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ABSTRACT 

Coronary artery disease (CAD) is the leading cause of death worldwide and has a strong 

link to familial hypercholesterolemia (FH). FH is an autosomal dominant lipoprotein 

metabolic condition that causes an increase in LDL-c levels and an elevated risk of 

premature CAD (pCAD). Elevation of proprotein convertase subtilisin/kexin type 9 

(PCSK9) level in pCAD patients may contribute to the initiation of atherogenesis by an 

increase in inflammation. One of the gene mutations present in FH involves a gain-of-

function point mutation in PCSK9. Individuals with FH are more likely to have high 

Lp(a) levels than the general population. Despite extensive research, the underlying 

mechanism by which Lp(a) mediates atherogenesis and inflammation is still 

incompletely understood. The release of PCSK9 during inflammation in atherosclerosis 

suggests that, in addition to the elevation of Lp(a), a potential correlation could exist 

between Lp(a) and PCSK9. Targeting Lp(a) and PCSK9 might provide an additive 

benefit beyond LDL-c lowering. The anti-atherogenic properties of PCSK9 inhibitors 

on atherogenesis biomarkers via PCSK9 reduction have yet to be established. Hence, 

this study aimed to (1) investigate the enhancement of PCSK9 production by LPS and 

Lp(a)-stimulation in human coronary artery endothelial cells (HCAEC), (2) determine 

the pleiotropic effects of PCSK9 inhibitors in LPS and (3) Lp(a)-stimulated HCAEC on 

atherogenesis biomarkers, and monocyte endothelial cell binding capacity, (4) explore 

the correlation and association between Lp (a) and PCSK9, and (5) determine the role 

of Lp(a) and PCSK9 as independent predictors for CAD in pCAD patients. This study 

was divided into two parts, in vitro and human studies. For the in vitro study, the 

stimulation effects on PCSK9 production, followed by the determination of pleiotropic 

effects of PCSK9 inhibitors on atherogenesis biomarkers were determined using ELISA 

(protein), QuantiGene Plex 96-well (gene), and monocyte binding capacity. For human 

studies, pCAD (with and without clinically diagnosed FH) and normal controls (NC) 

were subjected to blood samples to analyse Lp(a) and PCSK9 concentrations.  The 

pleiotropic effects of PCSK9 inhibitors beyond cholesterol-lowering were mediated by 

PCSK9 inhibition and attenuation of early atherogenesis biomarkers that possibly 

triggered foam cell formation, which marked the initiation of atherosclerotic lesions. 

Up to 24 hours incubation, biomarkers expression suggests that overall, Evolocumab 

possesses early, stabilised beneficial effects on protein and gene expression in both in 

vitro stimulation models. Even though Alirocumab was postulated to have lag effects 

in reducing the atherogenesis biomarkers, the potency of Alirocumab in preventing 

monocyte binding is greater than Evolocumab. The Lp(a) and PCSK9 were significantly 

higher in pCAD compared to the NC group. A significant correlation was found in all 

pCAD and NC groups, however, no association was found across all groups. Lp(a) and 

PCSK9 were regarded as significant predictors for CAD (p<0.05). However, after 

correcting for the confounding factors, only Lp(a) remained significant as independent 

predictor for CAD in pCAD patients. The exclusion of PCSK9 as independent 

predictors in the final model may be attributed by LDL-c lowering medication (statins), 

which was unavoidable in CAD patients which causes reduction in hepatic intracellular 

cholesterol, resulting in an increase of LDLR as well as PCSK9. Alternatively, the role 

of Lp(a) and PCSK9 as independent predictors for CAD may be established by 

measuring distinct forms of PCSK9 (mature-PCSK9 and furin cleaved-PCSK9) 

separately, as they exhibit different atherogenic activity towards LDLR degradation. 



v 

ACKNOWLEDGEMENT 

Praise be to Allah (SWT), the Almighty, the Most Gracious, and the Most Merciful, for 

His blessing that has been showered on me to complete my Ph.D. research journey. I 

have acquired a multitude of experiences through various opportunities and challenges 

encountered throughout my journey that shifted my way of thinking and moulded my 

paradigm. 

I would like to express my sincere gratitude to the supervisory committees, Professor 

Datin Dr Hapizah Md Nawawi (main supervisor), Associate Professor Dr Suhaila, and 

Associate Professor Wang Seok Mui, who guided, instructed, and motivated me 

throughout this journey. Their guidance and constructive feedback allowed me to 

deepen and refine my research. The successful completion of my thesis would have 

been unattainable without their invaluable supervision.  

In this research journey, I came across a number of people who helped me in various 

aspects. Therefore, I would like to thank Dr Chua Yung An, Dr Al’Aina, Dr Nazirul, 

Dr Aimi Zafira, Sukma Azureen, Amirah, Melloney Patrick, Iman Nabilah, and many 

others. Thank you very much for all the sharing, heads-up, and advice. May all of us 

succeed in our future endeavours. Special thanks to all supporting staff members of I-

PPerForM as well as the cardiologists and nurses, for your valuable assistance 

throughout my Ph.D. journey. I would like to extend my acknowledgement to all 

participants involved in my human studies. Their willingness to participate in this 

research study helped me to achieve the research objective in order to contribute to a 

new scientific finding.  

I am truly indebted to my husband, Amran bin Zaki for his endless support and 

encouragement through all the ups and downs. Thank you for making me fly higher. To 

my little supporters, Nur Aisyah, Arsyad, Nur Aira, and Nur Arissa, unknowingly, all 

of you have pushed me forward. Despite my busyness in completing my PhD, you are 

my priority, and I love all of you. To my beloved parents, Zulkapli bin A. Talib and         
                                                 thank you for raising me. Words would not be enough 

to express my gratitude. I am where I am today because all of your hard work and 

sacrifices. Last but not least, I would like to convey my gratitude to the rest of my 

family and friends, who always supported me through direct or indirect means. Thank 

you for your unwavering faith in me. May this research contribute to the goodness 

of human beings. 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT iv 

TABLE OF CONTENTS vi 

LIST OF TABLES xii 

LIST OF FIGURES xiv 

LIST OF SYMBOLS xvii 

LIST OF ABBREVIATIONS xix 

CHAPTER ONE:  INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 6 

1.3 Research Questions 6 

1.4 Research Objectives 7 

1.4.1 General Objective 7 

1.4.2 Specific Objectives 7 

1.5 Hypothesis 8 

1.6 Scope and Limitation of Study 8 

1.6.1 Scope 8 

1.6.2 Limitations 9 

1.7 Significance of Study 9 

CHAPTER TWO:  LITERATURE REVIEW 11 

2.1 Coronary Artery Disease (CAD) 11 

2.1.1 Epidemiology 11 

2.1.2 Coronary Risk Factors 12 

2.1.3 Premature CAD (pCAD) 13 

2.1.4 Familial Hypercholesterolaemia (FH) in pCAD 14 



1 

CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

Worldwide, prevalent cases of total cardiovascular diseases (CVD) nearly 

doubled from 271 million in 1990 to 523 million in 2019, representing a 93% rise. CVD 

deaths steadily increased from 12.1 million in 1990 to 18.6 million in 2019 (Roth et al., 

2020). National Health and Morbidity Surveys (NHMS) 2019 have shown a growing 

increase in the prevalence of common risk factors for CVD; 1.7 million people in 

Malaysia currently live with three major risk factors (diabetes, hypertension, and 

cholesterol), while 3.4 million people live with two major risk factors (hypertension and 

high cholesterol) (Institute for Public Health, 2020). According to the latest World 

Health Organization (WHO) data published in 2020, coronary artery disease (CAD) 

accounted for 136.21 per 100,000 population in Malaysia (21.86 % of all deaths). 

Department of Statistics Malaysia (2021) reported CAD as the most significant cause 

of death, with 36,729 fatalities or about one-fifth of all deaths. It is the most common 

cause of death in Malaysia and globally. 

National Cardiovascular Disease-Acute Coronary Syndrome (NCVD-ACS) 

Registry indicated that from 2011 to 2019, Malaysians developed Acute Coronary 

Syndrome (ACS) at a younger age than those seen in neighbouring countries. The mean 

age was 58.5 years with peak incidence between 50 to 59 years (Wan Ahmad, 2022; 

Lee et al., 2021). The age group is younger than noted in Thailand (63.5 to 65.5 years) 

and Singapore (69.5 to 70.5 years) (Srimahachota et al., 2012; Singapore Myocardial 

Infarction Registry of Disease Office Ministry of Health, 2020). Atherosclerotic 

cardiovascular disease (ASCVD) in young adults represents a specific and growing 

challenge. The burden of ASCVD in young adults is an important public health issue 

because of the potential loss of lifetime productivity and increased lifetime healthcare 

use. According to NCEP (National Cholesterol Education Program) ATP III guidelines, 

premature coronary artery disease (pCAD) age is onset of <55 in men and <65 years in 

women. However, there is no universally accepted cut-off age defining premature 

coronary artery disease (pCAD). Several other groups of researchers used the pCAD 

cut-off age that has been utilised in the Dutch Lipid Clinic Criteria (DLCC), where it 




