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ABSTRACT 
 

 

 

 

Hypertension is a chronic cardiovascular disease that affects 43% of the Malaysian 

adult population. Hypertension is associated with significantly high morbidity and 

mortality rates. The exact cause of hypertension is still unknown but it is believed that 

hypertension occurs from complex interactions between multiple environmental and 

genetic factors. Although much is known about the environmental factors that 

predispose individuals to hypertension but the molecular mechanisms behind 

hypertension are still poorly understood. Between 30 and 60% of blood pressure 

variations are determined by genetic factors. A wide spectrum of genes has been 

studied for their possible role in the pathogenesis of hypertension, however very few 

genes have shown significant role in hypertension. Numerous recent studies on apoE 

and PON-1 proteins have shown that both proteins exhibit an anti atherosclerotic and 

antioxidant roles in the human body. Polymorphisms within the genes encoding these 

proteins have been linked with various pathologies including cardiovascular diseases, 

cognitive and infectious diseases.  Apolipoprotein E (Apo E) is a plasma protein 

responsible for plasma clearance of triglyceride and cholesterol-rich lipoproteins.  The 

ε2, ε3 and ε4 are the three common alleles of this gene. Paraoxonase-1 (PON-1) is an 

HDL associated esterase enzyme that inhibits LDL oxidation. One of the most 

important polymorphisms within this gene is the codon 192. This case control study 

consisted of 143 participants (seventy hypertensive and seventy three controls).The 

aim of this study was to assess the association of apolipoprotein E and PON-1 192 

gene polymorphisms with hypertension and level of blood pressure. ApoE and PON-1 

192 gene polymorphisms were analyzed by polymerase chain reaction-restriction 

fragment length polymorphism assay. The findings of this study suggest that 

polymorphisms in apoE and PON-1 192 were unlikely to confer genetic susceptibility 

for hypertension in our population samples. 
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CHAPTER ONE 

 

GENERAL INTRODUCTION  
 

 

 

 

Hypertension is a substantial public health problem that is a major risk factor for many 

common causes of morbidity and mortality including stroke, myocardial infarction, 

congestive heart failure, and end stage renal disease (Mosterd et al., 1999).  

In 2006 an official Malaysian report has shown that the prevalence of 

hypertension among adults (30 years old and above) in Malaysia was 43% (4.8 million 

Malaysians with hypertension). The estimated figure worldwide is a staggering 1 

billion individuals. There is a widely held misconception that hypertension is a single 

disease that can be treated with a single recipe. Hypertension is a heterogenous 

disorder in which patients can be stratified by pathophysiologic characteristics. The 

pathogenesis of hypertension remains largely unknown. It is believed that 

hypertension occurs from complex interactions between multiple environmental and 

genetic factors (Lifton et al., 1996). Although much is known about the environmental 

factors that predispose individuals to hypertension, not much data is known about 

genetic factors. Genetic factors might constitute between (30 - 60%) of blood pressure 

variations (Norman et al., 2011). 

It is also clear from the evidence in the literature that oxidative stress plays an 

important role in the pathogenesis of hypertension (Touyz et al., 2004). There were 

evidences suggesting that apoE and PON-1 proteins exhibit a significant antioxidant 

activity in the human body. Polymorphisms within the apoE and PON-1 genes have 

also been strongly linked with the formation of atherosclerosis and other various 
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pathologies apart from their known physiological function including dementia and 

infectious diseases (Marta et al., 2004).  

 Apolipoprotein E (apoE) is a polymorphic multifunctional protein. It is coded 

by three alleles (Ɛ2, Ɛ3, and Ɛ4) of a modulator gene at the apoE locus on chromosome 

19, determining six apoE genotypes and plasma phenotypes (Mahley, 1988). Its 

pleiotropic effects are exerted on plasma lipoprotein metabolism, coagulation, 

oxidative processes, macrophage, glial cell and neuronal cell homeostasis, adrenal 

function, central nervous system physiology, inflammation, and cell proliferation 

(Davignon et al., 2002). ApoE polymorphism modulates susceptibility to many 

diseases. It is, however, particularly notorious for its role in neurodegenerative 

disorders and atherosclerotic arterial disease (Davignon et al., 1988). The Ɛ4 allele 

(phenotypes Ɛ4/4 and Ɛ4/3) that is associated with higher low density lipoprotein 

cholesterol (LDL) is considered proatherogenic, whereas the presence of the Ɛ2 allele 

(E3/2, E2/2), being associated with lower LDL levels, is deemed to have the opposite 

effect although it might be associated with increased plasma triglycerides and 

lipoprotein remnants (Mahley & Rall, 2000).  

Paraoxonase 1 (PON-1) is a calcium-dependent enzyme which functions as an 

esterase and lactonase. PON-1 is a member of a three-gene family: PON2, PON3, and 

PON-1, located on the long arm of human chromosome 7 (Humbert et al., 1993). 

PON-1 is primarily synthesized in the liver and then anchored to HDL particles in the 

circulation (Blatter et al., 1993). The primary physiological role of PON-1 is to inhibit 

LDL oxidation thus it alteres the development of atherosclerosis (Marta et al., 2004). 

In addition PON-1 enzyme also hydrolyzes organophosphorous compounds, the 

information that has generated much interest in the field of toxicology (Draganov et 

al., 2004).  There are two important polymorphisms in the coding region of PON-1 
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gene. These polymorphisms are located at positions 192 and 55. Glutamine (Q) to 

arginine (R) substitution at codon 192 is the most studied polymorphism. It results in 

different hydrolytic activity of the alleles towards various substrates. The other 

important polymorphism at position 55 has no effect on the enzyme activity (Humbert 

el al., 1993). The Q allele of codon 192 is more efficient towards oxidized high-and 

low-density lipoproteins (ox-HDL and ox-LDL) than the R allele. It was suggested 

that the R alloenzyme was less efficient in protecting lipoproteins from oxidation, and 

may contribute to one risk of developing cardiovascular diseases (Aviram et al., 

2000). 

The relation of apoE and PON-1 192Q/R genes polymorphism with 

hypertension is controversial and very few studies tried to illuminate such an issue. 

The fact that products of these two genes are important in protection against oxidative 

stress (Marta  et al., 2004)  and with the understanding that essential hypertension 

individuals were prone to oxidative stress (Prabha et al., 1990), it is hypothesized that 

defect within these genes may partly contribute to hypertension development. 

 

 

 

 

 

 

 

 

 

 



4 

CHAPTER TWO 

 

LITERATURE REVIEW 
 

 

 

 

2.1 HYPERTENSION 

2.1.1 Overview 

Hypertension is a chronic medical disorder associated with high morbidity and 

mortality. It is characterized by an elevated systemic blood pressure (BP). A person 

who has sustained systolic BP of greater than 140 mm Hg and/or a diastolic BP at 

greater than 90 mm Hg is considered to be a hypertensive patient (Kannel, 1996). 

 

 

2.1.2 Definition of Blood Pressure and High Blood Pressure 

Blood pressure (BP) is the pressure exerted by circulating blood upon the walls of 

blood vessels, and is one of the principal vital signs. During each heartbeat, BP varies 

between a maximum (systolic) pressure during cardiac contraction and ejection and a 

minimum (diastolic) pressure during cardiac relaxation as shown in figure 2.1. 

 

 

 

 

Figure 2.1: Pressure changes in the aorta (red line) and left ventricle (blue line) 

during systole and diastole (Guyton 2006). 
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According to the 2007 report of the Malaysian society of hypertension 

(Malaysian society of hypertension, 2011), BP can be classified into optimal, normal, 

and prehypertension, while hypertension is divided into; hypertension grade I, grade 

II, and grade III as shown in table 2.1. 

 

 

Table 2.1 

 Classification of hypertension 

 

Classification of Blood Pressure Systolic BP 

(mmHg) 

Diastolic BP 

(mmHg) 

Optimal < 120 and < 80 

Normal 120-129 and/or < 85 

Prehypertension 130-139 and/or 85-89 

Hypertension  grade I (mild) 140-159 and/or 90-99 

Hypertension grade II (moderate) 160-179 and/or 100-109 

Hypertension grade III (sever) ≥ 180 ≥ 109 

Isolated systolic hypertension grade I 140-149 < 90 

Isolated systolic hypertension grade II ≥ 160 < 90 

 

 

 

The threshold BP levels for the diagnosis of hypertension using self/home 

monitoring devices are when the BP is greater than 135/85 mmHg. In 24 – hour 

ambulatory BP monitoring, a BP of greater than 125/80 mmHg is considered as 

hypertension.  
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2.1.3 Blood Pressure Measurement 

Blood pressure is measured by the use of the sphygmomanometer. At least two 

measurements spaced by 1 to 2 minutes per visit are recommended (Mancia et al., 

2007). The 24-hour ambulatory BP measurement (ABPM) is another method of BP 

measurement which has shown that BP is highest during the day and lowest during the 

night in both normotensive and hypertensive subjects. Patients with essential 

hypertension are divided into two groups based on circadian BP patterns: dippers 

(DH) and non-dippers (NDH). The dippers manifest a reduction of BP during the 

night, and non-dippers exhibit persistently elevated BP throughout the 24-hour period 

(Niiranen et al., 2006). Compared with dippers, non-dippers have higher left 

ventricular mass and higher cardiovascular morbidity (Verdecchia et al., 1994). 

 

 

2.1.4 Etiology and Risk Factors of Hypertension 

2.1.4.1 Causes of Hypertension 

The majorities (80–90%) of patients with hypertension have primary elevation of BP, 

i.e. essential hypertension of unknown cause, while secondary hypertension is where 

BP elevation is the result of a specific and potentially treatable cause. 

Secondary forms of hypertension include renal diseases which accounts for 

over 80% of the cases of secondary hypertension. The renal causes of hypertension 

include diabetic nephropathy, chronic glomerulonephritis, adult polycystic disease, 

and renovascular disease. The mechanism of this BP elevation is primarily due to 

sodium and water retention, although there can be inappropriate elevation of plasma 

renin levels (Carretero et al., 2000).  

The remaining secondary causes of hypertension include endocrine diseases, 

drug induced hypertension and congenital hypertension. The endocrine causes 
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including: Conn’s syndrome, adrenal hyperplasia, phaeochromocytoma, Cushing’s 

syndrome, acromegaly. Coarctation of the aorta is a congenital cause of hypertension. 

Drugs like NSAIDs, oral contraceptives, steroids, sympathomimetics and vasopressin 

may cause secondary elevation of systemic blood pressure (Manolis et al., 2010). 

 

 

2.1.4.2 Risk Factors for Hypertension 

Non modifiable risk factors for hypertension include age as elderly people are more 

susceptible to hypertension. Another non modifiable risk factor is gender, as females 

are prone to hypertension in younger age groups due to pregnancy induced 

hypertension. (Kumar & Clark, 2009). 

Evidences of genetic risks for hypertension came from previous family studies, 

where children of hypertensive parents tend to have higher BP than age-matched 

children of parents with normal BP (Hamilton et al., 1954). 

Environmental conditions that are associated with higher risk for hypertension 

includes obesity, sedentary life style, alcohol intake, tobacco smoking, high sodium 

intake, low potassium intake, and chronic stress (Appel et al., 1997). 

 

 

2.1.5 Prevalence of Hypertension 

In 2000 it was estimated that nearly one billion people or ~26% of the adult 

population had hypertension worldwide (Kearney et al., 2005). Hypertension was 

common in both developed (333 million) and undeveloped (639 million) countries 

(Kearney et al., 2005). Hypertension rates vary markedly in different regions with 

rates as low as 3.4% (men) and 6.8% (women) in rural India and as high as 68.9% 

(men) and 72.5% (women) in Poland (Kearney et al., 2004). 
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In Malaysia the prevalence of hypertension among Malaysians above the age 

of 30 years was 43% that is 4.8 million Malaysian hypertensives as published by the 

Third National Health and Morbidity Survey in 2006, unfortunately only 36% of them 

were aware they had hypertension (Maskon et al., 2010). 

 

 

2.1.6 Morbidity and Mortality 

Hypertension is the most important cause for death in industrialized countries (Novo 

et al., 2009). It increases hardening of the arteries (Riccioni et al., 2009) thus 

predisposes individuals to heart disease that includes  myocardial infarction, heart 

failure and left ventricular hypertrophy. Hypertension also predisposes patients to both 

hemorrhagic and ischaemic strokes. An extreme BP may lead to hypertensive 

encephalopathy. Other complications include hypertensive retinopathy, hypertensive 

nephropathy and peripheral vascular disease (Kumar & Clark, 2009). 

 

 

2.1.7 Physiological Regulation of Blood Pressure 

According to the duration by which the body responds to changes in blood pressure, 

there are two types of control mechanisms. The nervous control system which 

responds rapidly to pressure changes (over seconds). While the renal and fluid and 

electrolyte factors are responsible for long-term regulation of the arterial pressure 

(Britton et al., 1949). 

The regulation centre in the brain is represented by the vasomotor centre which 

consists of groups of neurons situated in the medulla oblongata. When excited the 

vasomotor discharge is increased causing an increase in heart rate and contractility, 

increased arteriolar constriction and venoconstriction and a decrease in the stores of 

blood in the venous reservoirs thus will eventually cause an increase in the mean 




