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Abstract

Introduction: Cardiovascular disease (CVD¥) the leading cause of mortality and disability
worldwide. Coronary artery disease (CAD) accounts for the most common type of VD
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 novelCADassociatedloci, c)to evaluate the effect of a genetic risk
score (GRS) on CAD kigl) to identify dietary patterns (DPs) associated with CAD riakd e)

to examine the joint effect of genetic predispositionand diet/lifestyle on CAD riskand on
intermediate phenotypes

Methods: This is a medical centdrased casecontrol study conducted in the region of
Athens. Demographic, anthropometric, biochemical and lifestyle variablegere recorded.
Genetic analysis was performed using micesrays and a GRS was constructed based on a
panel of 53 CAD associated loci (WGRS). Also, a glucose preentive score (GPS) and a GRS
based on 20 glucose raising loci were modeléddGRS) DPswere identified andassociated
with the likelihood of having CADFor statistical analysis, IBM SPSS Statistics 13.0 and 21.0,
PLINKv.1.07and SNPTESV.2.5.2were used.

Results: Exclusive olive oil consumption was associated with 37% lower odds of Gfier
taking into account the Mediterranean dietadherence(OR=063; 95% CI 0-42, 0-93; P=0-02).
The GPSwvas associated with lower glucose concentrationfbh +SE:0.083 + 0.021mmol/L,
p=1.6x10°"). The association of the WGRS with gtose levels was attenuated after
interaction with the GPSThewGR&3was associated with increased CAD risk (OR=1.03, 95%
Cl=1.01.05,p=0.11), afterconfounding. Regarding DPs,he Westen type diet pattern was
positively associated withCAD risk QR=1.20; 95% CI=11082,p=0.000). The study also
participated in two Consortia, supporting important outcomes with data fromthe present
Greeksample

Discussion: Exclusive olive oil consumpbdin was associated with lowerCAD risk, after
adjusting for adoption of an overall healthypPsuch as the Mediterranean diefThe study of
interactions indicated that the effect of adherence to a healthier lifestyle or to an unhealthy

DP is not similar amog individuals with different genetic backgrounds. In additionnsights

1lAbstract in English



in the genetic basis of CAWvere provided. In the near future, GRSs could be usefin clinical

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

Key words: casecontrol, coronary artery disease, diet, olive oil, singtaicleotide

polymorphism
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Doctoral Dissertation Outlook

The present doctoral dissertation is organized in 6 chapters followedy 7 included reports.
The thesis is based onThe Hellenic study of Interactions between Sngle nucleotide
polymorphisms andEating in Atherosclerosis Susceptibility (THISEAS)ohort, which is a
medicatbased casecontrol study conducted ina Greek sample Chapter 1 provides an
introduction (literature review) regarding coronary artery diseasdn the same chapter and
after the introduction, the aims are stated. The design and methods usedrohg this thesis
work are presented in Chapter 2. Chapter 3 presetitair published articles in peer reviewed
journals (results from the THISEAS study and results from two metealyses generated
from Consortia participation) and two unpublished reports. Chapter 4 includes the
conclusiors and future perspectives.The list of referencesand supplementary material are
presented in chapters 5 and 6, respectively. Finally, the appendixchapter 7presents a

review of the literature paper relevant to thetheme framework of the PhD thesis

5|Doctoral Dissertation Outlook
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I/ INTRODUTION

1.1 Cardiovascular Disease

The cardiovascular system consists of the heart, blood and vessaéelidis, Puska and
Norrving, 201} It is responsiblefor 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 acidbase balance. This is a rather broad description of the cardiovascular
system, snce 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 Portaet 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 (BD) (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 arrhythmiadendis, Puska andNorrving, 201}

CVD is the leading cause of mortality and disability worldwide, with more than 80% of deaths
taking place in lowincome and middleincome 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 Nlendis, Puska andNorrving, 2011 Fgures 1.1
and 1.2 illustrate the mortality rates of CVD in higitome and lowincome 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. Howev&11, 1 CVD death occurs in every 40
seconds(Mozaffarian, 2018. 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 estated cost of CVD and stroke in the United Statgt)S)
(Medical Expenditure Panel Survey011; Shanthi et al, 2009).

7|Introduction



The public health burden of CVD and stoke challenged the AHA to implement goals for CVD

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

following sentence.

(By 2020, to improve the cardiovascular health of all Americans by 20% while reducing deaths
AOT 1T AAOAET OAOAOI AO (Aokdddhds@ AILO20HT A OOOT EA

It is not to the intent of this dactoral 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 c€AD

8lIntroduction



Figure 1.]l Mortality rates of CVDs in higincome and lowincome countries, 2008
(WHO, 2011)
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Figure 1.2| Mortality rates of CVDs in higincome and lowincome countries, 2008
(age-adjusted) (WHO, 2011)
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1.2. Coronary Artery DiseaseDefinition and Epidemiology

1.2.1Epidemiological Studies of Coronary Artery Disease globally

CADaccounts for the most common type of CVDs. The term is often interchangeable with
coronary heart disease (CHD), atherosclerotic heartsdase or ischemic heart disease.
Clinical marfestations of CAD include stable and unstable angina, myocardial infarction (Ml)
and coronary death(Wong, 2014. The underlying pathology of CAD is atherosclerosis.

It is estimated that 173 million people died from CVD in 2008 and this number contributes
30% of all deaths worldwide. Of these deaths37million were due to CADWHQO 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 theSeven Countries Study (SCSp come in 1958. The SCS
established the contribution of diet and lifestyle as important risk factors to CAD rifkeys

et al, 1963; Keys et a984).

The Framingham Heart Study (FHSyas initiated in 1947 and the study design was first
described in 1951. The FHS is a hallmark studhenidentification 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 providg 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
individualswith multiple risk factors were in greater CAD risk than those with a single risk
factor (Kannel et al., 19§10ne important contribution of the FHS was the development of a
coronary prediction model, known as the Framingham scoré/(Ision et al., 1998

The National Health and Nutrition ExaminationSurvey (NHANES)begun in the 1960s In
199Q the surveybecame a series oprogramsfocused on assessing the overall health along
with the nutritional status of adults and children in thdJS NHANES findings re 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 theéMonitoring Trends and
Determinants in Cardiovascular Disease (MONICA)oject. The MONICA project was
developed by WHO in 1979 and was built on the FHS, tR€S the Cardiovascular Survey
Methods and European Mocardial Infarction RegistersThe project wasfocused 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 thtNTERHEAREtudy, which is a case
control study of acute Ml in 52 countriesYusufet al., 2009. The main aim of this cohort was
to investigate the effect of risk factors (namely blood lipids, obesity, hypertension, diabetes,
diet, physical activityPA), alcohol consumption and psychosocial factsy 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 irahcet (Rosengrenet al., 2004, Yusuf et
al., 2009.

National epidemiological studies have provided important knowledge in preventive
cardiology. TheProspective CardiovasculaMinster (PROCAM)study was initiated in 1979
and was conducted on the Germapopulation (Assmann andSchulte,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 d@ar follow-up, the PROCAM study
investigators developed a scoring system in an attempt to predi€AD risk in clinical practice
(Assmann andschulte,2002).

The Atherosclerosis Risk in Communitiesstudy (ARIC)is a prospective epidemiological
study, which was initiated in 1987 in four communities in théS The study was designed to
elucidate the pathology of atherosclerosis an@therosclerotic disease and to investigate
variation in CVD risk factors. Theports from the ARIC studyare important in CVD research.
The Multi -Ethnic Study of Atherosclerosis (MESAgnrollment begun in 2000 and people
from four ethnic groups (28% Aitan-Americans, 23% Hispanic, 11% Asian and 38% white) were
enrolled Bildet 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 groupBdtrano et al., 2009.
Other important findings from MESA study include reports on giollution, diet, aortic
calcification and genetics Budoff et al., 2011Park et al., 2010McGeachieet al., 2009;
Nettleton et al., 2008).
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The PREvengin con Dleta MEDiteréanea study (PREDIMEDyvas initiated in Spainat 2003
and was designed to examinghe impact of Mediterranean diet (MD) on the primary
prevention of CVD. The study was registered as a large randomitzéd but it was scheduled

to continue as an observational cohort of highisk participants included in followup
(Martinez-Gonzalezet al, 2012)The PREDIMED study demonstrated that the MD could be a
useful tool in CAD prevention (Ros et al, 201ah)d extra virgin olive oil was associated with
reduced CVD risk and mortality in high risk individua@duaschFerréet al, 2014).

1.2.2Epidemiological Studiesof Coronary Artery Diseasén Greece

The first endeavor to illustrate CAD rates in a Greek sample was 8@SThe 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
DAOOEAEDPAT 006 AEAO 1T &£ OEA Oxi ' OAAE EOI AT AO
intake, reflecting an eating pattern, called théviD. The SCS demonstrated thahe 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, 198%lowever, 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 pudlish@ings of
these studies, although essential, were not representative of the population. In the year
2000, a multicentre casecontrol study was conducted, the CARDIO2000 studyin an
attempt to fill in the gap in the scientific literature and further galuate CVD risk factors in
the Greek population. The CARDIO2000 study was the first study in Greece to explore the
association between gender, demographjceducation, diet, lifestyle (eg,smoking habits,
tobacco exposure,PAhabits, 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 CARDIOR08tudy
demonstrated that hyperlipidemia, hypertension, idbetes mellitus type 2 (DMT2), family
history (FH) and sedentary lifestyle increase acute coronary syndromes incidence. On the
other hand, adherence to theMD and high educational level play a protective role ithe

reduction of coronary risk.
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The subseqgent years, Greece experienced great soegmonomic development, resulting to

lifestyle changes within the population. A populatiofbased health and nutrition survey, the
ATTICAstudy, 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 iBgance

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

high CAD risk and/or predic€AD incidence (Pitsavos et ap03). One of the major findings

of the study wasthe high prevalence of CVD risk factors in¢hGreek population, placing a
remarkable proportion of Greek adults at high risk for developing cardiovascular events in

the future. This outcome was established during thesgar follow up, which revealed a
considerable increase in the prevalence of CVI3krfactors (independently of gender and

age) and an increase in CVD incidence rates. In absolute numbers, approximately 550,000
adults developed a fatal or noWEAOA1T #6$ AOAT Oh xEEAE OADOA
participants (Panagiotakos et al. 2009 he burden of high CVD incidence rates and CVD risk
factors, was further confirmed after the 1§ear follow- up completion (Panagiotakos et al.,

2015). The findings of the stly, although cannot be generalied to the whole country,
possibly suggestash® T £ ' OAAAA AO0T 1 A Al 01 O0OU xEOE Ol
incidence and mortality rates.Up to date, the ATTICA study remains one of the most
important health and nutrition survey in CVD conducted in the Greek populatiofin the

province of ATTI@), with many published papers in the scientific literature.
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1.3 Pathophysiologyand Clinical manifestationsof Coronary Artery Disease

During the last decade, our understanding regarding the pathophysiology of CAD has
remarkably evolved. The main maieistation 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 subsequenttotal 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 youngadulthood (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 hyqggycemia,
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 arteal 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 lesiongType | 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 numbef @mtimal
macrophages as well as, macrophages filled with lipid droplets appear. Fatty stre@ikgoe Il
lesions)are the first visible lesions and are composed of (macrophage) foam cells in layers,
smooth muscle cells that now contain lipid droplets and &wacellular lipid. T lymphocytes
have also been detected. Lymphocytes and macrophages are often combined under the
OAOI OITTT1T1TOAT AAQ 19843 IEaQ atherposBl&dii©lesiond Gan Bel present
early in life, specifically in newborns and chileh (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 belw 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 atheromalts histological feature is he additional extracellular

lipid droplets, which are membranebound or free. The intermediate lesion are also known
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as Type lll lesion, the transitional lesion, and as preatheroriide atheroma is considered to
be an advanced lesion type since it predisposes to sudden lesion pesgion 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 thickenin(Stary et al, 1994) As lesion progresseshe
extracellular lipidthat accumulatesand form the classic, lipidich core of the atherosclerotic
plague. Atherosclerotic plaques can be stable or unstable (vulnerable). Stable plaques are
asymptomatic and are rich of extacellular matrix and smooth muscle cells. Adtable
plaques are prom to rupture and are rich of macrophages, foam cellend extracellular
matrix that is prone to rupture. When a plaque is ruptured, thrombotic substancester the
circulation and thrombus progression isinduced (Fan and Watanabe, 2003)Figure 1.3.
illustrates the progression of atheromatous plaque from initial lesion to complex and
ruptured plague.Our understanding of the pathophysiology of CAD and atherogenesis has

undergone remarkable golution during the last decades.

Figure 1.3Progression of atheromatous plaque

Foam Fatty Intermediate Atheroma Fbrous Complicated
cells streak lesion plague lesion or rupture
L]
= 20
g — /-F/ \Q“ —~ I
e A
- I R T

R | e | | xR

| Fromfirstdecade || Fromthirddecade || From fourth decade |
Smooth
. - . [Thrombosis
Growth mainly by lipid accumulation muscle :
and collagen TEe T

Source: Even D GrechBMJ 2003326:1027130.

When a plaque producesmore than a 50% diameter reduced blood flow through the
coronary may lead tostable angina Acute coronary eventsusually arise when thrombus

formation follows disruption of a plaque.Intimal injury causesxposure and susceptiveness
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of the thrombogenic matrix or lipid pool and triggers thrombus formationAcute coronary
events include unstable angina and MiIln acute MI, occlusion is more complete than in
unstable anginawhere arterial occlsion is usuallysubtotal (>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 discomfortand dyspnea Chest pain arisesrbm nerve
stimuli near the endocardiumThe pain is typically described as heavy, tight pressure on the
chest or feels like indigestion. Mere is great variation between patients regarding pain
localization (chest, neck, shoulders, arms, backr jaw). Musaloskeletal and gastre
oesophageal paingnay co-exist. Also, patients present with atypical painwhich results to
diagnosis difficultyin many casesTriggering factorsinclude emotion, extreme temperature
and exercise Angina may be a) stable and symptosnrelent with rest or nitroglycerin or b)
unstable and it is adisturbance of the usual pattern of stable angina. Unstable angina is
considered to be an emergenc{Dawis, 2001)

Acute MI is due to the formation of an occlusive thrombus triggered by the riyse of an
atheromatic plaque. Obstruction of a coronary artery lasting more thar80 mirutes in the
absence of collateral circulation results in ischemic myocardial necrosis. Chest pain may be
present prior to infarction, however infarction may occur withat 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 swedatigue, 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 evenBefine and
Nichols, 2007.

1.4 Risk factors of Coronary Artery 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 demonstratdtht 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 mod#d and others under investigation (Grech
ED, 2003)

Non-modifiable risk factors

1 Age

1 Family history(genetics)

1 Gender (male sex)

Modifiable risk factors

1 Hyperlipidaemia 1 Sedentary lifestyle(inactivity)
{1 Diabetes Mellitus 1 Excessive alcohol intake

1 Overweight and obesity 1 Smoking

1 Diet (atherogenicdiet) 1 Excessive stres3

Uncertain risk factors

1 Hypertriglyceridaemia 1 Fibrinogen

1 Mircroalbuminuria 1 Creactive protein

1 Hyperhomocysteinaemia 9 Uric acid

1 Lp(a)lipoprotein 1 Renin

Non-modifiable and modifiable risk factorswill be further discussed in the subsequent

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

1.4.1Non-Modifiable Risk Factors

Age

Increasing age is one of the most significant predictors of CAD. It is estimated thiae
majority of people who die of CAD are above the age of 65. Statistics fréiHOand United
Nations, demonstrated that CAD/IHD rates increase by a 2.3 tof@d for every decade for
life in men and by 2.9 to 3:bld for women. Data during 2000 and 219, 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 (We=n Europe) FinegoldJA, et al, 2013).
According to the British Heart Foundation, heart attack morbidity rates of &® years old
women declined by 50%, during 1968 and 1998, while morbidity rates e68§ears old men
declined by a third (Scarborouglet 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 635 years than men of 385 years old. Likewise, the relative rigRR)

was 18 times higher in older women (Panagiotakos et 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 facto
(Andresdottir et al., 2002; ten Kate et al., 1982). Therefore, it remains an important
consideration when assessing the risk for CAD developmeBnpwden et al., 1982) in clinical
settings. A recent metaanalysis, which included caseontrol and crosssectional cohorts,
demonstrated that positive maternal and parental history of CAD should be considered
equally important for CAD transmission to the offspring/{eijmans et al., 2015).

A prospective cohort, he Cooper Center Longitudinal Study (CCLS), exaed 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 FMBachmann et al., 2012).

According to the guidelines of the National Heart, Lung and Blood Institute, a positive FH of
CAD is defined as a firstegree 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 ExpertePauggests 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., 2004yers et al, 1990).

The fact that the clustering of conventional risk factors could not entirely predict CAD
occurrence indicate that genetic susceptibility and gerenvironment interactions are also
associated with the familial aggregation of the dise. Overview of the evidence for
association of genetic variants with increased CAD riskda@AD incidence iglescribed in
AAROAETI O ET OEA O' AT AOEA 3 0O0A AnapleEskdidn Bséxtibn T /&
15.).

Gender
Women lag 7 to 10 years befd 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 55ral CAD risk is escalated in both men and women (Ouyang et al.
2006).

Despite gender differences in CAD risk between midelged men and women, CAD
DOAOGAT ATAA ET xTT1T AT OETOIA 1106 AA O1 AAOAOGOE
Evaluation (WISE) study hademonstrated that young women with oestrogen dysfunction
have a #old increase in CADxisk (Maas and Appelman, 2010). In 2009, theNHANES
demonstrated that the prevalence of Ml has increased in midddged women (35 to 54
years) and declined in men of the same age (Towfighi, Zigeand Ovbiagele, 2009).
Furthermore, subclinical atherosclerosis may be present in premenopausal women with CAD
risk factors, which changes to more vulnerable lesions after menopaus®a@as and
Appelman,2010).

Men and women still share the same risk factors for CVD development dhdrefore, CAD
incidence. Genderelated differences are yet to be clarified and gender bias freatment

should be eliminated.

1.4.2 Modifiable Risk Factors

Hyperlipidaemia

Hyperlipidaemia is a disorder of lipid metabolism and regulation of the body,naally
manifested by abnormal levels of plasma total cholesterol (TC), lal@nsity lipoprotein
cholesterol (LDLC), triglycerides (TGs) or high density lipoprotein cholesterol (HD)

High TC is a risk factor for CAEXpert Panel on Detection, Evaluan, and Treatment of
High Blood Cholesterol in Adulds TC and LD levels were positively associated with CAD
death in men in a 1fear follow-up study (Neaton et al., 1992). This also applies fwomen
(Piepoli et al., 2016)In a metaanalysis from 22frials, it was demonstrated that every
1mmol/l decrease in LDC levels (with statin therapy) was associated with a 286%
reduction in CVD mortality and nofatal MI (Cholesterol Treatment Trialists' (CTT)
Collaboratorset al., 2012)Up to date, the association of TC and LEZ with CVD risk is well
documented in many studiesin addition, low levels of HDICis an independent CAD risk
factor, although attempts to increase HDIC levels did not decrease CAD risElevated levels
of TGs are also considered to be a significant marker for CAD, although the effect on CAD

risk is much smaller than hypercholesterolaemiRigpoli et al., 2016).
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Hypertension

HypeOOAT OET 1T EO AAEZET AA AO OUOOITEA AITIT A DPOA
DOAOOOOA j$"0q T &£ eYrPii(Cc ATATYT O OEA OOA 1 E
of the Joint National Committee of Prevention, Detection, Evaluation and TreatmeaftHigh

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

data, about one third of US adults have hypertensiorMzaffarian et al., 2015). Blood
pressure (BP) elevation is proportional to the age of the population. Wdwide,
hypertension is estimated to cause 7.8 million deaths, which account for approximately 13%

of all annual deaths \WHQO, 2011). According to the most rece®uropean Guidelines o€VD
prevention in clinical practice the classifications of BP levelare summarized in Table 14

(Piepoli et al., 2016).

Table 1.4.1Classification of blood pressure levels

Systolic BP (mmHg) Diastolic BP (mmHg)

Optimal <120 and <80

Normal 120129 and/or 80-84
High-normal 1306139 and/or 8589

Grade hypertension 140159 and/or 90-99

Grade Zhypertension 160199 and/or 100109

Grade Zhypertension EZI P and/or EZSP
Isolated systolichypertension €EZOPP and <90

*BP= 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, gfeco
intolerance and cigarette smoking (Kannel 1976; McGard Gordon, 1976). Up to date
large body of scientific evidence has demonstrated a consistent positive and progressive
association between hypertension and CAD. Although hypertension is not thaisa 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,eaf60 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), [s@ pressure was the
strongest CAD predictor, while DBP was inversely associated IWi€AD risk. file Chicago

Heart AssociationDetection Projectin 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. Omportant finding of the study
was that men with highnormal BP (13@39/8589mmHg) or stage 1 hypertension (140
159/9099mmHg) accounted for60% ofCADQ CVD, and attause mortality In addition, their
life expectancywas shortened by 2.2 and 4.1 years, respectivéMiura et al., 2001)High-
normal BP is also associated with inaeed 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 metmalysis & 61 studies revealed that each 20mm Hg increase of
SBP of or 10mm Hg increase of DBP doubles the risk of a fatal coronary euawiqgton et

al., 2002).

A common target for BP is <140/90 mm Hg. The AHA statement recommends a lower target
goal of BP 0f<130/80 mm Hg in individuals with established CABRdsendorffet al., 2007).

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

DiabetesMellitus

There are two main types of diabetes mellitus (DM) : Tyfdaliabetes mellitus (TLDM) and

T2DM In 2010, bbng with the established criteria for the diagnosidDM, the American

Diabetes Association (ADA) adopted the use dahe A1C(hemoglobin Alc or HbAlc)
threshold of >6.5%Therefore, DM is defined accordingly to the cetia summarized in Table
14.2.

Table 1.£. Criteria for the diagnosis of diabetes mellitus
' # € WY8Xb

or
AAOOET ¢ Pl AOI A Cc1 OATOA € =sTW i CTAI
or
2E Pl AOIi A ci OAT OA € TPP |1 CTAI
or
A OATATIT DI AOGI A ci OAI 6GA € TPP I CTAI EI

crisis

Source:American Diabetes Association, 2013

In 2010, 1.7 milion &1 0O j € TP UAAOO 11 AQq wdaadkhe BusddrCl T OA

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%\lthough 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 pediatriclgtigu
(Mozaffarian et al.,2019.

DM is an independent risk factor for CA@Kannel and McGee, 1979; Kannel an McGee, 1979)
and is considered to be a CAD risk equivalertigtional Cholesterol Education Program
(NCEP) ExpérPanelon Detection, Evaluation and Treatment of High Blood Cholesterolin
Adults (Adult TreatmentPanellll), 2003. Patients with DM have a-®Id higher risk for CVD
compared to those without DM (fox et al., 2007).

In a population baseestudy in Gernany (MONICA/KORA Myocardial Infarction Registry), the
proportion of CAD death, without prior MI, was higher in diabetic than in nahabetic
patients (odds ratio (OR) 1.26; 95% confidence inter¢@l) 1.171.39 (Icks et al., 2014). The
results of a randanized controlled trial (RCT) in Europe, thAngloDanishDutch Study of
Intensive Treatment In People with Screen Detected Diabetes in Primary Care (ADDITION
Europe), highlighted the importarce 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 followp was 5.3 years. CVD risk
factors (HbAlc, cholesterol and blood pressure) were significantly, although slightl
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 highquality treatment of DM as a risk factor, wen in the routine
care group.CVD incidence was lower than expected in both grougsriffin et al., 2011).

The increased risk for CAD attribat to DM per se is independenof other risk factors,
namely overweight/obesity and dyslipidemia, commonly observedh patients with
established DM. Therefore, screening is essential in childradplescents and adults , who
are overweight/obese and have one or more risk factors for developing T2DNCEFEXpert
Panelon Detection, Evalwation, and Treatment of High Blood Cholesterolin Adults (Adult
TreatmentPanellll), 2002).

The target level for DM, as an important CAD/CVD risk factor is a HbAlc goal of <7%
(Authors/Task Force Members et al., 2016).
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Overweight and obesity

Body weightis defined in categories according to body mass index (BMI) affs. BMI is a
simple screening tool for body fatness. According to WHO, overweight is defined as BMI
ETX®AT A T AROEOU AMWHO, 2016).AéhigtPviai@efof BMI is an indicator of
excessive fat accumulation. BMI cuff points are depicted in Table 1.4.3.

Table 1.43.Body mass index cubff points

Body mass index (kg/m) Disease risk
Underweight <185
Normal weight 18.524.9
Overweight 25.029.9 Increased
Obesity class | 30.0-34.9 High
Obesity class Il 35.0:39.9 Very high
Obesity class ll{extreme obesity) EOP Extremely high

Souce: World Health Organization, 2008

Body fat distribution is also important. Waist circumference (WC) measurement or waist
hip ratio (WHR) are also indicators of body fatness. Sspecific thresholds of WC and WHR,

as an exarple cited in WHO repar, are demonstrated in Table 1.4.

Table 14.4. Body mass index cubff points

Cutoff points Disease risk
Waist circumference >94 cm (men); >80 cm (women’ Increased
Waist circumference >102 cmrfien); >88 cm (vomen) Substantialy increased
Waistto-hip ratio €P 8 Y PRneddin j€ P 8vbmen) / Substantiallyincreased

Souce: 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 maed 38% in
women globally. Therefore, the prevalence of overweight and obesity has reached epidemic
proportions and has affectedzalthough disproportionally- all age groups, both sexes and
both the developed and the developing world (Ng et al., 2013).i¢testimated 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 (intraabdominal fat) can result in an increased level of BRpbd lipids,
insulin resistance inflammation, ventricular dysfunction and increased evalence of CAD
(Yatsuyaet al., 2014Peterson et al., 2004).

Even modest weight loss, approximately 5% of the initial weight, can improve metabolic
features or prevent metabolic abnormalitiesthat 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 HRfor CAD wasl.27(95% Cl 2% 1-31jor every 5kg/nf 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 Rirden of Metabolic Risk Factors for Chronic Diseases
Collaborationet 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 incidencebesity

risk for CAD is mediated though metabolic risk factorglexander, 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 oindirect 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 patteriPPs) on
CVD have been evaluated by numerous studi@he Mediterraneantype diet is the most
studied and the impact of diet on CVD was first demonstrated by the S&8omhout et al.,
1989) Specifically, the Mediterraneastype diet was inversely associated with the incidence
of CAD in Southern Europe when compared with th&lS and Northern Europe, after
adjusting for confounding factors.The characteristics of a healthy diet with reget to CAD

prevention are summarized in the subsequent paragrapliBiepoli 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 (SFEA\ consumption should accountfor 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% reduction in CAD incidence
was demonstrated, when 1% of SFA energy intake was replaceg@dlyunsaturated fatty
acids (PUFA). However, there is a gap in evidence, whether there is a benefit from
substituting carbohydrates or monounsaturated fatty acids (MUFASs) for SFAs (Astrup et al.,
2011)In addition, an approximate 2% increase in energtake of trans fatty acids leads to a
23% increase in CAD ridMdzaffarian 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 alsdeads to a decreased dietary cholesterol intake.

- Recommendations on fruit and vegetable intake support for 20frams of fruits and 200
grams of vegetablesper day, accounting for B servings per dayThe INTERHEART study,
demonstrated that a healthydiet characterized by increased consumption of fruits and

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

OACAOAAT A ET OAEA ET #1'3$ EAO AAAT A1 01 AAITTC

subjects. Specificayl, in this study, men who consumed at least 2.5 servings per day of
vegetables had a RR of 0.77 (95%CI| @®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 iskemic heart disease deaths to insufficient intake of fruits and vegetables (WHO,
2009).

- Sodium intake should be reduced to a maximum of 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 recommerftsh consumption 12 timesper week, preferably

oily fish. A metaanalysis of 17 cohorts with a followp period of 15.9 years, demonstrated
that in comparison with the very low fish intake (<1 servinghonth), CAD mortality was
lower by 16% in individuals with low fisintake (1 serving/week]RR=.84, 95% C0-750.95),

21% in individuals with moderate figttake (2-4 servings/week)(RR= 0.79, 95% CI=0-6.D2)
(Zhenget al., 2012)

- A recent metaanalysis 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 riskRR=0.7195%G10.59,0.85) (Luo etl., 2014).
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- The consumption of beverages, namely alcoholic and sugaveetened 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 fanam that is

20 grams and 10 grams of alcohol per day, respectively. In a systematic review and -meta
analysis, doseesponse analysis demonstratedlower CAD mortality occurring with
moderate alcohol consumption (2 drinks per day) Ronksley 2011).

A prospective study in women has demonstrated thaSBconsumption of 1 serving per day
and more than 2 servings per day, was associated with &PRR-1.23, 95% Cl=1-0643)and
3FP6(RR=1.35, 95%=1:0769) higher CAD riskrespectively, compared to low cosumption
(less than 1 serving per montkgnd after confounding (Fung et al., 2009)WHO recommends
sugar intake to be limited to 10% of energy intake or less (WHO, 2015).

- A 3045% grams of fibre intake is also recommended, since high fibre intake seemns t
reduce postprandial glucose, TC and LiQLlevels. A recent metanalysis reveale@n inverse
association between fibre intake and CAD risk. Specifically, CAD risk was lower by 9% with
every 7 gramsper dayof higher total fibre intake (RR=0.91, 95% CI&D0.94) (Threapleton

et al., 2013).

The favorable effect of olive on CAD has long been studied and has been associated with
lower CAD risk and mortalityGuaschFerréet al., 2014Bucklandet al, 2012)In Greece, the
CARDIO2000 study, a multicenter oasontrol study, showed that exclusive olive oil
consumption was associated with a 0.55 times lower likelihood of havil®®CS among
hypercholesterolemic subjects (Kontogianni et al., 2007).

Research on specific dietary nutrients of foods that may highligliie protective effects
against CAD is still ongoing. However, apart from focusing to the protective patial of
individual nutrients, it is also important to study the impact ofDPs on CAD. A DP

conceptualizes the nutritional intakethe quality and varig¢y of the overall diet (section 1.6.).

Sedentary Lifestyle (inactivity)

PAEO AAZET AA AO OAT U AT AEI U i1 OAT AT O pOT AOCAA
AopAl AEOOOA AAUIT A OAOOEI ¢ AgbAi AEOOOAGHh A}
(Thompsonet al., 2003). On the other hand, a sedentary lifestyle is defined as a lifestyle
devoid of regular, habitual or leisuréime amounts of PA.

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

evidence that physical inactive individual have lower levels of fitnessa 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 Committe2008). It wasestimated

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 strékarnethon

et al.,, 2009).The PA guidelines for adultsupport for evidence that approximately150
minutes per week of moderateintensity aerobic activity, compared withinactivity, can
reduce CVD risk(Schoenbornand Stommel, 2011). Recommendation guidelines for adults
support for at least 150 minutes per week of moderate intensity aerobic actywiand
resistance activity (musclestrengthening) at least two days per weeKUS Department of
Health and Human Services201(. Health professionals should advise and encourage
individuals to add PA in their everyday life and inform them of how physicahgtivity can

have deleterious effects on their overall health.

Smoking

Tobacco smoking, including secondand smoke (SHS), is one tifie 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 201& @i al,
2012). A 5§ear prospective study in Britain demonstrated that neemokers have 10 years
more life expectancy than persistent smokers. In addition, about 50% of persistent smokers
were killed by their behavioral habitoll, Peto and Boreham 2004).

Up to date, the scientificevidence 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 CAhowever the evidence of a causal
association between smoking and CAD remain contradictory. There is compelling evidence
to support that smoking is associated with a-#ld to 4-fold increase in CAD risk in smokers

compared to nonsmokers (Bailar, 1999; Doyle et al., 1964; Brofteward, 1961). In
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addition, the intensity of smoking further increases CAD rigkenters for Disease Control
and Prevention 2010; Buechley, Drake and Breslow et al.,1958).

The consistency of ssociation between smoking and CAD in different studies is compelling,
despite the argument whether smokingcauses CAD ois associated through common
factors with CAD. Smoking cessation lowers CAD risk and provides stenn (from 20
minutes to few hourg and longterm (within years) benefits in overall health. Historidly has
AAAT OAEA OE@AOI 01 DEET €T 00 AAT CAOI 06 A0OOC A
prevention and quitting should be considered to be one of the top priorities in CAD
reduction drategy (NCEPExpert Panel on Detection, Evaluation and Treatment of High
Blood Cholesterolin Adults (Adult TreatmentPanellll), 2002; Hegglin and Keiser, 1955).

1.5. Genetic Susceptibility of Coronary Artery Disease

Differential susceptibility to CAD in rastomly selected individuals and familial aggregatiasf

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 behavias (eg, smoking, unhealthy diet, excess alcohol intake) or risk factors that
may also have genetic determinants (eg., dyslipidemia, hypertension, DM). Two of the first
OOOAEAO OEAO O1T AAOI ETAA &( AO AT ETAADPAT AAI
Study and the FHS Golditz 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 investigateemature CAD death

in twins, after 26 years of followup. Amaong the monozygotic male twins, the relative hazard
(RH) when a pair died before the age of 55 years was 8.1 (95% @42%Y. The RH was 3.8
(95% CI, 1-:10.5) for dizygotic male twins. Among the monozygotic female twins, the RH
when a pair died before he age of 65 years was 15.0 (95% Ck3Z.9). Among dizygotic
female twins, the RH was 2.6 (95% CI-4.0). 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 trgMarenberg et al.,
1994). The same study further investigated the proportional contribution of getic variants

to CAD mortality, after 36 years of followp. Specifically, the study showed that the
heritability of CAD deaths was 0.57 (95% ClI, 089) among male twins and 0.38 (95%CI,

0.260.50) among female twingZdravkovicet al., 2002).In younger individuals, it has been
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demonstrated that genetic variants may contribute to a 20% to 80 increase in CAD risk
(Chaer Billehand Massad2004).

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 Meadehheritance,
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 populatn or may have a larger effect when
interacting with an environmental factor Mozaffarianet al, 2014).

The first genetic association studies were focused ohd candidate gene approachthat is
based on an a priori hypothesis of the plausible involvement 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 succedstle 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 angiotensonverting
enzyme (ACE) and showed that homogyptes for a deletion in the ACE gene were atgher

Ml risk (Cambienet 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 metabolsm (Song, Stampfer and Liu2004) 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 unsuccesful 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 gnome-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 8.1. FrazierWood, 2015).

GWASnabled the scanning of the entire genome in order to seek out associations between
hundreds of thousands of SNPs and diseasésistorically, the first GWAS published results
were in 2002 and evaluatedhe association 0f92,788 SNPs with MIThe largescale study

underlined associatiorbetween a marker on chromosome 6p21 and NiDzaki et al., 2002)
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In the years after, GWAS on C\i@entified some SNPs on 9p21.3cloassociated with CAD
(Helgadottir et al., 2007; Mc Pherson et al, 200Wellcome Trust CaseControl Consortium
2007; Samani et al, 2007The C4D Consortium identified five novel loci, including the lipase
(LIPA) gene Myocardial Infarction Genetics Consortiumet d., 2009) A metaanalysis
performed by the Coronary Artery Disease €&homewide Replication and Metanalysis
(CARDIoGRAMConsortium found that rs1333049 on the 9p21 region cerd a 2%increase

in Ml risk per allele (Preuss et al., 2018nother largescale association analysidentified 13
new loci associated with CADSchunkert 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 \dfigle.
2011, 35 variants associated with C#PBre reported (Peden JF, FarrglP011)

The GWAS aran asset in the toolbox of genetic epidemiology and so far many SNPs have
AAAT AOOI AEAOAA xEOE Al i Pl Ag AEOAAOGAOGS (1 xA(
expected to unravel the majority of the genetic variance associated with a polygenic
disease. | 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 1.8.. Methodologies of the candidate gene study and genoragide association study

in comparison

Candidate gene study Genomewide association study
OT OEAAO ET &£ O AGET 1
Small number of SNPsare tested 0010 © © ©
genome
An a priori hypothesis approach A hypothesisfree approach

Correction for multiple testing is needed.
This leads to less power of the study
Identifies variants with small, modest and Identifies variants with modest or large
large effect effect dependant on the study size

Includes common variants (<1% in the
Includes rare variants and noSNP variants population). However, some micrearrays
contain rare variants

A statistically powerfulapproach.

8SNPs = single nucleotide polymorphisms

1.5.1Genetic risk scores
In GWAS, an issue needed to be resolved was that significant associations i@wad for

small effect sizes of variants but the significance did not survive after multiple testing. The
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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 gemh@®wn 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 casecontrols studies, the Ottawa Heart Genomics Study (OHGS)d 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 factorsr risk factors plus 9p21.3.
(Davieset 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 SNPRJ)L3obustly
associated with CAD, a GRS basma 102 CAD SNPs and traditional risk factors (102 GRS) and
a GRS based on 29 SNPs (13 SNPs from the 13 GRS plus 16 addition&2&#RS). The 102
GRS was not associated with CAD or CVD events. The 13 GRS was associated with CAD
incidence (HR 1.07; 95% 1.0aL.15; p=,0.04), CVD incidence (HR 19856 CI 1.4109; p=0.03)

and increased CAC (OR 1.18; 95% €lI.261b=3.4x10. The additional SNPs of the 29GRS did
not result to an improved CAD predictive capability (Thanassoulis et al., 2012).

Relkevant 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 nearuid.

1.6. Dietary Patterns and Coronary Artery Disease

Nutrition research has systematically tried to identifhe health efficiency of a single dietary
factor. However, rutrients and bioactive chemicals of food itemsare intercorrelated and
research for asociation 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 nutrent intake and the investigated disease. For example, vitamin
E or r-carotene supplementation did not yield the expected protective effect on
cardiovascular health Devarajand Jialal 2005;0mennet al., 1996). In addition, interactions
among dietary components of foods and within the food matrix are complicated and not yet

completely understood ty the scientific community. Given the abovand as a consequence,
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investigation on DPs rather than a single nutrient has gained ground and appreciation in
nutritional research.

As aforementionedin section 1.4.2 DPs measure the nutritional intakethe 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 inclednutritional intake measurement in
the design of the study. Nutritional intake assessment may be done through24ecall, diet
records or fooddfrequency questionnaires (FFQ)Newby and Tucker, 2004). DPs have been
approached by using either an a priori index or data driven anadysi

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 toelr 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 MedDietScoreranges from 055 ard higher values of the score
represents greater adherence to theviD (Panagiotakos Pitsavosand Stefanadis 2006). In

the Greek population, it was demonstragd that a 1@unit increase of theMedDietScoreis
associated with 4% lower CAD risk for the subsequent ten years of life. Other examples of
diet scores are theDietary Approaches to Stop HypertensioiDASH),the Healthy Eating
Index (HEI)2005 andHEF2010(Guentheret al., 2013Funget al., 2008).

A second method for DPs is the posteriori analysis, which is a ddtizen approach.
Statistical methods that can beised 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 ofterest (Tucker et

al., 2010).

The majority of studies reported an inverse association between a healtbi? and CAD risk

or mortality. Two metaanalysis have demonstrated that for each-thit increase in the
adherence to the MD was associated a 10%luetion in CVD events (fatal onon-fatal)

(Martinez-Gonzalez andBesRastrollo, 2014 Sofiet al., 2013).

33|Introduction


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

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 reductionEstruch Ros and
Martinez-Gonzélez, 2013).

There is strong scientific @dence that a healthy DP has keneficial impact on CVD. A
healthy DP is characterized by higher consumption of whole grains, low fat dairigsijts,
vegetables and seafoodregular consumption of legumes&nd nuts; moderate consumption

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

sweetened beverageg{SSB)

1.7 Aims and Objectives

The objectives of the current PhD thesisere a) to record a wide range ofmarkersbetween
individuals with established CAD and individuals free of the disease, b) to identify novel loci
that are associated withCAD risk through data sharing (@sortium participation), c)to
evaluate whetherGRSs associated withCADrisk and d) to identify DPs associated with CAD

risk.
The aims of eacheport supporting the PhD thesis were:
Paper 1

Topresent the demographic characteristics, clinical characteristics/biochemical indices and
lifestyle habts of the Greek sample; and texplore the potential association of exclusive

olive oil consumption, in relation to lifestyle factors, with CAD risk.
Paper 2

To evaluate the associatiorof a healthy lifestyle pattern ina Greeksample by means of a
preventive score, with glycaemic anadiposity traits; and to evaluate whether this lifestyle
pattern modifies the association of known glucoseaising genetic variants on glycaemic

traits.

Paper 3

To evaluate whethera GRSconstructed by 53 previously reporte@NPs is associated with
CADirisk in Greek adults.
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Paper 4

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

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

Paper 5

To identify additional susceptibility loci for CAPusing sampé collections from European or
south Asian descentAdditionally, to identify a broader set of SNPsand to use this set to
undertake network analysis to find key biological pathways uedying the pathogenesis of

CAD

Paper 6

To evaluate associations o& lifestyle score with fasting glucose (FGand fasting insulin (FI)
levels; to evaluate whether genotypes at known loi associated with FG and FI; and to
modify the associations ofdiet with FG and FlI, using data from multiple US and European

cohort studies.
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Chapter2

SUBJ ECTMATERIALS &METHODS

36|Subjects, Materials & Methods



21ISUBJECTS, MATERIALS & METHODS

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

2.1The THISEAS study
The Hellenic study ofinteractions between Sngle nucleotide polymorphisms andzating in

AtherosclerosisSusceptibility (THISEAS) is a medical centsased casecontrol cohort. The

pilot phase of the cohort was initiated in 2006. Theample under study comprised ofCAD

patients and subjects free of anyCcviB - AET OAT AT AA T &£ AT 1T EEAAT C
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 ornpatients 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 werelso 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;ontrols 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.

#AOAO xAOA AT OIT 11T AA EOTIT AAQAEdsds iwere sudiectE T E A ¢
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 kinging from STsegment (SEMI) to nonSF

segment elevation (NSTEMRnd unstable angingKalra et al 2008).ao# 3 DAOEAT OO0 E
undergone coronary angiography that verified the presence of significant stenosis. Subjects

with renal or hepatic disease were excluded from both studyroups. In the group of cases,
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60.4% were diagnosed with firdime 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 gawvheir 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 Gk

factors, dietary habits andPA 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 case

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 (& years), high school (A2 years), seniohigh or technical
institutes (1315 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 wided. The annual financial status of
the participants was classified into four groups: low (<8000 euro/ year), medium (8600
15000 euro/ year), high (150e8000 euro/ year) and very high (>20000 euro/ year). Low and
medium financial status were combined int@ne 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, rivate 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 wake same for all subjects that participated
in the study. Basic anthropometric indices, such as weight, heigifCand hip circumference

(HC) were measured.
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2.4.1Weight and height measurements
Body weight and height were measured in all participants, earing light clothing, without

shoes. Weight was measured to the nearest 0.5kg using a levepdatform scale. Height was
measured to the nearest 0.5cm using a watiounted stadiometer. Participants were asked

to stand erect, with the feet, knees, buttockand 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) / heighitj i @ | 1 OAOATI AO8 O
Body Mass Index= Weight (kg)/ Helig? (m).

2.4.2 Waist and hip circumference measurements

WC and HGvere 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 midpint between the lower margin of the last rib
and the iliac crestHC was measured around the widest portion of the buttocks to the
nearest 0.1cm

The WHRwas computed as the ratio of the circumference of the waisbtthe circumference

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

2.5.Hematological and biochemical measurements

Blood samples were collected after ¥ur fasting between 6 and 10a.m. A physician
performed venipuncture to obtain 10ml blood from each padipant. 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 we centrifuged and both plasma and serum

were stored at-80°C for future measurements.

2.5.1Total blood count
EDTAblood was transferred on the same day in a local laboratory for analysis in a

hematological autcanalyzer. Hematological indices obtainewere 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 (RDWCV), plateletsand mean platelet volume (MPV).
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2.5.2 Biochemical measurements

Measurement of blood lipids, such a$CG HDL-C, TGswere 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 (g¥dl) z HDL-C (mg/dl)z (TGs(mgdl)/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
chemilumirescence immunometric assay, sandwich type, of two points, utilizing constant
NOAT OEOEAO 1T £ Ox1 A1 OEAT AEAO AAAT OAET ¢ OIl
Tosoh AIA System Analyzers, San Francisco, #sulin resistance was estimated usinte
homeostasis model assessment (HOMR) with the following equation (Matthews et al.,

1985) HOMAIR = fasting insulin{(lU/ml) x fasting glucose (mmol/L)/22.5

2.5.3DNA isolation

EDTAblood was also used for DNA isolatiortcenomic DNA (gDNA) was excted from
whole blood using the saltingout 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 Bigy, 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 alaim 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 glusdevels 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, byngsa
mercury sphygmomanometer.Hypertension was defined a88P levels greater than 140/9
mmHg or use of antihypertensive medication.

FHof premature CAD was considered when the age which first-degree relatives develop

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

Information regardingdietary intake,PAhabits and smoking status was also collected.

2.7.1Dietary 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 studyrhe 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 posde 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. Aftegxcluding 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 14@m 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 thenldiry of Health and Welfare,
Supreme Scientific Health Council) by the value corresponding to each consumption
frequency: never; 33 times/month; %2 times/week; 34 times/week; 56 times/week; 1
time/day (Supreme Scientific Health Council & Ministry of Health and Welfare of Greece,
1999) The FFQ was either sedidministered or selfinterviewed. In both cases, wk-trained
nutritional professionals were available to assist the participants during questionnaire
completion.

Nutritionist Pro, version 2.2 software (Axxya SysteaMutritionist Pro, Stafford, TX, USA)
was used to analyze nutritional information regardom energy, macronutrient and

micronutrient intakes.

2.7.2 Mediterranean Diet Score evaluation
The adherence to theMD was evaluated, by calculating 8edDietScorethat is an a priori
defined score. The range of that score is betweenzB5; higher values sugest greater

adherence to the traditional MediterranearDPthat is characterized by high consumption of
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plant foods (nonrefined cereals, vegetables, and fruits) and olive oil, by moderate
consumption of dairy products, poultry and fish and by low consumph of meat and meat
products (Panagiotakess 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 thévD.

2.7.3 Evaluation of olive oil consumption

The FFQ included additional quiens 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 patrticipant could indicate more than one choice of
fat/oil namely, dive 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 thed® 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 | What type of fats do you useg What type of fats do you use
use in cooking? in vegetables? in fried meals?
(Please list all used) (Please listall used) (Please list all used)

Olive oll Olive oil Olive ol

Seed Ol Seed Ol Seed Ol

Corn oll Corn oll Corn oll

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 dbBEs
Dietary data were manually entered into an Excel spreadsheet database that translated the
gueried foods and beverages into food gngp 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 calculatia (Supreme Scientific Health Council & Ministry of Health and
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Welfare of Greece, 1999)n total, 26 food groups were estimated and are depicted ifable

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

Refinedstarch
Non-refined starch

Fruits

Fresh fuit juice
Fruit juice
Vegetables

Potatoes
Potatoes
Legumes

Fish (including fried fish)
Poultry

Red meat
Processed meat
Dairy, fulHfat
Dairy, semHat
Dairy, nonfat
Cheese, fulfat
Cheese, serdiat
Eggs

Fast foods
Sweets

Nuts and seeds
Beverages with sugar
Beverages, norsugar
Beverages with alcohol
Coffee

Refined breakfast cereals, chocolate cereals, white toast
bread, white bread sesame bagel, rice, spaghetti,

All bran ceeals, muesli, whole wheat toast bread, whole
wheat bread

Apple, orange, banana, pear, kiwi, tangerine, apricots,
peach, watermelon, melon, strawberries, figgrapes,
cherries, dried figs

Fresh fruit juice, fruit juice (100%)

Fruit juice (<100%)

Tomatoes, cucumber, onions, turnip, garlic, carrot, lettuce
cabbage, spinach, broccoli, greens, eggplants, pumpkins,
artichokes

Baked potatoes, boiled potatoes, smashed potatee
Fried potatoes

Lentils, beans

small fish, big fish

Chicken breast, chicken leg

Pork, beef, lamb/goat, liver

Salami, sausage, turkey, bacon,

Milk full fat, yogurt full fat

Milk, semifat, yogurt semiat

Milk nonfat, yogurt semifat

Feta, parmesan, gruyere

composite cheese

Egg boiled, egg fried/scrambled

Pizza, cheese pie, haftheese piespinach pie

Chocolate almond, dark chocolate, mini chocolate,
chocolate croissant, cookies, chocolate cakiee cream,
ravani, baklavapecan pie, donut, nougat, halvah, sugared
bun, melomakarono

Almonds, peanuts, hazelnuts, cashew, walts, pine nut
Soft drinks

Soft drinks light

Beer, red wine, white wine, whiskey, ouzo, liquor,

Coffee
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2.7.5.Physical activity assessment

Physical activity level (PAL) was assesisthrough Harokopio Physical Activity Questionnaire
(HAPAQ) (Maraki et al., 2010)that evaluates the frequency, duration and intensity of
occupational, household and leisurime activities. PAL was calculated as the ratio of the
work metabolic rate to the resting metabolic rate of 1 metabolic equivalent (MET)he work
metabolic rate was defined as the person's total energy expenditure in a-2dur period,
based on performed physical activities. The caloric cost of ed@Awas estimated with the
equation, kilocalories = MET x weight in kilograms x duration in houffie 1 MET reference
value of 1 kcal-K§-h™, is used by convention and refers to a metabolic rate at rest of an
average individudl®. PA data was imported into an Excel spreadsheet that was properly
designed to automatically calculate PAL value for each partiaiy.

PA adoption was assessed as a categorical variable categorizing the participants into two

groups, whether they reported leisurdime activities in a regular basis or not.

2.7.8.Smoking status assessment

Participants were asked to report whether thg 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
closeended type of question. Cuent smokers were defined as those who smoked at least
one cigarette per day, norsmokers 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 intoone group with current smokers or with nevesmokers.
Packyears 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) x years of smoking

2.8.Genayping

The genotyping procedure consisted of sample genotyping on the Metabochip and

OmniExpress arrays and subsequeapplication of data quality control (QC).
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2.8.1The Metabochip micrearray

After the completion of DNA isolation, gDNA samples were trgported 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, lllumina, San Diego, CA, USA) associatéd MdDM, CAD, MI and related
guantitative traits (BMI, BP, lipid, FG and FI levels). It represents a coseffective and
valuable tool in genetic studies that endeavor to understand the architecture of common
and complex human traitsThe genotype calling gorithm was GenoSNPA total number of

1887 samples were successfully genotyped.

2.8.2.TheOmniExpress array
A subset of1075samples were also genotyped a¥Wellcome Trust Institute, Hinxton, UK

using the Omnixpress array(Human OmnkExpress 12vlljJlumina, San Diego, CA, UBA

which comprises of 733.202 SNPs. The genotype calling algorithm was llluminus.

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 carefuassessment of data quality could elude or diminish the rate of
false-negative or falsepositive disease associations. QC filters were applied in two levels,
including sample quality meics and SNP quality metrics.

Sample quality metrics were applied as deribed in the following lines.

ASamples with lowcall rates were filtered out. The standard threshold for excluding
samples with low call rate was 95%.

ASamples with sexdiscordance 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 PLINKv.1.07 (Purcell et al., 2007pexdiscordance could result from a sample
mix up or plating error.

AThe mean and the standard deviation (SD) dfeterozygosity in samples withover- or
under-abundance of heterozygous SNPs were computed. Individuals with bBeizygosity
falling outside the mean = SD were excluded.

ADuplicated and related samples were identified and removed from the cohort.
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ASamples with divergent ancestry (nofEuropeans) were also identified as ethnic outliers
and removed from the cohort. The rathod used was multidimensional scaling implemented
in PLINK.

SNP quality control set for the studis described in the following lines.

ASamples that diverge from HardyVeinberg 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 wa$ Tbis
practically means that SNPs with-value < 18 were removed.

AMarkers with a call rate less than& were removed from further study.

AThelinkage disequilibrium (LD) cubff for two SNPs in the same locus wa$< 0.5.

AThe last step was to remove the SNPs with low minor allele frequency (MAF). A MAF
threshold of 1% was applied.

SNPs that did not meethe quality control criteria were imputed.Imputation was performed
based on the 1000 Genomes panel and IMPUTHBwie, Donnelly and Marchini, 2009 he
haplotyping software wasSHAPEITDelaneau, Marchini and Zagury, 2012)

Geneticrisk score modeling

The weighted GRSsvere calculated by counting the number of risk alleles (0, 1 or 2) carried
by each individual forall SN selected after multiplying the number of risk alleles per SNP
by its 1 -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
estimates of the SNPs (Rasmussdiorvik et al., 2011The unweighted GRSwere calculated

by counting the number of risk alleles (0, 1 or 2) carried by each individualaib6NF and

then summing up the number of risk alleles across all SNPs tested

2.9.Statistical analysis

Variablesand Associations
Continuous variables are preseed as mean values an&D, while categorical variables are
presented asrelative frequencies. Differences between categorical variables and groups of

z A A N

the OOOAU xAOA AOOA OOZPHlIotdWeklagpliedtd dsseldsThe Avkr@liysf 0

OEA AEOOOEAOOEIT 1T &£ OEA AT 1T OET Oinhihey@ehtavasA Al A C

applied to evaluate differences in continuous variatdebetween the two sudy groups.
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Regarding genotypic data information, raw data manipulation and recodingor GRSs
construction was performed in PLINK,.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 oDRsand their correspnding 95%Cls In addition,
unadjusted or adjustedlogistic regression analysis was performed in ordepo ttest the
association betweenGRS(based on a panel of 53 CAD variants, G&&Yand CAD riskby
calculating the OR and their corresponding 95% of Cls. The calculation of ORs for CAD risk
was also performed on the basis ofovariates namely, age, sex, BMhypertension (yes vs.
no), T2DM(yes vs no), smoking status kc@rrent/former vs. never sméers), smoking status

Il (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 @utiles 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 inabed aGlucose Preventive &re (GPSX 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 strafied 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 (¢E) variance contribution to
the total variance d glucose levels was estimated using genomide 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 tte combined effect of genetic predisposition and adoption of th&#1D we
calculated the ORs for each of the following categoriest) low GRS +high western diet
adherence b) high GRS How western diet adherenceand c) high GRS -high western diet
adherence using as reference subjects with low GRS afmv western diet adherence Low
and high GRS, as well as low and higlestern diet adherencewere set on the basis of the

median value for both variables.
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Factor Analysis

In addition, FA techniquewas conduded to identify DPs.Exploratory FAwas carried out to
evaluate validity, disclose underlying structures and reduce the number of variableAwas
chosen as extraction method usingorthogonal rotation (Varimax rotation) in order to
generated noncorrelated components famely, noncorrelated DP9. The food variables
that were highly correlated showedfactor loadings (correlation coefficients) greater that

|0.4|. The cutoff point for Eigen values was greater than 1.0

Statistical AnalysesSoftware s

Analyses were based on Rided tests, while statistical significance was set ptlf’ P e X 8
statistical software packages IBM SPSS Statistics 13.0 and 21.0 (SPSS Inc., TexasetéSA)
used for all statistical calculations, where appropriaté€&senetic analyses @re performed in
SNPTESTv.2.5.2 (https://mathgen.stats.ox.ac.uk/genetics_software/snptest/snptest.html
The statistical threshold forthese analyse was based on Bonferoni correction for multiple

testing. We also used Quanto v1.2.4 for poweralculations {ttp://hydra.usc.edu/gxej.
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Chapter3

RESUO S& DISCUSSION
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3IRESULTS&DISCUSSION

This secton presents the manuscripts derived during the implementation of the current

dissertation. The manuscripts (published or unpublishedports) are groupedin the

following subsections as depicted in the following outlook.

Outlook of the papers includedin 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 2
Lifestyle pattern x gene
interaction in glycaemic traits

Paper 3

The additive influenceof
genetic variants on CAD risk,
by means of a GRS

Paper 4

DPsand CAD risk vi&A
Combined effect of gene
susceptiblity and a dietary

component on CAD risk

Paper 3

Novel loci associated with
CAD.

(CARDOGRAMplus C4D
Consortium).

Paper 4

Diet x gene interaction in
glycaemic traits
(CHARGEOnsortium)
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Results & Discussion
I

Published reports:Papers 12
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3.1 Published reportsPaper 1 and Paper 2

Paperl| THE THISEAS STUDY

This paper presentsan 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 exclusiviive oil consumption,
with CAD risk was also examined.

Key points

- A total of 2565 adults were enrolled in the casmntrol study, specifically 1221 patients with
CAD diagnosis and 1334 healthy individuals, fraBreeksample

- Blood collection and analgis, 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, hstpasion, DMT2
and FHwere more prevalent in cases than controls.

- With regard to lifestyle habits, controls reported higher PAL when compared to cases.

- Also, higher prevalence of smokingwas recorded in CAD patients, who reported a higher
number of packyears by double than controls.

- Exclusive olive oil consumption was associated with lower CAD risk, after adjusting for

confounding factors.

Paper2 | LIFESTYLEGENE INTERACTION IN GLYCAEMIC TRAITS

In this work, data from individuals without diabetesdrawn 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 glucoseaising SNPs on glycaemic traits.
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- A GPSwas constructed based on dietary anBAdata. A GRS was also constructed, based
on a panel of 20 SNP®oth the weighted and the unweighted score was used for the
analyses.

- The GPS waswversely 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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Abstract

Objective: The aims of the current report are to present the demographic

characteristics, clinical characteristics/biochemical indices and lifestyle habits of

the population and to explore the potential association of exclusive olive oil

consumption, in relation to lifestyle factors, with coronary artery disease risk.

Design: Demographic, lifestyle, dietary and biochemical variables were recorded.

Logistic regression analysis was performed in order to estimate the relative risks of

developing coronary artery disease.

Setting: The Hellenic study of Interactions between Single nucleotide polymorph-

isms and Eating in Atherosclerosis Susceptibility (THISEAS), a medical

centre-based case—control study conducted in Greek adults.

Subjects: We consecutively enrolled 1221 adult patients with coronary artery

disease and 1344 adult controls.

Results: A higher prevalence of the conventional established risk factors was

observed in cases than in controls. Physical activity level was higher in controls

(1-4 (sp 0-2) than in cases (1-3 (sp 0-3); P<0-001). Regarding current and

ex-smokers, the case group reported almost double the pack-years of the control

group (54:6 (sp 42-8) v. 28-3 (sp 26-3), respectively; P< 0-001). Exclusive olive oil

consumption was associated with 37 % lower likelihood of developing coronary Keywords
artery disease, even after taking into account adherence to the Mediterranean diet oD
(OR= 0'65: 95% CI 0'42. 0:93; P=0:02). &mnuW artery diseuse
Conclusions: Exclusive olive oil consumption was associated with lower risk of Case—control
coronary artery disease, even after adjusting for adoption of an owverall healthy Olive oil
dietary pattern such as the Mediterranean diet. Mediterranean diet

Coronary artery disease (CAD) is the most common
disorder of CVD. It causes narrowing of the lumen of one
or more of the coronary arteries, resulting in angina pec-
toris, myocardial infarction or congestive heart failure. It is
estimated that 17-3 million people died from CVD in 2008
and this number contributes 30 % of all deaths worldwide.
Of these deaths, 7-3 million were due to CAD Y.

In Greece, the prevalence of CVD risk factors was
originally examined by the Seven Countries Study'®. That
study paved the way for other observational studies to
follow, which measured the prevalence of CVD risk
factors at population level®. The results of these studies
have mainly highlighted that dislipidaemia, hypertension,
obesity and environmental factors such as unhealthy
dietary habits, smoking, physical inactivity and stress
contribute to the development of CAD. Among the
established environmental factors, dietary habits and their

*Corresponding authors: Email dimitrioumelina@gmail.com and dedousi@hua.gr

relationship to CAD have gained the attention of many
scientists for more than half a century. The Seven
Countries study was again the first to highlight a dietary
pattern, namely the Mediterranean diet (MedDiet), as
Cardioprotectivemﬂq). Along the same lines, other studies
have consistently reported that adherence to this type of
dietary pattern is beneficial against cardiovascular
risk®'® 1t has been proposed that the MedDiet exerts a
beneficial influence against CAD risk factors and CAD
occurrence mainly due to the abundant consumption of
olive oil rich in MUFA"". Many studies have demon-
strated an inverse relationship between olive oil con-
sumption and the risk of CVD"*'¥, Moreover, as obesity
rates are rising and lipid profiles are deteriorating within
the Greek population, total fat intake, SFA intake and
levels of physical activity should also be considered before
advising for a Mediterranean food pattern adoption

© The Authors 2015
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