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Abstract

This studyon Coronary Heart Disease (CHD) that determines the 25 (OH) vitamin D
levels of participants, allows comparisons between vitanstaius and CHD.

Objectives This study was conducted to identify the relation of vitamin D levels with
CHD, to reveal the relation of patientso
nutritional status of study population.

Methodology: A retrospective asecontrol study was conducted at Al Remal Clinic in
Gaza city. The study consisted of 50 cases of CHD and 50 age matched controls chosen
by convenience sampling method. Data collection was done by direct methods that
included serum Vitamin D level andpid profile and indirect methods through a
structured interview questionnaire.

Results:Regarding vitamin D status, average serum vitamin D leveHD patients was
22.52:9.07 ng/ml, and 28.828.18 ng/ml in controls P value 0.00]); 64% of CHD
patientswere vitamin D deficient while only 32% of controls were vitamin D deficient
[Odds Ratio 3.78,95%CI(1.68.65)]. Serum lipids levels were positively correlated with
CHD, as: high total cholesterol and LBL (P value 0.01), and high triglyceridesH

value 0.009; low HDL-C in men was inversely correldtevith CHD (P value 0.01).

Other factors were significantly correlated with CHD &u as: associated medical
conditions 54% of cases had hypertension and none of the cofeialue0.00]), and
obesity: 44%of cases compared to 12 % of contrfi®svalue 0.00); lifestyle: 46% of

cases were smokernd 14% oftontrols(P value0.00]), and dietary factorshjgh intake

of vegetables and fruits was inversely correlated with GiRalue0.001)].

Conclusion: Many traditional risk factors including hyperlipidemia and novel, as
Vitamin D deficiency may contribute to the development of CHD.

Recommendation:for policy makers, a strategy for determining the level of vitamin D

in CHD patients is recommended. Ithighly suggested providing vitamin D supplement

for people who aged more than 50 years; is not protective for their bone mass, it is also
protective for their hearts as well.

Key words: Coronary Heart Disease, vitamin D deficiency, hyperlipidemia, Gaza Strip.
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Chapter 1
Introduction

1.1 Overview

Cardiovasalar diseases (CVD) are the number one cause of dgabhlly. In 2008 it

was estimated that 17.3 million people died from CVD, which represented 30% of all
global deaths. Of these deaths, an estimated 7.3 million were due to coronary heart
disease (CHD)It wasestimated that the number of people who doenfrCVD, mainly

heart disease and stroke will increaseetach 23.3nillion in 2030.Thus, CVD remains

the leading cause of death in the waqkidHO, 2013a).

It is estimated that 54% odfeaths from nowrommunicable diseases (NCiD)the Eastern
Mediterranea Region are due to CVD (WHO, 2013b).

CVD was the first leading cause of deafd2.4%)in Palestinein 2011, followed by
cancer deaths (12.4%) and cerebrovascular diseases (10V8#igtry of Health (MOH)
report,2017.

The most common cause of CHD is coronary atherosclerosis (ATS). Cardiovascular (CV)
research found that atherogenesis usually begins in childhood and it is clinically
manifested in middle age or later. From the age of 30 ye@sommon for people to

have up to 30% of aortic intimal surface covered by potentially reversible fatty streak

lesions. Progression of fatty stikes toadvanced lesions requires, in addition to the aging

process othantrinsic or extrinsidactors(Mikkil&d, 2008.

The NationalHeart, Lung, and Blood Institute (NHLBI), established the Framingham

Heart Study in 1948Their goal was to understand how heart disease developed by

studying the lifestyle of residents of Framingham, Massachusetts. Their findings,
descri bed iinskiFiarcttohres Ddv el opment of Coronar
that elevations in blood pressure (BP) and cholesterol levels were associated with an

increased incidence of ischemic heart disease (IHD) and acute myocardial infarction (Ml)



(Nabel and Braunwald2012).The Framingham studfpund that nearlyp0% of males
and 30% of females ovéne age of 40 will develop CHHomoud 2008.

Cardiovascular diseasisk is partly genetically determingblut is strongly influenced by
lifestyle factors. Nutritional factors act mostly through traditional or emerging risk factors
on the pathology of ATS. In 1916, a Dutch physician, Dr DeLangen, showed that the
blood cholesterol levels of the natives in Indsia were lower than those of the Dutch
colonists. Researcher speculated that this might be due to differences in diet, therefore
conducted the first reported controlled study, showing that dietary cholesterol and fatty
acids affect blood cholester@ietary fatty acids are believed to play a significant role in

the relationship between diet and ATS through different mechanisms, such as-the anti
inflammatory, antiarrhythmic, antithrombotic mechanisrasd by influencng serum

lipids (Mikkila, 2008).

Novel risk factors for CVD continue to develop, according to the findings from
epidemiologic studies. Particularly, a growingdy of evidence has identified vitamin D
deficiency as a potential risk factor for CVD (Vacek et al., 20Ihg research revealed
thatthe vitamin D receptor (VDR) was identified in almost all human cells. Expression of
the VDR and vitamin D metabolizing enzymes in the heart and blood vessels suggests
that vitamin D could play a role in the CV system (Pilz et al., 20R&)ationship
betveen the CV sgtem andvitamin D statuswas first demonstrated in a study on a rat
model deficient in vitamin Dmore than 20 years agblemerovski et al., 2009Y.itamin

D receptorknockout mice suffer from CVDExperimental studies suggest cardiovascular
protection by vitamin D, through antiatherosclerotic,-amtammatory and direct cardio
protective actions, and suppression of parathyroid horniBiél) levels(Pilz et al.,
2011).

Much evidence suggests that vitamin D deficiency is associated with coronary artery
disease (CAD) development. Coronary artery calcification is associated with risk of
vascular disease, and studies report anrgeveelationship between levead$ vitamin D

and atherosclerotic calcificatiorAlso vitamin D levels are correlated with other CHD

risk factors, such as hypertension (HTN), hyperlipidemia, and diabetes. So, the



association between vitamin D deficiency and CHD may occur directly or indirectly, by
influencing the risk faars for CVD( Dastani and Richards, 2010).

1.2 Goal and Objectives
1.2.1 Goal

To reveal the relationship between vitamin D and lipid status and occurrence of coronary

heart disease.
1.2.2 Objectives

To identify the relation betwearntamin D levels with coronary heart disease.
To reveal the relation of patients lipid profile with coronary heart disease.
To study the nutribnal status of study participants

To determine dietary habits of study participants.

a r w0 N e

To draw conclusions abouhe vitamin D, lipid status and other cardiovascular

disease risk factors of study population.

1.3 Research Problem
As shown in the literaturemost of CAD occurs in people prone to atherogenddie.

process of atherosclerogisogresses with agingnd requires the participatiaf the risk
factors.Most CVD canbe prevented by addressing maV risk factors such asmoking,

unhealthy diet and obesity, physical inactivity, HTN, diabetes and hyperlipidemia.

Although the relationship between vitaniindeficiency and IHD is investigated wdwide,

thestudy of this relationshis new in Gaza.

The study focuses on the lipids and vitamin D status of study participants and their
relationship with CAD. Also the study explores associated lifesadeors, dietary habits

and nutritional status of the study participants.

During data collection itvas observed that participants need more information about risk
factors of atherosclerosis, such as the new factor, vitamin D defici€hisyhas prompted
researcher to think about ways to strengthen the patient information about risk factors of
CAD and putting them in discussion with decision makers in the department of non

communicable diseases (NCD).



1.4 Significance of the Study

As mentionedCVD wasthe first leading cause of death am@upulation inPalestine in
2011(MOH, 2012.

This study is important because its novelty in Gaza Strip. The study is the first in Gaza on
IHD that determine the 2%ydroxykvitamin D level of participants, allowingomparisons

to be made between cases and healthy persons.

The study also focuses on healthy participants, to determine the same parameters as
participants with CHDThe assessment of vitamin D status in apparently healthy individuals
is important becauserieflects also bone health and perhaps their overall health.

The burden of CHD increases spending in health sector. A strong kigsvénd good
treatment of CHDrisk factors could contribute to reduce CHD occurrence, and costs

imposed by this.

Results ofthe study will allow recognition of CHD cases with vitamin D deficiency.
Correcting this deficit will likely help improve the status of CHD patients, or at least will

correct the deficiency of a very importastamin for health
1.5 Context of Study

This section will present basic informationon the Palestinian population,

geography, socieconomic situation, and health sector of the Gaza Strip.
1.5.1 Geographic and Demographic Context

The Palestinian Territorgomprises two areaseparatedjeographically: the West Bank and
Gaza Strip.Gaza Strip is verycrowded place witha surfacearea of 365sgKkm and
constitutes6.1% of total aea of Palestinian territoryGaza Strip comprises the following
main five governoratesNorth of Gaza, Gaza Citylid-Zone, Khanyounis, and Rafah
(MOH, 2009.



The total population of the Palestinian Territory at @12 was about 4.29 million; 2.18
million males and 2.11 million females. The estimated population of West Bank was 2.65
million of which 1.35 million males and 1.30 million females. While the estimated
population of Gaza Strip totaled 1.64 million of which 835 thousand males and 809
thousand females. The percentage of urban populatior2@iid was about 73.8%, while the
percentage of popuian in rural and camps areas was 16.8% and 9.4% respectively
[Palestinian Central Bureau of Statistics (PCBS), 2012].

The population of the Palestinian Territory is young; the percentage of individuals aged (0O
14) constituted 40.4% of the total populataimmid-2012of which 38.4% in the West Bank

and 43.7% in Gaza Strip. The elderly population aged (65 years and over) constituted 2.9%
of the total population of which 3.3% in the West Bank and 2.4% in Gaza Strip of mid 2012
(PCBS, 2012).

Population densjt of The Palestinian Territory igenerally high at 713 persoKsh2.In
Gaza Stript is 4,505 persons/km2 compared to lower population density in the West Bank
at 468 persasiKm2 at mid2012 (PCBS, 2012).

1.5.2 Socieeconomic Context

Unemployment The results showed that more than one fifth of participants imaticer

force were unemployed in the 1st quarter of 2012 at 23.9% as of 20.1% in the West Bank
and 31.5% in Gaz8&trip. Unemploymentate reached 31.5% among females compared to
22.0% among males (PCB&)12).

Poverty: Poverty lines can be establishedarrelative or absolute waybsolute poverty
lines are often based on estimatestl# cost of basic food needsd, the costof a
nutritional basket considered minimal for thealthy survival of a typical famijyto which

a provision is added for nefiood needgThe World Bank, 2011)In 2010 the$l1.25a-day
poverty rate fell to less than half that of 199@ China for examplel3 percent or 173
million people, lived below $.25 in 2008 In India 43 percent of the population is living
below $2 a dayRastello and DeGeorge, 2012).



Relative poverty linesare defined in relation to the overall distribution of income or
consumgion in acountry €.9,50 percent of the countrnyds mea
(The World Bank, 2011)The relative poverty line and the deep poverty line according to
consumption patterns (for reference household consisted of 2 adults and 3 children) in the
Palestinian Territey in 2012 were 2,293 NIS, and 1,832 NIS respectively. The poverty rate

among Palestinian individuals was 25.8 (17.8% in the \Bask, and 38.8% in Gaza Strip)

(PCBS 2012.

Education: The 2011 data revealed that the percentage of individuals (15 ay@@ver)

who completed university educati was 11.3%, while the percentage of individuals who

did not complete any stage of education reached 10.8%. These results showed that there
were differences between males and females in educational attainmemetthehpercentage

of males who haveompleted university educatiomas 12.0% compared to 10.5% for
females. As for those who did not complete any stage of education, their percentage among
males was 8.3% compared to 13.4% for females (PCBS, 2012).

1.5.3 Halth Service Context

There are four major health service providers in Palestine; the Ministry of Health (MOH),
United Nations Relief and Work Agency (UNRWA), Ngovernmental Organizations
(NGO), and private foprofit providers.Ministry of Healthbears the heaviest burderhe

MOH provides primary, secondary asdmetertiary health services and purchases some
tertiary services from private providers domestically and abroad. Ministry of Haalgh

the main role in providing and controlling immaations sckme, public health activities,
andlicensing and registration of private clinics and 4poiblic health institutions. There are
other limited public health providers beside MOH, mainly Police Health Services (WHO,
2006).

In the Gaza Strip, therare (59) primary health care (PHC) centers and in the West Bank,
there are (394) PHC centers. The health services are distributed throughout Pdlestine.
UNRWA operates (18) PHC centegsattered in eight refugee camps in the Gaza Strip and

(41) centers in the West Bank. The NGOs sector operates (194) primary health care centers



and general clinics, (57) of them in Gaza Strip, and in the West Bank they operate (137)
primary health care ogers (MOH, 2011).

UNRWA health program focuses on comprehensive preventive and PHC. Services are

covering medical care, family health, disease control and prevention, and health education.

In addition to, Clinics for refugees suffering from NCD such abelies and hypertension

and special care covering pediatrics, obstetrics, gynecology and cardiology (MOH, 2006).

Secondary and Tertiary Health Catke hospital services are operated by the government
and norgovernment sector§.here are (76) hospitals iPalestine; (51) in West Bank and
(25) in Gaza Strip, with totatlumber of (5,108) beds in government and-gowernment
hospital (MOH, 2011).

1.5.3.1 Non Communicable Diseases

Accordingto MOH (2006),in Palestinescarcenational datavas available onthe overall
incidence and prevalence G¥D, HTN, and Diabetes Mellitus (DM).

Non Communicable Diseasesntinued to account for thmajority of deaths occurring in
UNRWAOGsSs host c ouflerewas o stepdy inaease o the numiieDM and

/lor HTN patients reated at UNRWA health centerA. risk assessment tool adopted by
UNRWA from WHO risk scoring system is used to assess the risk status of NCD patients.
The system assesses fhieesence of modifiable risk factoes smoking, hyperligiemia,
physical inactivity blood pressure, blood sugaand nonmo di yabl e as age
history of digase (UNRWA, 203).



1.6 Operational Definitions

1.6.1 Anthropometric measures Anthropometry is the study of the measurement of the
human body in terms of the dimensions of bone, muscle, and adiposeAistuepometry
includesbody measurements as: weigtgtanding heightrecumbent length circumferences
(head, waist, etc.). Seral indexes and ratios can be derived from anthropometric
measurements such as Body Mass Index (BMI) [Centers for Disease Control and Prevention
(CDC), 2007].

1.6.2 Body Mass Index (BM) T Is a measure of weight in kilograms (kg) relative to height
in meers (m) squared. BMI is considered a reasonablybielimdicator of total body fat.
[United States Department of Agriculture (USDA) and U.S. Department of Health and
Human Serviced{.S.HHS), 20D].

16.3 Daily intake of fats-Fatsi nc | ude oA dlaitd fwattsh a hi gh per cce
or trans fatty acids which are solid at room temperature) falndd (cantaining more

unsaturated fatty acidsd areusually liquid at roomiemperature)Fats contain a mixture of

different kinds of fatty acidésaturated, monasaturated, or polyunsaturatedhe Institute

of Medicine (IOM)in the U.S. established thatcceptable ranges for total fat intake for

adults ages 19 yeaend older ar€0i 35% of total daily calorie intakdUSDA andU.S.

HHS, 2010).

1.6.4 Daily oils intake - Fats with a high percentage of monounsaturated and
polyunsaturated fatty acids are usually liquid at room temperature and are referred to as
floi | so; aver age ddstdtb g 2,000hcalerik level ssfgitlay (USBZAana
U.S.HHS, 2010).

1.6.5 Physical activity - Has been defined as arbody movement produced by the
contraction of skeletal muscle that ieases energy expenditure abtwebasal levelln this

work, theterm "physical activity  r dof heaithenhancingohysical activity(suchas brisk
walking, dancingandswimming). The physical activityof moderate intensity than adult
makes weekly can be classified into four categories: inactive (no activity beyond baseline),
low (activity beyand baseline but fewer than 150 minutes a week), medium (150 minutes to



300 minutes a week), artdgh (more than 300 minutes a weeRhe benefitsof physical

activity increasavith the amount of physical activi(y).S.HHS, 2008)

1.6.6 Serum lipids profile -Is the most important blood test for cardiac risk assessment.
The test measures cholesterol, triglycerides (TG), high density lipoprotein cholesterel (HDL
C, "good" cholesterol), and low density lipoprotein cholestétBIL -C, "bad" cholesterol)
[American Association for Clinical Chemistry (AACC), 2012].

1.6.7 Serum cholesterol -Cholesteroltravels in the blood as part of distinct particles
containing lipids and proteins (lipoproteiri)e major classes of lipoproteins found in the
serum of a fasting individuare low density lipoproteinsLDL), high density lipoproteis
(HDL), and very low density lipoproteins (VLDL).Intermediate density lipoprotein (IDL),
resides between VLDL and LDL;ni clinical practice, IDL is included in the LDL
measuremer(USDA andU.S.HHS, 2010.

1.6.8 Serum High density lipoprotein cholesterol (HDL-C)-Makes up 2030 percent of
the total serum cholesterol. The major apolipoproteins of HDL are apardl apo All.
[National Institutes of Health (NIH), 2002].

1.6.9Serum Low density lipoprotein cholesterol (LDL-C) - Makes up 6070 percent of
the total erum cholesterol. It contains a single apolipoprotein, afi®® (apo B). LDL is

the major atherogenic lipoprotein (NIH, 2002).

1.6.10 Serum 25(OH) Vitamin D-Is the form of vitamin D obtained after the first
hydroxylation in the liver. This is the majorrculating form of vitamin D that is used by

clinicians to determine vitamin D status (NIH, 2011).

1.6.11Serving size A Food Guide Serving is a reference amount. &@mple, one Food
Guide Serving equald25mL (1/2 cup) fresh, frozen or canned vegetabiteruit or 100%

juice, 250 mL (1 cup) leafy raw vegetables salad, orl piece of fruit(Health Canada,

2007).



1.6.12 Triglycerides (TG)-Are chemically fatty acid esters of the glycerol. TG are
compounds that make up the bulk of ingested lipids anttaarsported to the blood via the
lymphatic system in the form of chylomicrons.TG synthesized endogenously are carried by
VLDL produced primarily by the liver Qgbonnia, 2012).

1.6.13Waist circumference (WQ) - Is aperimetemwhich provides an estimate of bodytt

at the abdominal leveWaist circumferences used as anarker of abdominal fat mass,
because WC correlates with abdominal fat mass (subcutaneous and intraabdbvaiisal)

circumferencas associated with cardiometalwotlisease risk (DM, HTN, dyslipidemia, and
CHD) (Klein et al., 2007)
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Chapter 2
Literature Review

2.1 The coronary circulation
The heart muscle (myocardium) blood supply comes from the coronary arteries which

originate from the aortahe right coronanartery mainly supplies the muscle of the right
ventricle. The left coronary artery splits into t\tbe left anteriordescending coronary
arteryandthe left circumflex arteryand supplies theest of the heart musc(®/addison
andParsley 2012.

Cororary vessels are divided into epicardial or conductance vessels, atappaey and
microvascular vesselayhich areresistance vessels. The epicardial vessels are most
commonly dfected by atherosclerosis (AT Snd offer negligible resistance ¢oronary
flow. The increasg coronary blood flow in response to increésaeyocardial oxygen
demand is achieved by the dilatation of resistance vessels (Homoud, 2008).

The mechanism olutaegulation mediated by changes in the vascular tone of the
resistace vessels, allows distal coronary perfusion to remain unaltered in the face of
changes in proximal perfusion pressures. Impaired coronarian endothelial function (as in

ATS, dyslipidemias) disrupts autoregulation and may lead to ischemia (Homoud, 2008).

2.2 Coronary Atherosclerosis

Atherosclerosiss the main cause of CAD.therosclerosiss a chronic inflammation of

the arteries that develops under the action offastors It beginsas qualitative changes

in endothelial cells; under the action of oxidative, hemodynamic, or biochemical stimuli
(such as smoking, HTN, dyslipidemia) and inflammatory factors, they change their
permeability to promote the entry and retention of bibochemonocytes and LDIC
(Nabel and Braunwald, 2012). In the dysfunctional endothelium -CDundergoes
oxidation. Modified LDL-C attracts leukocytes and can be scavenged by macrophages
leading to the formation dioam cells.These cells replicatggiving riseto one of the
earliest pathological lesionthe fatty streakSmooth muscle cells are then recruited and

migrate to the site of the foamy cells, proliferate and manufacture extracellular matrix.
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The fatty streak is now transformed into tfierous plaque This lesion begins to
encroach on the lumen of the vessel; angiogenesis will take place and the plaques can
then calcify. The final lesiorthe advanced complicated lesi@onsists of a fibrous cap
overlying a lipidrich core (highly thrombogenic) whicilso contains necrotic material
(Homoud, 2008).

Plaques lead to clinical symptoms by producing flowiting stenosis (causing stable
angina) or by provoking throbi that interrupt blood flow either temporarily (causing
unstable angina) grermanerly (causing Ml) (Nabel and Braunwald, 2012).

2.3 Pathophysiology of Coronary Artery Disease

2.3.1 Cellular level

Angina s caused by myocardial ischemiehich occurs whenever myocardial oxygen
demand exceeds oxygen supp@xygen delivery to the heart is closely coupled to
coronary blood flow. Therefore a sudden cessation of regional perfusion following a
thrombotic coronary occlusion leads to rapid cessation of aerobic metabolism, depletion
of creatine phosphate, and theset of anaerobic glycolysis. This is followed by increase

in tissue lactate, ATP levels decrease, and catabolites accumulate. As ischemia continues,
tissue acidosis develops and potassium comes out into the extracellularFaptuer,

ATP levels falls below those required to maintain critical membrane function, resulting in
myocytedeath After 20 minutes of coronarycolusionmyocardial injury is irreversible

if significant collaterals are not present (Lakshmanadoss, 2012).

2.3.2 Anatomical level

Acute Coronary Syndrome (ACS) is usually caused by an unstable atherosclerotic plaque
rupture with formatn of an obstructive coronatiirombus(Figure2.1).This process is
manifested by ischemic chest pain and electrocardiograpfiG)Ehangeslf ischemia

is prolonged, this reailts in myocardial necrosis ancklevation of enzymes
(Lakshmanadoss, 2012).
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Pathophysiology of ACS: Disrupted Plaque
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Adapted from Yeghiazarians et al. N Engl/ J Med. 2000;342:101-114.

Figure 2.1 Pathophysiology of ACS: Disrupted Plaque

A small percentage of cases wbn ST segment elevation ude coronary syndrome
(NSTE-ACS) have normal coronary arteries wortobstructive lesions. Theossible

mechanisms includecoronary arterys pas m ( Pr i n z nneramarbldkequea ngi n a)
complicated by acute thrombosis with subsequent recanalization,acpremboli, and
Asyndrome X A(Hamm et al ., 2011) .

2.4 Clinical features of Coronary Artery Disease
2.41 Angina Pectoris

Angina pectoris (chronic stableangina or effort angina is frequently reported as
retrosternal chest discomfads a pressure, heavinesgueezing burning, or choking
sensationyather than frank painTypically, radiation ofthe painis in arms,shoulders,
and neck. Specifically,rgina is precipitated by exertion, eating, exposure to cold, or
emotional stresstd duration isaboutl-5 minutes and is relieved by rest or nitroglycerin.
The intensity of angina does not change with respmatough, or change in position
(Alaeddini, 2013).
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Anginal equivalents, such as dyspnea, faintness, fatigue, and eructateynsyccur,

particularly in the elderly (Lakshmanadoss, 2012).

Prinzmetal 6s variant angina refers to chest
not precipitated by physical exertion or emotional stress, and is associated with transient
ST-segmentelevation. Thepathologcal mechanisnof variant anginas coronary spasm
Attacks of Pr i nz ateut lzetiwées miéniglg and 8 gilarermed al.t o

2011).

2.4.2 Acute Coronary Syndrome

Refers to a spectrum of clinical presentations inclu@mgegment elevain myocardial
infarction (STEM), nori ST-segment elevation myocardial infarction (NSTEMI), and
unstable angindJA) (Lakshmanadoss, 2012).

Chest pain ishte leading symptom that initiatése diagnostic and therapeutic cascafle
ACS. The classificationof patients is based on the electrocardiogram (ECG). Two
categories of patients may be encountered:

1. Patients with acute chest pain and persistent (>20 miuse§ment elevation. This is
termed STelevation ACS (STEACS) and generally rifcts an acute total coronary
occlusion. Most of these patients will ultimately develop aret&Vation MI (STEMI).
2. Patients with acute chest pain but without persistersegiment elevation. These
patients have rather persistent or transiens&Jmentdepressionor T-wave inversion,
flat T waves, pseudnormalization of T waves, or no ECG changes at presentation. At
presentation, the working diagnosis of NSAES, based on the measurement of
troponins, will be further qualified as NSTEMI or AU Traditionally, clinical
presentations of NSTEACS may be:
1 Prolonged 20 min) anginbpain at rest
1 New onset (de novo) angina (Class Il or Il of the Classification of the Canadian
Cardiovascular Society);
1 Recent destabilization of previously stab#émgina with at least Canadian
Cardiovascular Society Class Il angina characteristics (crescendo angina); or

1 PostMI angina (Hamm et al., 2011).
14



2.4.2.1 Diagnosis

The WHO criteria for diagnosing an acute MI are: chest pain, serial elevation of cardiac
enzymes and typical ECG features. The fulfillment of two out of three of these criteria
establishes the diagnosis (Homoud, 2008).

A more recent (2007) definition for an acute MI consists gficil rise and/or gradual
fall of troponin or more rapid risand fall of CKkMB, with at least one of the following:
ischemic symptoms, evelopment ofpathologic Q waves on the EC&chemic ECG
changes (ST segent elevation or depressionjpaging evidence of new loss of viable

myocardium or a new regional wall mati abnormality Pant et al.2012).

The diagnosis of angina includes clinical judgment, along with most commonly used test,
the 12 lead ECG. Other tests used are exercise tolerance test, myocardial perfusion
imaging (MPI), coronary angiogram, and bloodt$ein particular cardiac enzymes

measuremer(such as troponingyevon and Simkis2012).

2.4.2.2 Electrocardiogram

In combination with the clinical presentation, an SAES is defined by the presence of

01 mm ST el evati on limbleads®©2 | mms 6Tt wbewadj aoevnt
two contiguous precdral leads or new onset bundle branch blodiScottish

Intercollegiate Guidelines Network (SIGN), 2007].

ACS may occasionally occur in the absence of ECG changes or elevations in biochemical
markers; in this case the diagnosis is supported by the presence of prior documented

CAD or subsequent confirmatory investigations (SIGN, 2007).

2.4.2.3 Cardiac enzymes

Troponinsexistin three isoforms: troponin C, | and T. Troponin C exists in all muscle
tissues. Troponin | is completely specific for the heart. Troponin T is released in small
amounts by skeletal muscles, and clinical assays do not detect skeletal TropBamt T (
et d., 2012).Cardiadroponinsmakeit possible to differentiatbetween NSTEMI and
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UA. Troponins are more specific and sensitive than the traditional cardiac enzymes

creatine kinase (CK), its isoenzyme MB (@kB), and myoglobin (Hamm et al., 2011).

2.4.2.4Management of CAD

The treatment othronic stableangina includs nitrates, antiplatelet medicatiand
anticoagulantgaspirin, clopidogreland warfarinin specific cases withtrial fibrillation,

left ventricle clot), betablockers, calcium channel blockers, angiotensin converting
enzyme inhibitors (ACEIl) and statins. When medical therapy fails, percutaneous
coronary intervention (PCI) or surgecgronary artery bypass graft (CABG) may be
required. Risk factor modifation is equally importanGarcia and McFalls2012)In

case of NSTEACS, patients are initially managed without emergency repedns
therapy (SIGN2007%.

In case of STEMIjreatment objective i achieve rapid and completeperfusion by
primary angioplasty or fibrinolytic therapy (Hamm et al., 20Ifjrombolysis may be
achieved by using Streptokina@®nfibrin-specific agent)or fibrin-specific agentsuch

as Alteplase, Reteplase, or TenecteplaB@ombolysis shoulde conducted with a
fibrin-specific agentPatients with not&T elevation ACS at medium or high risk of early
recurrent cardiovastar events should undergo earlgoronary angiography and
revascularizationln the presence oischemic ECG changes or elevah of cardiac
markers, patients with an ACS should be treated immediately with low molecular weight

heparin(principally enoxaparin) or fondaparin($IGN, 2@7).

Adjunctive medial therapy of acute MI includesitrates, early use of antiplatet
therapies, such as aspirand clopidogrel. Other medications for STEMI are beta
blockers, ACEI inselected patients, and stat{88GN, 2M7).

2.4.3Silent Ischemia

Is a form of CHD thatan be seen in up to 40% of patients with classical angina pectoris
and in up tol0% of patients with no symmins of angina at alPatientswith diabetes

have a higheincidence of silent ischemia (Homoud, 2008).

16



2.4.4Sudden Cardiac Death (SCD)

SCD-iis an unexpected death due to cardiac causes occurring in a short time period
(generally within 1 h of symptom onset) in a person witbvikm or unknown cardiac
disease. Tachyarrhythmiassuchas ventricular fibrillation or ventricular tachycardiee

the mast commommechanisms leading to SQBovari, 2013)Three quarters gbatients

who die ofSCD have CHD, as most studlisuggest (Zipes et al., 2006).

2.5 Risk Factors for Coronary Artery Disease

CAD has traditional and nontraditional (novel) risictors (Boudi, 2012).The traditional
risk factors can be classified as nowdifiade and modiable [American Heart
Association(AHA), 2013a]

2.5.1 Nonmodifiable risk factors:

2.5.1.1 Age

CHD is morecommon with advancing agkr men, the risk for CHDncreases after age
45. In women, the risk for CHD increases after ageNsgipnal HeartLung ,and Blood
Institute NHLBI), 2011 AHA, 2013a; World Heart Federation (WHRD13].

2.5.1.2 Gender

Men have a greataisk of heart attackhan women.Evenin postmenopausewhen
women's death rate from heart dseancreases, it's not as greatnaen's (AHA, 2013a;
WHF, 2013).

2.5.1.3 Heredity (Including Race)

If a first-degree blood relative has had coronary heart disease before the age of 55 years
(for a male relative) or 65 years (for a female relative),igkeincreases (WHF, 2013).

African Americans have more severe high blood pressure than Caucasians and a higher
risk of heart disease partly due to higher rates of obesity and diéhkit&s2013a)
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2.5.2 Modifiable risk factors:

2.5.2.1 Hypertensionhigh blood pressure)

High blood pressure (BP) increases the risk of stroke and heart attack (AHA, 2013a).
Hypertensions one of the most important causes of premature death worldwig@?25,

an estimated 1.56 billion adults will have HTN. Hypertensmrthe leading cause of
CVD worldwide (WHF, 2013).

2.5.2.2 Tobacco use

Smokers' risk of developin@HD is 2-4 times that of nonsmokerGigarette smoking is a
powerful independent risk factor for sudden cacddeath in patients with CHIPassive
smoking also increases the risk of heart diseg#dHA, 2013a). Within two years of
quitting, the risk of CHD is more reduced, and within 15 years the risk of CVD returns to
that of a norsmoker (WHF, 2013).

2.5.2.3Diabetes(raised blood glucose)

Risk of heart dsease is increased in diabetiasd therisk correlates inversely with the
degree of control of diabeteAt least 65% of people with diabetes die of some form of

cardiovascular disease (AHA, 2013a).

Criteria for the diagnosis of diabetes are as fadlow

1. Hemoglobim1 C O6 . 5%

2.FPGO126 mg/ dl (7.0 mmol /1). Fasting is defin

3. Two-h plasma glucose 0200 mg/dl (11.1 mmol /|
be performed as described by the World Health Orgaaizatising a glucose load

containing the equivalent of 75 g anhydrous glucose dissolved in water.*

4. In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose 0200 mg/dl (11.1 mmol /1) .
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*In the absence of unetyocal hyperglycemia, criteriaiB should be confirmed by
repeat testinfAmerican Diabetes AssociatigADA), 2010].

2.5.2.4 Physical inactivity

An inactive lifestyle is a risk factor for CHIRegular, moderatt-vigorous physical
activity (PA) helpsprevent heart and blood vessel disease (AHA, 2018d)vidual

studies suggest that regular exercise may eeddEID (Levin and Arango, 2005).
Observational studies support an inverse association between PA and CHD events (Jurca
et al., 2005).

For substatial health benefitedults(18-64 years) should do at least 150 minutes a week
of moderatantensity, or 75 minutes a week of vigoremsensity aerobic PA, or an
equivalent combination of both types of PA. This activity should be performed in
episodes of at least 10 minutes, ahdsipreferable to be spread throughthg week
(USDA and U.S. HHS2010).

2.5.2.5 Obesity and overweight

Peoplewho have excess body fat, especially in the waist region, are more likely to
develop heart disease and stroke even in the absence of siifactors (AHA, 2013a).
Obesity is strongly related to major CV risk factors such as raised blood pressure, type 2
diabetes and dyslipidemid&or optimal health, the median BMI for adult populations
should be in the range of 243 kg/n®, while theindividuals BMI should be in the range

of 18.5 24.9 kg/m (WHF, 2013).

2.5.2.6 High blood cholesterol/lipids

Raised blood cholesterol increases the risk of heart disease andGtoddadly, one third
of IHD is attributable to high cholesteralefined & total cholesterol of 240 mg/dl or
higher (WHF, 2013).
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2.5.2.6.1 Lowdensity lipoprotein cholesterol (LDL-C)

Total cholesterol and LDIC levels in men and women are similar up to 20 years of age.
After menopause, total cholesterol and L-Bllevels inwomen risg Roeters van Lennep

et al., 2002).

Many prospective studies have shown that high serum concentrations ef Lddé& a
major risk factor for CHD. The Adult Treatment Panel Il (ATP i) the National
Cholesterol Education Progra(NCEP) specified that patients with CHD or CHD risk
equivalents are considered high risk and the primary targgpidflbwering therapy is
LDL-C. Since tle publication of ATP Ill in 200, the clinical end points of the major
clinical trials of statin therapghowed that from five njar RCT, four trials showed that
effective LDL-C reduction subst#ially reduced the risk of CHPGrundy et al., 2004).
Kuklina et al. (2010) in a study of CHD risk factors found a higher prevalence of high
LDL-C levels among perserwith CHD or CHD equivalent than young adults without
CHD risk factors.

2.5.2.6.2 Highdensity lipoprotein cholesterol (HDL-C)

The Framingham Heart Study in the 1980s demonstrated that the risk of CHD was
significantly lower among persons with higherd&ssof HDL-C (normal range 40 to 60
mg/dl). A number of studies have supported the inverse correlation betweerCHidd

CHD (Natarajan et al., 2010).ow levels of HDL (less than 40 mg/dl for men and less
than 50 mg/dfor women) incease the risk dieart disease (AHA, 2013lh a review of
studies on risk factors for CHD, Roeters van Lennep et al. (2002) reported that levels of

HDL correlate inversely with coronary risk.

2.5.2.6.3 Triglycerides

Some authors stated that elevated plasma TG isdapé&ndent risk factor for CHD. The
cardiovascular significance of high TG level is that it is a component of the atherogenic
dyslipidemia faised TG, small LDL particles, and low HBL) which is found in
patients with type 2 diabetes mellitus, metabojmdsome, and overweight/obesity
(Fletcher et al., 2005; Pejic, 2011
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2.5.2.6.4 Management of lipids for secondary prevention of CHD

The goal is LDELC< 100 mg/di(Mohamad, 2012]reatment for high LDLC involves
the Therapeutic Lifestyle Changes (TL@pgramandif needed, drug therapy. The TLC
program consists of diet, physical activity amdight management, as followkess than

7 % of daily calories from saturated fdéss than 200 mg/day of cholestei2j 35 % of
daily calories from total fat.df more LDL-C lowering the dietary options ar@ gday

of plant stanls or sterols]10i 25 gday of soluble fibera caloric intake enougto reah

or maintain a healthy weighTLC also calls for at least 30 minutes of a moderate
intensityphysicalactivity, suchas brisk walkingon most, angreferably alldays of the
week(NIH, 2005).

The consumption of omegafatty acids in the form of fish or in capsule form (1 g/d) is
added to further reduce coronary risk. For treatment of high TG levelgrhdgkes are
usually necessary (Mohamad, 2012).

The ATP 1l National Cholesterol Education Program (NCEP) guidelines call for a
multidisciplinary method to help patients and clinicians adhere to recommendations for

primary and secondary prevention of CHEable 2.1) (Grundy et al., 2004).
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Table 2.1 ATP Ill LDL -C Goals and Cut points for Therapeutic Lifestyle Changes
(TLC) and Drug Therapy in Different Risk Categories and Proposed Modifications
Based on Recent Clinical Trial Evidence

Risk Category LDL-C Goal Ir_::ite Consider Drug Therapy,
High risk (CHD or| <100 mg/dl 0100 0100 mg/ dl
CHD risk equivalents| (optional mg/dl (<100mg/dl:consider
10 year risk >20%) goal: <70 drug options)

mg/dl)
Moderately high risk <130mg/dl 0130m| 0130 mg/ dl
(02 risk (100 129mg/dI: conside
to 20% 10year risk) drug options)
Moderate risk ( O] <130mg/dl 0130m| 0160 mg/ dl
risk factors; l1@year
risk <10%)
Lower risk(0 to 1 risk| <160mg/dl 0160m| O1 Ing/dl
factor) (1601 189mg/dl:LDL-

lowering drug optional)

When drug therapy is indicated for reducing LBl statins are generally initiated as
first-line therapy. Resingyicotinic acid or ezetimibecan be added if the goal for LDL
C level is not rached. Pharmacologic therapy for high TG includes fibrates, nicotinic

acid, and omega3 fatty acids (Mohamad, 2012).
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2.5.2.65 Physicalactivity impact on blood lipids

Skoumas et al.(2003) in a study about physical activity (PA) effect on blood lipids in
population free of CVD, reported a minor effect of PA on EDland total cholesterol,

but a raising effect on HDIC and a decrease in TG levels. The CHP Group (2010)
specified that regular moderate exercise, especially in combination with a lowtfat die
has been shown to decrease TG and LDL and increase HDL levels. According to NIH
(2005) regulaPA can raise HDC and lower TGard LDL-C.

2.5.2.7 Metabolic syndrome

Patients with metabolic syndrome have an increased risk for heart disease and other
disorders, such as diabetes. For the diagnosis of metabolic syndrome, three or more of

the following factors must be present:

A Large waist measureménB5 inches or more for women,40 inches or more for

men

™

Triglyceride level of 150 mg/dL or higher

T

HDL cholesterol of less than 50 mg/dL in women, less than 40 mg/dL in men

A Blood pressure of 130/85 mmHg or higher (either number counts as a raised
blood pressure)

A Fasting blood sugar of 100 mg/dL or higher (NIH, 2005).

2.5.2.8 Mental stress, depressiogardiovascular risk

Stress and anxiety may play a role in causing CHD. Stress and anxiety can cause
tightening of the arteries leading to increased blood pressure and risk of heart attack
(NHLBI, 2011).

High levels of trait anger in middiaged prehypertensive men were associated with
increased risk of progressing to hypertension and incident CHD.-levngstress was

also associad with increased coronary rigRlayer et al., 2007). A prospective cohort
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study found that participants who reported thasstrsignificantly affect their health had

a higher risk of coronary death or incident ffatal Ml when compared with those who
reported no effect of stress on their health (Nabi et al., 2013). Depression has been
strongly implicated in predicting CAD (Bdu 2012). Behaviors that increase CV risk
(smoking, poor diets, physically inactive) are more common in depressed patients
(Amani and Sharifi, 2012). A metnalysis of outcomes associated with depression
indicates a relative risk that is comparable wsthnoted for traditional CAD risk factors
reported from the Framingham study (Rozanski et al., 2005).

2.5.2.9 Unhealthy dietdiet in the development of CHD

Unhealthy dietary practices such as high consumption of saturated fats, salt and refined
carbohydates and a low consumption of fruit and vegetables tend to cluster together and
often occur in association with other unhealthy behaviors such as physical inactivity and
smoking. The effect of a specific dietary change on total serum cholesterol might
increase, decrease or not influence risk of CHD, depending on which cholesterol

components were changed (Reddy and Katan, 2004).

2.5.2.9.1 Cholesterol

The body uses cholesterol for physiological and structural functions (USDAJ&hd
HHS, 2010) Among major sources of dietary cholesterol are whole milk, red owegtn
meat, poultry and shellfisiEgg yolk is particularly rich in cholesterol but unlike dairy

and meat does not providaturated fatty acidSFA) (Djousse and Gaziano, 2009).

Dietary cholesterol raises total cholesterol and LOLbut effect is maller thanSFA
(Amani and Sharifi, 202). Evidence shows a relationship between higher intake of
cholesterol and increased risk of CVD. Dietary Guidelines for Americans and ATP lli
recommendonsumption of less than 300 mg /day of cholesterol for healthy adults and
less than 200 mg/ day of cholesterol for people at high risk for C\tjogsse and
Gaziano, 2009JSDA andU.SHHS, 2010).
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2.5.2.9.2Total fat intake

In their study aboutlietary fat intake and risk of CHD, total fat, saturated fatty acid, and
monounsaturated fatty acid intake were strong predictors of CHD mortality in American
Indians (Xu et al., 2006). On the other hand, there is growing evidence that it is fat
quality, rather than the total amount of fat, that is particularly important for
cardiovascular disease (Amani and Sharifi, 2012). Metalysis of Cohort fidies of

total fat and CHDof Skeaffand Miller (2009) found no relatiobetweentotal fatintake

and CHD events.

2.5.2.9.3 Saturated fatty acids (SFA

Rich sources of saturated fats are fatty meat, poultry skinfatullairy foods, butter,
ghee, palm oil, palm kernel oil, and coconut oil (Mittal, 2011).

SFA raise total and LDIC, but individualSFA have different effects. Thusnyristic

(C14) and palmitic acids (C16) (in meat and dairgdorcts) and lauric acid (C12n(
coconuts) yield the greatest effect, which is attributed mainly to the impaired removal of
LDL-C from the circulation. SFA with shorter chains are absorbed directly into the portal
circulation, and therefore have no effect on serum cholesterol lIéMstslongerchain

SFAs (such as stearic aeid18, found in abundance in meat and cocoa) have only a
minimal effect due to their high rate of conversion to monounsaturated fatty acids
(MUFA) (Mikkila, 2008).

The Seven Country Study, a crasdtural analgis, reported strong positive associations
among a popul at iinakd serum towlrclaopsterolScbndentrations, and
death rate from CHD Ramsden et al., 2009Willett (2012), in analysis of cohort
studies of dietary fats and CHD concludedt tindake of SFA was not associated with
higher coronary risk when compared to carbohydrates but was associated with higher risk

if compared to polyunsaturated fatty ac{B@&JFA).
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2.5.2.9.4rans fatty acids (TFA)

Most TFA are supplied by 3 categories of food items: household shortenings and
margarines, fried foods, and baked goods. Beef and dairy contain small amounts of trans
vaccenic acid, which has metabolic effects different from those of synthetic TFA
(Ramsden et al2009).

TFA intake is associated with elevated levels of L{0l. small dense LDL subtype,
lipoprotein (a), and TG, and reduced HIOL Literature notedsignificant positive
associations between TFA intake and CHD (Ramsden et al., 2009).
2.5.2.9.8Monounsaturated fatty acids (MUFA)

Monounsaturated fatty acids and, to a leskgreePUFA decrease serum LBC and
increase HDLC levels and lower the totéd-HDL-C ratio (Mikkila, 2008).

The primary dietary MUFAS oleic acid (18:149). Concentratecgources include whole
olives, olive oil, canola oil, avocados, anduts, especially n@damias, cashews,
almonds(Ramsden et al., 20095 the U.S. diet beef and dairy fats are among the main
sourca of MUFA (Hu et al., 2001).

Olive oil is the primarysource of fat in the Mediterranean diResearch demonstrated
thatoleic acid, and especially that obtained from pressing olives, is essential element in
the prevention of CAD. The US Federal Drug Administration (fFB2é&ceped a claim

that eating about tavtablespoons (23 g) of olive oil daily is of benefit on coronary risk.
Coronary risk reduction of a diet rich in oleic acid is due to possible inhibition of platelet
function and the fact that oleic acid rich LB have been shown to be less susceptible t
oxidation than linoleate rich LDIC. After exposure to olive olil, platelet aggregation and
TXA2 release decesed, anctontent of platelet membrane @leacid increasedn the
same time,platelet membrane arachidonic acid significandigcreaseé (Cocchi and
Lercker, 2013).

The consumption of diets rich in oleic acid has antiinflammatory effectdue to a
decrease in the comteof LDL-C linoleic acid.BP lowering effecbf olive oil is due to

an increasing concentratioof oleate in cell membranevhich helps to regulate the
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structure of membrane lipids through the control of signedliated Gorotein (Cocchi

and Lercker2013).

2.5.2.9.6 Polyunsaturated fatty acids (PUFA)

Polyunsaturated fatty acidseaa heterogeneous class of fatty acids within length and
position of the first double bond affecting important metabolic outcomEs:A are
mainly derived from vegetable oils such as corn, sunflower, safflower, and soybean oils,
but are present in other fa®@s well (USDA andl).S. HHS, 2010).PUFA play several
roles in the inflammation pr oc&8saiesslsoand,
appear to suppress cardiac arrhythmias and to reduce TG (Mikkila, 2008).

2.5.2.9.7 Mediumchain omega6 PUFA, linoleic acid (LA)

Linoleic acidreduced DL -C when substituted for SFé&r TFA. New recommendations
stimulatehigh LA intake. On the other hand, high LA intake also redtisese rR3 EPA

and DHA levels, thereforancreasing corong risk (Ramsden et al., 2009The
association betweenALintake and risk of CHD was reported in some studies and the
results were the same as those of total PUFA: LA intake had a protective effect for CHD
(Skeaff and Miller, 2009)Studies foundhat ahigh polyunsaturated/saturatidty acids

ratio due to increased ome@datty acids in dietvasassociated with aeduced risk of

CHD (Mittal, 2011).

2.5.2.9.8 Mediumchain omega3 PUFAs -litblenic acid (ALA)

| -linolenic acidis an essential fatty acid from plant sources, such as soybeaamla

oil, flaxseed, and walnut&pidemiologi@l studies have observed an inverse association
between ALA intake and CHD risk (Ramsden et al., 2009).

2.5.2.9.9.0ng-chain omega3 PUFAs

Eicosapentaenoic acid (EPA) addcosahexaenoic acid (DHAGre found mainly in
mackerel, herring, trousalmon,anchoves, sardines, tuna, and oystRamsden et al.,
2009).

In a Japanese cohort followed up study, EPA+DHA intake was associated with a

significant reduction in the risk of coronary eve(famsderet al., 2009)Mittal (2011)

and Ramsden et al.(2009) stated that in secondary prevention trials, there was a reduction

in coronary events associated with increased consumptiolBdfAafromfat t y ysh

dietary supplement.
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2.5.2.9.10 Other dietary comppents

Dietary sodium: the most wedistablished mechanism by which sodium intake increases
CVD risk is increasing blood pressure (BP) (Amani and Sharifi, 2012). A systematic
review done by Cappuccio (2009) showed that higher salt intake was assodgtated

greater risk of CVD.

Fruit and vegetables may reduce CHD risk through protective constituents such as
potassium, folate, vitamins, fibers and other phenolic compounds acting, among others,
by improving lipoprotein profile, and lowering BR.Meta-Analysis of cohort studies on

Fruit and Vegetable Consumption and Risk of CHD concluded that fruit and vegetable

consumption is inversely associated with the occurrence of CHD (Dauchet et al., 2006).

2.5.3 Nontraditional or Novel risk factors for CHD

Newer CV risk factors are C-reactive protein, lipoprotein (a), homocysteine, tissue
plasminogen activatorand fibrinogen. Other factorsuch as endtage renal disease,
connective tissue diseases (such as lupus, rheumatoid arthriiginan
immunodeficiency virus (HIV) infection, highly active antiretroviral theraqyd other
markers of inflammation have been reported to contribute to the development o ACAD.

systemic eview and meteaanalysis suggest h at t oo I-6 htperinight) erltoeep ( OS5
much sleep (>® h per night) in@ases risk of CAD (Boudi, 2012).

2.5.3.1 Vitamin D deficiency as nontraditional (novel) risk factor for CHD

2.5.3.1.1 Historical perspective

Historically, v t ami n D ( al p h a ae the fouath kngwn wtaming was i D 0
discovered by McCollum et al. in 1922 as the substance that cured rickets. The chemical
structures of vitamin D2 and D3 have been elucidated in the 1930s. In 1981, Robert
Saagg formulated the hypothesis that the increased CVD incidence in winter may be a

consequence of lowltraviolet B(UVB) irradiation. The research on vitamin D and CVD
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was further stimulated by the discovery of the VDR in the rat heart by Robert Simpson i
1983 (Pilz et al., 2011).

Vitamin D is classically known for its important role in calcium and bone metabolism.
Research has revealed the following facts about vitamin D: (i) the vitamin D receptor
(VDR) was identified in almost all human cells, {ijamin D deficiency was shown to

be highly prevalent among general populations and (iii) vitamin D deficiency has been
associated with various chronic diseases including CVD (Pilz et al., 2011).

2.5.3.1.2 Physiology of Vitamin D

There are 2 major formsf avitamin D, vitamin D2 (ergocalciferol) and vitamin D3
(cholecalciferol). Vitamin D2 is found in plants and can be consumed ifiddrioods or

as a supplementyitamin D3 is obtained from either dietary sources or through
conversion of7-dehydrocholesterol in the skin upon exposure to ultraviolet B (UVB)
radiation (avie et al.,2011). Solar UVB radiation (wavelength, 290 to 315 nm)
penetrates the skin and converts dehydrocholesterol to previtamin D3, which is
converted to vitamin D3~ew foods naturally contain vitamD ( B0  eserpsrD2 or

D3) (Holick, 2007)The keratinocytes of thekim arethe primary sourcefasitamin D for

the body. Also the keratinocytes possess both the enzyetptiomento metabolize the
vitamin D produced to activemetabolites [in particular 25(OH)2D], andthe vitamin D
receptor (VDR)( Bikle, 2012)Vitamin D from the skin and diet is metabolized in the
liverto25hydr oxyvitamin D, which is wused to
25-hydroxyvitamin D is metabolized in the kidneys by the enzymbygioxyvitamin D

1 thydroxylase to its active form, 1, 2Bbhydroxyvitamin D [1,25 (OH)2D]. The reral
production of 1, 25(OH)2 D is regulated by plasma parathyroid hormone levels, serum
calcium and phosphorus leveBibroblast growth facto23, secreté from the bone
suppresses,25-dihydroxyvitamin D synthesigHolick, 2007).0Othertissues that express
the enzyme 25(0OH) D3-Uhydroxylase include colon, prostate, mammary gland,

macrophages, antiggesenting cells, osteoblasts and keratinocytes (Chung et al., 2009).
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Vitamin D has genomic and nongenomic functions. For the genoumctiéns, 1,
25(0OH)2 vitamin D interacts with nuclear VDR influencing gene transcription. Nuclear
receptors for 1, 25 (OH) 2D have been ideatifin many cells, such &®ne, intestine,
kidney, lung, muscle and skifor the nongenomic functions, 1, 25(P2i1D acts like a
steroid hormone, working through VDR on celembranesMajor sites of action of
vitamin D include intestine, bone, parathyrdigier and pancreatic beta ce(l€hung et

al., 2009).

One of the major biological functions of vitamin Dt maintain calcium homeostasis.
Biological actions include increases in intestinal calcium absorption, transcellular
calcium flux and opening gated calcium channels allowing calcium uptake into cells such
as steoblasts and skeletal musckitamin D alsofacilitates the absorption of intestinal
phosphate. 1, 25(0OH) 2D indirectly affects bone mineralization by maintaining plasma
calcium and phosphorus concentrations. 1, 25(0OH) 2D, along with PTH, also causes
demineralization of bone when calcium concerdret fall (Chung et al., 2009)he
efficiency of the absorption of renal calcium is increased in the presence of
calcitriol.1,25(0OH)2D also induces the expression of the enzyme 25 (OH) vitai2dn D
hydroxylase (CYP24), which catabolizes 25(OH) vitamin @ 4n25(OH)2vitamin D

into biologically inactive, watesoluble calcitroic acid (Holick, 2007).

Other biological systems have VDR and are responsive t85{QH) 2D, including
immune, pancreas, cardiovascutayscle and brairgnd control of cell cyclel, 25 (OH)

2D inhibits PTH secretion and promotes insulin secretion, inhibits adaptive immunity and
promotes innate immunity, and inhibits cell proliferation and stimulates their
differentiation (Chung et al., 20D9

2.5.3.1.3 Definition of vitamin Ddeficiency and optimal levels
Il ndi vidual s6 vitamin D | evels are measured
hydroxyvitamin D [25(OH) D]. The biologically active form of vitamin D, 25(OH)2

D3, is unsuitable for this purpose for reasons such as:
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a) Therigid maintenance of plasma levels of26(OH)2D3 at normal concentrations,
even with low plasma concentrationis25OH) D ;
b) Plasma25(OH)D levels are approximately lfitnes greater than those of
1,25(0OH)2D3; and
¢) Hydroxylation of 25(OH) D to 1, 25(OH) 2D3 occurs in various tissues, thereby
covering local needs (Garcia and Martini, 2010).
It was considered that the optimal level of vitamin D would be that required to maintain
PTH at appopriate levels. In this regardgtudies have found a platead calcium
absorption and adequate PTH levels, with 25(OH) D levels close to 30 ng / ml (75 nmol
/N( Holick, 2007;Nemerovski et al., 200@arcia and Martini, 201Qavie et al., 2011).
Although there is no consensus on optimal serum levels-by@fxyvitamin D, vitamin
D deficiency is defined by most experts as a 25(OH)D level of less than 20 ng /ml (50
nmol/l) (Holick, 2007; Nemerovski et al., 2009; Michos et al., 2010; Lavie et al., 2011).
Normal value ranges may vary slightly among different laiooks (Martin and
Campbell, 2011)Mayo Clinic (20L.3) considered valuesf 25-hydroxyvitamin DO25 ng
/ ml as vitamin D deficiency, and 026 ngl/n

2.5.3.1.4 Proposed Mechanisms for Vitamin D in Cardiovascular Disease
Vitamin D can affect a variety of functions in the batle towidespread localizatioof
the VDR (Small, 2006)Heart and blood vessels are targesuies for vitamin D and
expressV DR a nhgidrodylse. Based on this findingshas been hypothesized that
vitamin D plays an important physiologic role in the regulation of the CV sy@édmet
al., 2011).
The effects of vitamin D in blood vessels are:
1. Theinhibition of vasclar smooth muscle proliferation
2. Thesuppressin ofvascular calcification
3. The down regulation of pranflammatory cytokinegumor necrosis factel
and interleukin6
4. The up regulation of anthflammatorycytokine interleukinl0
5. Negative endocrine regulator of the reiigngiotensin aldosterone system
(RAAS) (Zitterman et al., 2008).
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Vitamin D metabolitesdown regulate several genes involved in the development of
myocardial hypertrophyVDR activation modulates odiac calcium flux andnduces
relaxation of cardiomyocytes, therefore improving diastolic function of the heart (Pilz et
al., 2011).

Vitamin D deficiency triggers secondary hyperparathyroidism. PTH promotes myocyte
hypetrophy and vascular remodelin@ther studies suggestath PTH has a pro
inflammatory effect, stimulating the release of cytokines by vascular smooth muscle cells
(Wang et al., 2008).

Vitamin D may potect against atherosclerosisnd endothelial dysfunction
Antiatherosclerotic vitamin D effects include

1. Inhibition of macrophage cholesterol upteked foam cell formation
2. Down regulatiorof vascular smooth musclelcproliferation and migration
3. Suppressiorof inflammationtriggered endothelial activation and expression

of endothelial adhesion molecul@3ilz et al., 2011).

2.5.3.1.5 Vitamin D and CHD
Clinical trials suggest that vitamin O/ suppressing PTH activity may reduce the risk of
calcification and stenosis in the coronary vessels. Vitamin D may help maintain normal

vascular activity by supporting the production of witskide synthase (Small, 2006).

Liss and Frishman (2012) notehat geographic latitude and altitude affect vitamin D
levels of the people through UVB rays exposure. Some studies showed an increased risk
of CHD with an increased distance frahe equator and researchers have attributed these
findings tolow levelsof 25 (OH) D that sunlight exposure may cause. Related to altitude,
literature showed an inverse association between CVD and altRe$®archers have
associated this effect with an increase in UV radiation at higher altitudes, resulting in a

higher syntlesis of vitamin D in the skin.
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Myocardial Infarction (Ml)
A small communitybased caseontrol study in New Zealand found that men with Mi
had lower 25(0OH) D levelcompared to matched contr@dichos et al.2010. A study

among patients admitted with acute coronary syndromes revealed that most of these

patients had abnormally low 25(OH) D levélswvie et al., 2011).

2.5.3.1.6 Vitamin D and CAD Risk Factors

A. Diabetes mellitus (DM)

Vitamin D affects mechanisms relatedmetabolic syndrome arglabetes mellitugtype
1 and type 2diabetes mellitu§T1DM and T2DM)] pathophysiology.These include
impaired Bcell function and insulin resistantierough activation of VDR oindirectly,

throughregulation of calcium homeostaglsavie et al., 2011).

B. Vitamin D and HTN

In humansl, 25(0OH) 2D inhibits the RAAS anahay lower blood pressure (BPh the
National Health and Nutrition Examination Survey (NHANES) Illdstuthe average
systolic BP wadower in subjects witithe highest levels of 25(OH) D compares t
subjects in the lowest levels (Lavie et al., 2011).

C. Vitamin D and lipids

Michos et al. (2010) noted that lower levels of 25(@Hpare associated with high TG
levels. They presenéd a study in which treatment of patients ith acute coronary

syndrome withatorvastatin resulted in significant decreases in cholesterol and TG levels

and also an increase in vitamin D levels.

D. Inflammation
Much evidence shows that ATSas inflammatory disease and that inflammation plays a

role in major CVD eventsSo, reducing inflammation would be justified in this setting.

Studies showed that administration of vitamin D in the setting of vitamin D deficiency

downregulate inflammatorpiomarkers such as-@active protein (Lavie et al., 2011).
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E. Vitamin D and Obesity

Studies demonstrate that serum vitamin D concentrations are inversely correlated with
measures of obesity as BMI, waist circumferenceweigiht The proposed explanation

for vitamin D deficiency in obesity is reduced vitamin D bioavailability because of its

sequestration in excess adipose tissue-fBacht and Goldfine, 2010).

F. Vitamin D and Depression

Lavie et al (2011) mentionedhatdepressin is one of the CVisk factorthat is elated
with recovery afteICV disease event¥itamin D receptors and hydroxylation enzymes
are present in the braiWitamin D has been implicated as a factor affecting cognit
function and mental health.itdmin D concentrationfiave been found to be low in
patients with mood disorders)cluding depressiorElevatedlevels of PTH associated

with vitamin D deficiency may play an additional role in the development of depression.

2.5.3.1.7 Vitamin D Supplementation and CV Outcomes

Lavie et al. (2011) showed tha metaanalysis of 8 randomized tridglsund a slight, but

statistically norsignificant reduction in CV disease risk with vitamin D supplementation

at moderate to high dosémpproximately 1,000 IU dai)yMichos et al.(2010) specifd

that in healthy posme nopaus al participants of t he Wom
vitamin D supplementation (200 IU plus 500 mg calcium twice daily) did not reduce

CVD risk over 7 year average folleup. Vacek et al. (2011) in a retrosgtive cohort

study found that supplementation with vitamin D was significantly associated with better

survival, specifically among vitamin D deficient patients.

2.5.3.1.8 Reference Intakes for vitamin D
Intake reference values for vitamin D and otherieats are provided in the Dietary
Reference Intakes (DRIs) developed by the Food and Nutrition Board (FNB) at the
Institute of Medicine (IOM)Dietary Reference Intakaésclude:
1 Recommended Dietary Allowance (RDA): average daily level of intake
sufficient to meet the nutrient requirements of nearly all (98%0) healthy
people.
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1 Adequate Intake (Al): established when evidence is insufficient to develop an
RDA and is set at a levaksumed to ensure nutritional adequacy.
{1 Tolerable Upper Intake Level (UL): maximum daily intake unlikedy dause

adverse health effects.

The Food andNutrition Board established an RDA for vitamin D representing a daily
intake that is sufficient to maintain bone health and normal calcium metabolism in
healthy people (Table 2.2) (NIH, 2011).

Table 2.2: Food and Nutrition Board (FNB) Recommended Dietary Allowance
(RDAS) for Vitamin D ( as cited byNIH, 2011)

Age Male Female Pregnancy Lactation

0i 12 months* | 4001U(10ug) | 4001U(10ug)

1-13 years 6001U(15uQ0) 6001U(15uQ0)

141 18 years 6001U(15uQ0) 6001U(15uQ0) 6001U(15uQ0) 6001U(15uQ0)
191 50 years 6001U(15uQ9) 6001U(15uQ9) 6001U(15uQ9) 6001U(15uQ0)
51i 70 years 6001U(15uQ0) 6001U(15uQ0)

>70 years 8001U(20u9) 8001U(20u9)

* Adequate Intake (Al

2.5.3.1.9 Sources of Vitamin D

A. Food

Few foodsnaturallycontain vitamin D. Fatty fish (salmon, tuna, and mackerel)caad
liver oil areamong the best sources. Small amounts of vitamin D are founefiries,
cheese, and egg yolk&nnex 6). Some mushrooms provide vitamin.B-ortified foods
that provide vitamin D are milk, readg-eat breakfast cereals, some brands of orange
juice, yogurt, margarine (NIH, 2011).
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B. Sun exposure

Most people meet at least some of their vitamin D sdbhtbugh exposure to sunlight.
Season, time of day, length of day, cloud cover, smog, skin melanin content, and
sunscreen are factors that affect vitamin D synthesis inEkgessive sun exposure does
not result in vitamin D toxicity because the sustained heat on the skin photagegrad
previtamin D3and vitamin D3 as it is formg@NIH, 2011).

C. Dietary supplements

In supplements and fortified foodgamin D is available in two forms, D2 and D3 that

differ chemically only in their sidehain structure. The two forms have been regarded as
equivalent based on their ability to cure rickets. Both forms (as well as vitamin D in
foods and from cutaneougrghesis) effectively raise serum 25(OH) D levels. It appears
that at nutritional doses vitamins D2 and D3 are equivalent, but at high doses vitamin D2
is less potent (NIH, 201 oncerning vitamin D supplementationcreases i25(OH)

D levels seem tpersist longer after a bolus of B%an with D2(Lavie et al., 2011).

The American Academy of Pediatrics (AAP) recommends that exclusively and partially
breastfed infants receive supplements of 400 1U/day of vitamin D shortly after birth and
continuetoecei ve in this way unti.l they are
vitamin D-fortified milk .Similarly, all norbreastfed infants ingesting <1,000 mL/day of
vitamin D-fortified milk should receive a vitamin D supplement of 400 IU/day. AAP also
recommend that older children and adolescents who do not obtain 400 IU/day through
foods should take a 400 IU vitamin D supplement daily; the latter recommendation
(issued November 2008) needs to be reevaluated in light of the FNB's vitamin D RDA of
600 IU/day fa children and adescents (issued November 20{0yIH, 2011).

2.5.3.1.1(Risk factors for Vitamin D Deficiency

Risk factors for vitamin D deficiency may include: inadequate sunlight exposure, dark
skin ton, advanced age, beinggtitutionalized decreased dietary intake of vitamin D
living in northern latiudes, malabsorption syndromesyugsthat accelerate metabolism

of 1,25(0OH)2D $uch asphenytoin phenobarbital corticosteroids chronic kidney

disease, liver dysfunction, and obesifilemerovski et al., 2009 Breastfed infants are
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another group at risk for vitamin D deficiency; human milk has a low vitamin D content
(<25 U/l to 78 1U/).The vitamin D content of humamilk is related to the mother's
vitamin D status (NIH, 2011).

2.5.3.1.11Vitamin D and Health

Optimal serum concentrations of 25(0OH) D for bone and general health have not been
established. The health relationships of vitamin D included resistance to chronic diseases
(such as cancer and cardiovascular diseases)iopgisal parameters (such as levels of

parathyroid hormone), and functional aseres (such as skeletal hea(fi)H, 2011).

Osteoporosis
Osteoporosis is most often associated with inadequate calcium intakesvdedels of
vitamin D (NIH, 2011).

Cancer

Strong bases indicate that vitamin D plays a role in the prevention of potmtate, and
breast cancers.itdamin D may be protective against colon cancer, but the data are not as
strong for a protective effect against prostate and breast camzkrare variale for
cancers at other siteNiH, 2011)

Vitamin D related to other conditions
Vitamin D may play a role in the prention and treatment of typeahd type2 diabetes,

HTN, glucosentolerance, multiple sclerosiand other medicadonditions(NIH, 2011).

2.5.3.1.1Health Risks from Excessive Vitamin D

Vitamin D toxicity can cause nespecific symptoms such as anorexia, weight loss,
polyuria, and arrhythmia#\lso, by increasing blood levels of calcium can cause vascular
andtissue calcification, and subsequent damage to the heart, blood vessels, and kidneys.
Longterm intakes above the UTable 2.3)increase the risk of adverse health effects.
Most reports suggest a toxicity threshold for vitamin D intake of 10,000 to 40,000
IU/day. Exposure to high levels of vitamin &e associated with increases incalse
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mortality, greater risk of some cancers such as pancreas, greater risk of CV events, and

more falls and fraares among the elderly (NI2011).

Table 2.3 : TolerableUpper Intake Levels (ULs) for Vitamin D

(FNB, ascited by NIH, 2011)

Age Male Female Pregnancy Lactation
0i 6 months 1,000IU 1,000IU
(25 po) (25 po)
7-12months 1,5001U 1,5001U
(38 o) (38 o)
1-3 years 2,5001U 2,5001U
(63 po) (63 po)
4-8 years 3,0001U 3,0001U
(75 ug) (75 pg)
09 year {4,000U 4,0001U 4,0001U 4,0001U
(100 po) (100 po) (100 pg) (100 pg)

Finally, epidemiologic and experimental studies have suggested that low vitamin D levels
may play a role in sevdraCV conditions, including CAD.The data supporting
cardioprotective effects of vitamin D supplementation are weak, and randomized
controlled trials now in progress will resolve this issDéthese trialsthe Vitamin D and
Omega3 Trial (VITAL) is a RCTof 20,000 men and women, investigating whether
vitamin D and omeg8 fatty acid supplementation will reduce the risk of developing
CVD. The study ixpected to end in June 2016s§ and Frishman, 2012).
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Chapter 3

Methodology

3.1 Study Design

The current study is a retrospective casmtrol study.A casecontrol study is an
analytical epidemiologic study design in which individuals that have the disease under
study (cases) are compared to individuals free of disease (controls) regarding past
exposires. Caseontrol studies are relatively inexpensive, accomplished relatively
quickly, andare useful in diseases with long latency period (Kaelin and Bayona, 2004).
The cases in this research were Coronary Heart Disease (CHD) patients while the
controlswere healthy participants.

3.2 Setting of the Study
Thestudywas conductedt Al RemalPrimary Health Care (PHC) CentarGazacity.

Al Remal clinic, in which the researcher works as medical officer, is one of the
governmental PHGentral clinics in Gazaity, which provides health services through
specialty clinics such as Antenatal Care akdmily Planning, Child Health,
Dermatology,dental clinic,as well as general health care, through the Department of
Family Medicine. Inthis department patient witBAD have medical record files and are

regularly followed

3.3 Period of the Study
The study begam February 2013 after obtainingethical approvalfrom the Faculty of

Pharmacyof Al Azhar University, respectively the approval from Ministry of Health
Further, pilot study was conducted in ApBlatacollectionperiod washetweenApril 15
and May25, 2013.Data entry analysisand writingthe studycontinued untilDecember
2013.

3.4 Study Population

The study populatiorconsisted ofadult Coronary Heart Diseasasesregistered afl

Remalclinic and their age matched controls.
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3.5 Sample Size and Sampling

The study included0 cases(CoronaryHeart Disease patientsegisteredn Al Remal
clinic and 50 healthycontrols. CoronaryHeart Diseas@atientswere: 7 cases oftable
angina 25 ofunstableanginga and18 cases afnyocardialinfarction

A non-probability convenience sampling method was used.

3.6Eligibility criteria:

3.6.1 Inclusion criteria: Adult population(30 years analder), both gendersegistered

atAl Remalclinic, living in Gazacity, Al Remal area.

The CHD caseswere identified fromclinical recordsfile, previously diagnosed in
hospital, based on symptoms aB@G changes. Myocardial infarction was confirmed
using the WHO criteria: symptoms plus either diagnostic ECG changes or elevated levels
of cardiac enzymes (troponins, €MB).

For controls CHD was excludedbased onclinical criteria and medical history. The
control participants were matched for ageying thedata collection processfor each

CHD caserecruited instudy, the same otrol was selected, in terms ofegder

3.6.2 Exclusion criteria: participants less than 30 years, pregnant or lactating women,
diabetes mellitus, current use of vitamin D supplemira;use of drugs thatccelerate
metabolism of vitamin D (such as phenytoin, phenobarhkgtacocorticoid$, or drugs

that reduce vitam D absorption (Orlistat, cholestyramine), ngalancy, renal and liver
diseasemalabsorption ,osteomalacia, osteoporosis, and hypo or hyperparathyroidism.
CHD patients usindipid lowering medicatiorsuch as HMG CoA reductase inhibitors
(statins)lovastatin, simvastatin, fluvastatin, atorvastatin, Bile acid sequesirants
cholestyramine,colestipol, colesevelaniNicotinic acid preparations,Fibric acid
derivatives (fibrate$) gemfibrozil, fenofibrate, clofibrate andn-3 (omega) fatty acids

were exclaed from the study

3.7 Pilot study
A pilot studywas conductetdeforestartingdata collectionwhich was use@dsa pre-test

for questionnaireontentand f or detection of the patients
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ten controls were randomly selecteddhRemal clinic. All of them were omitted from

the study.

3.8 Ethical considerations
Consent forman informed consent for participants was attached to questionhairas

noted about the purposé the studyand content ofhe questionnaitédlso was speified
that they havehe right to refuseparticipation in the studyandin case ofparticipation
informationprovidedwill be confidential.
Approval letters were obtained from:

1 Faculty of PharmagyAl Azhar University (Annexl)

1 Approval of MOH, PHQirectorate Annex2)

3.9Data Collection Tools

Data collection was done by direct methods such as anthropometric measurements
(weight, height, waist ccumference, and calculated Bjyind biochemical tests [serum

25 (OH) Vitamin D level and lipid pro#].Theindirect method used a structured face to
face questionnaird®atawas collectedy theresearcheandanurse working at thelinic.

The nurseeceivednformation about the contenf the questionnairand trained on how

to interview participantsin the same way as the researchBne questionnaire was

preparedo includemore variableg relation to theobjectives of the study

3.9.1Anthropometric m easurements

3.91.1 The weightwas measureavith an electronic digital scale (Seca scale) in the
kilogram mode Each subject was asked to take off the heavy clothes and shoes, and to
keep on light clothes and remove heavy objects such as wallet and mobile prior to
standing on the weighing.

3.9.1.2 The leight was measured in centimetby using stadiometer (Seca tyge)the
nearest 0.lcmEach participant was asked to stand fully erected against the wall,
maintain head in a position of a straightforward gaze and feet slightly apart with the back

of thehead, scapulae, buttocks, calves and hergpositioned in contact with the wall.
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Then, the researcher lowered the sliding bar horizontally to the participant's head to

where the bar is locked and the measurement was read and recorded (Tolonen et al.,

2002).

3.9.1.3 Waist circumferencevas taken with a plastic metric tapst a level midway

between the lower rib margin and the iliac crest, to the nearest 0.1 cm (Tolonen et al.,
2002).Cutpoi nts: ©102 c¢cm in men and 088 c¢cm in wo
obesity (WHO, 2013c).

3.9.1.4 BMI was calculated using formulaveight (kg) / [héght (m) 3 (CDC, 201D);

BMI categories: <18.5underweight 18.524.9 normal 2529 . 9 over wei ght an
obesity (WHO, 2013c).

3.9.2Biochemical Investigations

The participants' lipid profile was determined in the laboratwrAl Remal clinic.
Vitamin D levels were performed by the Palestinian Medical Rebefe®y laboratory, in

Gaza City.The laboratory assay did not change during the study period.

3.9.2.1 Sample collectionThe participants fasted 12 hours and 6 ml of venous blood
sample was taken from each, thaut in two tubes, each with 3 ml of blood, one for 25
(OH) Vitamin D level and one for lipid profile.ipid profile and 25 (OH) Vitamin D

were determinedh serum

3.9.2.2 Material required

Besides the material provided by the kit for determination of lipids, the lab provided a
Spectrophotometer (Stat Fax) that measures at 505 nm for all types of lipids.

Vitamin D levels were readn ELISA Reader capable of reading absorbance at 450 nm
(Calbotech 2013.

3.92.3 Serum vitamin D measurementsthe laboratory used the Calbiotedhc.
(Spring Valley,CA) in situ 25 (OH)Vitamin D ELISA for the quantitation of the total
25(0OH) Vitamin D[both 25(OH)vitamin D2 and D3 forms of vitamin D] in human serum.
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Principle of the test the kit is a solid phase enzysiieked immunoassay (ELISA),
based on the primge of competitive binding. AnVitamin D antibody coated wells are
incubated with Vitamin D standards, controls, samples, and vitarBrofih conjugate

at room temperatureburing incubation,a fixed amount of biothtabelled Vitamin D
competes with th endogenous VitamiD in the sample, standard awntrol serum for a

fixed number of binding sites on the aNitamin D antibody. After washing, bound
vitamin D-Biotin is detected with StreptavidiiRP. StreptavidirHRP conjugate
immunologically bound tathe well progressively decreases as the concentration of
Vitamin D in the specimen increases. UnboundrRP conjugateés then removedand

the wells are washed. Then a solution of TMB reagent is adaeldncubated at room
temperature, resulting in theewklopment of blue color. The color development is
stopped with stop solution, and the absorbance is measured by ELISA reader at 450 nm.
A standard curve is obtained by plotting the concentration of standard vs. the absorbance.
The color intensity will beinversely proportionato the anount of Vitamin D in the
sample(Calbiotech, 2013).

Procedure:

1 10 pL of 25(0OH) D standards, controlsamplesand biotin were put together,
followed by incubaton (90 min.) and thernthe first washing with Wash Buffer
was done.

1 200 pL of streptavidiRHRP was added into each welhkfter that second
incubation(30 min.) occurred, anskcond washing with Wash Buffer was done.

1 200 uL of TMB substrate was added, followed by the timmlbation(30 min.)
then he Stop solution (50 pL) was added. Finally, abaace was read on ELISA
Readerat 450 nm Calbiotech 2013.

Reference Valuedor 25(OH) vitamin D:26-80 ng/m} optimal level, C25ng/mk
deficiency ad >80ng/mi possible toxicity [Mayo Clinic, 2013; Calbiotech
(Annex3)].
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3.9.2.4 Lipid profile (total Cholesterol, LDLC, HDL-C, and TG):

{1 Total serum cholesterol was determined using CHZID. Liquid method

(CHEMELEX, BARCELONA).

Test summary: the cholesterol present in the sample originai@sradcomplex when
mixed with reagent. Thentensity of thecolor formed is proportional to the cholesterol
concentration in the sample. Reagerise reagent contains enzymeg£Holesterol
esteras€CHE), Cholesterol oxidase (CHOD), and Peroxidase (POD)]; and Cholesterol
calibrator.

Test Procedure assay conditions: wavelength: 505 nm., cuvette: 1cm light path.,
temperature 37C; 10 uL of sample was added to 10 pL of standard and 1 Blaok,
and mixed; then incubated for 5 min at ®7, then the absorbance of the sample and
standard against the Blank was measured.
Calculation:Cholesterol hg/d)=(A)sample/(A)standardx200(Calibrator concentration).
ReferenceValues <200mg/dl were arma | ; O 2 high fAgéridah Association for
Clinical Chemistry (AACC), 2013
1 HDL-C was determined by precipitation of chylomicrond,DL and LDL-C
method. It was used precipitation reagent for in vitro determination of-&DL
according to the CHOIPAP-method by photometric systems (Diasys Diagnostic

Systems, Germany).

Principle: Chylomicrons, VLDL and LDEC were precipitated by adding
phosphotungstic acid and magnesium ions to the sar@aetrifugation leaves only
HDL-C in supernatantTheir cholesterol content was determined enzymatically using
DiaSys Cholesterol FS.

ReagentsPhosphotungstic acid 104 mmol/L and Magnesium chloride 8.6 mmol/L.

Assay procedure consists of 2 steprecipitation:200 pL standard and sample was added

to 500 plof the precipitation reagent and mixatle mixture was incubated at room
temperature(15 min.), then centrifuged at 2500 rpm (20 min.);and Cholesterol
determination: wavelength 500 nm, optical path 1lcm,temperature 37 °C, measurement:

against reagent blank00 pL of the supernatant of sample was added to 100 pL of
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standard ; 1 ml of the cholesterol reagent was added; then mixed and incubated at 37 °C
for 5 min.; then the absorbance of the sample or the standard against the reagent blank
value was measured.
Calculation:
With Standard: HDEC (mg/dl)=eA Sampl e/ s xBonceBtitattom dod r d
Standard(mg/dl Reference Valuesow<40mg/dl in men and<50 mg/dl in women; and
O 6 g/dl-high (AACC, 2013.
1 LDL-C was calculated usingriedewald Formula (1972) [LDIC] = [total
chol ester®]l JT T[ tfrHOOW/A)c er i des/ 5]
Reference valueso pt i ma l and near optimal- O0129mg/
159mg/dl, high and veryihgh 0160 mg/ 3| (AACC, 2013
1 TG serum level: method of detaination was by colorimetric enzymatic test
using glycerol3 phosphatexidase (GPO) (Dyasis Diagnostic Systems,
Germany).
Principle: TG level was measured after enzymatic splitting with lipoprotein lipase (LPL)
to release the glycerol. Indicator was aquirimine, generated under catalytic action of
peroxidase.
Assay procedure conditions: wavelength 500 nmoptical path 1 cmtemperature 37 °C,
measuremenggainst reagent blank. 10 of standard and sample was added to one ml
of reagentthen mixedand incubated at 37 °C for 5 min.; then the absorbance of standard
and sample against the blank was measured.
Reference Values:edirable < 150 mg/diborderline igh 156199 mg/d] 0200 mg/ dI
high and very igh (AACC, 2013.

3.9.3 Clinical Assessment

Clinical examination was conducteg researchefor both patients and controls to prove

or rule out Coronary Heart Di sease and 1incl
medical history of conditionspredisposlg to CHD, drug history, and physical

examination P at i emedicél sfile was used for soménformation such as:

anthropometrieneasuresif registered) attached ECQyeatment plan
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3.9.4 Interview Questionnaire

The following werethe main components of tlggiestionnairé Annex4&5):

Introductory part which includes serial number, research category, amate of

completionof the questionnaire.

Personal demographic and socioeconomidataincluded gender, age, marital status,
educational level, occupation and income status.

Clinical assessmentc onsi st ed o f participants®o fami |

hyperlipidemia, and medical history of conditignedisposing to CHD.

Dietary behaviors influencing the risk of CHD, such as: madietary sources of fatty
acids, intake of salt, sugars, fruit and vegetables.

Lifestyle factors: smoking, stress exposure, sleeping pattern, and physical activity level.

A Food Frequency Questionnaire(semiquantitative, 24our recall)was attached to

the interview questionnaire.

3.10Content validity

Content validity was conducted before data collection by submission the questionnaire,
which was attached to the title and the objectives of the study to a panel of experts
including researchers, healtlofessionals and experts in the field of nutrition and public
health. The experts were asked to evaluate the relevance, clarity and completeness of
each item as well as the suitability of the tool for measuring the study objectives.
According to the feedluk obtained, the questionnaire was modified. Further items were
added by the researcher according to the issues raised during the proposal discussion and

the final modification was made with the help of the supervisor.

46



3. 11Data analysis

Data was enteredand analyzed usingStatistical Package forSocial Sciences(SPS$
version20. Data analysisvas as follow Data entry: defining and coding of variables;
Data cleaning; Data analysis: frequency tables were made for the study variables;
Student's tdst forthe difference between the meansrmfmericalvariablesof the two
groupswas conductedZhi-square teswvas used for categorical variablgsthe two study
groups A P-value <0.05was consideredtatistically significant; Odds Rat (OR) for

vitamin D was done.

3.120bstacles of the study

The referencethat addressethe relationship betweentamin D andCHD were difficult
to find, this relationships still rarelyexplored.

Determination ofvitamin D levelsis notpossiblein any laboratoryin Gaza,so it was
difficult to find appropriate laboratory

Analysis ofserumvitamin D levelis expensivend has beeselffinanced
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Chapter 4

Results
This chapteshows theaesults of analyzesf the studyvariablesfor the 100 participants

[50 patients with coronary heart diseas§CHD) and 50 healthy participanisin a
comparative wapetweercasesand controls.

Presentation of the resuligas doneaccording tothe study objectives The researcher

began with the presentation othe risk factors for CHD: socioeconomicfactors,
participantso6 medical and f amasloye ohthst or vy,

objectives of the study.

4.1 Socioeconomic and demographic characteristics of study participanffable 4.1)
Related tagender, among CHD cases 74% and 26% were men and women respectively
and the same percentage of men and womenaveosg controtst he r esul t di dnot

statistical significance.

Age: among CHD patients 84% and 16% were middle age and old age res$yeittere
controls were 86% and 14 % middle age and old age respectively; the result was not

statisticaly significant

Menopausal state: peshenopausal women with CHD and their controls were the same
percentage (92.3%); praenopausal cases and contralere also equally represented

(7.7%); the association between cases and controls was statistically insignificant.

Marital status: 90% of CHD cases were married compared to 94 % controls married; the

di f fer ence idtcalsgdiftanaeeach st at

Eduational level: 46% and 32% of CHD cases had basic and secondary educational level
respectively compared to 20% and 18% of controls who had basic and secondary

educational level, a statistically significant di#erce

Occupatio: 74% of CHD cases were natorking compared to 32% of controls not

working, andthedifferencewas statistically signifiaat (P value=0.001)
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Regarding the type of residency, 56% of CHD patients lived in a house in comparison

with 46% of controlsthis was not a statisticallygificant difference

Satisfaction with financial income: 68% of CHD cases were financially unsatigfiele,
28% of healthy participants were financially unsatisfibé; difference reached statistical

significance (P value=0.001).
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Table 4.1: Soabeconomic and [2mographic characteristics of study participants

: CHD Patient HealthyControl Total
Variables No (%) No (%) No (%) P value
Gender
Male 37 (74) 37 (74) 74 (74)
Female 13 (26) 13 (26) 26 (26) 1.0
Total 50 (100 50(100) 100 (100)
Categorized Age

4571 64 years 42 (84) 43 (86) 85(85)
O 65 years 8 (16) 7 (14) 15 (15) 0.77
Total 50 (100) 50 (100) 100 (100)
Menopausal State
Premenopausal 1(7.7) 1(7.7) 2(7.7)
Postmenopausal 12 (92.3) 12 (92.3) 24 (92.3) 1.0
Total 13 (100) 13 (100) 26 (100)
Marital Status
Single 1(2) 2 (4) 3 (3)
Married 45 (90) 47 (94) 92 (92) 0.33
Widow 4 (8) 1(2) 5 (5) '
Total 50 (100) 50 (100) 100 (100)
Educational Level
llliterate 3 (6) 0 (0) 3 (3)
Basic 23 (46) 10 (20) 33 (33)
Secondary 16 (32) 9 (18) 25 (25) 0.001
University & Higher | 8 (16) 31 (62) 39 (39)
Total 50 (100) 50 (100) 100 (100)
Occupation
Employed 4 (8) 30 (60) 34 (34)
Labor 4 (8) 2 (4) 6 (6)
Dealer 5 (10) 2 (4) 7 (7) 0.001
Not Working 37 (74) 16 (32) 53 (53)
Total 50 (100) 50 (100) 100 (100)
Type of Residency
Apartment 22 (44) 27 (54) 49 (49)
House 28 (56) 23 (46) 51 (51) 0.31
Total 50 (100) 50 (100) 100 (100)
Satisfaction with Financial Income
Satisfied 16 (32) 36 (72) 52 (52)
Unsatisfied 34 (68) 14 (28) 48 (48) 0.001
Total 50 (100) 50 (100) 100 (100)

* Statistically significanat R value < 0.05Chi-square test was used

50




70

60

50

40

® CHD Patient

# HealthyControl

P value=0.001

University & Secondary Basic llliterate
Higher

Figure 4.1: Educationallevel of thestudy participants
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Figure 4.2: Occupation and study @rticipants
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Figure 4.3: Satisfaction with financial incomeand study participants

Table (4.2) shows that among study participant®s5 years, 67.6% and 59.5 % were men
with CHD and healthy participants respectively, amamen were 69.2% and 53.85% with

CHD and healthy participants respectivale differences were statistically insignificant.

Table 4.2: Comparison of age between the two studgroups

. CHD Patient | Healthy Control Total
Variables No (%) No (%) No (%) P value

Male Categorized Age
< 55 years 12 (32.4) 15 (40.5) 27 (36.5)
O 55 years 25 (67.6) 22 (59.5) 47 (63.5) 0.46
Total 37 (100) 37 (100) 74 (100)
Female Categorized Age
< b5 years 4 (30.8) 6 (46.2) 10(38.5)
O 55 years 9(69.2) 7 (53.8) 16(61.5) 0.42
Total 13 (100) 13 (100) 26 (100)

* Chi-square test was used
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Table (4.3) shows thatvarage age of CHD cases was 58.66t#@8rs and that of controls
was 57.68t7.29@ ear s; t he deach statistiealrsigndicamce. d n 6 t

Table 4.3:Comparing the difference of meansf age betweernhe two studygroups

Research Category No. Mean SD t P value
Age CHD Patient 50 58.66 7.20 0.68 0.49
HealthyControl 50 57.68 7.20 0.68 '
4. 2 Participant sastomedi cal and family h

421Par ti ci pant s 6(Tame4l4) c a | history
Hypertensionthe studyreveals that 54% of CHD patienigrehypertensive whil@one of
thecortrol was hypertensiyehe result wastatisticallysignificant(P value= 0.001).

Obesity: 44% of casesereobeseand 12% of controls had thstatus; the difference was

statisticallysignificant(P value= 0.001)

Hyperlipidemia: of CHD cases72% had associatechyperlipidemia while none of the
controk had hyperlipidemigthe resultvasstatisticallysignificant(P value= 0.001)

Depression: 60% of CHD cases suffefiein depressiomompared td0% ofcontrols; the

difference reached statistical significarfPevalue= 0.001)

4. 2.2 Participdhaktleded) family history

The studyshowsthat 48% of CHD patients had a positive family history of CHD while
10% of healthy participantsad thisfeature; the difference wastatisticallysignificant (P
value= 0.001).

Family history of hyperlipidemiawas presenamong 366 of CHD patientscompared to

6% of controls aresultthatwasstatisticallysignificant(P value= 0.001)
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Table 4.4: Participastotys Omedi cal and f ami
. CHD Patient Healthy Control Total
Variables No (%) No (%) No (%) P value
1.Medical History
Hypertension
Yes 27 (54) 0 (0) 27 (27) 0.001
No 23 (46) 50 (100) 73 (73) '
Total 50 (100) 50 (100) 100 (100)
Obesity
Yes 22 (44) 6 (12) 28 (100)
No 28 (56) 44 (88) 72 (100) 0.001
Total 50 (100) 50 (100) 100 (100)
Hyperlipidemia
Yes 36(72) 0 (0) 36 (36)
No 14 (28) 50 (100) 64 (64) 0.001
Total 50 (100) 50 (100) 100 (100)
Depression
Yes 30 (60) 5 (10) 35 (35)
No 20 (40) 45 (90) 65 (65) 0.001
Total 50(100) 50(100) 100(100)
2.Family History
CHD
Yes 24 (48) 5(10) 29 (29)
No 26 (52) 45 (90) 71 (71) 0.001
Total 50 (100) 50 (100) 100 (100)
Hyperlipidemia
Yes 18 (36) 3 (6) 21 (21)
No 32 (64) 47 (94) 79 (79) 0.001
50 (100) 50 (100) 100 (100)

*Chi-square test was used.

4.3 Comparisonof lifestyle factors betweenthe two study groups(Table 4.5)

Regardingparticipants lifestylestudy addressedmokingstatus exposureto stress hours

of sleepandphysical activity level

Smoking status: 46% of cases were active smokers compared to titrols; 10% of

CHD cases were compulsive smokers in comparison with 8% of coniiflesrences

reachedbtatistical significancé value =0.001).

Exposure to stresof the typesof stress,32% of CHD patients lost aclose relative

compared t®6% of controls;22% of caseshad achronicdiseasedelativehome careand
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6% of controls;36% of CHD cases were not exposed to stcesspared to 62% of healthy
participants unexposed to stres§he dfferences were statistically significant (P
value=0.03)

Among CHD patients28% and 8% sleptless than 6 hours/dandmorethan 8 hours/day
respectivelycomparedo 22%and4% of controlswho sleptlessthan 6 hours/day and more
than 8 hours/daygespectivelythe differencesverestatisticallynon-significant
Regardingphysical activity level 62% and 28% of CHD caseswere sedentaryand low

level active respectivelycomparedo 54% and22% of controls who were sedentary and

low levelactive respectivelyt he di f f er e statisticalsigniicanéet r e ac h
Table 4.5:Comparing the lifestyle factors betweenthe two study groups
Variables CHD Patient | Healthy Control Total P value

No (%) No (%) No (%)

Smoking Status

Smoker 23 (46) 7(14) 30 (30)

Non-smoker 18 (36) 38 (76) 56 (56)

Ex-smoker 4 (8) 1(2) 5 (5) 0.001

Compulsive Smoker 5 (10) 4 (8) 9 (9)

Total 50 (100) 50 (100) 100 (100)

Exposure to Stress

Loss of Close Relative 16 (32) 13 (26) 29 (29)

Chronic Diseased Relative| 11 (22) 3 (6) 14 (14)

Demolished Home/Others | 5 (10) 3 (6) 8 (8) 0.03

No Exposure to Stress 18 (36) 31 (62) 49 (49)

Total 50 (100) 50 (100) 100 (100)

Hours of Sleep*

< 6 Hours 14 (28) 11 (22) 25 (25)

6-8 Hours 32 (64) 37 (74) 69 (69) 0.49

>8 Hours 4 (8) 2(4) 6 (6) )

Total 50 (100) 50 (100) 100 (100)

Physical Activity***

Inactive(Sedentary) 31 (62) 27 (54) 58 (58)

Low 14 (28) 11 (22) 25 (25)

Medium 4 (8) 6 (12) 10 (10) 0.20

High 1(2) 6 (12) 7 (7)

Total 50 (100) 50 (100) 100 (100)

*Chi-square test was used.
** As indicated by Boudj2012)

*** According to U.S. Department of Health and Human ServideS. HHS) (2008), Physical

Activity Guidelines for Americans
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4.4 Serum VitaminD levek ofthe study participants

Average level of 25(OH) Vitamin D istudy participants was 25.67+£9.06/ml, minimum

8.9and maximum44.8 ng/ml.

Average serumvitamin D level in CHD patientswas 22.5249.07 ng/ml and 28.828.18
ng/ml in healthy participants,which represented statistically significant difference (P =
0.00)) (Table 4.6)

Table 4.6: The difference of mean of 250OH) D serum levelsbetween the two study

groups

S. Research Category No. Mean SD t P value

25(0OH)D | CHD Patient 50 22.52 9.07 -3.64 0.001
ng/ml | HealthyControl 50 28.82 8.18 -3.64 '

As shownin table (4.7), 64% of coronary heart disease patients were vitamin D deficient
while only 32% of healthy participants were vitamin D deficient. Odds ratio was 3.78 with
95% CI (165-8.65), which meanan inverseassociation between CHD npaipants and
vitamin D deficiency.

Table 4.7:Comparison ofserum levels of25 (OH) vitamin D betweenthe two study
groups*

CHD Patients Healthy Control Total
No. (%) No. (%) No. (%)
Deficient Level
< 26 ngfnl 32 (64) 16 (32) 48 (48)
Serum25(0OH Optimum Level
Srum2s(OH) - Op 18 (36) 34 (68) 52 (52)
Vitamin D O 26-80 ng/ml
Total 50 (100) 50 (100) 100 (100)

*Chi-square test was use@dds Ratio 3.78, 95% CI (1.6565)
** According toMayo Clinic (2013)
Comparison ofthe exposureto sunbetween the two study group (Table 4.8)

The studyshowsthat 80 % of CHD patients and 84% of healdarticipants hadgufficient

sun exposureghe difference was neatatistically significant
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Table 4.8:Comparison of sun exposure between the two study groups

. CHD Patient | Healthy Control Total
Variables No (%) NG (%) No (%) P values
Sufficient sun exposuré*
Yes 40 (80) 42 (84) 82 (82)
No 10 (20) 8 (16) 18 (18) 0.60
Total 50 (100) 50 (100) 100 (100)

*Chi-square test was used.
** Approximately 530 minutes of sun exposure between 10 AM and 3 PM at least twice a week to
the face, arms, legs, or back without sunscreen usually lead to sufficient vitamin Bsisyith

human skin (NIH, 2011).

4.5 Serum lipid profile of study participants

4.5.1 Serum lipid profile averages ofstudy participants

Serum Cholesterol Level

The average serum cholesterol level agyatudy participants was 206.62+42.6t/dl,

minimum 102 and maximum serurhaesterol level wa828 mg/dl .

CHD patients had average ser cholesterol of 211.22+ 52.60g/dl whilethat of controls

was 201.54+ 28.9mg / d | ;

Serum LDL Level

t he

di fference

di

dnot

reach

The averag serum LDL level was 120.38+41.51g/dl, minimum 19 and maximuserum
LDL level was 227 mg/dl.

Table (4.9) shows that the average of serum LDEllav CHD patients was 125.22 +50.71

mg/dl while the aveage of controls was 115.541+29.8%g/dl, a statistidéy non-significant

difference.

Serum HDL Level

The averge serum HDL level was 53.46+£16.@&/dl, minimum 25 and maximum senu

HDL serum level was 91 mg/dl.
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The aveage of HDL in serum was 47.02+14.88g/dl in CHD patients compared to
59.90+£16.22ng/dl in controls, which meant a statstily significant difference (P value =
0.001) (Table 4.9).

Serum Triglycerides (TG) level

The averge serum TG level was 165.72+95r88/dl, minimum 53 andhaximum TG level

was 588 mg/dl.

As table (4.9) shows, theverage of serum TG was 195.20+118m8¢/dl in CHD cases and
136.24+£51.94mg/dl in controls; the difference was statistically significant (P value =
0.002).

Table 4.9: Comparison ofmean values of serum lipids between the two study groups

Variable Research Category | No. Mean SD t P value
S.Total CHD Patient 50 211.22 | 52.60 1.19
Cholesterol 0.23
Low Density CHD Patient 50 125.22 | 50.71 1.16
Lipoprotein 0.24
(mg/d) HealthyControl 50 | 115.54| 29.35 | 1.16
High Density CHD Patient 50 47.02 | 14.88 | -4.13
Lipoprotein HealthyControl 50 | 59.90 | 16.22 | -4.13 | 0001
(mg/dl)

S. Triglycerides | CHD Patient 50 195.20| 118.92| 3.21
(mgd) HealthyControl 50 | 136.24| 51.94 | 321 | 0092

4.5.2Comparing the serum lipid profile valuesof the two study groups(Table 4.10)

The studyreveals thaB6% of CHD patientshad high serumtotal cholestero(O 240 mg/

dl) comparedo 12%of controls the difference was statisticakbygnificant (Pvalue =0.01).

SerumLDL level washigh andvery high (0160 mg /dl) among28% of CHD casesand6%
of controls The differenceaeached statistical significance (P value=0.01).

Related toserumHDL in men 48.6% of caseshadlow levels(<40 mg/dl) while 21.6% of

controlshadthese levelsthe difference was statisticakbygnificant (Pvalue =0.01)
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In women 46.2 % ofCHD caseshadlow levelsof HDL (<50 mg /dl) compared to 15.4%

of controls the differencavas statisticallyhon-significant

(0200

SerumTG reachechi gh and very high | evels

12% of controls; the difference wastisticallysignificant (Pvalue =0.009).

Table 4.10:Comparison of serum lipids values betweethe two study groups

CHD Patient | Healthy Control Total
Variables No (%) No (%) No (%) | pvalue*

S. Total Cholesterol (mg/db*
Desirable (<200) 20 (40) 25 (50) 45 (45)
Borderline high (20239) 12 (24) 19 (38) 31 (31) 0.01
Total 50 (100) 50 (100) 100 (100)
S. Low Density Lipoprotein (mg/dly*
Optimal & near Optimal®129) | 28 (56) 34 (68) 62 (62)
Borderline High (13a159) 8 (16) 13 (26) 21 (21) 0.01
High & very High © 160) 14 (28) 3 (6) 17 (17)
Total 50 (100) 50 (100) 100 (100)
S. High DensityLipoprotein (mg/dl) in Men*
Low level (<40) 18 (48.6) 8 (21.6) 26 (35.1)
Average level (469) 13 (35.1) 13 (35.1) 26 (35.1) 0.01
High level (O60) 6 (16.2) 16 (43.2) 22 (29.7) :
Total 37 (100) 37 (100) 74 (100)
S. High Density Lipoprotein (mg/dih Women*
Low level (<50) 6 (46.2) 2 (15.4) 8 (30.8)
Average level (569) 3(23.1) 1(7.7) 4 (15.4) 0.06
Total 13 (100) 13 (100) 26 (100)
S. Triglycerides (mg/dIy*
Desirable (< 150) 21 (42) 33 (66) 54 (54)
Borderline High (150199) 10 (20) 11 (22) 21 (21) 0.009
High & very High(O 200) 19 (38) 6 (12) 25 (25) '
Total 50 (100) 50 (100) 100 (100)

*Chi-square test was used.

** According toAmerican Association for Clinical ChemistfftACC) (2013)
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4.6 Nutritional status of study participants

4.61 Averageanthropometric measures ofstudy participants

The average weightfostudy participants was 86.16+14.5&, minimum 45 and
maximum 120 kg.

As table (4.11) shows the average weight ofesawas87.60+14.09kg while hat of

controls was 84.72+14.9Q); the difference was not statistically significant.

The average height was 168:5B0.08cm, minimum 145 and maximum 195 cm.

CHD patients hacan average height of 168.88+10.6ih while the contris average
height was 170.28+9.1@n; the result was not statistically significant (Table 4.11).

The average bgdmass index (BMI) was 30.05+£5.2@inimum 20.82 and maximum was
44.85.

Among cases, the average BMI wa@.85+5.36and contrad had an averagBMI of
29.25:4.96 but without statistical significance (Table 4.11).

The average waist circumference among CHiepgs was 108.50+13.7%2n, and tha of
the controls was 102.04+10.8i, a statistically nosignificant differene (Table 4.11).
Table 4.11:The difference betweerthe mean of anthropometric measures othe two
study groups

Variable Research Category| No. Mean SD t P value
Weight CHD Patient 50 87.60 | 14.09 | 0.99 0.32
(Kg) HealthyControl 50 84.72 | 1493 | 0.99 '
Height CHD Patient 50 168.88| 10.97 | -0.69 0.49
(cm) HealthyControl 50 170.28| 9.18 -0.69 '
BMI CHD Patient 50 30.85 | 5.36 1.54 012
kg/m? HealthyControl 50 | 29.25 | 496 | 1.54 '
Waist CHD Patient 50 108.50| 13.72 2.6
g‘::)“mference HealthyControl 50 | 102.04| 10.97 | 2.6 0.1
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4.6.2Body Mass hdex (BMI) and Waist Circumference of study participants (Table
4.12)

Using BMI as indicator, obesity was present in 56% of CHD cases compared to 44%

obesity incontrols, astatistically norsignificant result

Abdominal obesity (usingvaist circumference) among men was present in 75.7% of
cases and 37.8% of controls. The differences reached statistical sigefi¢®
value=0.001)

Abdominal obesity in women was present in the same proportion (92.3%) among the

casesand controlsand tle association wastatistically norsignificant.

Table 4.12: Comparison oBMI and Waist Circumference betweenthe two study

groups

CHD Patient | Healthy Control Total
Variables No (%) No (%) No%) | P
value*

BMI kg/m*™

Normal (18.5-24.9) 6 (12) 11(22) 17 (17)

Overweight (2529.9) 16 (32) 17 (34) 33(33) 0.32

Obese ( 030) 28 (56) 22 (44) 50 (50) '

Total 50 (100) 50 (100) 100 (100)

Male Waist Circumference (crff)

Normal WC(<102) 9 (24.3) 23 (62.2) 32 (43.2)

Abdomi nal Obes|28(75.7) 14 (37.8) 42 (56.8) 0.001

Total 37 (100) 37 (100) 74 (100)

Female Waist Circumference (Crh)

Normal WC (<88) 1(7.7) 1(7.7) 2(7.7)

Abdomi nal Obes|12(92.3) 12 (92.3) 24 (92.3) 0.10

Total 13 (100) 13 (100) 26 (100)

*Chi-square test wassed.

** According to WHO (2013c)




A47Studymr ti ci pantabitss di etary h
4.7.1 Detary behaviors of study participants (Table 4.13)

Dairy products intake48% ofthe CHD patientsconsumeadvhole milk compared t86%
ofcontrols t he di f freachstatistical signdidarcce 0O t

Related to chicken intake, 14% of CHD caatsskinnedchickenand 6%of controls,a

statistically norsignificant difference

Fish intake: the samepercentage (92%)pf cases and controlsonsumedfish, a

statisticallynon-significant result

Type of meat intake: CHD cases consumed 70% and 30% beef and lamb respectively
whereas 94% and 6% of controls ate beef and lamb respectikiel\differencewas

statisticallysignificant(P value=0.002)
Trimmed meat intake: 26 % chses ate utrimmed meat compared to 10% adntrols

and thedifference was statisticallsignificant (P value=0.03)

Cooking process88% of cases used boiling for cooking and 94% of controls; the

differencewas not statisticallgignificant
Type ofoil used for cooking process: 48% and 42% of cases used corn oil and sunflower
oil respectivelycompared to 34% areR% of controls; 10% of CHD patients used olive

oil for cooking and 1 4éachathtisticagigniticanoel s; t he

Bread intake: 88% and 82% of CHD cases and controls respectivebumed refined

bread;the differencavas not statisticallgignificant

Appetizer intake: 66% of casesnsumedppetizer and 46% of controls; the difference

was statistically significant (Palue=0.04).
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Table 4.13:Comparison of dietary behaviorsbetweenthe two study groups

: CHD Patient | Healthy Control Total
Variables No (%) No (%) No (%) P value

Dairy Products Intake
Whole Milk 24 (48) 18 (36) 42 (42)
Skimmed Milk 17 (34) 25 (50) 42 (42) 0.26
No Milk Intake 9 (18) 7 (14) 16 (16) )
Total 50 (100) 50 (100) 100 (100)
Chicken Intake
Skinned 7 (14) 3 (6) 10 (10)
Un-skinned 42 (84) 47 (94) 89 (89) 0.23
No Chicken Intake | 1(2) 0 (0) 1(1) '
Total 50 (100) 50 (100) 100 (100)
Fish Intake
Intake 46 (92) 46 (92) 92 (92)
No Intake 4 (8) 4 (8) 8 (8) 1.0
Total 50 (100) 50 (100) 100 (100)
Type of Meat Intake
Beef 35 (70) 47 (94) 82 (82)
Lamb 15 (30) 3 (6) 18 (18) 0.002
Total 50 (100) 50 (100) 100 (100)
Trimmed Meat Intake
Trimmed meat 37 (74) 45 (90) 82(82)
Un-trimmed Meat | 13 (26) 5 (10) 18 (18) 0.03
Total 50 (100) 50 (100) 100 (100)
Cooking Process
Frying 2 (4) 2 (4 4 (4)
Boiling 44 (88) 47 (94) 91 (91) 0.38
Grilling 4 (8) 1 (2) 5 (5) '
Total 50 (100) 50 (100) 100 (100)
Type of Oil Use in Cooking Process
Olive Qil 5 (10) 7 (14) 12 (12)
Corn Oll 24 (48) 17 (34) 41 (41) 0.35
Sunflower Oil 21 (42) 26 (52) 47 (47) '
Total 50 (100) 50 (100) 100 (100)
Bread Intake
Refined Bread 44 (88) 41 (82) 85 (85)
Whole Bread 6 (12) 9 (18) 15 (15) 0.40
Total 50 (100) 50 (100) 100 (100)
Appetizer Intake
Intake 33 (66) 23 (46) 56 (56)
No Intake 17 (34) 27 (54) 44 (44) 0.04
Total 50 (100) 50 (100) 100 (100)

*Chi-square test was used.
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4.7.2Average number of servings ofood per day amongstudy participants
Dairy Products: the average daily ake of dairy products was 1.73+1.@@rving,

minimum 0 and maximuraervings number was 5.

Average daily intak& of dairy products was 1.31+0.82rving among cases compared to
2.15+1.18 servings among controls; the result was statistically significant (P
value=0.001) (Table 4.14).

Protein Rich Food: thevarage dailyintake was 2.37+1.6%ervings, minimum 5 and

maximum serving number was 14.5.

As table 4.14 shows the average daily intakprotein rich food was 2.31+2.2krvings
among cases and 2.44+0.8&rvingsin controls; the difference was statistically non

significant.

Vegetables: theverage daily intake was 7.14+3.%drvings, minimum 1 and maximum

servings number was 19.5.

CHD patientsconsumed an averagg 6.05+2.74servingsof vegetables, and controls
8.23+3.13servings. The difference was statistigadlignificant (P value=0.001) (Table
4.14).

Fruits: the averagelaily intake was 5.12+2.94ervings,minimum 5 and maximum

serving number was 13.5.

Table (4.14) shows that CHD cases had an averageid@ke of fruits of 4.28+3.04
servings while hat of the controls was 5.96+2.64ervings, which was statistically
significant (P value=0.004).

Grains: the average dgilintake of grains was 11.96+4.%&rvings minimum 3 and

maximum servings number was 23.
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Among cases the average lgantake of grainsvas 12.63+4.73ervings and in controls

was 11.293.45servings a statistically nossignificant difference (Table 4.14).

Fats and oils \serage daily intake was 2.88+1.54rvings, minimum 0 and maximum

serving number was 9.

CHD cases had an averagelylantake of fats and oils of 3.05+1.8%wings, and
controls 2.71+1.18ervings a statistically norsignificant difference (Table 4.14).

Olive oil: the aerage daily intake was 1.24+1.8@rving, minimum 0 and maximum

servings number was 6.

CHD ca®s consumed a daily average of olive oil 0o1711.36 senings, while the
controls 1.31+0.68 servisg t he di fference didnot reach s
4.14).

The average daily intake advocado among cases was 0.20+0s@rving and the
controls average was 0.41+0.46rvings the difference was statistically significant (P
value=0.01) (Table 4.14).

Sweets: the average Qaiintake of sweets was 2.16+1.8&&rvings, minimum 0 and

maximum servings number was 13.5.

CHD part i c iepaynntakeof sweete waa 2)54+2.4énings, and 1.78 £1.01
servingsin controls, which was a statistically significant difference (P value=0.04) (Table
4.14).
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Table 4.14: Comparing the meanof servings number of food per day between the

two study groups

Variable Research Category| No. Mean SD t P value
. CHD Patient 50 1.31 0.82 -4.11
Dairy Products 17—y Control 50 | 215 | 118 | 411 | 2001
Protein Rich CHD Patient 50 2.31 2.21 -0.38 0.70
Food HealthyControl 50 2.44 0.87 -0.38 '
CHD Patient 50 6.05 2.74 -3.69
Vegetables iy Control 50 | 823 | 313 | 360 | 0V
. CHD Patient 50 4.28 3.04 -2.96
Fruit 0.004
ruits HealthyControl 50 | 596 | 2.61 | -2.96
Grains CHD Patient 50 12.63 4.72 1.61 0.10
HealthyControl 50 11.29 3.45 1.61 '
. CHD Patient 50 3.05 1.83 1.10
el & Ol HealthyControl 50 | 271 | 118 | 110 | %%/
. : CHD Patient 50 1.17 1.36 -6.4
Sz el HealthyControl 50 | 131 | 068 | 64 | O°1
Avocado CHD Patient 50 0.20 0.37 -2.39 0.01
HealthyControl 50 0.41 0.49 -2.39 '
Garlic CHD Patient 50 0.92 0.30 0.19 0.84
HealthyControl 50 0.90 0.40 0.19 '
Nuts & Seeds | CHD Patient 50 0.88 1.02 -6.2 053
HealthyControl 50 1.03 1.23 -6.2 '
Sweets CHD Patient 50 2.54 2.41 2.03 0.04
HealthyControl 50 1.78 1.01 2.03 '

Daily intake of fats (g/day)
Daily intake of fats (g/day) was 84.37+42.@2minimum 20 andnmaximum fats intake
was 238 g.

Table (4.15) reveals that the averalgdy intake of fats was 90.19+51.50among cases

and78.55:30.05g in controlsihe difference was not statistically significant.
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Table 4.15:Comparison of meanof daily fats intake between the two study groups

Variable Research Category| No. Mean SD t P value
CHD Patient 50 90.19 | 51.10 1.38
Fats (9/day)  "Healthycontrol 50 | 78.55 | 30.05 | 1.38 | °1°

4.73 Vitamin D dietary i ntake (IU/day)
Only 3% of the study population met the daily requirement of vitamimliidch is of
6001U/day beveen 170 years DA, as cited byNIH, 2011).

The average daily intake gftamin D from food was 152.01+146.99, minimum 0 and

maximum vitamin D intake was 851 |U.

Table (4.16) shows thathe casegroupconsumedh dailyaverageof 126.79+160.33U
of vitamin D from foodwhile the heal hy par ti ci paaA7.83212200&Er age wa:
t he dif f er estatisticalgigndicarice (P vatue=0.08).

Table 4.16: Comparing the meanof vitamin D intake (IU/day) from food between
the two study groups

Variable Research Category| No. Mean SD t P value
Vitamin D CHD Patient 50 126.79 | 160.35| -1.73 0.08
(lU/day) HealthyControl 50 177.23| 129.00| -1.73 '

4.7.4 Daily intake of the principal food groups ofstudy participants (Table 4.17)

The researcharlassified thedaily intakeof the mainfood groupsin threeclassesnormal
intake[the number ofservingsspecifiedby the USDA (1992Jood Guide Pyramid, low

intake (less tharthe lower limit ofnorma) andhigh intake (more thathe upper limit of

normal).

Dairy products intakéServing/Day) the study shows th&0% of CHD casediad a low
intake of dairy productscompared to46% of controls; the differencevas statistically
significant (P value=0.001).
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Vegetable intake (Serving/Day): Bof CHD participants had a high intake of vegetable

compared to 8% of controls; the difference was statistically sigrafit (P value=0.001)

Fruits intake (Serving /Day): 36% caseadahighintake of fruitscompared to 74%f
controls who consumed theame; the difference was statistically sigmifit (P
value=0.001)

Grains intake (Serving /Day): of CHD patrticipants, 64% had a high consugmios

compared t®d2% of controls;the difference was not staitsally significant

Protein rich foodntake (meatchicken,fish, and eggs(Serving /Day)64% of caseshad
a low consume ofprotein rich food compared to48% of controls; the result was

statisticdly non-significant
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Table 4.17:Comparison ofdaily intake of the main food groups (Servings/day)

betweenthe two study groups
CHD Patient Healthy Total
Variables Control P valuer
No (%) No (%) No (%)

Dairy Products Intake (Servings/Day)*
< 2 Servings: low | 45 (90) 23 (46) 68 (68)
2-3 Servings: 5 (10) 21 (42) 26 (26)
normal 0.001
> 3 Servings: high | 0 (0) 6 (12) 6 (6)
Total 50 (100) 50 (100) 100 (100)
Vegetable Intake( Servings /Day)*
< 3 Servings: low | 4 (8) 4 (8) 8 (8)
3-5 19 (38) 3 (6) 22 (22)
Servings:normal 0.001
>5 Servings: high | 27(54) 43 (86) 70 (70)
Total 50 (100) 50 (100) 100 (100)
Fruits Intake (Servings /Dayy*
< 2 Servings:low | 18 (36) 3 (6) 21 (21)
21 4 14 (28) 10 (20) 24 (24)
Serving:normal 0.001
>4 Servings: high | 18 (36) 37 (74) 55 (55)
Total 50 (100) 50 (100) 100 (100)
Grainsintake (Servings /Day¥*
< 6 Servings:low | 4 (8) 3 (6) 7 (7)
6 - 14 (28) 21 (42) 35 (35)
11Serving:normal 0.33
>11 Servings: high| 32 (64) 26 (52) 58 (58)
Total 50 (100) 50 (100) 100 (100)
Protein rich foodLean Meat, Chicken, Fishnd Egg Intake $ervings /Day)*
< 2 Servings: low | 32 (64) 24 (48) 56 (56)
21 12 (24) 20 (40) 32 (32)
3Serving:normal 0.20
>3 Servings: high | 6 (12) 6 (12) 12 (12)
Total 50 (100) 50 (100) 10000)
*Chi-square test was used.

** According to United States DepartmentAgjriculture (USDA) (1992, Food Guide Pyramid
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4.7.5Average numberof servings of drinks per dayof the two study groups(Table
4.18)

Coffee: tle average daily intake was 1.67+188ving in CHD patients and 0.90+1.21
servingsamong controls; theesult was statistically signdant (P value=0.01)

Herbal drinks: theaverage daily intake was 0.82+1.6&ving among casewhile that

of controls was 1.63+1.48ervings, a statistically signiiant difference (P value=0.002).

Black tea:the average daily intake was47+1.94 servings amongCHD casesand

1.92+1.14 servings in control groupwhich wasstatisticallynonsignificant

Green teathe average daily take was 0.08+0.38erving in caseggroup and 0.260.45

servingsamong thecontrols astatistically norsignificantdifference

Table 4.18:Comparing the meanof servings number of drink s per day between the
two study groups

Variable Research Category| No. Mean SD t P value
Coffee CHD Patient 50 1.67 1.90 2.40 0.01
HealthyControl 50 0.90 1.21 2.40 '

. CHD Patient 50 0.82 1.08 -3.17

Herbal Drinks -7 iy Control 50 | 1.63 | 143 | 317 | 0092
CHD Patient 50 2.47 1.94 1.72

EEL HealthyControl 50 | 1.92 | 114 | 172 | 008
CHD Patient 50 0.08 0.32 -1.72

Green Tea 0.11
HealthyControl 50 0.20 045 | -1.72
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Chapter 5

Discussion
In this chapter the researcher explains the findings of this study in the context of previous

studies on coronary heart disease (CHD) and associated risk factors.

5.1 Risk factorsfor Coronary Heart Disease

5.1.1 Demographic and socioeconomiadtors

Gender. among participants in current stydyien prevailed, holding 74%. Participating
women were 26%. Percentage of male cases was equal to that of male controls, and the

same was for th&omen participating, because of gender matching.

The preponderance of men in the present study among the cases of CHD comes in
agreement with AHA (2013a) and WHF (2013) which specified in their publications that

men have a greater risk of heart attack @w thanpre-menopausal wometto.

Age: of all participants in this study, most were middle age-G4¥ears). Among
participants in the age 55 years and older, women with CHD slightly exceeded the
percentage of men.

Regarding age, this study is consistefth NHLBI (2011), Amani and Sharifi (2012),
AHA (2013a),and WHF (2013), which showed that CHD becomes increasingly common
with aging, in men after 45 years, and in women after 55(which is after menopause for
most women). Levin and Arango (2005) in thetudy on women at Risk for CHD
specified that, although onset in women is 10 years after that of men, more women die
within one year of their first myocardial infarction (MIl) compared with men.

Marital status: in this studypercentage of married CHD caseas slightly lower than

that of controls;widowed status predominated among cases, but without statistical
significance.

Regardingsocioeconomic factors in this study, such aseloeducational level, not
working statusand financial dissatisfactionhese factors wersignificantly inversely
correlated with CHD.
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In present study, the impact tiie above mentionedocioeconomic factorg¢marital

status, education, workingnd financial status) on CHD is consistent wather studies.
Rozanski et al.(2005) specified that low socioeconomic status (SES) is a chronic
stressor, and longitudinal studies indicate an inverse association between SES and
adverse cardiac events. According to Thurston et al. (2006), research suggests that
traditional CV risk fators, such as smoking, obesity, diabetes, hyperlipidemia, HTN, and

a sedentary lifestyle, are associated inversely with 8&& account for 20% t035% in

the relationship between SES and CHD. About educational level this study agrees with
the study of Thuston et al. (2006) and Falkstedt and Hemmnsogs(2011) prospective

studywhich found that CHD and lower education are inversely related.

5.2 Thelifestyle factors and CHD

5.2.1 Smoking

This study found a statistically signifidapositive associatiobetweenactive smoking

and CHD. This result is supported by AHA (2013a) which stated that smokers' risk of
developing CHD is 2 times that of nonsmokers. WHF (2013) specified that smoking is
estimated to cause nearly 10% of all CUD.a cohort study of Btish Doctors about the

long term risk of smoking on individuals, CHD mortality was around 60% higher in
smokers (and 80% higher in heavy smokemsphgared to noismokers(Scarborough et
al.,2010)

5.2.2 Stress ¥posure

The study revealed a statisticallignificant positive association meten exposure to
stressandCHD I n the Nursesd Health Study, caregi
associated with an increased risk of adverse cardiac event (Rozanski et al., 2005). Nabi et

al. (2013) in a prgeective cohort study found that participants who reported that stress
significantly affected their health had a higher risk of coronary events in comparison with

those who reported no effect of stress on their heaittani and Sharifi (2012) specified

that acute stress from traumatic life events such as the death of a relative have been

associated with significant temporal increases in the incidence d?IBjer et al. (2007)
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study about trait anger and psychological stress on incident CHD concludedgthat
levels of trait anger in middlaged prehypertensive men were positively associated with
incident CHD.

5.2.3 Hours of &eep

The presenstudyrevealedthat CHD caseswho haveless or morénours of sleeghan

normal (<6 hours and >8hourespectively) exceeded the controls with abnormal sleep
duration, which wasstatistically non-significant. The current findingoincides with a

systemic review and me@man al ysi s, suggesting 6Bhadr bot h,
night) or too much slee8-9 h per night) increases risk of CAD (Boudi, 2012).

5.2.4Physical ativity

This studyfound a statistically noesignificantinverserelationship betweemactivity or
low physical activity leveland CHD. Theresults of this study about physicattivity
(PA) are in accord with many studies. AHA (2013a) and Scarborough €2Cdl0)
showedthat people who are physically active are at lower risk of Cldbd regular,
moderateto-vigorous PA helps prevent cardiovascular disedseording to Levin and
Arango (2005) individual studies suggest tteggularexercise may redudeHD. Jurca et
al. (2005)showed thaPA has been recognized acentralelement in primordial CHD
prevention, and observational studies support an invesseciation between PA and
CHD events.

5.3 Participantso f ayperlipidemidai st ory of CHELC

5.3.1Family history of CHD

This study revealed that more cases than controls had a positive family history of CHD, a
statistically significant difference. This finding matches AHA (2013a) and WHF (2013)
which stated thaa family history of CVD increases the risk ambst people wit a
positive family history of heart disease have one or more other risk factors. Roeters van
Lennep et al. (2002jound thatindividuals with a positive family history have an

increased risk of premature coronary events.
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5.3.2 Family history of hyperlipidemia

Regarding family history of hyperlipidemia, the percentage of cases with positive family
history of hyperlipidemia exceeded that of controls, with statistical significant level. This
result is supported by The CHP Group (2010) publication whichfsggethat a positive

family history of hyperlipidemia is aoronaryrisk factor. The same publication showed

that the United States Preventive Services Task Force recommends a lipid screening at a
younger age (age 286 in men and 2@5 in women) for pedp with CHD risk factors,

including those with positive family history of hyperlipidemia.

5.4 Partici psioryt sdé6 medi cal h

5.4.1 Hypertension (HTN)

The study showed a statistically significant positive association between HTN and CHD.
The finding agrees ith AHA (2013a) and Amani and Sharifi (2012) which argued that
high blood pressure increadbe risk of heart attackVHF (2013) specified that HTN is

the leading cause of CVD worldwide.
5.4.2 Obesity

This study found a statistically significant positagsaiation of obesity with CHD. This
result is in accord with many studies about obesity and CHDA £813a) specified that
peoplewho have excess body fatarticularly those wittexcessabdominal fatare more
likely to develop heart disease. WHO &8O reviewed the evidence on the obesity and
the risk of CVD, and concluded that overweight and obesity confetewvated risk of
CHD (Oh et al., 2005; Amani and Sharifi, 201K)ein et al. (2007), in a consensus
statement specified that obesity is arpartant risk factor for cardiometabolic diseases,
including CHD.
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5.4.3 Hyperlipidemia

In this study hyperlipidemia wagositive associatedwith CHD, in a statistically
significant mannerK value0.001) This result is consistentith many studiesWHF
(2013) stated thaglobally, one third of IHD is attributable to high cholestekhalili et

al. (2011) study otheincidence of CVD risk factors found that the overall prevalence of
hypercholesterolemia was high (47.46%)ccording to Pejic (2011)patients with
hypertriglyceridemia often have metabolic syndrome which is a risk factor for developing
CHD.

5.4.4 Depression

In current study more CHD cases than controls had a history of depressimgma
statistical significance.

This result matches ddidi (2012) who specified that depression has been strongly
implicated in predicting CADA recent metanalysis of outcomes associated with
depressive symptoms indicates a relative risk that is comparable to those noted for
traditional CAD risk factors gorted from the Framingham stufigozanski et al.2005)

Amani and Sharifi (2012) specified that behaviors that increase CVD (8shksking,

poor diets, physically inactive) are more common in depressed patients.

5.5 Vitamin D and Coronary Heart Disease

5.51 Vitamin D | evels and Coronary Heart Disease

Average level of 25(0OH) Vitamin D in stydparticipants was 25.67 ng/mbgtimum
level O @ml according to Mayo Clinic, 2013Average serum vitamin D level in
CHD patients was lower (22.52 gl) than in healthy participants (28.82 ng/ml), which
represeted a statistically significardifference.In this study a strongnverseassociation
between CHD and vitamin D deficiency was observed
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5.5.2Sun exposure and Coronary Heart Disease

Regardingsun exposure as the major source of vitamin D, this study revealed that a
smaller proportion of cases had sufficient sun exposure compared to controls, without

statistical significance.

5.5.3 Dietary Vitamin D
In this studythe cases of CHD hadnaaveragealaily intake of vitamin D from food lower

than healthy participants, which was statistically-smnificant P value0.08).

According to Chung et al. (2009), it has been estimated th8089of vitamin D resudt
from cutaneous synthesis under UVB spatt of sunlight and the remainder from the
diet. NIH (2011) specified that very few foods contain vitamin D. Fatty fish (salmon,
tuna, mackerel) andod liver oils are among the richest sources. Small amounts of
vitamin D are found in beef liver, cheesggeyolks, and certain mushrooms. Other

sources are fortified foods as milk, readyeat breakfast cereals.

In this studya lower rate of sufficient sun exposure and a lower intake of vitamin D from
food among CHD participants, correlated with their low serum vitamin D levels.

The relationship between sun exposure, serum vitamin D levels and CHD was
demonstrated in seversiudies. Liss and Frishman (2012) noted that geographic latitude
and altitude both affect the exposure to UVB rays of a population and therefore vitamin
D levels. Several studies showed an increased risk of IHD with an increased distance
from the equatorrad researchers have argued that this fact can be explained by decreased
levels of serum 25(OH) D that sunlight exposure may cause. Related to altitude, the
literature showed an inverse association between CVD and altitude. Researchers have
explained this #ect by an increase in UV radiation at higher altitudes, leading to greater

skin synthesis of vitamin D. Nemerovski et al. (2009) specified that, along with other

factor s, season in which the vitamin D stat.!

D status.
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The overall result®f this study regarding invergelationship between low vitamin D
serum levels and CHD state are in agreement with many other studies that have shown a

link between decreased vitamin D levels and CHD.

The risk of CV morthty was significantly increased in indduals with low 25(0OH) D

levels (Pilz et al., 2011A communitybased caseontrol study in New Zealand dod

that men with MI had lowetevels of 25(OH) D compared to controls. Among the
Framingham Offsprig Study in individuals free o€VD, those with 25(OH) D levels

<15 ng/ml had increased risk of incident coronary events (Michos et al., 20$@)dy
evaluating patients admitted with acute coronary syndrome found that most patients had

low vitamin D levéds (Lavie et al., 2011).

5.6 Serum lipid profile and study participants

5.6.1 Serum total tiolesteml level

The study showed that high serum tot al chol
serumLDI-C ( 0160mg/ dl ) wer e corelaged with iCdaRnvalley posi t
0.01).

These findings come in agreement with WHF (2013), and AHA (2013a) which specified
that raised blood cholesterol increases the risk of heart disease. Roeters van Lennep et al.

(2002) showed that elevated TC and L-Dllevels are majocoronaryrisk factors

5.6.2 Lowdensity Lipoprotein Cholesterol

Serum LDL-C levels correlate highly with TC in populations and the same relation exists
between LDLC concentrations and CHD risliATP 1l of the NCEPspecified that
patients with CHD or CHD risk equivalents are considered high risk and the primary
target of lipidlowering therapy is LDEC. Since tke publication of ATP Ill in 200, the
clinical end points of the major clinical trials of statin therappveed that from five
major randomized clinical trials, four trials demonstrated that effective-CDé&duction
substantially reduced the risk of CHD (Grundy et al., 20Rdklina et al. (2010)n a
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study of CHD risk factordound a higher prevalence diigh LDL-C levels among

persons with CHD or CHD equivalent than among adults without CHD risk factors.

5.6.3 Serum Highdensity Lipoprotein Cholesterol kevel

The study showedn inverserelationship between low serum HBL and CHD this
result wasstatistically significant in menThis findingis in accord with other studies.
AHA (2013b) specified that low levels of HDL (<40 mg/dl for men and < 50 mg/dI for
women) increase the risk of heart dise&smeters van Lennep et al. (2002) specified that
HDL-C levels are higher in women than in men from young adulthood onwauds,
levels decrease after menopause. It has been suggested that low levels-Gf a®L
more predictre of CHD in women than in meffhe Framingham Heart Study in the
1980s demonstted that the risk of CHD was significantly lower among persons with
higher levels oHDL-C (Natarajan et al2010) Glueck et al. (2005) spea#d thatlow
leveds of HDL-C contributesto the development of atherosclerosis and CHidis one

of the most common lipid disorders in patients wittrpature CAD

5.6.4 Serum Triglycerides ével

In this study a significant positive association between high serunt T80mg/d) and
CHD was observed, whidl consistent with many other studisout TG and CHDIn
the Baltinore Coronary Observational Lofiggrm Study there was an association
between increased cormany events and high TG levelBdjic, 2011) However,because
of the close relationship of highG with low HDL-C, TG have not uniformly been

shown to benindependent risk factor for CH{@lueck et al.2005).

5.7 Anthropometric measures (BMI and Waist Circumfererce)and CHD

In this work, mean valuef BMI among CHD patrticipants was that for obesity, while that

of controls wadf or over wei ght ; more CHD cases were
participants, but without statistical significance.

Using waist circumference to assess abdominal obesity, this studgled thamore

men with CHD had abdominal obesity than healthy participants, with statistical

significance.
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WHO and FAO reviewed the evidence on the relationship between obesity and the risk of
CVD and concluded that overweight and obesity confeigaificantly elevated risk of

CHD (Amani and Sharifi2012) Abdominalobesity ¢entral or uppebody obesity) is
associated h an increased risk of caraietabolic disease, including CHD (Klein et al.,
2007).

5.8Dietary habits and study participants

5.8.1 Total fat ntake

In this studya nonsignificant positive association between ragee daily fats intake and

CHD was observed.

Studies of fats intake and CHD showed conflicting findings. This sfirdying of
positive associatiorbetween total fat intake and CHB corsistent with some large
studies In their study about dietary fat intake and risk of CHD, total fat, saturated fatty
acid, and monounsaturated fatty acid intake were strong predictors of CHD mortality in
American Indans (Xu et al., 2006).

On the other hand, there is accumulating evidence that it is fat quality, rather than the
total amount of fat, that is particularly important for cardiovascular diséasani and
Sharifi, 2012). Metanalyss of cohort tudies of otal fat and CHD done by Skeaff and
Miller (2009), and cohort studies of diet and CHD showed by Willett (2012) concluded

that intake of total fat was unrelated to coronary events.
5.8.2 Dairy products intake

Concerning thetype of dairy productsintake, there was a statistical nsignificant
positive association between whole milk consumption and CHD. A low consumption (<2

servings/day) of dairy products was statistical significaverselycorrelated with CHD.

80



5.8.3 Protein rich food intake

Regarding the type of meat intake, a statistical significant positive relationship was
observed between lamb intake and CHD. Concerning the process of trimming meat, the
current study showed a significant positive associaf{@nvalue 0.03) betweenun-
trimmedmeat consumption and CHD

In this study a low (<2 servings/day) intake of protein rich food was -samificant

inverselyassociated with CHD.

Related to chicken intake, skinned chicken consumption was statisticallsigroficant

positive associated with CHD
5.8.3.1 Saturated Fatty Acids in protein rich food and whole milk

The studies of dietary fat anfdHD have attempted to verifyidiet-heard hypothesis,
according to which diets Higin saturated fatty acids (SFAnd cholesterol anlbw in
polyunsaturated fatty acids (PUFA) raise serum total and-CDwhich increases the
risk of CHD (Xu et al., 2006; Willett, 2012).

In this studythe type of protein rich food mentioned above-(ummed meat, skinned
chicken) and whole milkvere mainsources ofSFA. The positive association this

study between intake of food rich in SFA and CHD is in agreement with many other
studies. Thus, the literature specified that myristic and palmitic acids in dairy products
and meat are the main SFA raisibBL-C leveland TC (Amani and Sharifi, 2012).
Willett (2012)in a pooledanalysis of cohort studies of dietary fats and CHD concluded
that intake of SFAwas not associated with higher coronary ngken compared to
carbohydrates but was associated witphbr risk if compared to polyunsaturated fatty

acids.

The studyshowed that lower daily intake of dairy and protein rich foods viagersely
associated wittCHD, which comes in agreement with the aforementioned hypothesis
specified by Amani and Sharifi (2012) that it is fat quality, rathan the total amount of
fat thatis importantfor cardiovascular disease risk.
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5.8.3.2 Dietary Cholesterol in protein richfood

The studyfound that whole milk, red meat and skinned chicken were also among the

major sources of dietary cholesterol, positively correlated with CHD.

Dietary cholesterol has been shown to raise {MLand high intakes induce
atherosclerosisni observational studies (USDA, 201®&vidence shows a relationship
between higher intake of cholesterol and risk of CVD (USDA @drel HHS, 2010) In

the Honolulu Heart program, dietary cholesterol was pejt associated with CHD risk

(Djousse andsaziano, 2009).
5.8.3.3Fish intake

This studyrevealed thafish intake was equal between cases and controls, which was
statistically norsignificant. Apparentack of protective effect of $h consumption on
CHD in this study could be due to differencdsetween the two study groups the
amount and type of fisksonsuned. Thus, Virtanen et al. (2005) in their study about
Mercury, Fish Oils, and Risk of Acute Coronary Everitajnd that high content of
mercury found in hair may be a risk factor for acteonary events and CVD. Mercury

may also attenuate the protective effects of fish on cardiovascular health.

Result of this study about fish intake is supported by other studiets-analysis of
prospective cohort studies and ofdamized controlled trlafound that intake of omega

3 FA (i 3 longchain polyunsaturated fatty acidsCPUFA) was not associated with
decreased risk of coronary events, for those in the highest category compared with the
lowest category (Skelaind Miller, 2009. However, Ramseh et al. (2009) and Willett
(2012) specified thapopulations with high intakes of EPA+DHAch foods have low

CHD risk. It is important to note that the hypothesis was kag) chain omeg8 FA, by
increasing the threshold for ventricular fibrillationay be in little relation with nofatal

CHD and the benefit may be only ftatal coronary events (Willet012). Ramsden et

al. (2009) and Mittal (2011)ppecified thatin secondary preventiorridls, increased

consumption of-3 FA led to a reduction in coronary events.
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5.8.4 Oils intake(type of oil in cooking procesys avocado and nuts intake

Concerning ype of oil used in cooking procedsjs study showed a statistically ron
significant inverse relation between olive and sunflower oils intake and CHD. Olive oll
is richin monounsaturated fatty aci@UFA) and sunflower oil igich in n6 PUFA:
linoleic acid(LA).

Avocado (rich in MUFA) serage daily intake was lower among the CHD cases

compared to controls, with statistical significance.

Concerning nuts, thetudy revealed a statistically nsignificant inverse association
between average daily nuts intake and CHD. The nuts, rich in MUFA, PUFA, sterols,
and fiber are important for cardiovasauteealth (The CHP Group, 2010).

5.8.4.1 MUFA rich food (olive oil avocadosnuts) intake and CHD

The study found thata lower consumption, among the cases compared to controls of
olive oil, avocados, and nuts, as important sources of MUFA invassly correlated
with CHD.

MUFA intakes vary widely, with mean intakes ranging from about 7% of energy in parts
of Asia to more than 20% of energy in some Mediterranean regions, where most MUFA
derive from olives and olive oiRamsden et al., 2009Jhe oleic acidla MUFA) is
particularly important in nutritionandis abundant in olive (#80% oleic acid)Cocchi

and Lercker2013).

This finding coincidesvith others about MUFA rich foods and coronary risk. Mikkila
(2008) noted that MUFAdecrease serum LI, increase HDEC levelsand lower the
totatto-HDL-C ratio, thereby decreasing CHD rigkamsden et al. (2009) and Amani
and Sharifi (2012) specified that in the context of the Mediterranean dietary pattern (low
n-6 linoleate and SFA, high fiber and antioxidants), MUFA rich dae¢sassociated with

a reduction in coronary eventdowever, populations with low MUFA intakes and low

CHD riskdo exist, for eample in JapanRamsden et al., 2009).
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5.8.4.2 PUFA rich oils and CHD (medium-chain n-6 Fatty Acids: Linoleic Acid-
LA)

Evidence that LA reducdsDL-C when substituted for SFA or trans FAthe basis for
modern recommendations to increase LA intake. However, high LA intake reduces
tissue R3 EPA and DHA levels, possibly increasing CHD risdJFA are largely
derived from vegetable oils such as safflower, sunflower and corn oils (Ramsden et al.,
2009).

Sunflower oil consumption, one of principal sourcePMFA (specifically LA) in this
study, was inversely correlated with CHD statéittal (2011) specified that a high
polyunsaturated/saturatéaity acidsratio in the diet was associated with a reduced risk
of CHD.

In somestudies about the association LA intake and risk of CHD, the results mirrored
those of total PUFALA intake hada protective effect for CHD (Skeaff and Miller,
2009).

5.8.5Sweets ntake

In current studythe average daily sweets intake was positively correlated with CHD,

marking statistical significance.

This finding matches other studies about sweets and €HDs k . The Nursesb
prospective study showed that women who consumed diets with a high glycemic load

had an increased CHD risk (Howard and WhRiesett, 2002). The relationship of

dietary carbohydrates to CVD appears to be mediated by their cormnibtotitotal

energy; on this relation, an increase energy intake from carbohydrates promotes
overweght and obesitypther effects of dietary carbohydrates which increase CV risk

are those on plasma lipids, especially TG and effects on glycemic contrék Hig
carbohydrate diets appear to reduce HDLUevels and increase small dense LDL,
adversely affecting vasculalisease This dyslipidemic pattern iassociatedvith the

elevation of plasma TG (Reddy and Katan, 2004).
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5.8.6 Vegetables, fruits and breaditake

About vegetables and fruits, a statistically significant inverse association between a high
intake (>5 servings/day) of vegetables and friitd servings/day) and CHD was
observed.

Related to type of bread intake, present work indicated a staltistiion-significant
inverse association between whole bread intake and CHD.

The inverse association between the consumption of whole bread, fruits and vegetables
and CHD observed ithis study s confirmed bymany studies in the literature.

So, in areview of the literature about the relationship between whole grain consumption,

CHD and CVD, Flight and Clifton2006) foundprotective effect for either or both
diseasesMittal (2011) specified thatessl ubl e yber i n fruits, vege
byreducingLDLC, whi |l e t he i nsolcantlybffectit ype does not

A higher recent dietary fiber intake was associated with a lower fiskronary heart
diseasand allcause mortalityStreppel et al., 2008). A Mefanalysis of cohort studies

on Fruit and Vegetable Consumption and Risk of CHD supported that fruit and
vegetable consumption is inversely associated with the risk of CHD ( Dauchet et al.,
2006).

5.8.7 Appetizer ntake (pickles, salty cheese)

The study revealed that appetizer intakégh salt source), was statistically significant

positive associated with CHD state.

Sodium intake influences the risk of CVD by the welbwn effect of increasing blood
pressure (BP) (Amani and Sharifi, 201BP decrease caused by reduced salt intake i
effective in men and women, in all ethnic and age groups, in normotensive and
hypertensive individuals and demonstrated by raetyses of randomized controlled
salt reduction trials. Animal, human genetics, epidemiological and migration studies,
populdion-based interventio studies and RCThave consistently demonstrated a direct

relationship between salt intake and BP levels (Cappuccio, 2009). A large systematic
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review done by Cappuccio (2009) showed thateased salt intake was associated with

a hidher risk of cardiovascular disease events.
5.8.8 Drinks intake and CHD: coffee, herbal drinks, black tea, and green tea

Concerning offee (Coffea arabicy, this studyrevealed that the averagkily coffee

intake among cases exceeded that of controls, with statistically significant level.

Yang et al. (2011), in a systematic review about effects of some common food
constituents on cardiovascular disease, specified that acute intake of cis#eeblaod
pressure and slightly reduces heart rate. Coffee has a choleatsiral effect apparent

in relation to diterpenes present in boiled coffee, contributing to the risk of CHD
associated with unfiltered coffee consumption. Coffee elevates plastah

homocysteine concentrations, therefore increasing the risk of CVD.

This study is in accord with some studies on coffee intake and @GH&wudy on the
association between coffee intake and risk of acute myocardial infarction (MIl) showed
that an incresed intake of coffee was associated with an increased risk of nonfatal Ml
only among individuals with slow caffeine metabolism. A lower risk of CHD among
moderate coffee drinkers might be due to antioxidants found in coffee (Yang et al.,
2011).Despite a gnificant association between high intake of coffee (>4 cups/day) and
CHD reported in caseontrol studies, no significant association between daily coffee

consumption and CHD emerged from prospective cohort st(8iidiset al.,2007).

On herbal drinksthe study found that average daily consumption of herbal drinks
among the cases was lower than the controls, marking statistical significarscessult

is supported by Ogbonnia (2012) who specified tmebs constituents as alkaloids,
terpenoids,phendic and flavonoid compounds glycosides, are responsible for their
physiological and pharmacological activiti€sV risk reduction of these constituents is
due to their antilipidemic effect. Phenolic compounds reduce-CDaxidation due to

their antioxidaneffect.
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Regarding black tea consumption, this study showed that average intake of black tea was
higher among the cases compared to control group, which was statistically non

significant.

Potential protective effects of black tea against CVD were attabiat the polyphenolic
compounds, particularly theaflavins (antioxidant, vasodilatation) and catechins (which in
black tea are much lowdian that in green teal\n epidemiological study osubjects
initially free of CVD found thatblack tea consumption ag not associed with a
reducedisk of CVD (Yang et al., 2011).

In this study the positive association between coffee and black tea intake and CHD
should be interpreted in the context of other major risk factors for CHD that prevailed (as
HTN, obesity, hyperlipidemia)further, risk factors cluster toge¢r: people who drink
exceswe coffee and tea are usually people who smoke, obese, under stress, and

sedentary, factors increasing the risk of CHD.

Regarding green te@amellia sinensijs the study revealed an average daily green tea
intake among cases lower than controls, whvels statistically nosignificant. As black
tea,the polyphenolic compounds, mainly catechins, contained in green tea are associated
with its cardiovascular protective effect (lowers total and tOLreduce oxidative stress,
inhibit platelet aggregation,edrease apolipoprotein (Apo) B levels and increase the ratio

of ApoA-1/ApoB). A randomized controlled study in healthy adult volunteers showed
that consumption of green tea for a period of 3 weeks decre@edlevels (Yang et

al., 2011).
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Chapter 6

Conclusions and Recommendations

Conclusions

In the current study, the goal was to reveal the relationship between vitamin D and lipid
status and Coronary Heart Disease. The study was conducted in Al Remal PHC center
and included 50 Cases of CHD and 50 controls. This research indicated that CHBE may b

influenced by many variables, as follows:

1 Majority of cases of CHD were men

1 Lowersocioeconomic statumichas low educdonal level, not workingand
unsatisfactiorwith financial income weraverselycorrelated with CHD.

1 Concerning serum Vitamin [evels, 64% of CHD patients had a low serum
Vitamin D compared to 32% of healthy participants who were Vitamin D
deficient, which meansn inverseassociation between CHD and vitamin D
deficiency.

1 Regarding serum lipids level, high levels of tathblesterol, LDEC and serum
TG were positively associated with CHD; lower levels of HOLin men were
inversely correlated with CHD, with statistical significance.

T Rel ated t o participants?©o associated
hyperlipidemia and deession were positively associated with CHD, as a
positive family history of CHD and hyperlipidemia.

1 About lifestyle factors, current smoking and exposure to stress were
significantly positively correlated with CHD.

1 Among nutritional status indicators, aignificant positive association was
observed between abdominal obesity in men and CHD.

1 Concerning dietary habits variables, consumptid lamb, urtrimmed meat,
appetizeiand sweetsvaspositively associated with CHD.

1 About different food groups highintake of vegetables and fruits wiawersely

correlated with CHDwith statistical significance.
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1 Regarding drinks intake, a significant positive association between coffee and

CHD was observed and herbal drinks were inversely correlated with CHD state.

Recommendations

Efforts to early discover and improve condition of patients with CHD are addressed to
policy makers, providers and patients with Coronary Heart Disekserefore, the

following recommendations are suggested:
Recommendations to policy makes and health providers

A To take advantage dfi¢ presence of a nutritionist in each health center to provide
acomplete nutritional cawseling

A Design ofinformative material (e.gsmall booklets with major food groups
including sources rich in vitamiD, and explain their r@ in prevention or
alleviationof CHD.

A Conducting a screening of serumidip for patients in each cliniaccording to
recommendations of internatial organizations, for eartliscovery and treatment
of hyperlipidemia.

A To alvise patients that vitamin D defiency could be a sign of illnesand
therefore should be treated promptly.

A To support and supply vitamin D analysis in PHC for its major role in CAD.
Advices to CHD patients

A Visiting health centers in which are registered ragulfor early detection of risk
factors and theicontrol

A Increasingtheir information about CVD, through brochures and pamphlets
prepared by clinical nutritionists and physicians.

A To follow healthprovider advice®n adequatsun exposureas the mairsource

of vitamin D inhumans
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A CHD patients shouldollow clinical nutrtionists advices and diet plarfer
Cardiovascular Bease risk reductionsuch a: a healthy diet, maintaining a
healthy body weight, recommended levels of blood lipids, anabrblood
pressure antlood glucose level, regular physical activity, and avoid smoking.
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