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Abstract 

Introduction:  Cardiovascular disease (CVD) is the leading cause of mortality and disability 

worldwide. Coronary artery disease (CAD) accounts for the most common type of CVDs. 

Epidemiological studies have provided new insights into CAD related risk factors and have 

contributed to the evolution of the field of preventive cardiology. Genetic susceptibility and 

diet play a key role in CAD risk. 

Aims and Objectives: The objectives of the current PhD thesis were a) to record a wide 

range of markers between individuals with established CAD and individuals free of the 

disease, b) to identify novel CAD-associated loci, c) to evaluate the effect of a genetic risk 

score (GRS) on CAD risk d) to identify dietary patterns (DPs) associated with CAD risk and e) 

to examine the joint effect of genetic predisposition and diet/lifestyle on CAD risk and on 

intermediate phenotypes. 

Methods: This is a medical center-based case-control study conducted in the region of 

Athens. Demographic, anthropometric, biochemical and lifestyle variables were recorded. 

Genetic analysis was performed using micro-arrays and a GRS was constructed based on a 

panel of 53 CAD associated loci (wGRS-53). Also, a glucose preventive score (GPS) and a GRS 

based on 20 glucose raising loci were modeled (wGRS). DPs were identified and associated 

with the likelihood of having CAD. For statistical analysis, IBM SPSS Statistics 13.0 and 21.0, 

PLINK v.1.07 and SNPTEST v.2.5.2 were used. 

Results: Exclusive olive oil consumption was associated with 37% lower odds of CAD, after 

taking into account the Mediterranean diet adherence (OR=0.63; 95% CI 0·42, 0·93; P=0·02). 

The GPS was associated with lower glucose concentrations (b ±SE:-0.083 ± 0.021mmol/L, 

p=1.6×10-04). The association of the wGRS with glucose levels was attenuated, after 

interaction with the GPS. The wGRS-53 was associated with increased CAD risk (OR=1.03, 95% 

CI=1.01-1.05, p=0.11), after confounding. Regarding DPs, the Western type diet pattern was 

positively associated with CAD risk (OR=1.20; 95% CI=1.09-1.32, p=0.000). The study also 

participated in two Consortia, supporting important outcomes with data from the present 

Greek sample. 

Discussion: Exclusive olive oil consumption was associated with lower CAD risk, after 

adjusting for adoption of an overall healthy DP such as the Mediterranean diet. The study of 

interactions indicated that the effect of adherence to a healthier lifestyle or to an unhealthy 

DP is not similar among individuals with different genetic backgrounds. In addition, insights 
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in the genetic basis of CAD were provided. In the near future, GRSs could be useful in clinical 

practice for identifying individuals at high CAD risk and/or predicting CAD incidence. 

 

Key words: case-control, coronary artery disease, diet, olive oil, single-nucleotide 

polymorphism 

 



3 | A b s t r a c t  i n  G r e e k 

 

ɩʀʍʚʇʂʕʂ  

ɞʅʎɻɾʖɾʙȡ ɬɻ ʆɻʍɿʅɻɾɾʀʅɻʆʗ ʉʋʎʙʈɻʐɻ ɉɣɦɊ ɻʌʋʐʀʇʋʞʉ ʐʂʉ ʌʍʡʐʂ ɻʅʐʚɻ ʃʉʂʎʅʈʝʐʂʐɻʏ 

ʆɻʅ ʃʉʂʐʝʐʂʐɻʏ ʎʀ ʌɻɾʆʝʎʈʅʋ ʀʌʚʌʀɿʋȢ ɠ ʎʐʀʒɻʉʅɻʚɻ ʉʝʎʋʏ ɉɫɦɊ ɻʌʋʐʀʇʀʚ ʐʂʉ ʌʅʋ ʎʑʔʉʙ 

ʆʇʅʉʅʆʙ ʀʆɿʙʇʖʎʂ ʐʖʉ ɣɦȢ ɨʅ ʀʌʅɿʂʈʅʋʇʋɾʅʆʘʏ ʈʀʇʘʐʀʏ ɼʋʙʃʂʎɻʉ ʎʐʂʉ ʆɻʐɻʉʝʂʎʂ ʐʖʉ 

ʌɻʍɻɾʝʉʐʖʉ ʆʅʉɿʞʉʋʑ ʐʂʏ ɫɦ ʆʅ ʘʔʋʑʉ ʎʑʉʀʅʎʒʘʍʀʅ ʎʐʂʉ ʀʊʘʇʅʊʂ ʐʂʏ ʌʍʝʇʂʕʂʏ ʎʐʋʉ 

ʐʋʈʘɻ ʐʂʏ ʆɻʍɿʅʋʇʋɾʚɻʏȢ ɠ ɾʀʉʀʐʅʆʙ ʌʍʋɿʅʗʃʀʎʂ ʆɻʅ ʂ ɿʅɻʐʍʋʒʙ ɿʅɻɿʍɻʈɻʐʚʁʋʑʉ 

ʎʂʈɻʉʐʅʆʝ ʍʝʇʋ ʎʐʋʉ ʆʚʉɿʑʉʋ ʀʈʒʗʉʅʎʂʏ ɫɦȢ 

ɫʆʋʌʋʚ: ɫʆʋʌʋʚ ʐʂʏ ʌɻʍʋʞʎɻʏ ɿʅɻʐʍʅɼʙʏ ɻʌʋʐʀʇʋʞʉ ɻɊ ʂ ʆɻʐɻɾʍɻʒʙ ɿʅɻʒʝʍʖʉ ɿʀʅʆʐʡʉ 

ʑɾʀʚɻʏ ʈʀʐɻʊʞ ɻʎʃʀʉʡʉ ʈʀ ɿʅʀɾʉʖʎʈʘʉʂ ɫɦ ʆɻʅ ʈɻʍʐʞʍʖʉȟ ɼɊ ʂ ɻʉɻɾʉʡʍʅʎʂ ʉʘʖʉ 

ɾʀʉʀʐʅʆʡʉ ʐʝʌʖʉȟ ɾɊ ʂ ɻʊʅʋʇʝɾʂʎʂ ʀʉʝʏ ɾʀʉʀʐʅʆʋʞ ʎʆʋʍ ɉɜɫɊȟ ɿɊ ʂ ɻʉɻɾʉʡʍʅʎʂ 

ɿʅɻʐʍʋʒʅʆʡʉ ʌʍʋʐʞʌʖʉ ɉɝɩɊ ʆɻʅ ʀɊ ʂ ɻʊʅʋʇʝɾʂʎʂ ʐʂʏ ʀʌʚɿʍɻʎʂʏ ʐʂʏ ɾʀʉʀʐʅʆʙʏ 

ʌʍʋɿʅʗʃʀʎʂʏ ʎʀ ʎʑʉɿʑɻʎʈʝ ʈʀ ʐʂ ɿʅɻʐʍʋʒʙ ʙ ʐʋʉ ʐʍʝʌʋ ʁʖʙʏȟ ʖʏ ʌʍʋʏ ʐʂʉ ʌʅʃɻʉʝʐʂʐɻ 

ʌɻʍʋʑʎʚɻʏ ɫɦ ʆɻʅ ʖʏ ʌʍʋʏ ʀʉɿʅʗʈʀʎʋʑʏ ʒɻʅʉʝʐʑʌʋʑʏȢ 

ɥʀʃʋɿʋʇʋɾʚɻȡ ɠ ʌɻʍʋʞʎɻ ɿʅɻʐʍʅɼʙ ɻʌʋʐʀʇʀʚ ʈʀʇʘʐʂ ɻʎʃʀʉʡʉ ʈɻʍʐʞʍʖʉ ʆɻʅ 

ʌʍɻɾʈɻʐʋʌʋʅʙʃʂʆʀ ʎʀ ʀʇʇʂʉʅʆʝ ɿʀʚɾʈɻ ʎʐʂʉ ʌʀʍʅʋʔʙ ʐʂʏ ɚʃʙʉɻʏȢ ɫʐʋ ʌʇɻʚʎʅʋ ʐʂʏ 

ʈʀʇʘʐʂʏ ʌʍɻɾʈɻʐʋʌʋʅʙʃʂʆɻʉ ʈʀʐʍʙʎʀʅʏ ɾʅɻ ʐʂ ʎʑʇʇʋɾʙ ɿʂʈʋɾʍɻʒʅʆʡʉȟ 

ɻʉʃʍʖʌʋʈʀʐʍʅʆʡʉȟ ɼʅʋʔʂʈʅʆʡʉ ʆɻʅ ʎʑʈʌʀʍʅʒʋʍʅʎʐʅʆʡʉ ɿʀɿʋʈʘʉʖʉȢ ɳʌʀʅʐɻ ɻʌʝ ʐʂʉ 

ɻʌʋʈʝʉʖʎʂ ɾʀʉʀʐʅʆʋʞ ʑʇʅʆʋʞȟ ʌʍɻɾʈɻʐʋʌʋʅʙʃʂʆʀ ɾʀʉʀʐʅʆʙ ɻʉʗʇʑʎʂ ʈʀ ʐʂ ʔʍʙʎʂ 

ʈʅʆʍʋʎʑʎʐʋʅʔʅʡʉ. Kɻʐɻʎʆʀʑʗʎʐʂʆʀ ʘʉɻ ɜɫ ɼɻʎʅʎʈʘʉʋ ʎʀ ΧΥ ʌʋʇʑʈʋʍʒʅʎʈʋʞʏ ɉɜɫ-53) ʌʋʑ 

ʘʔʋʑʉ ʎʑʎʔʀʐʅʎʃʀʚ ʈʀ ʐʂ ɫɦȢ ɞʌʚʎʂʏȟ ɿʂʈʅʋʑʍɾʙʃʂʆɻʉ ʘʉɻ ɜɫ ɼɻʎʅʎʈʘʉʋ ʎʀ ΤΡ 

ʌʋʇʑʈʋʍʒʅʎʈʋʞʏ ɉɜɫ-20) ʌʋʑ ʘʔʋʑʉ ʎʑʎʔʀʐʅʎʐʀʚ ʈʀ ʐɻ ʀʌʚʌʀɿɻ ɾʇʑʆʝʁʂʏ ɻʚʈɻʐʋʏ ʆʅ ʘʉɻ 

ʎʑʈʌʀʍʅʒʋʍʅʎʐʅʆʝ ʎʆʋʍ ɉɫɫɊ ɾʅɻ ʐʂʉ ʌʍʝʇʂʕʂ ɻʑʊʂʈʘʉʖʉ ʀʌʅʌʘɿʖʉ ɾʇʑʆʝʁʂʏ. 

ɞʌʅʌʍʝʎʃʀʐɻȟ ɻʉɻɾʉʖʍʚʎʐʂʆɻʉ ɝɩ ʆɻʅ ʀʇʘɾʔʃʂʆʀ ʂ ʎʑʎʔʘʐʅʎʙ ʐʋʑʏ ʖʏ ʌʍʋʏ ʐʂʉ 

ʌʅʃɻʉʝʐʂʐɻ ʌɻʍʋʑʎʚɻʏ ɫɦ. ɜʅɻ ʐʂ ʎʐɻʐʅʎʐʅʆʙ ɻʉʗʇʑʎʂ ʐʖʉ ɿʀɿʋʈʘʉʖʉ 

ʔʍʂʎʅʈʋʌʋʅʙʃʂʆɻʉ ʐɻ ʎʐɻʐʅʎʐʅʆʗ ʌɻʆʘʐɻȟ IBM SPSS Statistics ΣΥȢΡ ʆɻʅ ΤΣȢ0, PLINK v.1.07 

ʆɻʅ SNPTEST v.2.5.2. 

ɚʌʋʐʀʇʘʎʈɻʐɻȡ ɠ ɻʌʋʆʇʀʅʎʐʅʆʙ ʆɻʐɻʉʗʇʖʎʂ ʀʇɻʅʋʇʗɿʋʑ ʎʔʀʐʚʎʐʂʆʀ ʈʀ ΥΩϷ ʈʀʚʖʎʂ ʐʋʑ 

ʎʔʀʐʅʆʋʞ ʆʚʉɿʑʉʋʑ ɫɦȟ ʞʎʐʀʍɻ ɻʌʝ ʎʐʗʃʈʅʎʂ ɾʅɻ ʐʂʉ ʌʍʋʎʆʝʇʇʂʎʂ ʎʐʂ ʈʀʎʋɾʀʅɻʆʙ 

ɿʅɻʐʍʋʒʙ (OR=0·63; 95% CI=0.42-0.93; P=0.02). ɬʋ ɫɫ ʎʑʎʔʀʐʚʎʐʂʆʀ ʈʀ ʔɻʈʂʇʝʐʀʍɻ 

ʀʌʚʌʀɿɻ ɾʇʑʆʝʁʂʏ ɻʚʈɻʐʋʏ ɉb ±SE: -0.083±0.021mmol/L, p=1.6×10-04). ɠ ʀʌʚɿʍɻʎʂ ʐʋʑ ɜɫ-20  

ʎʐɻ ʀʌʚʌʀɿɻ ɾʇʑʆʝʁʂʏ ʀʊɻʎʃʘʉʅʎʀ, ʈʀʐʗ ɻʌʝ ɻʇʇʂʇʀʌʚɿʍɻʎʂ ʈʀ ʐʋ ɫɫ. ɬʋ ɜɫ-53 

ʎʑʎʔʀʐʚʎʐʂʆʀ ʈʀ ɻʑʊʂʈʘʉʋ ʆʚʉɿʑʉʋ ɾʅɻ ɫɦ (OR=1.03, 95% CI=1.01-1.05, p=0.021), 



4 | A b s t r a c t  i n  G r e e k 

 

ʎʐɻʃʈʅʎʈʘʉʋ ɾʅɻ ʂʇʅʆʚɻ ʆɻʅ ʒʞʇʋȢ ɚʉɻʒʋʍʅʆʗ ʈʀ ʐɻ ɝɩȟ ʐʋ ɝʑʐʅʆʝ ʐʞʌʋʑ ʌʍʝʐʑʌʋ 

ʎʑʎʔʀʐʚʎʐʂʆʀ ʃʀʐʅʆʗ ʈʀ ʐʂʉ ʌʅʃɻʉʝʐʂʐɻ ʌɻʍʋʑʎʚɻʏ ɫɦ (OR=1.20; 95% CI=1.09-1.32, 

p=0.000). ɠ ʈʀʇʘʐʂ ʎʑʈʈʀʐʀʚʔʀ ʎʀ ɿʑʋ ʌʋʇʑʆʀʉʐʍʅʆʘʏ ʈʀʇʘʐʀʏ ʎʑʉʀʅʎʒʘʍʋʉʐɻʏ ʎʐɻ 

ʀʑʍʙʈɻʐɻ ɻʑʐʡʉ ʈʀ ɿʀɿʋʈʘʉɻ ɻʌʝ ʐʋ ʎʑɾʆʀʆʍʅʈʘʉʋ ʀʇʇʂʉʅʆʝ ɿʀʚɾʈɻ. 

ɫʑʈʌʀʍʗʎʈɻʐɻȡ ɠ ɻʌʋʆʇʀʅʎʐʅʆʙ ʔʍʙʎʂ ʀʇɻʅʋʇʗɿʋʑ ʒɻʚʉʀʐɻʅ ʉɻ ɿʍɻ ʌʍʋʎʐɻʐʀʑʐʅʆʗ ʖʏ 

ʌʍʋʏ ʐʂʉ ʀʆɿʙʇʖʎʂ ɫɦȢ ɠ ʈʀʇʘʐʂ ʐʖʉ ɻʇʇʂʇʀʌʅɿʍʗʎʀʖʉ ʑʌʋɿʀʅʆʉʞʀʅ ʝʐʅ ʂ ʀʌʚɿʍɻʎʂ ʀʉʝʏ 

ʑɾʅʀʅʉʋʞ ʐʍʝʌʋʑ ʁʖʙʏ ʙ ʀʉʝʏ ɻʉʃʑɾʅʀʅʉʋʞ ɝɩ ʀʚʉɻʅ ɿʅɻʒʋʍʀʐʅʆʙ ʈʀʐɻʊʞ ɻʐʝʈʖʉ ʈʀ 

ɿʅɻʒʋʍʀʐʅʆʙ ɾʀʉʀʐʅʆʙ ʌʍʋɿʅʗʃʀʎʂȢ ɬɻ ɻʌʋʐʀʇʘʎʈɻʐɻ ʌɻʍʘʔʋʑʉ ʌʀʍɻʅʐʘʍʖ ʌʇʂʍʋʒʋʍʚʀʏ 

ɾʅɻ ʐʂʉ ɾʀʉʀʐʅʆʙ ɼʗʎʂ ʐʂʏ ɫɦȢ ɬɻ ɜɫ ʈʌʋʍʋʞʉ ʎʐʋ ʀɾɾʞʏ ʈʘʇʇʋʉ ʉɻ ʌɻʍʘʔʋʑʉ ʆʇʅʉʅʆʙ 

ʔʍʂʎʅʈʝʐʂʐɻ ɾʅɻ ʐʂʉ ɻʉɻɾʉʡʍʅʎʂ ɻʐʝʈʖʉ ʎʀ ʑʕʂʇʝ ʆʚʉɿʑʉʋ ʀʈʒʗʉʅʎʂʏ ɫɦ ʙȾʆɻʅ ʉɻ ʘʔʋʑʉ 

ʌʍʋɾʉʖʎʐʅʆʙ ɻʊʚɻ ɾʅɻ ʐʂʉ ʀʈʒʗʉʅʎʂ ɫɦȢ 

 

ɤʘʊʀʅʏ-ɣʇʀʅɿʅʗȡ ɻʎʃʀʉʀʚʏ-ʈʗʍʐʑʍʀʏȟ ʎʐʀʒɻʉʅɻʚɻ ʉʝʎʋʏȟ ɿʅɻʐʍʋʒʙȟ ʀʇɻʅʝʇɻɿʋȟ 

ʌʋʇʑʈʋʍʒʅʎʈʝʏ 
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Doctoral Dissertation Outlook 

The present doctoral dissertation is organized in 6 chapters followed by 7 included reports. 

The thesis is based on The Hellenic study of Interactions between Single nucleotide 

polymorphisms and Eating in Atherosclerosis Susceptibility (THISEAS) cohort, which is a 

medical-based case-control study conducted in a Greek sample. Chapter 1 provides an 

introduction (literature review) regarding coronary artery disease. In the same chapter and 

after the introduction, the aims are stated. The design and methods used during this thesis 

work are presented in Chapter 2. Chapter 3 presents four published articles in peer reviewed 

journals (results from the THISEAS study and results from two meta-analyses generated 

from Consortia participation) and two unpublished reports. Chapter 4 includes the 

conclusions and future perspectives. The list of references and supplementary material are 

presented in chapters 5 and 6, respectively. Finally, the appendix in chapter 7 presents a 

review of the literature paper relevant to the theme framework of the PhD thesis.  
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Chapter 1 

INTRODUCTION 
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1   I N T R O D U C T I O N 

1.1.  Cardiovascular Disease 

The cardiovascular system consists of the heart, blood and vessels (Mendis, Puska and 

Norrving, 2011). It is responsible for the transportation of gases, nutrients, hormones and 

blood cells to all parts of the body. In addition, the cardiovascular system regulates the body 

temperature and acid-base balance. This is a rather broad description of the cardiovascular 

system, since the cardiovascular mechanics is chaotic, complex and not completely 

understood. The presence of multiple regulatory mechanisms, which are 

contemporaneously active and interact with many cardiovascular variables, play a key role 

to the complexity of the cardiovascular network (Porta et al., 2009). 

Cardiovascular disease (CVD) includes disorders of the heart and blood vessels and vascular 

diseases of the brain. CVD due to atherosclerosis include ischaemic heart disease (IHD) and 

coronary artery disease (CAD) (heart attack), cerebrovascular disease (stroke), disease of 

the aorta and arteries, including hypertension and peripheral artery disease. Other CVDs, 

include congenital heart disease (heart structure malformations), rheumatic heart disease, 

cardiomyopathies and cardiac arrhythmias (Mendis, Puska and Norrving, 2011). 

CVD is the leading cause of mortality and disability worldwide, with more than 80% of deaths 

taking place in low-income and middle-income countries. In 2011, World Health Organization 

(WHO) (WHO, 2011) estimated that more 17 million people died from CVD in the year 2008, 

thus accounting for 30% of all global deaths. By the year 2030, it is estimated that CVD will 

account for 23.6 million deaths worldwide (Mendis, Puska and Norrving, 2011). Figures 1.1 

and 1.2 illustrate the mortality rates of CVD in high-income and low-income countries, in the 

year 2008.  

According to the latest report of the American Heart Association (AHA), death rates from 

CVD have declined 30.8%, from 2001 to 2011. However in 2011, 1 CVD death occurs in every 40 

seconds (Mozaffarian, 2016). During the same year, the direct and indirect economic burden 

of CVD is enormous and accounts for 15% of total health expenditure. In absolute numbers, 

320.1 billion dollars is the estimated cost of CVD and stroke in the United States (US) 

(Medical Expenditure Panel Survey, 2011; Shanthi et al, 2009). 
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The public health burden of CVD and stoke challenged the AHA to implement goals for CVD 

reduction and health promotion. Therefore, the AHA impact goals are stated in the 

following sentence. 

ȰBy 2020, to improve the cardiovascular health of all Americans by 20% while reducing deaths 

ÆÒÏÍ ÃÁÒÄÉÏÖÁÓÃÕÌÁÒ  ÄÉÓÅÁÓÅÓ ÁÎÄ ÓÔÒÏËÅ ÂÙ ΨΦϻȢȱ (Lloyd-Jones et al., 2010) 

It is not to the intent of this doctoral thesis to include the epidemiology and 

pathophysiology of the CVD continuum; instead this part of the thesis will present a 

comprehensive update of the current evidence of CAD.  
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Figure 1.1  Mortality rates of CVDs in high-income and low-income countries, 2008 

(WHO, 2011) 

 

Cardiovascular disease death rate (per 100,000) 

Source: Global Atlas on cardiovascular disease prevention and control, World Health 

Organization in collaboration with the World Heart Federation and the World Stroke 

Organization, 2011, p.112 
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Figure 1.2  Mortality rates of CVDs in high-income and low-income countries, 2008 
(age-adjusted) (WHO, 2011) 

 

Cardiovascular disease death rate (per 100,000) 

 
Source: Global Atlas on cardiovascular disease prevention and control, World Health 

Organization in collaboration with the World Heart Federation and the World Stroke 

Organization, 2011, p.111 
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1.2. Coronary Artery Disease Definition and Epidemiology 

1.2.1. Epidemiological Studies of Coronary Artery Disease globally  
 

CAD accounts for the most common type of CVDs. The term is often interchangeable with 

coronary heart disease (CHD), atherosclerotic heart disease or ischemic heart disease. 

Clinical manifestations of CAD include stable and unstable angina, myocardial infarction (MI) 

and coronary death (Wong, 2014). The underlying pathology of CAD is atherosclerosis. 

It is estimated that 17.3 million people died from CVD in 2008 and this number contributes to 

30% of all deaths worldwide. Of these deaths, 7.3 million were due to CAD (WHO, 2011). This 

number is expected to rise up to 23.6 million by 2030. 

Epidemiological studies have provided new insights into CAD related risk factors and have 

contributed to the evolution of the field of preventive cardiology. The first epidemiological 

study was conducted in Minnesota in 1946 and recruited 281 men under the age of 55. This 

study paved the way for the Seven Countries Study (SCS) to come in 1958. The SCS 

established the contribution of diet and lifestyle as important risk factors to CAD risk (Keys 

et al, 1963; Keys et al. 1984).  

The Framingham Heart Study (FHS) was initiated in 1947 and the study design was first 

described in 1951. The FHS is a hallmark study in the identification of many risk factors that 

are associated with increased CAD risk, namely age, sex, blood cholesterol, smoking, 

hypertension and diabetes. In addition, the FHS highlighted the contribution of the genetic 

susceptibility to CAD risk providing new insights into genetic epidemiology. Importantly, the 

fact that the co-existence of risk factors have an accumulative effect on CAD risk assessment 

was first introduced by this study. Therefore, the FHS was a pioneer in establishing that 

individuals with multiple risk factors were in greater CAD risk than those with a single risk 

factor (Kannel et al., 1961). One important contribution of the FHS was the development of a 

coronary prediction model, known as the Framingham score (Wilsion et al., 1998). 

The National Health and Nutrition Examination Survey (NHANES) begun in the 1960s. In 

1990, the survey became a series of programs focused on assessing the overall health along 

with the nutritional status of adults and children in the US. NHANES findings are used to 

determine the prevalence of major diseases , including CVD. Also, risk factors of a disease 

are examined. Such information is often used by epidemiological studies and science 

research. 
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One of the most important study conducted globally is the Monitoring Trends and 

Determinants in Cardiovascular Disease (MONICA) project. The MONICA project was 

developed by WHO in 1979 and was built on the FHS, the SCS, the Cardiovascular Survey 

Methods and European Myocardial Infarction Registers. The project was focused on a 10-

year period monitoring CAD mortality and morbidity and trends of classic risk factors across 

different populations and within the two genders.  

Another important study in CAD epidemiology is the INTERHEART study, which is a case-

control study of acute MI in 52 countries (Yusuf et al., 2004). The main aim of this cohort was 

to investigate the effect of risk factors (namely blood lipids, obesity, hypertension, diabetes, 

diet, physical activity (PA), alcohol consumption and psychosocial factors) in different ethnic 

groups and geographical regions. The main results of the study showed that the risk factors 

under study were associated with MI across all ethnic groups, age groups and different 

regions. The findings of the study were published in Lancet (Rosengren et al., 2004, Yusuf et 

al., 2004). 

National epidemiological studies have provided important knowledge in preventive 

cardiology. The Prospective Cardiovascular Münster (PROCAM) study was initiated in 1979 

and was conducted on the German population (Assmann and Schulte, 1998). The main aims 

of the study were to determine the prevalence of CAD risk factors and to improve the 

prediction and early detection of CAD. After a 10-year follow-up, the PROCAM study 

investigators developed a scoring system in an attempt to predict CAD risk in clinical practice 

(Assmann and Schulte, 2002). 

The Atherosclerosis Risk in Communities study (ARIC) is a prospective epidemiological 

study, which was initiated in 1987 in four communities in the US. The study was designed to 

elucidate the pathology of atherosclerosis and atherosclerotic disease and to investigate 

variation in CVD risk factors. The reports from the ARIC study are important in CVD research.  

The Multi -Ethnic Study of Atherosclerosis (MESA) enrollment begun in 2000 and people 

from four ethnic groups (28% African-Americans, 23% Hispanic, 11% Asian and 38% white) were 

enrolled (Bild et al., 2002). The MESA study was the first study to demonstrate that coronary 

calcium is a predictor of CAD incidence, beyond the traditional risk factors. The risk 

prediction of calcium scores was similar among the ethnic groups (Detrano et al., 2008). 

Other important findings from MESA study include reports on air-pollution, diet, aortic 

calcification and genetics (Budoff et al., 2011; Park et al., 2010; McGeachie et al., 2009; 

Nettleton et al., 2008). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Assmann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=3202078
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schulte%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3202078
http://www.ncbi.nlm.nih.gov/pubmed/?term=Assmann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=3202078
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schulte%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3202078
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The PREvenciʝn con DIeta MEDiterránea study (PREDIMED) was initiated in Spain at 2003 

and was designed to examine the impact of Mediterranean diet (MD) on the primary 

prevention of CVD. The study was registered as a large randomized trial but it was scheduled 

to continue as an observational cohort of high-risk participants included in follow-up 

(Martínez-González et al, 2012). The PREDIMED study demonstrated that the MD could be a 

useful tool in CAD prevention (Ros et al, 2014) and extra virgin olive oil was associated with 

reduced CVD risk and mortality in high risk individuals (Guasch-Ferré et al, 2014).  

1.2.2. Epidemiological Studies of Coronary Artery Disease in Greece 

 

The first endeavor to illustrate CAD rates in a Greek sample was the SCS. The SCS included 

Crete and Corfu in Greece, representing one of the four Mediterranean cohorts. Men 

habitants of rural villages in the two Greek islands were enrolled in the study. The 

ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÄÉÅÔ ÏÆ ÔÈÅ Ô×Ï 'ÒÅÅË ÉÓÌÁÎÄÓ ×ÁÓ ÃÈÁÒÁÃÔÅÒÉÚÅÄ ÂÙ ÈÉÇÈ ÏÌÉÖÅ ÏÉÌ ÁÎÄ ÖÅÇÅÔÁÂÌÅ 

intake, reflecting an eating pattern, called the MD. The SCS demonstrated that the MD was 

associated with low CAD incidence and mortality rates. Furthermore, the SCS was the first 

study that demonstrated the prevalence of CAD risk factors in Greece, highlighting Greece 

among the cohorts with low CAD prevalence (Menotti et al, 1989). However, the Greek 

sample was not representative of the whole population in Greece.  

After the SCS, two local studies attempted to investigate CVD risk factors in an Athenian 

sample in Greece (Moulopoulos et al., 1987; Kalandidi et al., 1992). The published findings of 

these studies, although essential, were not representative of the population. In the year 

2000, a multi-centre case-control study was conducted, the CARDIO2000 study, in an 

attempt to fill in the gap in the scientific literature and further evaluate CVD risk factors in 

the Greek population. The CARDIO2000 study was the first study in Greece to explore the 

association between gender, demographic, education, diet, lifestyle (eg, smoking habits, 

tobacco exposure, PA habits, alcohol consumption), stress, depression and biochemical risk 

factors with the risk of acute coronary syndromes development (Panagiotakos et al., 2001; 

Chrysohoou et al., 2003). The most important outcome of the CARDIO2000 study 

demonstrated that hyperlipidemia, hypertension, diabetes mellitus type 2 (DMT2), family 

history (FH) and sedentary lifestyle increase acute coronary syndromes incidence. On the 

other hand, adherence to the MD and high educational level play a protective role in the 

reduction of coronary risk. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Gonz%C3%A1lez%20M%C3%81%5BAuthor%5D&cauthor=true&cauthor_uid=21172932
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The subsequent years, Greece experienced great socio-economic development, resulting to 

lifestyle changes within the population. A population-based health and nutrition survey, the 

ATTICA study, was initiated at the beginning of 2001. The study was conducted in the 

province of Athens, including 3042 adults from urban and rural areas (78% and 22%, 

respectively). The main aims of the ATTICA study were a) to measure the prevalence of CVD 

risk factors in a representative Greek sample and b) to assess their prognostic significance 

through follow-up examinations in order to be able to successfully identify individuals at 

high CAD risk and/or predict CAD incidence (Pitsavos et al., 2003). One of the major findings 

of the study was the high prevalence of CVD risk factors in the Greek population, placing a 

remarkable proportion of Greek adults at high risk for developing cardiovascular events in 

the future. This outcome was established during the 5-year follow up, which revealed a 

considerable increase in the prevalence of CVD risk factors (independently of gender and  

age) and an increase in CVD incidence rates. In absolute numbers, approximately 550,000 

adults developed a fatal or non-ÆÁÔÁÌ #6$ ÅÖÅÎÔȟ ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔÓ ΪȢΧϷ ÏÆ ÔÈÅ ÓÔÕÄÙȭÓ 

participants (Panagiotakos et al. 2009). The burden of high CVD incidence rates and CVD risk 

factors, was further confirmed after the 10-year follow- up completion (Panagiotakos et al., 

2015). The findings of the study, although cannot be generalized to the whole country, 

possibly suggest a shifÔ ÏÆ 'ÒÅÅÃÅ ÆÒÏÍ Á ÃÏÕÎÔÒÙ ×ÉÔÈ ȰÌÏ×ȱ ÔÏ Á ÃÏÕÎÔÒÙ ×ÉÔÈ ȰÈÉÇÈȱ #!$ 

incidence and mortality rates. Up to date, the ATTICA study remains one of the most 

important health and nutrition surveys in CVD conducted in the Greek population (in the 

province of ATTICA), with many published papers in the scientific literature. 
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1.3. Pathophysiology and Clinical manifestations of Coronary Artery Disease 
 

During the last decade, our understanding regarding the pathophysiology of CAD has 

remarkably evolved. The main manifestation of CAD is atherosclerosis. Atherosclerosis is a 

complex disorder, which can be described as a gradual thickening of the inner layer (intima) 

of the coronary arteries, causing narrowing of the lumen of the artery to various degrees 

and subsequent total or near total occlusion. Inflammation and interaction of metabolic risk 

factors with immune mechanisms are implicated to the initiation and progression of 

atherosclerotic lesions (atheromata, from the Greek words athera and oma). Atherosclerotic 

lesions may be present from young adulthood (Wong et al., 2012). Atherosclerosis is 

accelerated under the presence of bacterial products or traditional risk factors. Specifically, 

bacterial products, dyslipidemia, products of glycoxidation associated with hyperglycemia, 

vasoconstrictor hormones implicated in hypertension, proinflammatory cytokines from 

excess adipose tissue initiate the expression of adhesion molecules, which subsequently  

promote the migration of blood cells  to the inner surface of the arterial wall. In all stages of 

atherosclerosis, inflammation plays an important role.  The progression of atherosclerosis 

involves the formation of foam cells and fatty streaks to the establishment of atheromatous 

plaque as described in the following section.  

Early lesions (Type I lesions) of the intima are the precursors of advanced atherosclerotic 

lesions. Early lesions include foam cell formation and fatty streak development. Foam cells 

represent the initial changes in the intima, where an increased number of intimal 

macrophages as well as, macrophages filled with lipid droplets appear. Fatty streaks (Type II 

lesions) are the first visible lesions and are composed of (macrophage) foam cells in layers, 

smooth muscle cells that now contain lipid droplets and extracellular lipid. T lymphocytes 

have also been detected. Lymphocytes and macrophages are often combined under the 

ÔÅÒÍ ȰÍÏÎÏÎÕÃÌÅÁÒ ÃÅÌÌÓȱ ɉ3ÔÁÒÙ ÅÔ ÁÌ., 1994). Early atherosclerotic lesions can be present 

early in life, specifically in newborns and children (Napoli et al., 2007). In early lesions, the 

intimal architecture either consists of the usual components or is minimally disrupted. Lesion 

progression leads to the accumulation of the extracellular lipid among the layers of smooth 

muscle cells and below the layers of foam cells, thus disrupting the intimal smooth muscle 

cell architecture. These histological changes designate the intermediate lesions (transitional 

lesions) that precede the atheroma. Its histological feature is the additional extracellular 

lipid droplets, which are membrane-bound or free. The intermediate lesion are also known 
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as Type III lesion, the transitional lesion, and as preatheroma. The atheroma is considered to 

be an advanced lesion type since it predisposes to sudden lesion progression and cardiac 

events. Atheromatous lesions transform when atherogenic lipoproteins exceed critical 

levels and mechanical forces enhance lipoprotein deposition in the same regions. Advanced 

lesions may come along with intimal thickening (Stary et al., 1994). As lesion progresses, the 

extracellular lipid that accumulates and form the classic, lipid-rich core of the atherosclerotic 

plaque. Atherosclerotic plaques can be stable or unstable (vulnerable). Stable plaques are 

asymptomatic and are rich of extracellular matrix and smooth muscle cells. Unstable 

plaques are prone to rupture and are rich of macrophages, foam cells and extracellular 

matrix that is prone to rupture. When a plaque is ruptured, thrombotic substances enter the 

circulation and thrombus progression is induced (Fan and Watanabe, 2003). Figure 1.3. 

illustrates the progression of atheromatous plaque from initial lesion to complex and 

ruptured plaque. Our understanding of the pathophysiology of CAD and atherogenesis has  

undergone remarkable evolution during the last decades. 

 

 

 

 

 

When a plaque produces more than a 50% diameter reduced blood flow through the 

coronary may lead to stable angina. Acute coronary events usually arise when thrombus 

formation follows disruption of a plaque. Intimal injury causes exposure and susceptiveness 

Source:  Even D Grech.  BMJ 2003; 326:1027-1030. 

Figure 1.3 Progression of atheromatous plaque 
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of the thrombogenic matrix or lipid pool and triggers thrombus formation. Acute coronary 

events include unstable angina and MI. In acute MI, occlusion is more complete than in 

unstable angina, where arterial occlusion is usually subtotal (>90%). Downstream embolism 

of thrombus may also produce microinfarcts. 

Angina is the most common symptom of CAD and approximately, 50% of CAD patients 

appear with retrosternal chest pain discomfort and dyspnea. Chest pain arises from nerve 

stimuli near the endocardium. The pain is typically described as heavy, tight pressure on the 

chest or feels like indigestion. There is great variation between patients regarding pain 

localization (chest, neck, shoulders, arms, back or jaw). Musculoskeletal and gastro-

oesophageal pains may co-exist. Also, patients present with atypical pain, which results to 

diagnosis difficulty in many cases. Triggering factors include emotion, extreme temperature 

and exercise. Angina may be a) stable and symptoms relent with rest or nitroglycerin or b) 

unstable and it is a disturbance of the usual pattern of stable angina. Unstable angina is 

considered to be an emergency (Dawis, 2001). 

Acute MI is due to the formation of an occlusive thrombus triggered by the rupture of an 

atheromatic plaque. Obstruction of a coronary artery lasting more than 30 minutes in the 

absence of collateral circulation results in ischemic myocardial necrosis. Chest pain may be 

present prior to infarction, however infarction may occur without signs or symptoms 

(silent). Most often, chest discomfort appears for more than 30 minutes and the pain is 

reflected in the centre or the left side of the chest. The symptoms of MI can be similar to 

angina and include breath shortness, nausea, cold sweat, fatigue, vomiting and sleep 

disturbance. In MI, the pain is severe and constant, while in angina the pain goes away with 

rest. Unstable angina and MI are considered to be acute coronary events (Pepine and 

Nichols, 2007). 

1.4. Risk factors of Coronary Art ery Disease 

 

Several risk factors have been recognized and associated with increased risk of CAD 

development. CAD risk factors were initially demonstrated by the findings of the FHS (Kanel 

et al., 1961). To date, epidemiologic information has demonstrated that CAD risk factors 

cluster and interact in a consistent way for CAD promotion. This information allows the 

clinicians to identify individuals at high risk for CAD development. There are risk factors that 
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cannot be changed, risk factors that can be modified and others under investigation (Grech 

ED, 2003). 

Non-modifiable risk factors 

¶ Age 

¶ Family history (genetics) 

¶ Gender (male sex) 

Modifiable risk factors 

¶ Hyperlipidaemia  

¶ Diabetes Mellitus  

¶ Overweight and obesity 

¶ Diet (atherogenic diet) 

¶ Sedentary lifestyle (inactivity) 

¶ Excessive alcohol intake 

¶ Smoking 

¶ Excessive stress? 

Uncertain risk factors 

¶ Hypertriglyceridaemia 

¶ Mircroalbuminuria 

¶ Hyperhomocysteinaemia 

¶ Lp(a)lipoprotein 

¶ Fibrinogen 

¶ C-reactive protein 

¶ Uric acid 

¶ Renin 

Non-modifiable and modifiable risk factors will be further discussed in the subsequent 

sections of the current thesis. Uncertain risk factors are addressed in this thesis.  

1.4.1. Non-Modifiable Risk Factors 

Age 

Increasing age is one of the most significant predictors of CAD. It is estimated that the 

majority of people who die of CAD are above the age of 65. Statistics from WHO and United 

Nations, demonstrated that  CAD/IHD rates increase by a 2.3 to 2.7-fold for every decade for 

life in men and by 2.9 to 3.7-fold for women. Data during 2000 and 2009, demonstrated that 

age-standardized IHD mortality rates are flat (Eastern Europe) or increasing (Central Asia 

countries) in low and middle income countries. On the other hand, IHD mortality rates have 

a declining trend in most high income countries (Western Europe) (Finegold JA, et al., 2013). 

According to the British Heart Foundation, heart attack morbidity rates of 55-59 years old 

women declined by 50%, during 1968 and 1998, while morbidity rates of 60-64 years old men 

declined by a third (Scarborough et al., 2011). 
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In Greece, data from the ATTICA study, demonstrated that CVD risk development was higher 

by 10 times in men of 65-75 years than men of 35-45 years old. Likewise, the relative risk (RR) 

was 18 times higher in older women (Panagiotakos et al., 2008). 

The joint effect of ageing and population growth contributes to increased absolute numbers 

of CAD deaths worldwide, underlying the burden of the disease. 

Family History  

FH is an independent risk factor for CAD, unrelated to conventional risk factors 

(Andresdottir et al., 2002; ten Kate et al., 1982). Therefore, it remains an important 

consideration when assessing the risk for CAD development (Snowden et al., 1982) in clinical 

settings. A recent meta-analysis, which included case-control and cross-sectional cohorts, 

demonstrated that positive maternal and parental history of CAD should be considered 

equally important for CAD transmission to the offspring (Weijmans et al., 2015).  

A prospective cohort, the Cooper Center Longitudinal Study (CCLS), examined the 

association between premature FH and CAD mortality in 49,255 men. The results of the 

study demonstrated that men with premature FH had approximately 50% higher risk for CAD 

mortality, compared with men with negative FM (Bachmann et al., 2012).  

According to the guidelines of the National Heart, Lung and Blood Institute, a positive FH of 

CAD is defined as a first-degree relative (a parent and/or a sibling) with a history of treated 

CAD before the age of 55 in men and 65 years in women. The Expert Panel suggests the 

inclusion of positive FH in identifying those at risk, since evidence from epidemiological 

studies have strongly demonstrated that FH is an independent risk factor that infers future 

CAD incidence (Murabito et al., 2005; Lloyd et al., 2004; Myers et al, 1990).  

The fact that the clustering of conventional risk factors could not entirely predict CAD 

occurrence indicate that genetic susceptibility and gene-environment interactions are also 

associated with the familial aggregation of the disease. Overview of the evidence for 

association of genetic variants with increased CAD risk and CAD incidence is described in 

ÄÅÔÁÉÌÓ ÉÎ ÔÈÅ Ȱ'ÅÎÅÔÉÃ 3ÕÓÃÅÐÔÉÂÉÌÉÔÙ ÏÆ #ÏÒÏÎÁÒÙ !ÒÔÅÒÙ $ÉÓÅÁÓÅȱ chapter section (section 

1.5.). 

Gender 

Women lag 7 to 10 years behind men in the incidence of CAD. This has been mainly 

attributed to the protective effect of endogenous oestrogens that is lost after menopause. 
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Therefore, by middle age, women have a lower risk for CAD development than men. This 

gap closes, after age 55 and CAD risk is escalated in both men and women (Ouyang et al. 

2006).  

Despite gender differences in CAD risk between middle-aged men and women, CAD 

ÐÒÅÖÁÌÅÎÃÅ ÉÎ ×ÏÍÅÎ ÓÈÏÕÌÄ ÎÏÔ ÂÅ ÕÎÄÅÒÅÓÔÉÍÁÔÅÄȢ 4ÈÅ 7ÏÍÅÎȭÓ )ÓÃÈÅÍÉÁ 3ÙÎÄÒÏÍÅ 

Evaluation (WISE) study has demonstrated that young women with oestrogen dysfunction 

have a 7-fold increase in CAD risk (Maas and Appelman, 2010). In 2009, the NHANES 

demonstrated that the prevalence of MI has increased in middle-aged women (35 to 54 

years)  and declined in men of the same age (Towfighi, Zheng and Ovbiagele, 2009). 

Furthermore, subclinical atherosclerosis may be present in premenopausal women with CAD 

risk factors, which changes to more vulnerable lesions after menopause (Maas and 

Appelman, 2010). 

Men and women still share the same risk factors for CVD development and therefore, CAD 

incidence. Gender-related differences are yet to be clarified and gender bias in treatment 

should be eliminated. 

1.4.2. Modifiable Risk Factors 

Hyperlipidaemia 

Hyperlipidaemia is a disorder of lipid metabolism and regulation of the body, clinically 

manifested by abnormal levels of plasma total cholesterol (TC), low-density lipoprotein  

cholesterol (LDL-C), triglycerides (TGs) or high density lipoprotein cholesterol  (HDL-C). 

High TC is a risk factor for CAD (Expert Panel on Detection, Evaluation, and Treatment of 

High Blood Cholesterol in Adults). TC and LDL-C levels were positively associated with CAD 

death in men in a 12-year follow-up study (Neaton et al., 1992). This also applies for women 

(Piepoli et al., 2016). In a meta-analysis from 22 trials, it was demonstrated that every 

1mmol/l decrease in LDL-C levels (with statin therapy) was associated with a 20-25% 

reduction in CVD mortality and non-fatal MI (Cholesterol Treatment Trialists' (CTT) 

Collaborators et al., 2012). Up to date, the association of TC and LDL-C with CVD risk is well 

documented in many studies. In addition, low levels of HDL-C is an independent CAD risk 

factor, although attempts to increase HDL-C levels did not decrease CAD risk. Elevated levels 

of TGs are also considered to be a significant marker for CAD, although the effect on CAD 

risk is much smaller than hypercholesterolaemia (Piepoli et al., 2016). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Maas%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=21301622
http://www.ncbi.nlm.nih.gov/pubmed/?term=Appelman%20YE%5BAuthor%5D&cauthor=true&cauthor_uid=21301622
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maas%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=21301622
http://www.ncbi.nlm.nih.gov/pubmed/?term=Appelman%20YE%5BAuthor%5D&cauthor=true&cauthor_uid=21301622
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cholesterol%20Treatment%20Trialists%27%20(CTT)%20Collaborators%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cholesterol%20Treatment%20Trialists%27%20(CTT)%20Collaborators%5BCorporate%20Author%5D
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Hypertension 

HypeÒÔÅÎÓÉÏÎ ÉÓ ÄÅÆÉÎÅÄ ÁÓ ÓÙÓÔÏÌÉÃ ÂÌÏÏÄ ÐÒÅÓÓÕÒÅ ɉ3"0Ɋ ÏÆ ЄΣΦΡÍÍ(Ç ÏÒ Á ÄÉÁÓÔÏÌÉÃ ÂÌÏÏÄ 

ÐÒÅÓÓÕÒÅ ɉ$"0Ɋ ÏÆ ЄΫΡÍÍ(Ç ÁÎÄȾÏÒ ÔÈÅ ÕÓÅ ÏÆ ÁÎÔÉÈÙÐÅÒÔÅÎÓÉÖÅ ÔÒÅÁÔÍÅÎÔ ɉ3ÅÖÅÎÔÈ 2ÅÐÏÒÔ 

of the Joint National Committee of Prevention, Detection, Evaluation and Treatment of High 

Blood Pressure) (Chobanian et al., 2003). With this definition and based on 2009 to 2012 

data, about one third of US adults have hypertension (Mozaffarian et al., 2015). Blood 

pressure (BP) elevation is proportional to the age of the population. Worldwide, 

hypertension is estimated to cause 7.8 million deaths, which account for approximately 13% 

of all annual deaths (WHO, 2011). According to the most recent European Guidelines on CVD 

prevention in clinical practice, the classifications of BP levels are summarized in Table 1.4.1 

(Piepoli et al., 2016). 

 

Table 1.4.1. Classification of blood pressure levels 

 Systolic BPa (mmHg)  Diastolic BP (mmHg) 

Optimal <120 and <80 

Normal 120-129 and/or 80-84 

High-normal 130-139 and/or 85-89 

Grade 1 hypertension 140-159 and/or 90-99 

Grade 2 hypertension 160-199 and/or 100-109 

Grade 3 hypertension ЄΣΪΡ and/or ЄΣΣΡ 

Isolated systolic hypertension ЄΣΦΡ and <90 

aBP= blood pressure    

 

The FHS was the first study that indicated hypertension as an important independent risk 

factor for CVD occurrence, among other risk factors such as dyslipidemia, glucose 

intolerance and cigarette smoking (Kannel 1976; McGee and Gordon, 1976). Up to date, a 

large body of scientific evidence has demonstrated a consistent positive and progressive 

association between hypertension and CAD. Although hypertension is not the cause of CAD, 

it remains an important predictor of CAD risk. In addition, the importance of DBP and SBP as 

CAD risk indicators changes with age progression. DBP was shown to be a stronger 

predictor for CAD risk, before 50 years of age. On the other hand, after 60 years of age, SBP 

was shown to be a more important predictor for CAD risk (Franklin et al., 2001). It is 

noteworthy, that in the same age group (>60 years of age), pulse pressure was the 

strongest CAD predictor, while DBP was inversely associated with CAD risk. The Chicago 

Heart Association Detection Project in Industry (CHA) study is a prospective study, on 11,000 
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men aged from 18 to 39 years  followed up for 25 years. One important finding of the study 

was that men with high-normal BP (130-139/85-89mmHg) or stage 1 hypertension (140-

159/90-99mmHg) accounted for 60% of CAD, CVD, and all-cause mortality. In addition, their 

life expectancy was shortened by 2.2 and 4.1 years, respectively (Miura et al., 2001). High-

normal BP is also associated with increased risk of CVD in both women and men. However, 

the hazard ratio (HR) was greater in women than in men (2.5 and 1.6, respectively), 

suggesting that borderline BP causes more endothelial dysfunction in women than men 

(Vasan et al., 2001). A meta-analysis of 61 studies revealed that each 20mm Hg increase of 

SBP of or 10mm Hg increase of DBP doubles the risk of a fatal coronary event (Lewington et 

al., 2002).   

A common target for BP is <140/90 mm Hg. The AHA statement recommends a lower target 

goal of BP of <130/80 mm Hg in individuals with established CAD ( Rosendorff et al., 2007). 

At present, an even lower BP goal for CAD prevention or treatment is the subject of debate.  

Diabetes Mellitus 

There are two main types of diabetes mellitus (DM) : Type 1 diabetes mellitus (T1DM) and 

T2DM. In 2010, along with the established criteria for the diagnosis DM, the American 

Diabetes Association (ADA) adopted the use of the A1C (hemoglobin A1c or HbA1c) 

threshold of >6.5%. Therefore, DM is defined accordingly to the criteria summarized in Table 

1.4.2. 

 

Table 1.4.2. Criteria for the diagnosis of diabetes mellitus  

!Σ# Є ΨȢΧϷ 

or 

ÆÁÓÔÉÎÇ ÐÌÁÓÍÁ ÇÌÕÃÏÓÅ Є ΣΤΨ ÍÇȾÄÌ  

or 

2-È ÐÌÁÓÍÁ ÇÌÕÃÏÓÅ Є ΤΡΡ ÍÇȾÄÌ 

or 

Á ÒÁÎÄÏÍ ÐÌÁÓÍÁ ÇÌÕÃÏÓÅ Є ΤΡΡ ÍÇȾÄÌ ÉÎ Á ÐÁÔÉÅÎÔ ×ÉÔÈ ÈÙÐÅÒÇÌÙÃÅÍÉÁ ÏÒ ÈÙÐÅÒÇÌÙÃÅÍÉÃ 

crisis  

Source: American Diabetes Association, 2013 

 

In 2010, 1.7 million adÕÌÔÓ ɉЄ ΤΡ ÙÅÁÒÓ ÏÌÄɊ ×ÅÒÅ ÄÉÁÇÎÏÓÅÄ ×ÉÔÈ $- ÉÎ ÔÈÅ US and the burden 

of the disease worldwide was estimated to be 6.4%. In the same year, 2.7 million deaths were 
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attributable to DM, which accounted for 5.2% of all deaths. By the year 2030, the prevalence 

of DM is estimated to reach 7.7%. Although T2DM is considered rare in children and 

adolescents, the prevalence of the T2DM has reached approximately 50% of childhood DM 

within 8 years (2001 to 2009). This accounts for a 30.5% increase in the pediatric population 

(Mozaffarian et al., 2016).  

DM is an independent risk factor for CAD (Kannel and McGee, 1979; Kannel an McGee, 1979) 

and is considered to be a CAD risk equivalent (National Cholesterol Education Program 

(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in 

Adults (Adult TreatmentPanel III), 2002). Patients with DM have a 3-fold higher risk for CVD 

compared to those without DM (fox et al., 2007).  

In a population based-study in Germany (MONICA/KORA Myocardial Infarction Registry), the 

proportion of CAD death, without prior MI, was higher in diabetic than in non-diabetic 

patients (odds ratio (OR) 1.26; 95% confidence interval (CI) 1.17-1.36) (Icks et al., 2014). The 

results of a randomized controlled trial (RCT) in Europe, the AngloDanish-Dutch Study of 

Intensive Treatment In People with Screen Detected Diabetes in Primary Care (ADDITION-

Europe), highlighted the importance for early treatment of patients with T2DM. In this 

study, patients were screened for DM and subsequently assigned either to a routine care or 

an intensive treatment of the disease. The duration of the follow-up was 5.3 years. CVD risk 

factors (HbA1c, cholesterol and blood pressure) were significantly, although slightly, 

improved in the intensive care group. Incidence of first CVD event and mortality rates did 

not differ significantly between the two groups. The absence of difference could be 

attributed to the early and high-quality treatment of DM as a risk factor, even in the routine 

care group. CVD incidence was lower than expected in both groups (Griffin et al., 2011). 

The increased risk for CAD attributed to DM per se is independent of other risk factors, 

namely overweight/obesity and dyslipidemia, commonly observed in patients with 

established DM. Therefore, screening is essential in children, adolescents and adults , who 

are overweight/obese and have one or more risk factors for developing T2DM (NCEP Expert 

Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult 

TreatmentPanel III), 2002).  

The target level for DM, as an important CAD/CVD risk factor is a HbA1c goal of <7% 

(Authors/Task Force Members et al., 2016). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Cholesterol%20Education%20Program%20(NCEP)%20Expert%20Panel%20on%20Detection%2C%20Evaluation%2C%20and%20Treatment%20of%20High%20Blood%20Cholesterol%20in%20Adults%20(Adult%20Treatment%20Panel%20III)%5BCorporate%20Author%5D
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Overweight and obesity 

Body weight is defined in categories according to body mass index (BMI) cut-offs. BMI is a 

simple screening tool for body fatness. According to WHO, overweight is defined as BMI 

ЄΤΧËÇ/m2 ÁÎÄ ÏÂÅÓÉÔÙ ÁÓ "-) ЄΥΡËÇȾÍ2 (WHO, 2016). A high value of BMI is an indicator of 

excessive fat accumulation. BMI cut-off points are depicted in Table 1.4.3. 

Table 1.4.3. Body mass index cut-off points  

 Body mass index (kg/m2) Disease risk 

Underweight <18.5  

Normal weight 18.5-24.9  

Overweight 25.0-29.9 Increased 

Obesity class I 30.0-34.9 High 

Obesity class II 35.0-39.9 Very high 

Obesity class III (extreme obesity) ЄΦΡȢΡ Extremely high 

Source: World Health Organization, 2008 

 

Body fat distribution is also important. Waist circumference (WC) measurement or waist-to-

hip ratio (WHR) are also indicators of body fatness. Sex-specific thresholds of WC and WHR, 

as an example cited in WHO report, are demonstrated in Table 1.4.4. 

 

Table 1.4.4. Body mass index cut-off points  

 Cut-off points  Disease risk 

Waist circumference >94 cm (men); >80 cm (women) Increased 

Waist circumference >102 cm (men); >88 cm (women) Substantially increased 

Waist-to-hip ratio ЄΡȢΫΡ ÃÍ ɉmenɊȠ ЄΡȢΪΧ ÃÍ ɉwomen) Substantially increased 

Source: World Health Organization, 2008 

 

BMI has substantially increased worldwide and has more than doubled over the last 

decades. In 2013, the proportion of overweight adults reached 36.9% in men and 38% in 

women globally. Therefore, the prevalence of overweight and obesity has reached epidemic 

proportions and has affected ɀalthough disproportionally- all age groups, both sexes and 

both the developed and the developing world (Ng et al., 2013). It is estimated that, by the 

year 2020, the increase in BMI will counterbalance the positive effects of the observed 

decrease in smoking rates (Steward et al., 2009).  
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Overweight and obesity is associated with increased CVD risk, including CAD and contribute 

to the increase of CVD burden worldwide (Klein et al., 2004). Excess body fat accumulation 

in the abdomen (intra-abdominal fat) can result in an increased level of BP, blood lipids, 

insulin resistance, inflammation, ventricular dysfunction and increased prevalence of CAD 

(Yatsuya et al., 2014; Peterson et al., 2004).  

Even modest weight loss, approximately 5% of the initial weight, can improve metabolic 

features or prevent metabolic abnormalities that are risk factors for CAD (eg, dyslipidemia, 

hypertension, T2DM, inflammation) (Goldstein, 1992). 

Epidemiological studies have demonstrated that weight reduction is associated with a 

favorable effect on CVD risk factors. Pooled data from 97 prospective studies demonstrated 

that the HR for CAD was 1.27 (95% CI 1·23ɀ1·31) for every 5kg/m2 increment for BMI. However, 

HR was reduced to 1.15 when the analysis was adjusted for risk factors. The authors 

concluded that the association between BMI and CAD was mediated by these risk factors to 

a proportion of 46% (Global Burden of Metabolic Risk Factors for Chronic Diseases 

Collaboration et al., 2014). 

In the scientific literature, it is argued that more solid evidence is needed from RCTs to 

establish whether obesity is directly associated with CAD risk and CAD incidence or obesity 

risk for CAD is mediated though metabolic risk factors (Alexander, 2001). This task seems 

even more difficult given that weight loss maintenance for prolonged time is difficult to be 

achieved. 

From public health perspective and given the direct or indirect association between 

increased BMI and CAD risk, it is important to maintain normal weight and to prevent or 

control the overweight/obesity.  

Diet 

Many researchers have tried to explore the relationship between dietary factors and CVD for 

almost half a century. The effects of many nutrients, foods, and dietary patterns (DPs) on 

CVD have been evaluated by numerous studies. The Mediterranean-type diet is the most 

studied and the impact of diet on CVD was first demonstrated by the SCS (Kromhout et al., 

1989). Specifically, the Mediterranean-type diet was inversely associated with the incidence 

of CAD in Southern Europe when compared with the US and Northern Europe, after 

adjusting for confounding factors. The characteristics of a healthy diet with respect to CAD 

prevention are summarized in the subsequent paragraphs (Piepoli et al., 2016). 
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- The type of fatty acids consumed play a more important role than the total fat content of 

the diet. Therefore, saturated fatty acids (SFAs) consumption should account for no more 

than 10% and trans fatty acids should account to no more than 1% of total energy intake 

(preferably from natural origin and not processed foods). A 2-3% reduction in CAD incidence 

was demonstrated, when 1% of SFA energy intake was replaced by polyunsaturated fatty 

acids (PUFAs). However, there is a gap in evidence, whether there is a benefit from 

substituting carbohydrates or monounsaturated fatty acids (MUFAs) for SFAs (Astrup et al., 

2011). In addition, an approximate 2% increase in energy intake of trans fatty acids leads to a 

23% increase in CAD risk (Mozaffarian et al., 2006). The association of fatty acid intake with 

serum cholesterol levels is more robust compared with dietary cholesterol. Decreased intake 

of unsaturated fatty acids also leads to a decreased dietary cholesterol intake. 

- Recommendations on fruit and vegetable intake support for 200 grams of fruits and 200 

grams of vegetables per day, accounting for 2-3 servings per day. The INTERHEART study, 

demonstrated that a healthy diet characterized by increased consumption of fruits and 

vegetables has a protective role against MI (Iqbal et al., 2008). The protective effect of 

ÖÅÇÅÔÁÂÌÅ ÉÎÔÁËÅ ÉÎ #!$ ÈÁÓ ÂÅÅÎ ÁÌÓÏ ÄÅÍÏÎÓÔÒÁÔÅÄ ÂÙ ÔÈÅ 0ÈÙÓÉÃÉÁÎÓȭ (ÅÁÌÔÈ 3ÔÕÄÙ ÉÎ ÍÁÌÅ 

subjects. Specifically, in this study, men who consumed at least 2.5 servings per day of 

vegetables had a RR of 0.77 (95%CI 0.60ɀ0.98) for CAD compared with men with vegetable 

consumption of less than one serving per day (Liu et al., 2001). The WHO attributes about 11 

% of ischemic heart disease deaths to insufficient intake of fruits and vegetables (WHO, 

2009). 

- Sodium intake should be reduced to a maximum of 5 grams per day, while the optimal 

intake levels are even lower reaching approximately 3 grams per day. Sodium intake 

reduction seems to be important in CAD and stroke prevention.  

- Guidelines for CAD prevention recommend fish consumption 1-2 times per week, preferably 

oily fish. A meta-analysis of 17 cohorts with a follow-up period of 15.9 years, demonstrated 

that in comparison with the very low fish intake (<1 serving/month), CAD mortality was 

lower by 16% in individuals with low fish  intake (1 serving/week) (RR=0.84, 95% CI=0.75-0.95), 

21% in individuals with moderate fish intake (2-4 servings/week) (RR= 0.79, 95% CI=0.67-0.92)  

(Zheng et al., 2012). 

- A recent meta-analysis has demonstrated that nut intake is inversely associated with CAD 

risk. Specifically, nut consumption of 30 grams per day was associated with 29% decrease in 

CAD risk (RR =0.71, 95%CI=0.59,0.85) (Luo et al., 2014). 
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-  The consumption of beverages, namely alcoholic and sugar-sweetened beverages (SSB) 

should be limited or discouraged. Guidelines on healthy diet recommend alcoholic 

beverages to be limited to 2 glasses per day for men and 1 glass per day for women, that is 

20 grams and 10 grams of alcohol per day, respectively. In a systematic review and meta-

analysis, dose-response analysis demonstrated lower CAD mortality occurring with 

moderate alcohol consumption (1-2 drinks per day) (Ronksley, 2011).   

A prospective study in women has demonstrated that SSB consumption of 1 serving per day 

and more than 2 servings per day, was associated with a 23% (RR=1.23, 95% CI=1.06- 1.43) and 

35% (RR= 1.35, 95%=1.07-1.69) higher CAD risk, respectively, compared to low consumption 

(less than 1 serving per month) and after confounding (Fung et al., 2009). WHO recommends 

sugar intake to be limited to 10% of energy intake or less (WHO, 2015).  

- A 30-45% grams of fibre intake is also recommended, since high fibre intake seems to 

reduce postprandial glucose, TC and LDL-C levels. A recent meta-analysis revealed an inverse 

association between fibre intake and CAD risk. Specifically, CAD risk was lower by 9% with 

every 7 grams per day of higher total fibre intake (RR=0.91, 95% CI=0.87-0.94) (Threapleton 

et al., 2013).  

The favorable effect of olive on CAD has long been studied and has been associated with 

lower CAD risk and mortality (Guasch-Ferré et al., 2014, Buckland et al, 2012). In Greece, the 

CARDIO2000 study, a multicenter case-control study, showed that exclusive olive oil 

consumption was associated with a 0.55 times lower likelihood of having ACS among 

hypercholesterolemic subjects (Kontogianni et al., 2007). 

Research on specific dietary nutrients of foods that may highlight the protective effects 

against CAD is still ongoing. However, apart from focusing to the protective potential of 

individual nutrients, it is also important to study the impact of DPs on CAD. A DP 

conceptualizes the nutritional intake, the quality and variety of  the overall diet (section 1.6.).  

Sedentary Lifestyle (inactivity) 

PA ÉÓ ÄÅÆÉÎÅÄ ÁÓ ȰÁÎÙ ÂÏÄÉÌÙ ÍÏÖÅÍÅÎÔ ÐÒÏÄÕÃÅÄ ÂÙ ÓËÅÌÅÔÁÌ ÍÕÓÃÌÅÓ ÔÈÁÔ ÒÅÓÕÌÔÓ ÉÎ ÅÎÅÒÇÙ 

ÅØÐÅÎÄÉÔÕÒÅ ÂÅÙÏÎÄ ÒÅÓÔÉÎÇ ÅØÐÅÎÄÉÔÕÒÅȱȟ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ !(! ÓÃÉÅÎÔÉÆÉÃ ÓÔÁÔÅÍÅÎÔ 

(Thompson et al., 2003). On the other hand, a sedentary lifestyle is defined as a lifestyle 

devoid of regular, habitual or leisure-time amounts of PA.  

Sedentary lifestyle is a major risk factor for CAD (Artinian et al., 2010). There is solid scientific 

evidence that physical inactive individuals have lower levels of fitness, a higher risk for 
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developing medical health issues and higher rates for chronic diseases compared to physical 

active individuals (Physical Activity Guidelines Advisory Committee, 2008). It was estimated 

that a 2.3% decrease in physical inactivity within 20 years (from 1980 to 2000) had prevented 

approximately 5% CAD deaths in the US (Ford et al., 2007).   

PA prevents CAD development, improves CAD risk factors and reduces symptoms in patients 

with established CAD (Thompson et al., 2003). In addition, the scientific evidence has 

demonstrated that PA amount and dose is inversely related with CAD and stroke (Carnethon 

et al., 2009). The PA guidelines for adults support for evidence that approximately 150 

minutes per week of moderate-intensity aerobic activity, compared with inactivity, can 

reduce CVD risk (Schoenborn and Stommel, 2011). Recommendation guidelines for adults 

support for at least 150 minutes per week of moderate intensity aerobic activity and 

resistance activity (muscleɀstrengthening) at least two days per week (US Department of 

Health and Human Services, 2010). Health professionals should advise and encourage 

individuals to add PA in their everyday life and inform them of how physical inactivity can 

have deleterious effects on their overall health.  

Smoking 

Tobacco smoking, including second-hand smoke (SHS), is one of the leading risk factors for 

disease worldwide. In 2010, tobacco smoking (including SHS) was the leading risk factor for 

global disease burden among men and the fourth leading risk factor among women. In 

relative numbers, tobacco smoking accounted for 8.4% of global disease risk in men and 3.7% 

in women, according to the findings of the Global Burden of Disease Study 2010 (Lim et al, 

2012). A 50-year prospective study in Britain demonstrated that non-smokers have 10 years 

more life expectancy than persistent smokers. In addition, about 50% of persistent smokers 

were killed by their behavioral habit (Doll, Peto and Boreham, 2004).  

Up to date, the scientific evidence is suggestive and not sufficient to support whether 

smoking is directly and causally related to CAD or is indirectly related. A recent review 

argues the association of smoking and CAD (Stalones, 2015). Prospective studies have well 

demonstrated that smoking precedes the onset of CAD, however the evidence of a causal 

association between smoking and CAD remain contradictory. There is compelling evidence 

to support that smoking is associated with a 2-fold to 4-fold increase in CAD risk in smokers 

compared to non-smokers (Bailar, 1999; Doyle et al., 1964; Bronte-Steward, 1961). In 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Doll%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15213107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peto%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15213107
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addition, the intensity of smoking further increases CAD risk (Centers for Disease Control 

and Prevention, 2010; Buechley, Drake and Breslow et al.,1958). 

The consistency of association between smoking and CAD in different studies is compelling, 

despite the argument whether smoking causes CAD or is associated through common 

factors with CAD. Smoking cessation lowers CAD risk and provides short-term (from 20 

minutes to few hours) and long-term (within years) benefits in overall health. Historically has 

ÂÅÅÎ ÓÁÉÄ ÔÈÁÔ ȰÓÍÏËÉÎÇ ÉÓ ÎÏ× ÔÈÅ ÍÏÓÔ ÄÁÎÇÅÒÏÕÓ ÄÒÕÇ ÁÄÄÉÃÔÉÏÎȱȟ ÔÈÅÒÅÆÏÒÅ ÓÍÏËÉÎÇ 

prevention and quitting should be considered to be one of the top priorities in CAD 

reduction strategy (NCEP Expert Panel on Detection, Evaluation, and Treatment of High 

Blood Cholesterol in Adults (Adult TreatmentPanel III), 2002; Hegglin and Keiser, 1955). 

1.5. Genetic Susceptibility of Coronary Artery Disease  

Differential susceptibility to CAD in randomly selected individuals and familial aggregation of 

the disease support for a genetic impact for the trait. Familial background of CAD may be 

directly related to the genetic determinants of the disease, or indirectly through sharing of 

lifestyle behaviors (eg, smoking, unhealthy diet, excess alcohol intake) or risk factors that 

may also have genetic determinants (eg., dyslipidemia, hypertension, DM). Two of the first 

ÓÔÕÄÉÅÓ ÔÈÁÔ ÕÎÄÅÒÌÉÎÅÄ &( ÁÓ ÁÎ ÉÎÄÅÐÅÎÄÅÎÔ ÒÉÓË ÆÁÃÔÏÒ ÆÏÒ #!$ ×ÁÓ ÔÈÅ .ÕÒÓÅȭÓ (ÅÁÌÔÈ 

Study and the FHS (Colditz et al., 1986; Schildkraut et al.,1989). These studies were 

conducted on a population of women. 

In later years, a twin study in the Swedish population has investigated premature CAD death 

in twins, after 26 years of follow-up. Among the monozygotic male twins, the relative hazard 

(RH) when a pair died before the age of 55 years was 8.1 (95% CI, 2.7-24.5). The RH was 3.8 

(95% CI, 1.4-10.5) for dizygotic male twins. Among the monozygotic female twins, the RH 

when a pair died before the age of 65 years was 15.0 (95% CI, 7.1-31.9). Among dizygotic 

female twins, the RH was 2.6 (95% CI, 1.0-7.1). The results also demonstrated that the impact 

of genetic variants decreases with older age in both monozygotic and dizygotic twins and in 

both sexes, with adjustment for risk factors. Therefore, premature CAD death in one pair of 

twins is a strong predictor of risk of death from the same disease trait (Marenberg et al., 

1994). The same study further investigated the proportional contribution of genetic variants 

to CAD mortality, after 36 years of follow-up. Specifically, the study showed that the 

heritability of CAD deaths was 0.57 (95% CI, 045-069) among male twins and 0.38 (95%CI, 

0.26-0.50) among female twins (Zdravkovic et al., 2002). In younger individuals, it has been 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zdravkovic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12270005
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demonstrated that genetic variants may contribute to a 20% to 60% increase in CAD risk 

(Chaer, Billeh and Massad, 2004). 

The identification of genetic markers for CAD is a challenging task for scientists and 

therefore, research to identify these markers is extended and chequered during the last 25 

years. CAD is a common and complex disease and does not exhibit Mendelian inheritance, 

therefore genetic variants may increase CAD risk without necessarily cause the disease. The 

effect size of a genetic contributor to a complex disease trait may be small and dispersed 

within a population, or large affecting a small population or may have a larger effect when 

interacting with an environmental factor (Mozaffarian et al, 2014). 

The first genetic association studies were focused on the candidate gene approach, that is 

based on an a priori hypothesis of the plausible involvement of the selected gene in the 

pathogenesis and process of the disease under investigation. Many studies examined single 

nucleotide polymorphisms (SNPs) in single candidate genes, while others focused on more 

SNPs in the same gene. Historically, the success of the first candidate gene study in 

identifying a genetic variant in the susceptibility of CVD was published in Nature in 1992. 

Specifically, the study explored a variant found in the gene encoding angiotensin-converting 

enzyme (ACE) and showed that homozygotes for a deletion in the ACE gene were at higher 

MI risk (Cambien et al., 1992). Another example reflecting the success of this approach is the 

identification of variants in the apolipoprotein E (APOE) gene, which has a major role in 

cholesterol metabolism (Song, Stampfer and Liu, 2004). Candidate gene studies have been 

rather effective in identifying variants associated with rare and monogenic forms of CVD 

(Mendelian disorders). However, this methodological approach has appeared rather slow 

and unsuccessful in identifying novel genetic variants of polygenic CAD, mainly because of 

small genotyped samples sizes and limited tested SNPs.  

In order to overcome the limitations from candidate gene studies, another methodological 

approach was developed, the genome-wide association study (GWAS), which was 

confronted with great excitement and optimism from scientists in the genetic epidemiology.  

The two methodologies derived from the candidate gene study and the GWAS are 

summarized in Table 1.5.1. (Frazier-Wood, 2015).  

GWAS enabled the scanning of the entire genome in order to seek out associations between 

hundreds of thousands of SNPs and diseases. Historically, the first GWAS published results 

were in 2002 and evaluated the association of 92,788 SNPs with MI. The large-scale study 

underlined association between a marker on chromosome 6p21 and MI (Ozaki et al., 2002). 
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In the years after, GWAS on CVD identified some SNPs on 9p21.3 loci associated with CAD 

(Helgadottir et al., 2007; Mc Pherson et al, 2007; Wellcome Trust Case Control Consortium, 

2007; Samani et al, 2007). The C4D Consortium identified five novel loci, including the lipase 

(LIPA) gene (Myocardial Infarction Genetics Consortium et  al., 2009). A meta-analysis 

performed by the Coronary Artery Disease Genome-wide Replication and Meta-analysis 

(CARDIoGRAM) Consortium found that rs1333049 on the 9p21 region confers a 29% increase 

in MI risk per allele (Preuss et al., 2010). Another large-scale association analysis identified 13 

new loci associated with CAD (Schunkert et al. ,2011). Specifically, the risk alleles for the new 

loci were associated with an increase in CAD risk ranging from 6 % to 17 % per allele. Up to 

2011, 35 variants associated with CAD were reported (Peden JF, Farrall, 2011).  

The GWAS are an asset in the toolbox of genetic epidemiology and so far many SNPs have 

ÂÅÅÎ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÃÏÍÐÌÅØ ÄÉÓÅÁÓÅÓȢ (Ï×ÅÖÅÒȟ ÔÈÅ Ȱ'7! ÅÒÁȱ ÈÁÓ ÂÅÅÎ ÌÅÓÓ ÒÁÐÉÄ ÔÈÁÎ 

expected to unravel the majority of the genetic variance associated with a polygenic 

disease. Up to date for instance, approximately 90% of the genetic variants for CAD, a 

commonly studied disease, remain unaccounted for. In addition, many initial GWA findings 

failed to replicate.  

 

Table 1.5.1. Methodologies of the candidate gene study and genome-wide association study 

in comparison 

Candidate gene study Genome-wide association study 

Small number of SNPsa are tested 
0ÒÏÖÉÄÅÓ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ЀΪΡϷ ÏÆ ÔÈÅ ÈÕÍÁÎ 

genome 

An a priori hypothesis approach A hypothesis-free approach 

A statistically powerful approach. 
Correction for multiple testing is needed. 

This leads to less power of the study 

Identifies variants with small, modest and 

large effect 

Identifies variants with modest or large 

effect dependant on the study size 

Includes rare variants and non-SNP variants 

Includes common variants (<1% in the 

population). However, some micro-arrays 

contain rare variants  
aSNPs = single nucleotide polymorphisms  

 

1.5.1. Genetic risk scores 

In GWAS, an issue needed to be resolved was that significant associations were found for 

small effect sizes of variants but the significance did not survive after multiple testing. The 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wellcome%20Trust%20Case%20Control%20Consortium%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myocardial%20Infarction%20Genetics%20Consortium%5BCorporate%20Author%5D
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genetic risk score (GRS) was a methodological solution to overcome the limitation of small 

effect sizes. A GRS is a sum of alleles from various genes, known to be associated with the 

same phenotype. Summing up the alleles can show a larger effect size than the SNP alone. 

The following studies are illustrative examples of GRSs evaluation. 

Two case-controls studies, the Ottawa Heart Genomics Study (OHGS) and the Wellcome 

Trust Consortium (WTCCC) compared the ability of prediction of 9p21.3 alone and a GRS 

constructed from a panel of 12 CAD SNPs. According to the findings of the study, the GRS 

demonstrated a greater predictive capability than risk factors or risk factors plus 9p21.3. 

(Davies et al., 2010). 

Three GRSs were applied on 2887 participants of the FHS and were tested regarding CVD 

and Coronary Artery Calcium (CAC) incidence. A GRS based on 13 SNPs (13-GRS) robustly 

associated with CAD, a GRS based on 102 CAD SNPs and traditional risk factors (102 GRS) and 

a GRS based on 29 SNPs (13 SNPs from the 13 GRS plus 16 additional SNPs) (28 GRS). The 102 

GRS was not associated with CAD or CVD events. The 13 GRS was associated with CAD 

incidence (HR 1.07; 95% CI 1.00-1.15; p=,0.04), CVD incidence (HR 1.05; 95% CI 1.01-1.09; p=0.03) 

and increased CAC (OR 1.18; 95% CI 1.11-1.26; p=3.4×10-7). The additional SNPs of the 29GRS did 

not result to an improved CAD predictive capability (Thanassoulis et al., 2012).  

Relevant to the goals of genetic research is the identification of variants explaining a larger 

proportion of the disease. Therefore, a GRS implementation for the prediction of future 

events in clinical practice remains one of the perspectives in the near future. 

 

1.6. Dietary  Patterns and Coronary Artery Disease  

Nutrition research has systematically tried to identify the health efficiency of a single dietary 

factor. However, nutrients and bioactive chemicals of food items are inter-correlated and 

research for association between a single nutrient and a chronic disease may underestimate 

the impact of the overall diet on health outcome (Tucker, 2010). 

Intervention studies with nutrient supplementation failed to demonstrate a protective 

association between the nutrient intake and the investigated disease. For example, vitamin 

E or ɼ-carotene supplementation did not yield the expected protective effect on 

cardiovascular health (Devaraj and Jialal, 2005; Omenn et al., 1996). In addition, interactions 

among dietary components of foods and within the food matrix are complicated and not yet 

completely understood by the scientific community. Given the above and as a consequence, 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Devaraj%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16190316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jialal%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16190316
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investigation on DPs rather than a single nutrient has gained ground and appreciation in 

nutritional research.  

As aforementioned in section 1.4.2, DPs measure the nutritional intake, the quality and 

variety of  food combinations in individuals or in groups within a population. The aim of DPs 

analysis is to test the hypothesis and investigate the association, if any, of DPs with health or 

disease outcomes. Therefore, it is important to include nutritional intake measurement in 

the design of the study. Nutritional intake assessment may be done through 24-h recall, diet 

records or food-frequency questionnaires (FFQ) (Newby and Tucker, 2004). DPs have been 

approached by using either an a priori index or data driven analysis.  

The a priori approach starts by designing a DP based on recommendations from scientific 

consensus or proposed by researchers using solid scientific evidence. Subsequently, a score 

or index is derived from the points given to individuals according to their adherence to a set 

of foods or nutrients that consist the DP and after summing up the points for all 

constituents of the DP. A popular example of the a priori approach is the Mediterranean Diet 

Score (MedDietScore). The MedDietScore ranges from 0-55 and higher values of the score 

represents greater adherence to the MD (Panagiotakos, Pitsavos and Stefanadis, 2006). In 

the Greek population, it was demonstrated that a 10-unit increase of the MedDietScore is 

associated with 4% lower CAD risk for the subsequent ten years of life. Other examples of 

diet scores are the Dietary Approaches to Stop Hypertension (DASH), the Healthy Eating 

Index (HEI)-2005 and HEI-2010 (Guenther et al., 2013; Fung et al., 2008).  

A second method for DPs is the posteriori analysis, which is a data-driven approach. 

Statistical methods that can be used for this purpose are the factor analysis (FA), or the very 

similar principal component analysis (PCA) and cluster analysis. Recently, reduced rank 

regression (RRR) has been proposed and used for DPs analysis. In posteriori analysis, DPs 

are defined in the existing dietary habits within a population and subsequently, investigators 

explore the association between the derive DPs and health outcomes or biomarkers. DPs 

reflect the association between the overall diet and health outcomes of interest (Tucker et 

al., 2010). 

The majority of studies reported an inverse association between a healthy DP and CAD risk 

or mortality. Two meta-analysis have demonstrated that for each 2-unit increase in the 

adherence to the MD was associated a 10% reduction in CVD events (fatal or non-fatal) 

(Martinez-Gonzalez and Bes-Rastrollo, 2014; Sofi et al., 2013).  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Newby%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=15212319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tucker%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=15212319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panagiotakos%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=17126772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pitsavos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17126772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stefanadis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17126772
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The results of the PREDIMED study demonstrated that individuals who followed a MD (plus 

extra virgin oil or nuts) had a decreased risk of CVD events (MI, stroke and deaths) 

compared to controls who followed dietary advice on fat reduction (Estruch, Ros and 

Martínez-González, 2013).  

There is strong scientific evidence that a healthy DP has a beneficial impact on CVD. A 

healthy DP is characterized by higher consumption of whole grains, low fat dairies, fruits, 

vegetables and seafood; regular consumption of legumes and nuts;  moderate consumption 

of alcohol; lower consumption of red and processed meat, refined grains and sugar-

sweetened beverages (SSB). 

1.7. Aims and Objectives  

The objectives of the current PhD thesis were a) to record a wide range of markers between 

individuals with established CAD and individuals free of the disease, b) to identify novel loci 

that are associated with CAD risk through data sharing (Consortium participation), c) to 

evaluate whether GRS is associated with CAD risk and d) to identify DPs associated with CAD 

risk. 

The aims of each report supporting the PhD thesis were: 

Paper 1  

To present the demographic characteristics, clinical characteristics/biochemical indices and 

lifestyle habits of the Greek sample; and to explore the potential association of exclusive 

olive oil consumption, in relation to lifestyle factors, with CAD risk. 

Paper 2 

To evaluate the association of a healthy lifestyle pattern in a Greek sample, by means of a 

preventive score, with glycaemic and adiposity traits; and to evaluate whether this lifestyle 

pattern modifies the association of known glucose-raising genetic variants on glycaemic 

traits. 

 

Paper 3 

To evaluate whether a GRS, constructed by 53 previously reported SNPs, is associated with 

CAD risk in Greek adults.
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Paper 4 

To identify DPs and to evaluate their association with CAD risk. To investigate the effect of 

genetic predisposition in the context of an environmental component, that is diet.  

Paper 5 

To identify additional susceptibility loci for CAD, using sample collections from European or 

south Asian descent. Additionally, to identify a broader set of SNPs; and to use this set to 

undertake network analysis to find key biological pathways underlying the pathogenesis of 

CAD.  

Paper 6 

To evaluate associations of a lifestyle score with fasting glucose (FG) and fasting insulin (FI) 

levels; to evaluate whether genotypes at known loci associated with FG and FI; and to 

modify the associations of diet with FG and FI, using data from multiple US and European 

cohort studies. 
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2   S U B J E C T S,  M A T E R I A L S  &  M E T HO D S 

The study design, the materials and methods used are given below with subsequent details. 

 

2.1. The THISEAS study 

The Hellenic study of Interactions between Single nucleotide polymorphisms and Eating in 

Atherosclerosis Susceptibility (THISEAS) is a medical center-based case-control cohort. The 

pilot phase of the cohort was initiated in 2006. The sample under study comprised of CAD 

patients and subjects free of any CVDȢ -ÁÉÎÔÅÎÁÎÃÅ ÏÆ ÃÏÎÆÉÄÅÎÔÉÁÌÉÔÙ ÏÆ ÔÈÅ ÓÕÂÊÅÃÔÓȭ 

personal identity, medical and genetic information was ensured at all stages of the study. 

The study protocol was approved by the Ethics Committee of Harokopio University.  

 

2.2. Study sample 

Study participants were consecutively recruited from: (a) major hospitals, (b) Centers of 

Open Protection for the Elderly and (c) Municipalities, all placed in the region of Athens.  

Controls were either outpatients for routine examinations or inpatients in departments 

other than the cardiology clinics, who visited the same hospitals and at the same period with 

the coronary patients. Healthy volunteers from Centers of Open Protection for the Elderly 

and Municipalities of the area of Athens were also enrolled in the control group. In order to 

reduce the effect of possible, unknown confounders and to eliminate the problem of 

misclassification, we retrieved precise information from medical history through the hospital 

or insurance records. Therefore, controls were subjects with negative coronary angiography 

findings, or negative stress test, or subjects without clinical symptoms of the disease, of any 

CVD, cancer, or inflammatory diseases. 

#ÁÓÅÓ ×ÅÒÅ ÅÎÒÏÌÌÅÄ ÆÒÏÍ ÃÁÒÄÉÏÌÏÇÙ ÃÌÉÎÉÃÓ ÏÆ !ÔÈÅÎÓȭ ÈÏÓÐÉÔÁls. Cases were subjects 

presenting with either acute coronary syndrome (ACS) or stable CAD defined as >50% 

stenosis in at least one of the three main coronary vessels assessed by coronary 

angiography. ACS was defined as acute MI ranging from ST-segment (STEMI) to non-ST-

segment elevation (NSTEMI) and unstable angina (Kalra et al. 2008). ɚ#3 ÐÁÔÉÅÎÔÓ ÈÁÄ ÁÌÓÏ 

undergone coronary angiography that verified the presence of significant stenosis. Subjects 

with renal or hepatic disease were excluded from both study groups. In the group of cases, 
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60.4% were diagnosed with first-time CAD at the time of recruitment while, 49.6% were 

diagnosed with CAD six months or more before the time of recruitment.  

All participants were informed about the goals of the study and gave their written consent. 

A total of 2886 people were invited to participate in the study and 2565 were finally 

recruited from 2006 to 2010.  

 

2.3. Demographic assessment 

Demographic and lifestyle characteristics, personal and family medical history of CVD risk 

factors, dietary habits and PA habits were assessed during recruitment of the study sample. 

Age (in years) was recorded: i) at the time of recruitment for controls and ii) at the time of 

first-time CAD diagnosis and at the time of recruitment for cases.  

All participants were interviewed regarding their origins to ensure their Greek ancestry. 

Their educational status was measured by the years of schooling and was classified into four 

groups: primary school (0-6 years), high school (7-12 years), senior high or technical 

institutes (13-15 years), university (>=16 years). Senior high or technical institutes and 

university were combined into one group. The marital status of the participants was also 

recorded and defined as single, married, divorced or widowed. The annual financial status of 

the participants was classified into four groups: low (<8000 euro/ year), medium (8000-

15000 euro/ year), high (15000-2000 euro/ year) and very high (>20000 euro/ year). Low and 

medium financial status were combined into one group (low/medium). Similarly, high and 

very high financial status was combined into one group (high/very high). Furthermore, data 

regarding the professional status was collected and the participants were accordingly 

characterized as public servants, private employees, freelancers, partially employed, 

unemployed, retired and householders. 

2.4. Anthropometrical measurements 

Volunteers underwent anthropometric measurements by trained dietitians of the research 

team. The equipment and the protocol used was the same for all subjects that participated 

in the study. Basic anthropometric indices, such as weight, height, WC and hip circumference 

(HC), were measured. 



39 | S u b j e c t s ,  M a t e r i a l s  &  M e t h o d s 

 

2.4.1. Weight and height measurements 

Body weight and height were measured in all participants, wearing light clothing, without 

shoes. Weight was measured to the nearest 0.5kg using a leveled platform scale. Height was 

measured to the nearest 0.5cm using a wall-mounted stadiometer. Participants were asked 

to stand erect, with the feet, knees, buttock and shoulder blades in contact with the vertical 

surface of the stadiometer. The examiner then placed the participant in the Frankfort 

horizontal plane. BMI was computed as weight (kg) / height2 ɉÍɊ ɉ1ÕÅÔÅÌÅÔȭÓ ÅÑÕÁÔÉÏÎɊ: 

Body Mass Index= Weight (kg)/ Height2 (m). 

2.4.2. Waist and hip circumference measurements 

WC and HC were measured using WHO protocol (WHO, 2008). A measurement tape was 

used for both measurements. WC was measured to the nearest 0.1cm by placing the 

measurement tape at the approximate midpoint between the lower margin of the last rib 

and the iliac crest. HC was measured around the widest portion of the buttocks to the 

nearest 0.1cm   

The WHR was computed as the ratio of the circumference of the waist to the circumference 

to the hips: Waist-to- hip ratio = waist circumference (cm)/ hip circumference (cm). 

2.5. Hematological and biochemical measurements 

Blood samples were collected after 12-hour fasting between 6 and 10a.m. A physician 

performed venipuncture to obtain 10ml blood from each participant. The blood was 

distributed to two types of test tubes, one of which contained EDTA. In total three tubes 

were used for i) total blood count, ii) biochemical indices and iii) DNA isolation analyses for 

each participant. Furthermore, blood samples were centrifuged and both plasma and serum 

were stored at -80oC for future measurements. 

2.5.1. Total blood count  

EDTA-blood was transferred on the same day in a local laboratory for analysis in a 

hematological auto-analyzer. Hematological indices obtained were leukocytes, neutrophiles, 

lymphocytes, monocytes, eosinophils, red blood cells (RBC), hemoglobin, hematocrit, mean 

corpuscular volume (MCV), mean corpuscluar hemoglobin (MCH), coefficient of variation of 

red cell distribution width (RDW-CV), platelets and mean platelet volume (MPV).  
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2.5.2. Biochemical measurements 

Measurement of blood lipids, such as TC, HDL-C, TGs were determined using the enzymatic 

colorimetric assay (ACE analyzer). LDL-C was calculated from the Friedewald equation 

(Friedewald et al., 1972): LDL-C (mg/dl)= TC (mg/dl) ɀ HDL-C (mg/dl) ɀ (TGs(mg/dl)/5). 

Glucose levels were also measured using the enzymatic colorimetric assay (ACE analyzer). 

Serum insulin was measured via immunofluorescence on an automatic analyzer with direct 

chemiluminescence immunometric assay, sandwich type, of two points, utilizing constant 

ÑÕÁÎÔÉÔÉÅÓ ÏÆ Ô×Ï ÁÎÔÉÂÏÄÉÅÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÉÎÓÔÒÕÃÔÉÏÎÓ ɉ34 !)! ÐÁÃË )2)ȟ 

Tosoh AIA System Analyzers, San Francisco, CA). Insulin resistance was estimated using the 

homeostasis model assessment (HOMA-IR) with the following equation (Matthews et al., 

1985): HOMA-IR = fasting insulin (ʈIU/ml) × fasting glucose (mmol/L)/22.5. 

2.5.3. DNA isolation 

EDTA-blood was also used for DNA isolation. Genomic DNA (gDNA) was extracted from 

whole blood using the salting-out method (Miller et al., 1988). For each participant, DNA 

isolation was performed twice and each DNA sample was stored in two aliquots with TE 

buffer at -20°C. DNA isolation was performed in the Laboratory of Biology, Biochemistry, 

Physiology and Microbiology at Harokopio University. 

2.6. Clinical assessment 

A physician performed clinical assessment of the volunteers through a questionnaire during 

an interview. In order to eliminate recall bias, we also tried to reclaim medical information 

from the hospital or insurance records for both study groups, where available. 

Hypercholesterolemia was defined as TC levels greater than 200 mg/dl or use of 

hypolipidemic medication. Diabetic subjects were those with blood glucose levels greater 

than 125 mg/dl or subjects that were under special diet or treatment. 

BP level was measured in right arm, having the volunteer seated and rested, by using a 

mercury sphygmomanometer. Hypertension was defined as BP levels greater than 140/90 

mmHg or use of antihypertensive medication. 

FH of premature CAD was considered when the age at which first-degree relatives develop 

symptomatic CAD is under 55 years for male and under 65 years for female. 
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2.7. Lifestyle assessment 

Information regarding dietary intake, PA habits and smoking status was also collected. 

2.7.1. Dietary assessment 

Nutritional information was obtained by 60.4% (N= 737) of patients that were first diagnosed 

with CAD within six months by the time of their recruitment in the study. The volunteers 

were asked about their nutritional habits before CAD diagnosis. Nutritional information from 

volunteers with CAD diagnosis for more than six months at the time of recruitment was not 

collected, in order to eliminate a) bias regarding possible modifications of nutritional habits 

after CAD diagnosis and b) recall bias regarding nutritional habits before CAD diagnosis. 

We tried to retrieve dietary information from double number of controls, in order to ensure 

2:1 controls to cases ratio. After excluding subjects with incomplete or missing dietary data 

and extreme values of energy intake, the main sample with nutritional information included 

499 cases and 832 controls.   

Dietary data was collected through a 172-item picture-sort FFQ. Participants were asked to 

indicate how often they consumed various foods and beverages, as well as the portion size 

by comparison with photos. Daily consumption was calculated from the FFQ by multiplying 

the standard serving size of each food (as described by the Ministry of Health and Welfare, 

Supreme Scientific Health Council) by the value corresponding to each consumption 

frequency: never; 1ɀ3 times/month; 1ɀ2 times/week; 3ɀ4 times/week; 5-6 times/week; 1 

time/day (Supreme Scientific Health Council & Ministry of Health and Welfare of Greece, 

1999). The FFQ was either self-administered or self-interviewed. In both cases, well-trained 

nutritional professionals were available to assist the participants during questionnaire 

completion.  

Nutritionist Pro, version 2.2 software (Axxya Systems-Nutritionist Pro, Stafford, TX, USA) 

was used to analyze nutritional information regarding energy, macronutrient and 

micronutrient intakes. 

2.7.2. Mediterranean Diet Score evaluation 

The adherence to the MD was evaluated, by calculating a MedDietScore that is an a priori 

defined score. The range of that score is between 0ɀ55; higher values suggest greater 

adherence to the traditional Mediterranean DP that is characterized by high consumption of 
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plant foods (non-refined cereals, vegetables, and fruits) and olive oil, by moderate 

consumption of dairy products, poultry and fish and by low consumption of meat and meat 

products (Panagiotakos et al., 2007). The MedDietScore was split by median into two 

categories to indicate the volunteers with low adherence (below median) and high 

adherence (above median) to the MD. 

2.7.3. Evaluation of olive oil consumption 

The FFQ included additional questions to assess the type of fat/oil used in cooking. 

Participants were asked to report the type of fat/oil used during the preparation of a) salads, 

b) cooked meal and c) fried meal. Each participant could indicate more than one choice of 

fat/oil namely, olive oil, seed oil, corn oil, sunflower oil, butter, and margarine, as depicted in 

Table 2.1.  

Regarding olive oil consumption, participants were classified into two groups: those who 

exclusively used olive oil during meals and salad preparation and those who consumed other 

types of fat/oil as well. 

 

Table 2.1.  Questions used to assess the type of oils/ fats added in food preparation.  

What type of fats do you 

use in cooking? 

(Please list all used) 

What type of fats do you use 

in vegetables? 

(Please list all used) 

What type of fats do you use 

in fried meals? 

(Please list all used) 

 Olive oil   Olive oil   Olive oil  

 Seed Oil  Seed Oil  Seed Oil 

 Corn oil  Corn oil  Corn oil 

 Sunflower oil   Sunflower oil   Sunflower oil  

 Butter  No oil/ Do not add fat  Butter 

 Margarine   Margarine 

2.7.4. Food groups 

Food and nutrient intake by the FFQ were examined at the level of food groups and DPs. 

Dietary data were manually entered into an Excel spreadsheet database that translated the 

queried foods and beverages into food group equivalents. Regarding combinations of 

individual foods into one food item, the researcher consulted the ingredients, nutrient 

information and recipe from reference lists. The dietary guidelines for adults in Greece were 

used for portion size calculation (Supreme Scientific Health Council & Ministry of Health and 
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Welfare of Greece, 1999). In total, 26 food groups were estimated and are depicted in Table 

2.2. For analysis, the number of food groups was further narrowed down to 21 by including 

two food groups into one (e.g. dairy, full fat and cheese, full fat). 

Table 2.2. Assessment of food groups  

 

Refined starch Refined breakfast cereals, chocolate cereals, white toast 

bread, white bread, sesame bagel, rice, spaghetti,  

Non-refined starch All bran cereals, muesli, whole wheat toast bread, whole 

wheat bread 

Fruits Apple, orange, banana, pear, kiwi, tangerine, apricots, 

peach, watermelon, melon, strawberries, figs, grapes, 

cherries, dried figs 

Fresh fruit juice Fresh fruit juice, fruit juice (100%) 

Fruit juice Fruit juice (<100%) 

Vegetables Tomatoes, cucumber, onions, turnip, garlic, carrot, lettuce, 

cabbage, spinach, broccoli, greens, eggplants, pumpkins, 

artichokes 

Potatoes  Baked potatoes, boiled potatoes, smashed potatoes 

Potatoes Fried potatoes 

Legumes Lentils, beans  

Fish (including fried fish) small fish, big fish 

Poultry Chicken breast, chicken leg 

Red meat Pork, beef, lamb/goat, liver 

Processed meat Salami, sausage, turkey, bacon,  

Dairy, full-fat  Milk full fat, yogurt full fat 

Dairy, semi-fat  Milk, semi-fat, yogurt semi-fat 

Dairy, non-fat Milk non-fat, yogurt semi-fat  

Cheese, full-fat Feta, parmesan, gruyere 

Cheese, semi-fat  composite cheese 

Eggs Egg boiled, egg fried/scrambled  

Fast foods Pizza, cheese pie, ham-cheese pie, spinach pie 

Sweets Chocolate almond, dark chocolate, mini chocolate, 

chocolate croissant, cookies, chocolate cake, ice cream, 

ravani, baklava, pecan pie, donut, nougat, halvah, sugared 

bun, melomakarono 

Nuts and seeds Almonds, peanuts, hazelnuts, cashew, walnuts, pine nut 

Beverages with sugar Soft drinks 

Beverages, non-sugar Soft drinks light 

Beverages with alcohol Beer, red wine, white wine, whiskey, ouzo, liquor,  

Coffee Coffee 
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2.7.5. Physical activity assessment 

Physical activity level (PAL) was assessed through Harokopio Physical Activity Questionnaire 

(HAPAQ) (Maraki et al., 2010) that evaluates the frequency, duration and intensity of 

occupational, household and leisure-time activities. PAL was calculated as the ratio of the 

work metabolic rate to the resting metabolic rate of 1 metabolic equivalent (MET). The work 

metabolic rate was defined as the person's total energy expenditure in a 24-hour period, 

based on performed physical activities. The caloric cost of each PA was estimated with the 

equation, kilocalories = MET × weight in kilograms × duration in hours. The 1 MET reference 

value of 1 kcal·kgϺ1·hϺ1, is used by convention and refers to a metabolic rate at rest of an 

average individual(18). PA data was imported into an Excel spreadsheet that was properly 

designed to automatically calculate PAL value for each participant.   

PA adoption was assessed as a categorical variable categorizing the participants into two 

groups, whether they reported leisure-time activities in a regular basis or not. 

2.7.8. Smoking status assessment 

Participants were asked to report whether they were current, never or former smokers. The 

average daily number of cigarettes, the duration of smoking and time of cessation were also 

estimated. Passive smoking exposure at home or work was also recorded by answering a 

close-ended type of question. Current smokers were defined as those who smoked at least 

one cigarette per day, non-smokers those who have never smoked in their life and former 

smokers those who have stopped smoking for at least six months. Former smokers were 

either combined together into one group with current smokers or with never-smokers. 

Pack-years were also calculated by multiplying the number of cigarette packs smoked per 

day by the years of smoking. 

Number of pack years = (number of cigarettes per day/20) × years of smoking 

2.8. Genotyping  

The genotyping procedure consisted of sample genotyping on the Metabochip and 

OmniExpress arrays and subsequent application of data quality control (QC). 
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2.8.1. The Metabochip micro-array 

After the completion of DNA isolation, gDNA samples were transported in dry ice to 

Wellcome Trust Institute, Hinxton, UK, where genotyping took place. For this cause, the 

Metabochip was used, which is a custom genotyping array that comprises of 196,725 SNPs 

(iSELECT chip, Illumina, San Diego, CA, USA) associated with T2DM, CAD, MI and related 

quantitative traits (BMI, BP, lipid, FG and FI levels). It represents a cost-effective and 

valuable tool in genetic studies that endeavor to understand the architecture of common 

and complex human traits. The genotype calling algorithm was GenoSNP. A total number of 

1887 samples were successfully genotyped.  

2.8.2. The OmniExpress array 

A subset of 1075 samples were also genotyped at Wellcome Trust Institute, Hinxton, UK, 

using the OmniExpress array (Human OmniExpress 12v1, Illumina, San Diego, CA, USA), 

which comprises of 733.202 SNPs. The genotype calling algorithm was Illuminus.  

2.8.3. Data Quality Control 

The next step after genotyping was the data QC. Data QC is an important procedure prior to 

association testing. A careful assessment of data quality could elude or diminish the rate of 

false-negative or false-positive disease associations. QC filters were applied in two levels, 

including sample quality metrics and SNP quality metrics. 

Sample quality metrics were applied as described in the following lines.  

Á Samples with low call rates were filtered out. The standard threshold for excluding 

samples with low call rate was 95%.  

Á Samples with sex-discordance were identified, by comparing the sex ascertained during 

sample recruitment with the heterozygosity rate across all chromosome X SNPs. For female 

samples a high heterozygosity rate was expected, while the reverse was applied for male 

samples. The comparison between recorded and genotype sex was automatically 

performed by PLINK v.1.07 (Purcell et al., 2007). Sex-discordance could result from a sample-

mix up or plating error.  

Á The mean and the standard deviation (SD) of heterozygosity in samples with over- or 

under-abundance of heterozygous SNPs were computed. Individuals with heterozygosity 

falling outside the mean ± SD were excluded.  

Á Duplicated and related samples were identified and removed from the cohort. 
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Á Samples with divergent ancestry (non-Europeans) were also identified as ethnic outliers 

and removed from the cohort. The method used was multidimensional scaling implemented 

in PLINK.  

SNP quality control set for the study is described in the following lines. 

Á Samples that diverge from Hardy-Weinberg equilibrium (HWE) are likely to be subject to 

genotyping or genotype errors. HWE filtering was based on controls since deviations could 

be also indicative of selection. In this study, the significance threshold for HWE was 10-4. This 

practically means that SNPs with p-value < 10-4 were removed.  

Á Markers with a call rate less than 98% were removed from further study.  

Á The linkage disequilibrium (LD) cut-off for two SNPs in the same locus was r2 < 0.5. 

Á The last step was to remove the SNPs with low minor allele frequency (MAF). A MAF 

threshold of 1% was applied.  

SNPs that did not meet the quality control criteria were imputed. Imputation was performed 

based on the 1000 Genomes panel and IMPUTE2 (Howie, Donnelly and Marchini, 2009). The 

haplotyping software was SHAPEIT (Delaneau, Marchini and Zagury, 2012).  

 

Genetic risk score modeling 

The weighted GRSs were calculated by counting the number of risk alleles (0, 1 or 2) carried 

by each individual for all SNPs selected, after multiplying the number of risk alleles per SNP 

by its ɼ-estimate and then summing up the number of risk alleles across all SNPs tested 

(Hivert et al., 2011). Finally, the score per individual was divided by the average of the ɼ-

estimates of the SNPs (Rasmussen-Torvik et al., 2011). The unweighted GRSs were calculated 

by counting the number of risk alleles (0, 1 or 2) carried by each individual for all SNPs and 

then summing up the number of risk alleles across all SNPs tested.  

2.9. Statistical analysis 

Variables and Associations 

Continuous variables are presented as mean values and SD, while categorical variables are 

presented as relative frequencies. Differences between categorical variables and groups of 

the ÓÔÕÄÙ ×ÅÒÅ ÁÓÓÅÓÓÅÄ ÕÓÉÎÇ ÔÈÅ ʔΤ ÔÅÓÔȢ 0ɀP plots were applied to assess the normality of 

ÔÈÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÖÁÒÉÁÂÌÅÓȢ 3ÔÕÄÅÎÔȭÓ Ô ÔÅÓÔ ÏÒ ÔÈÅ -ÁÎÎɀWhitney test was 

applied to evaluate differences in continuous variables between the two study groups. 



47 | S u b j e c t s ,  M a t e r i a l s  &  M e t h o d s 

 

Regarding genotypic data information, raw data manipulation and recoding for GRSs 

construction was performed in PLINK v.1.07 tool set (Purcell et al., 2007). 

Logistic regression analysis was performed in order to estimate the relative risks of 

developing CAD by the calculation of ORs and their corresponding 95% CIs. In addition, 

unadjusted or adjusted logistic regression analysis was performed in order to test the 

association between GRS (based on a panel of 53 CAD variants, GRS-53) and CAD risk, by 

calculating the OR and their corresponding 95% of CIs. The calculation of ORs for CAD risk 

was also performed on the basis of covariates namely, age, sex, BMI, hypertension (yes vs. 

no), T2DM (yes vs no), smoking status I (current/former vs. never smokers), smoking status 

II (current vs. never/former smokers), PA adoption or physical inactivity (no vs. yes), energy 

intake (above or equal to vs below median) and WHR (above or equal to vs below median). 

Energy intake and WHR were split into two quantiles with regard to the median, separately 

for men and women. Logistic regression was also used for associations between each 

dietary component with CAD risk, without adjustments or after controlling for age, sex, BMI. 

For the interaction associations, we included a Glucose Preventive Score (GPS) × GRS cross 

product along with the covariates (GPS, GRS, age, sex, BMI and energy intake) and the 

glucose levels as an outcome. In order to further characterize the direction of the 

interaction, we conducted a stratified analysis. For the lifestyle score and the GRS, the 

coefficient of determination (R ) was used as a measure to express the proportion of total 

variation explained by the model. Genotype by environment (G × E) variance contribution to 

the total variance of glucose levels was estimated using genome-wide complex trait analysis 

(GCTA). 

The impact of each variant on CAD risk was examined through logistic regression, 

unadjusted or after confounding and assuming an additive genetic model. 

In order to evaluate the combined effect of genetic predisposition and adoption of the MD we 

calculated the ORs for each of the following categories: a) low GRS + high western diet 

adherence, b) high GRS + low western diet adherence and c) high GRS + high western diet 

adherence, using as reference subjects with low GRS and low western diet adherence. Low 

and high GRS, as well as low and high western diet adherence were set on the basis of the 

median value for both variables.  
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Factor Analysis  

In addition, FA technique was conducted to identify DPs. Exploratory FA was carried out to 

evaluate validity, disclose underlying structures and reduce the number of variables. FA was 

chosen as extraction method using orthogonal rotation (Varimax rotation) in order to 

generated non-correlated components (namely, non-correlated DPs). The food variables 

that were highly correlated showed factor loadings (correlation coefficients) greater that 

|0.4|. The cut-off point for Eigen values was greater than 1.0. 

 

Statistical Analyses Softwares 

Analyses were based on 2-sided tests, while statistical significance was set at p Ѓ ΡȢΡΧȢ The 

statistical software packages IBM SPSS Statistics 13.0 and 21.0 (SPSS Inc., Texas, USA) were 

used for all statistical calculations, where appropriate. Genetic analyses were performed in 

SNPTEST v.2.5.2 (https://mathgen.stats.ox.ac.uk/genetics_software/snptest/snptest.html). 

The statistical threshold for these analyses was based on Bonferroni correction for multiple 

testing. We also used Quanto v1.2.4 for power calculations (http://hydra.usc.edu/gxe/).

https://mathgen.stats.ox.ac.uk/genetics_software/snptest/snptest.html
http://hydra.usc.edu/gxe/
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3   R E S U L T S & D I S C U S S I O N  
 

This section presents the manuscripts derived during the implementation of the current 

dissertation. The manuscripts (published or unpublished reports) are grouped in the 

following subsections as depicted in the following outlook.   

 

 

 

Outlook of the papers included in the doctoral dissertation 

Published reports 
(subsection 3.1) 

Unpublished reports 
(subsection 3.2) 

Consortia participation 
(subsection 3.3) 

Paper 1 

Design of the THISEAS study 

and exclusive olive 

consumption on CAD risk 

Paper 3 

The additive influence of 

genetic variants on CAD risk, 

by means of a GRS 

Paper 3 

Novel loci associated with 

CAD. 

(CARDoGRAMplus C4D 

Consortium). 

 

Paper 2 

Lifestyle pattern x gene 

interaction in glycaemic traits 

Paper 4 

DPs and CAD risk via FA 

Combined effect of gene 

susceptibility and a dietary 

component on CAD risk 

Paper 4 

Diet x gene interaction in 

glycaemic traits 

(CHARGE Consortium) 
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Results & Discussion 

Published reports: Papers  1-2 
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3.1. Published reports Paper 1 and Paper 2 

 

Paper 1    THE THISEAS STUDY  

This paper presents an overview of the design and methodology of the THISEAS study. The 

clinical characteristics/biochemical indices, along with the lifestyle habits of the participants 

are presented. The association of a dietary factor, that is exclusive olive oil consumption, 

with CAD risk was also examined.  

Key points  

- A total of 2565 adults were enrolled in the case-control study, specifically 1221 patients with 

CAD diagnosis and 1334 healthy individuals, from a Greek sample.  

- Blood collection and analysis, demographic, anthropometric, clinical, PA and dietary 

assessments were performed. 

- Higher education and financial status were recorded to the control group compared to the 

case group 

-  The conventional CAD risk factor, namely hypercholesterolaemia, hypertension, DMT2  

and FH were more prevalent in cases than controls.  

- With regard to lifestyle habits, controls reported higher PAL when compared to cases. 

- Also, higher prevalence of smoking  was recorded in CAD patients, who reported a higher 

number of pack-years by double than controls. 

- Exclusive olive oil consumption was associated with lower CAD risk, after adjusting for 

confounding factors. 

 

Paper 2   LIFESTYLE - GENE INTERACTION IN GLYCAEMIC TRAITS 

 

In this work, data from individuals without diabetes, drawn from the THISEAS study, were 

utilized for the analyses.  

Key points 

- A healthy lifestyle pattern, through a preventive score, was tested for association with 

glycaemic traits. In addition, it was examined whether this lifestyle pattern modifies the 

association of known glucose-raising SNPs on glycaemic traits.  
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- A GPS was constructed based on dietary and PA data. A GRS was also constructed, based 

on a panel of 20 SNPs. Both the weighted and the unweighted score was used for the 

analyses.  

- The GPS was inversely associated with glucose levels.  

- The GRS was associated with higher glucose levels. 

- The association of the GRS with glucose levels was attenuated after interaction with the 

GPS.  
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