNA
methylation is implicated in many complex diseases from cardiovascular, metabolic,
cancer and mental health diseases, it is proposed that DNA methylation could also
affect the pathways involved in blood pressure regulation (Baccarelli, Wright, et al.,

2010; D. H. K. Lim & Maher, 2010).

1.2 STATEMENT OF THE PROBLEM

DNA methylation serves the bridge linking between environmental factors and
genetics onto phenotypes. Changes in DNA methylation has been identified to be
involved in the pathophysiology of essential hypertension in adults; however its role
in the pathogenesis of prehypertension and essential hypertension in young adults is
not known. Furthermore, although some genes of interest have been studied, these
pathways are yet to be fully explored. Based on the current literature, there were
several unexplored areas that need to be addressed; 1) There is very limited literature
on epigenetic studies in hypertensive young adults. 2) Available DNA methylation
studies did not compare across three blood pressure status, i.e., normotension,
prehypertension and hypertension, despite prehypertension as an established pre—
disease position. 3) The different approaches and methods utilised to qualify or
quantify DNA methylation results in varying, incomparable outcomes. 4)
Furthermore, the studies were not extended to gene expression study; hence, the effect

of differential DNA methylation on gene expression is largely unknown.



