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Abstract 

 

This study on Coronary Heart Disease (CHD) that determines the 25 (OH) vitamin D 

levels of participants, allows comparisons between vitamin D status and CHD. 

Objectives: This study was conducted to identify the relation of vitamin D levels with 

CHD, to reveal the relation of patientsô lipid profile with CHD, and to study the 

nutritional status of study population. 

Methodology: A retrospective case-control 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 and lipid profile and indirect methods through a 

structured interview questionnaire.  

Results: Regarding vitamin D status, average serum vitamin D level in CHD patients was 

22.52±9.07 ng/ml, and 28.82±8.18 ng/ml in controls (P value 0.001); 64% of CHD 

patients were vitamin D deficient while only 32% of controls were vitamin D deficient 

[Odds Ratio 3.78,95%CI(1.65-8.65)]. Serum lipids levels were positively correlated with 

CHD, as: high total cholesterol and LDL-C (P value 0.01), and high triglycerides (P 

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

Other factors were significantly correlated with CHD such as: associated medical 

conditions: 54% of cases had hypertension and none of the controls (P value 0.001), and 

obesity: 44% of cases compared to 12 % of controls (P value 0.001); lifestyle: 46% of 

cases were smokers, and 14% of controls (P value 0.001), and dietary factors [high intake 

of vegetables and fruits was inversely correlated with CHD ( P value 0.001)].  

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. It is highly 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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ϣЂϜϼϹЮϜ ЉϷЯв 

 

 еК ϢϹϚϜϽЮϜ ϣЂϜϼϹЮϜ иϻк дϖ̪ϣуϮϝϧЮϜ ϟЯЧЮϜ ЌϜϽвϒ  онϧЃв ϸϹϳϦ сϧЮϜм25  ϸ еувϝϧуТ сЃЪмϼϹук ̪еуЪϼϝЇгЯЮ  еуϡϦ

еуϠ ϣЦыЛЮϜ  ϸ еувϝϧуУЮϜ м сϮϝϧЮϜ ϟЯЧЮϜ пЎϽв . 

:РϜϹкцϜ пЯК РϽЛϧЯЮ ϣЂϜϼϹЮϜ иϻк ϥтϽϮϒ :  ϤϝтнϧЃв еуϠ ϣЦыЛЮϜ ϸ еувϝϧуТ м ϣуϮϝϧЮϜ ϟЯЧЮϜ ЌϜϽвϒ ̪  СЇЫЯЮ м

 пЎϽгЮ  днкϹЮϜ ϤϝтнϧЃв ϣЦыК еКϣуϮϝϧЮϜ ϟЯЧЮϜ .еуЪϼϝЇгЯЮ ϣтмϻПϧЮϜ ϣЮϝϳЮϜ ϣЂϜϼϸ м ̪ 

:ϣЂϜϼϹЮϜ ϣуϮϝлзв  СЮϓϧϦ . ϢϿО ϣзтϹв сТ ЬϝвϽЮϜ ̭ϜϹлІ ϿЪϽв сТ сЛϮϼ ϽϪϓϠ ϹкϜнЇЮϜм ϤъϝϳЮϜ ϣЂϜϼϸ ϥтϽϮϒ

 ев ϣЂϜϼϹЮϜ50  пЎϽв ев ϣЮϝϲсϮϝϧЮϜ ϟЯЧЮϜ  м50  ϣЧтϽГЮϝϠ бкϼϝуϧ϶ϖ бϦ етϻЮϜм ϣтϽгЛЮϜ ϣϛУЮϜ ЁУж ев ϹкϜнІ  ϣЮϝϲ

Ϡ ϤϝжϝуϡЮϜ ЙгϮ бϦ .ϣгϚыгЮϜонϧЃв ϥЯгІ сϧЮϜм ϢϽІϝϡгЮϜ ФϽГЮϝ ϸ еувϝϧуТ  ϢϽІϝϡв ϽуПЮϜ ФϽГЮϝϠм ̪ днкϹЮϜ онϧЃв м

.еуЪϼϝЇгЮϜ Йв ϢϽІϝϡгЮϜ ϤыϠϝЧгЮϝϠ ЩЮϺм ϤϝжϝуϡϧЂшϜ Ьы϶ ев 

:ϭϚϝϧзЮϜ  ЙЎнϠ ХЯЛϧт ϝгуТϸ еувϝϧуУЮϜ ̪онϧЃв БЂнϧв дϝЪ  сϮϝϧЮϜ ϟЯЧЮϜ пЎϽгЮ ϸ еувϝϧуУЮϜ22.52±9.07ng/ml  

м28.82±8.18ng/ml  )  ϹкϜнЇЯЮ ϣуϚϝЋϲϜ ϣЮъϸ 0.001 онϧЃв дϝЪм ̪ ( ϸ еувϝϧуУЮϜ сЮϜнϳЮ64 пЎϽв ев %

сϮϝϧЮϜ ϟЯЧЮϜ  сЛуϡГЮϜ онϧЃгЮϜ ϥϳϦдϝЪ йжϒ еуϲ сТ[Odds Ratio 3.78,95%CI (1.65-8.65)]   ϣϡЃж ϥжϝЪм

 аϹЮϜ сТ днкϹЮϜЙв ϝуϠϝϯтϖ ϝАϝϡϦϼϜ ϣГϡϦϽв сϮϝϧЮϜ ϟЯЧЮϜ пЎϽв ̪ Эϫв :  м ЬмϽϧЃуЮнЫЮϜ ИϝУϦϼϜ LDL-C) ϣЮъϸ

ϣуϚϝЋϲϜ0.01  (ϣуϪыϫЮϜ днкϹЮϜ ИϝУϦϼϖм ̪ ) ϣуϚϝЋϲϜ ϣЮъϸ 0.009̪( ЌϝУϷжϜ БϡϦϼϜ ϹЦмHDL-C   ЬϝϮϽЮϜ сТ

 Йв ϝуЃЫК  сϮϝϧЮϜ ϟЯЧЮϜ пЎϽв ) ϣуϚϝЋϲϜ ϣЮъϸ 0.01ЭвϜнК ϥжϝЪ ϝгЪ .(   оϽ϶ϒ  Йв ϽуϡЪ ЭЫЇϠ ϣГϡϦϽв пЎϽв

сϮϝϧЮϜ ϟЯЧЮϜ Эϫв  : ϝлϠ ϣГϡϦϽгЮϜ ϣуЎϽгЮϜ РмϽЗЮϜ: 54 ϤъϝϳЮϜ ев ́ ϜнжϝЪ ъ м ̪аϹЮϜ БПЎ ИϝУϦϼϜ ев днжϝЛт

ϹкϜнЇЮϜ ев ϣЮϝϲ )ϣуϚϝЋϲϜ ϣЮъϸ ( 0.001 ̪ϣзгЃЮϜ : 44 Йв ϣжϼϝЧв ϤъϝϳЮϜ ев ́12ϹкϜнЇЮϜ ев ́ )ϣуϚϝЋϲϜ ϣЮъϸ 

0.001 ; ( ϢϝуϳЮϜ Бгж  :46  м еуз϶ϹгЮϜ ев бк ϤъϝϳЮϜ ев ́14ϹкϜнЇЮϜ ев ́ )ϣуϚϝЋϲϜ ϣЮъϸ(0.001  Ϝм ЭвϜнЛЮ

ϣуϚϜϻПЮϜ]  ϹЧТ БϡϦϼϜ  Йв йЪϜнУЮϜм ϤϜмϽЏϷЮϜ ев ϢϽуϡЪ ϤϝугЪ ЬмϝзϦ ϝуЃЫКсϮϝϧЮϜ ϟЯЧЮϜ пЎϽв ) ϣЮъϸ

ϣуϚϝЋϲϜ0.001([. 

:ϣЊыϷЮϜ  онϧЃв ЉЧж ϝϫтϹϲ м днкϹЮϜ ϣϡЃж ИϝУϦϼϖ ЩЮϺ сТ ϝгϠ ϣтϹуЯЧϧЮϜ ϽГϷЮϜ ЭвϜнК ев ϹтϹЛЮϜϸ еувϝϧуУЮϜ  еЫгв

 ϼнГϦ сТ бкϝЃϦ дϒϣуϮϝϧЮϜ ϟЯЧЮϜ ЌϜϽвϒ. 

:ϤϝуЊнϧЮϜ онϧЃв ϹтϹϳϧЮ ϣуϯуϦϜϽϧЂϖ ЙЎнϠ аϝгϧкшϜ пЯК ϣуϳЋЮϜ ϤϝЂϝуЃЮϜ сЛжϝЋЮ ϣЂϜϼϹЮϜ ϰϽϧЧϦ  ϸ еувϝϧуУЮϜ 

 пЎϽгЮϣуϮϝϧЮϜ ϟЯЧЮϜ ϤыгЫв ϽуТнϦ пЯК ϝЏтϒ ϰϽϧЧϦ ϝгЪ .ϸ еувϝϧуУЮϜ  днЃгϷЮϜ бкϼϝгКϒ ФнУϦ етϻЮϜ ЈϝϷІчЮ

.ϝЏтϒ блϠнЯЦ пЯК ЭϠ ̪БЧТ  блвϝЗК пЯК ϣЗТϝϳгЯЮ ЁуЮ ̪ϝвϝК 

 ϱуϦϝУв:ϤϝгЯЫЮϜ ϣуϮϝϧЮϜ ϟЯЧЮϜ ЌϜϽвϒ-  ϸ еувϝϧуУЮϜ ЉЧжï  днкϹЮϜ ϢϸϝтϾï ϢϿО ИϝГЦ. 
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Chapter 1 

Introduction  

1.1 Overview 

Cardiovascular diseases (CVD) are the number one cause of death globally. 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 was estimated that the number of people who die from CVD, mainly 

heart disease and stroke will increase to reach 23.3 million in 2030. Thus, CVD remains 

the leading cause of death in the world (WHO, 2013a). 

It is estimated that 54% of deaths from non-communicable diseases (NCD) in the Eastern 

Mediterranean Region are due to CVD (WHO, 2013b). 

CVD was the first leading cause of death (22.4%) in Palestine in 2011, followed by 

cancer deaths (12.4%) and cerebrovascular diseases (10.3%) [ Ministry of Health (MOH) 

report, 2012].  

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 years it is common for people to 

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

lesions. Progression of fatty streaks to advanced lesions requires, in addition to the aging 

process other intrinsic or extrinsic factors (Mikkilä , 2008). 

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

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

studying the lifestyle of residents of Framingham, Massachusetts. Their findings, 

described in ñFactors of Risk in the Development of Coronary Heart Disease,ò indicated 

that elevations in blood pressure (BP) and cholesterol levels were associated with an 

increased incidence of ischemic heart disease (IHD) and acute myocardial infarction (MI) 
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(Nabel and Braunwald, 2012). The Framingham study found that nearly 50% of males 

and 30% of females over the age of 40 will develop CHD (Homoud, 2008). 

Cardiovascular disease risk is partly genetically determined, but 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 Indonesia 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 cholesterol. Dietary 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 mechanisms, and by influencing serum 

lipids (Mikkilä, 2008). 

Novel risk factors for CVD continue to develop, according to the findings from 

epidemiologic studies. Particularly, a growing body of evidence has identified vitamin D 

deficiency as a potential risk factor for CVD (Vacek et al., 2011). The research revealed 

that the 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., 2011). Relationship 

between the CV system and vitamin D status was first demonstrated in a study on a rat 

model deficient in vitamin D, more than 20 years ago (Nemerovski et al., 2009). Vitamin 

D receptor-knockout mice suffer from CVD. Experimental studies suggest cardiovascular 

protection by vitamin D, through antiatherosclerotic, anti-inflammatory and direct cardio-

protective actions, and suppression of parathyroid hormone (PTH) 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 an inverse relationship between levels of vitamin D 

and atherosclerotic calcification. Also vitamin D levels are correlated with other CHD 

risk factors, such as hypertension (HTN), hyperlipidemia, and diabetes. So, the 
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association between vitamin D deficiency and CHD may occur directly or indirectly, by 

influencing the risk factors 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 

1. To identify the relation between vitamin D levels with coronary heart disease. 

2. To reveal the relation of patients lipid profile with coronary heart disease. 

3. To study the nutritional status of study participants. 

4. To determine dietary habits of study participants. 

5. To draw conclusions about the vitamin D, lipid status and other cardiovascular 

disease risk factors of study population. 

1.3 Research Problem 

As shown in the literature, most of CAD occurs in people prone to atherogenesis. The 

process of atherosclerosis progresses with aging, and requires the participation of the risk 

factors. Most CVD can be prevented by addressing major CV risk factors such as smoking, 

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

Although the relationship between vitamin D deficiency and IHD is investigated worldwide, 

the study of this relationship is 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 lifestyle factors, dietary habits 

and nutritional status of the study participants. 

During data collection it was observed that participants need more information about risk 

factors of atherosclerosis, such as the new factor, vitamin D deficiency. This has 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). 
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1.4 Significance of the Study 
 

As mentioned, CVD was the first leading cause of death among population in Palestine 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 25- hydroxyl-vitamin D level of participants, allowing comparisons 

to be made between cases and healthy persons. 

The study also focuses on healthy participants, to determine the same parameters as 

participants with CHD. The assessment of vitamin D status in apparently healthy individuals 

is important because it reflects also bone health and perhaps their overall health. 

The burden of CHD increases spending in health sector. A strong knowledge and good 

treatment of CHD risk factors could contribute to reduce CHD occurrence, and costs 

imposed by this. 

Results of the 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 important vitamin for health. 

1.5 Context of Study 
 

This section will present basic information on the Palestinian population, 

geography, socio-economic situation, and health sector of the Gaza Strip. 

1.5.1 Geographic and Demographic Context 

The Palestinian Territory comprises two areas separated geographically: the West Bank and 

Gaza Strip. Gaza Strip is very crowded place with a surface area of 365sq.Km and 

constitutes 6.1% of total area of Palestinian territory. Gaza Strip comprises the following 

main five governorates: North of Gaza, Gaza City, Mid-Zone, Khanyounis, and Rafah 

(MOH, 2006). 
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The total population of the Palestinian Territory at mid-2012 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 population mid-2012 was about 73.8%, while the 

percentage of population 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 (0-

14) constituted 40.4% of the total population at mid-2012 of 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 density of The Palestinian Territory is generally high at 713 persons/Km2.In 

Gaza Strip it is 4,505 persons/km2 compared to lower population density in the West Bank 

at 468 persons/Km2 at mid-2012 (PCBS, 2012). 

1.5.2 Socio-economic Context 

Unemployment: The results showed that more than one fifth of participants in the labour 

force were unemployed in the 1st quarter of 2012 at 23.9% as of 20.1% in the West Bank 

and 31.5% in Gaza Strip. Unemployment rate reached 31.5% among females compared to 

22.0% among males (PCBS, 2012). 

Poverty: Poverty lines can be established in a relative or absolute way. Absolute poverty 

lines are often based on estimates of the cost of basic food needs (e.g., the cost of a 

nutritional basket considered minimal for the healthy survival of a typical family), to which 

a provision is added for non-food needs (The World Bank, 2011). In 2010 the $1.25-a-day 

poverty rate fell to less than half that of 1990. In China for example, 13 percent or 173 

million people, lived below $1.25 in 2008. In India 43 percent of the population is living 

below $2 a day (Rastello and DeGeorge, 2012).  
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 Relative poverty lines are defined in relation to the overall distribution of income or 

consumption in a country (e.g., 50 percent of the countryôs mean income or consumption) 

(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 Territory in 2012 were 2,293 NIS, and 1,832 NIS respectively. The poverty rate 

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

(PCBS, 2012). 

Education: The 2011 data revealed that the percentage of individuals (15 years and over) 

who completed university education 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 attainment, where the percentage 

of males who have completed university education was 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 Health Service Context 

There are four major health service providers in Palestine; the Ministry of Health (MOH), 

United Nations Relief and Work Agency (UNRWA), Non-governmental Organizations 

(NGO), and private for-profit providers. Ministry of Health bears the heaviest burden. The 

MOH provides primary, secondary and some tertiary health services and purchases some 

tertiary services from private providers domestically and abroad. Ministry of Health plays 

the main role in providing and controlling immunizations scheme, public health activities, 

and licensing and registration of private clinics and non-public health institutions. There are 

other limited public health providers beside MOH, mainly Police Health Services (WHO, 

2006). 

In the Gaza Strip, there are (59) primary health care (PHC) centers and in the West Bank, 

there are (394) PHC centers. The health services are distributed throughout Palestine. The 

UNRWA operates (18) PHC centers scattered in eight refugee camps in the Gaza Strip and 

(41) centers in the West Bank. The NGOs sector operates (194) primary health care centers 
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and general clinics, (57) of them in Gaza Strip, and in the West Bank they operate (137) 

primary health care centers (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 as diabetes and hypertension 

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

Secondary and Tertiary Health Care: the hospital services are operated by the government 

and non-government sectors. There are (76) hospitals in Palestine; (51) in West Bank and 

(25) in Gaza Strip, with total number of (5,108) beds in government and non-government 

hospital (MOH, 2011). 

1.5.3.1 Non Communicable Diseases   

According to MOH (2006), in Palestine scarce national data was available on the overall 

incidence and prevalence of CVD, HTN, and Diabetes Mellitus (DM).  

Non Communicable Diseases continued to account for the majority of deaths occurring in 

UNRWAôs host country populations. There was a steady increase in the number of DM and 

/or HTN patients treated at UNRWA health centers. A risk assessment tool adopted by 

UNRWA from WHO risk scoring system is used to assess the risk status of NCD patients. 

The system assesses the presence of modifiable risk factors as smoking, hyperlipidemia, 

physical inactivity, blood pressure, blood sugar, and non-modiýable as age and family 

history of disease (UNRWA, 2013). 
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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 adipose tissue. Anthropometry 

includes body measurements as: weight, standing height, recumbent length, circumferences 

(head, waist, etc.). Several 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 (BMI) ï Is a measure of weight in kilograms (kg) relative to height 

in meters (m) squared. BMI is considered a reasonably reliable indicator of total body fat. 

[United States Department of Agriculture (USDA) and U.S. Department of Health and 

Human Services (U.S. HHS), 2010]. 

1.6.3 Daily intake of fats - Fats include ñsolid fatsò (fats with a high percentage of saturated 

or trans fatty acids which are solid at room temperature) and ñoilsò (containing more 

unsaturated fatty acids and are usually liquid at room temperature). Fats contain a mixture of 

different kinds of fatty acids (saturated, monounsaturated, or polyunsaturated). The Institute 

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

adults ages 19 years and older are 20ï35% of total daily calorie intake (USDA and U.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 

ñoilsò; average daily intake of oils adjusted to a 2,000 calorie level is 27 g/day (USDA and 

U.S. HHS, 2010). 

1.6.5 Physical activity - Has been defined as any body movement produced by the 

contraction of skeletal muscle that increases energy expenditure above the basal level. In this 

work, the term "physical activityò refers to health-enhancing physical activity (such as brisk 

walking, dancing, and swimming). The physical activity of moderate intensity that an adult 

makes weekly can be classified into four categories: inactive (no activity beyond baseline), 

low (activity beyond baseline but fewer than 150 minutes a week), medium (150 minutes to 
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300 minutes a week), and high (more than 300 minutes a week). The benefits of physical 

activity increase with the amount of physical activity (U.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 cholesterol (HDL-

C, "good" cholesterol), and low density lipoprotein cholesterol (LDL-C, "bad" cholesterol) 

[American Association for Clinical Chemistry (AACC), 2012]. 

1.6.7 Serum cholesterol -Cholesterol travels in the blood as part of distinct particles 

containing lipids and proteins (lipoproteins).The major classes of lipoproteins found in the 

serum of a fasting individual are: low density lipoproteins (LDL), high density lipoproteins 

(HDL), and very low density lipoproteins (VLDL).Intermediate density lipoprotein (IDL), 

resides between VLDL and LDL; in clinical practice, IDL is included in the LDL 

measurement (USDA and U.S. HHS, 2010). 

1.6.8 Serum High density lipoprotein cholesterol (HDL-C)-Makes up 20ï30 percent of 

the total serum cholesterol. The major apolipoproteins of HDL are apo A-I and apo A-II.  

[National Institutes of Health (NIH), 2002]. 

1.6.9 Serum Low density lipoprotein cholesterol (LDL-C) - Makes up 60ï70 percent of 

the total serum cholesterol. It contains a single apolipoprotein, apo B-100 (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 major circulating form of vitamin D that is used by 

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

1.6.11 Serving size- A Food Guide Serving is a reference amount. For example, one Food 

Guide Serving equals 125 mL (1/2 cup) fresh, frozen or canned vegetable or fruit or 100% 

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

2007). 
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1.6.12 Triglycerides (TG)-Are chemically fatty acid esters of the glycerol.TG are 

compounds that  make up the bulk of ingested lipids and are transported to the blood via the 

lymphatic system in the form of chylomicrons.TG synthesized endogenously are carried by 

VLDL produced primarily by the liver ( Ogbonnia, 2012). 

1.6.13 Waist circumference (WC) - Is a perimeter which provides an estimate of body girth 

at the abdominal level. Waist circumference is used as a marker of abdominal fat mass, 

because WC correlates with abdominal fat mass (subcutaneous and intraabdominal). Waist 

circumference is associated with cardiometabolic disease 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 aorta. The right coronary artery mainly supplies the muscle of the right 

ventricle. The left coronary artery splits into two (the left anterior descending coronary 

artery and the left circumflex artery) and supplies the rest of the heart muscle (Waddison 

and Parsley, 2012). 

 

Coronary vessels are divided into epicardial or conductance vessels, and pre capillary and 

microvascular vessels, which are resistance vessels. The epicardial vessels are most 

commonly affected by atherosclerosis (ATS), and offer negligible resistance to coronary 

flow. The increased coronary blood flow in response to increased myocardial oxygen 

demand is achieved by the dilatation of resistance vessels (Homoud, 2008). 

 

The mechanism of autoregulation, mediated by changes in the vascular tone of the 

resistance 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 
 

Atherosclerosis is the main cause of CAD. Atherosclerosis is a chronic inflammation of 

the arteries that develops under the action of risk factors. It begins as 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 blood-borne monocytes and LDL-C 

(Nabel and Braunwald, 2012). In the dysfunctional endothelium LDL-C undergoes 

oxidation. Modified LDL-C attracts leukocytes and can be scavenged by macrophages 

leading to the formation of foam cells. These cells replicate, giving rise to one of the 

earliest pathological lesions: the fatty streak. Smooth 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 the fibrous plaque. This lesion begins to 

encroach on the lumen of the vessel; angiogenesis will take place and the plaques can 

then calcify. The final lesion, the advanced complicated lesion, consists of a fibrous cap 

overlying a lipid rich core (highly thrombogenic) which also contains necrotic material 

(Homoud, 2008). 

 

Plaques lead to clinical symptoms by producing flow-limiting stenosis (causing stable 

angina) or by provoking thrombi that interrupt blood flow either temporarily (causing 

unstable angina) or permanently (causing MI) (Nabel and Braunwald, 2012). 

2.3 Pathophysiology of Coronary Artery Disease 
 

2.3.1 Cellular level  

Angina is caused by myocardial ischemia, which occurs whenever myocardial oxygen 

demand exceeds oxygen supply. Oxygen 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 the onset 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 extracellular space. Further, 

ATP levels falls below those required to maintain critical membrane function, resulting in 

myocyte death. After 20 minutes of coronary occlusion myocardial 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 formation of an obstructive coronary thrombus (Figure 2.1).This process is 

manifested by ischemic chest pain and electrocardiographic (ECG) changes. If ischemia 

is prolonged, this results in myocardial necrosis and elevation of enzymes 

(Lakshmanadoss, 2012). 
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Figure 2.1: Pathophysiology of ACS: Disrupted Plaque  

 

A small percentage of cases of non ST segment elevation acute coronary syndrome 

(NSTE-ACS) have normal coronary arteries or non-obstructive lesions. The possible 

mechanisms include: coronary artery spasm (Prinzmetalôs angina), intramural plaque 

complicated by acute thrombosis with subsequent recanalization, coronary emboli, and 

ñsyndrome X ñ(Hamm et al., 2011). 

2.4 Clinical features of Coronary Artery Disease  

2.4.1 Angina Pectoris   

Angina pectoris (chronic stable angina or effort angina) is frequently reported as 

retrosternal chest discomfort (as a pressure, heaviness, squeezing, burning, or choking 

sensation) rather than frank pain. Typically, radiation of the pain is in arms, shoulders, 

and neck. Specifically, angina is precipitated by exertion, eating, exposure to cold, or 

emotional stress. Its duration is about 1-5 minutes and is relieved by rest or nitroglycerin. 

The intensity of angina does not change with respiration, cough, or change in position 

(Alaeddini, 2013). 
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Anginal equivalents, such as dyspnea, faintness, fatigue, and eructations, may occur, 

particularly in the elderly (Lakshmanadoss, 2012). 

 

Prinzmetalôs variant angina refers to chest pain secondary to myocardial ischaemia that is 

not precipitated by physical exertion or emotional stress, and is associated with transient 

ST-segment elevation. The pathological mechanism of variant angina is coronary spasm. 

Attacks of Prinzmetalôs angina tend to occur between midnight and 8 am (Hamm et al., 

2011). 

2.4.2 Acute Coronary Syndrome 

Refers to a spectrum of clinical presentations including ST-segment elevation myocardial 

infarction (STEMI), nonïST-segment elevation myocardial infarction (NSTEMI), and 

unstable angina (UA) (Lakshmanadoss, 2012). 

Chest pain is the leading symptom that initiates the diagnostic and therapeutic cascade of 

ACS. The classification of patients is based on the electrocardiogram (ECG). Two 

categories of patients may be encountered: 

1. Patients with acute chest pain and persistent (>20 min) ST-segment elevation. This is 

termed ST-elevation ACS (STE-ACS) and generally reflects an acute total coronary 

occlusion. Most of these patients will ultimately develop an ST-elevation MI (STEMI). 

2. Patients with acute chest pain but without persistent ST-segment elevation. These 

patients have rather persistent or transient ST-segment depression, or T-wave inversion, 

flat T waves, pseudo-normalization of T waves, or no ECG changes at presentation. At 

presentation, the working diagnosis of NSTE-ACS, based on the measurement of 

troponins, will be further qualified as NSTEMI or UA. Traditionally, clinical 

presentations of NSTE ïACS may be: 

¶ Prolonged (>20 min) anginal pain at rest; 

¶ New onset (de novo) angina (Class II or III of the Classification of the Canadian 

Cardiovascular Society); 

¶ Recent destabilization of previously stable angina with at least Canadian 

Cardiovascular Society Class III angina characteristics (crescendo angina); or 

¶ Post-MI angina (Hamm et al., 2011). 
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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 of: typical rise and/or gradual 

fall of troponin or more rapid rise and fall of CK-MB, with at least one of the following: 

ischemic symptoms, development of pathologic Q waves on the ECG, ischemic ECG 

changes (ST segment elevation or depression), imaging evidence of new loss of viable 

myocardium or a new regional wall motion 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 blood tests, in particular cardiac enzymes 

measurement (such as troponins) (Jevon and Simkiss, 2012). 

 

2.4.2.2 Electrocardiogram   

In combination with the clinical presentation, an STE-ACS is defined by the presence of 

Ó1 mm ST elevation in at least two adjacent limb leads, Ó2 mm ST elevation in at least 

two contiguous precordial leads, or new onset bundle branch block [Scottish 

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 

Troponins exist in three isoforms: troponin C, I and T. Troponin C exists in all muscle 

tissues. Troponin I is completely specific for the heart. Troponin T is released in small 

amounts by skeletal muscles, and clinical assays do not detect skeletal Troponin T (Pant 

et al., 2012).Cardiac troponins make it possible to differentiate between NSTEMI and 



16 
 

UA. Troponins are more specific and sensitive than the traditional cardiac enzymes 

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

 

2.4.2.4 Management of CAD 

The treatment of chronic stable angina includes nitrates, antiplatelet medication and 

anticoagulants (aspirin, clopidogrel, and warfarin-in specific cases with atrial fibrillation, 

left ventricle clot), beta-blockers, calcium channel blockers, angiotensin converting 

enzyme inhibitors (ACEI) and statins. When medical therapy fails, percutaneous 

coronary intervention (PCI) or surgery-coronary artery bypass graft (CABG) may be 

required. Risk factor modification is equally important (Garcia and McFalls, 2012).In 

case of NSTE-ACS, patients are initially managed without emergency reperfusion 

therapy (SIGN, 2007).  

In case of STEMI, treatment objective is to achieve rapid and complete reperfusion by 

primary angioplasty or fibrinolytic therapy (Hamm et al., 2011). Thrombolysis may be 

achieved by using Streptokinase (non-fibrin-specific agent), or fibrin-specific agents such 

as Alteplase, Reteplase, or Tenecteplase. Thrombolysis should be conducted with a 

fibrin-specific agent. Patients with non-ST elevation ACS at medium or high risk of early 

recurrent cardiovascular events should undergo early coronary angiography and 

revascularization. In the presence of ischemic ECG changes or elevation of cardiac 

markers, patients with an ACS should be treated immediately with low molecular weight 

heparin (principally enoxaparin) or fondaparinux (SIGN, 2007). 

 

Adjunctive medical therapy of acute MI includes nitrates, early use of antiplatelet 

therapies, such as aspirin and clopidogrel. Other medications for STEMI are beta-

blockers, ACEI in selected patients, and statins (SIGN, 2007). 

 

2.4.3 Silent Ischemia 

Is a form of CHD that can be seen in up to 40% of patients with classical angina pectoris 

and in up to 10% of patients with no symptoms of angina at all. Patients with diabetes 

have a higher incidence of silent ischemia (Homoud, 2008). 
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2.4.4 Sudden Cardiac Death (SCD) 

SCD-ñis an unexpected death due to cardiac causes occurring in a short time period 

(generally within 1 h of symptom onset) in a person with known or unknown cardiac 

diseaseò. Tachyarrhythmias, such as ventricular fibrillation or ventricular tachycardia are 

the most common mechanisms leading to SCD (Sovari, 2013). Three quarters of patients 

who die of SCD have CHD, as most studies suggest (Zipes et al., 2006).  

2.5 Risk Factors for Coronary Artery Disease  
 

CAD has traditional and nontraditional (novel) risk factors (Boudi, 2012).The traditional 

risk factors can be classified as non-modifiable and modifiable [American Heart 

Association (AHA), 2013a]. 

2.5.1 Non-modifiable risk factors: 

2.5.1.1 Age 

CHD is more common with advancing age. In men, the risk for CHD increases after age 

45. In women, the risk for CHD increases after age 55 [National Heart, Lung ,and Blood 

Institute (NHLBI), 2011; AHA, 2013a; World Heart Federation (WHF), 2013]. 

 

2.5.1.2 Gender 

Men have a greater risk of heart attack than women. Even in post-menopause, when 

women's death rate from heart disease increases, it's not as great as men'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), the risk increases (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 diabetes (AHA, 2013a). 

 

 

 

http://www.heart.org/HEARTORG/Conditions/HeartAttack/UnderstandYourRiskofHeartAttack/Understand-Your-Risk-of-Heart-Attack_UCM_002040_Article.jsp
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2.5.2 Modifiable risk factors: 

2.5.2.1 Hypertension (high blood pressure) 

High blood pressure (BP) increases the risk of stroke and heart attack (AHA, 2013a). 

Hypertension is one of the most important causes of premature death worldwide. In 2025, 

an estimated 1.56 billion adults will have HTN. Hypertension is the leading cause of 

CVD worldwide (WHF, 2013). 

 

2.5.2.2 Tobacco use 

Smokers' risk of developing CHD is 2-4 times that of nonsmokers. Cigarette smoking is a 

powerful independent risk factor for sudden cardiac death in patients with CHD. Passive 

smoking also increases the risk of heart disease (AHA, 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 non-smoker (WHF, 2013). 

2.5.2.3 Diabetes (raised blood glucose) 

Risk of heart disease is increased in diabetics, and the risk correlates inversely with the 

degree of control of diabetes. At least 65% of people with diabetes die of some form of 

cardiovascular disease (AHA, 2013a). 

Criteria for the diagnosis of diabetes are as follows: 

1. Hemoglobin A1C Ó6.5%.*  

2. FPG Ó126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least 8 h.* 

3.  Two -h plasma glucose Ó200 mg/dl (11.1 mmol/l) during an OGTT. The test should 

be performed as described by the World Health Organization, using 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 Ó200 mg/dl (11.1 mmol/l). 
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*In the absence of unequivocal hyperglycemia, criteria 1ï3 should be confirmed by 

repeat testing [American Diabetes Association (ADA), 2010]. 

2.5.2.4 Physical inactivity  

An inactive lifestyle is a risk factor for CHD. Regular, moderate-to-vigorous physical 

activity (PA) helps prevent heart and blood vessel disease (AHA, 2013a). Individual 

studies suggest that regular exercise may reduce CHD (Levin and Arango, 2005). 

Observational studies support an inverse association between PA and CHD events (Jurca 

et al., 2005). 

 

For substantial health benefits adults (18-64 years) should do at least 150 minutes a week 

of moderate-intensity, or 75 minutes a week of vigorous-intensity aerobic PA, or an 

equivalent combination of both types of PA. This activity should be performed in 

episodes of at least 10 minutes, and it is preferable to be spread throughout the week 

(USDA and U.S. HHS, 2010). 

 

2.5.2.5 Obesity and overweight 

People who have excess body fat, especially in the waist region, are more likely to 

develop heart disease and stroke even in the absence of other risk factors (AHA, 2013a). 

Obesity is strongly related to major CV risk factors such as raised blood pressure, type 2 

diabetes and dyslipidemia. For optimal health, the median BMI for adult populations 

should be in the range of 21ï23 kg/m², while the individuals BMI should be in the range 

of 18.5ï24.9 kg/m² (WHF, 2013). 

 

2.5.2.6 High blood cholesterol/lipids 

Raised blood cholesterol increases the risk of heart disease and stroke. Globally, one third 

of IHD is attributable to high cholesterol- defined as total cholesterol of 240 mg/dl or 

higher (WHF, 2013). 
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2.5.2.6.1 Low-density lipoprotein cholesterol (LDL-C) 

Total cholesterol and LDL-C levels in men and women are similar up to 20 years of age. 

After menopause, total cholesterol and LDL-C levels in women rise (Roeters van Lennep 

et al., 2002). 

Many prospective studies have shown that high serum concentrations of LDL-C are a 

major risk factor for CHD. The Adult Treatment Panel III (ATP III) of the National 

Cholesterol Education Program (NCEP) specified that patients with CHD or CHD risk 

equivalents are considered high risk and the primary target of lipid-lowering therapy is 

LDL-C. Since the publication of ATP III in 2001, the clinical end points of the major 

clinical trials of statin therapy showed that from five major RCT, four trials showed that 

effective LDL-C reduction substantially reduced the risk of CHD (Grundy et al., 2004). 

Kuklina et al. (2010) in a study of CHD risk factors found a higher prevalence of high 

LDL-C levels among persons with CHD or CHD equivalent than young adults without 

CHD risk factors.  

2.5.2.6.2 High-density lipoprotein cholesterol (HDL-C) 

The Framingham Heart Study in the 1980s demonstrated that the risk of CHD was 

significantly lower among persons with higher levels of HDL-C (normal range 40 to 60 

mg/dl). A number of studies have supported the inverse correlation between HDL-C and 

CHD (Natarajan et al., 2010). Low levels of HDL (less than 40 mg/dl for men and less 

than 50 mg/dl for women) increase the risk of heart disease (AHA, 2013b). In 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 is an independent risk factor for CHD. The 

cardiovascular significance of high TG level is that it is a component of the atherogenic 

dyslipidemia (raised TG, small LDL particles, and low HDL-C) which is found in 

patients with type 2 diabetes mellitus, metabolic syndrome, 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 LDL-C< 100 mg/dl (Mohamad, 2012).Treatment for high LDL-C involves 

the Therapeutic Lifestyle Changes (TLC) program and if needed, drug therapy. The TLC 

program consists of diet, physical activity and weight management, as follows: less than 

7 % of daily calories from saturated fat, less than 200 mg/day of cholesterol, 25ï35 % of 

daily calories from total fat. For more LDL-C lowering, the dietary options are: 2 g/day 

of plant stanols or sterols, 10ï25 g/day of soluble fiber; a caloric intake enough to reach 

or maintain a healthy weight; TLC also calls for at least 30 minutes of a moderate 

intensity physical activity, such as brisk walking on most, and preferably all days of the 

week (NIH, 2005). 

 

The consumption of omega-3 fatty 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 levels, higher doses are 

usually necessary (Mohamad, 2012). 

The ATP III 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 CHD (Table 2.1) (Grundy et al., 2004). 
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Table 2.1 ATP III 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 
Initiate 

TLC 
Consider Drug Therapy 

High risk (CHD or 

CHD risk equivalents; 

10 year risk >20%) 

<100 mg/dl 

(optional 

goal: <70 

mg/dl) 

Ó100 

mg/dl 

 

Ó100 mg/dl 

(<100mg/dl:consider 

drug options) 

Moderately high risk 

(Ó2 risk factors; 10% 

to 20% 10-year risk) 

<130mg/dl 

 

Ó130mg/dl Ó130 mg/dl 

(100ï129mg/dl: consider 

drug options) 

Moderate risk (Ó2 

risk factors; 10-year 

risk <10%) 

<130mg/dl Ó130mg/dl Ó160 mg/dl 

Lower risk (0 to 1 risk 

factor) 

<160mg/dl Ó160mg/dl Ó190 mg/dl 

(160ï189mg/dl:LDL-

lowering drug optional) 

 

When drug therapy is indicated for reducing LDL-C, statins are generally initiated as 

first-line therapy. Resins, nicotinic acid, or ezetimibe can be added if the goal for LDL-

C level is not reached. Pharmacologic therapy for high TG includes fibrates, nicotinic 

acid, and omega-3 fatty acids (Mohamad, 2012). 

 

 

http://reference.medscape.com/drug/vitamin-b3-niacor-niacin-344422
http://reference.medscape.com/drug/zetia-ezetimibe-342454
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2.5.2.6.5 Physical activity impact on blood lipids 

Skoumas et al.(2003) in a study about physical activity (PA) effect on blood lipids in a 

population free of CVD, reported a minor effect of  PA on LDL-C and total cholesterol, 

but a raising effect on HDL-C and a decrease in TG levels. The CHP Group (2010) 

specified that regular moderate exercise, especially in combination with a low fat diet 

has been shown to decrease TG and LDL and increase HDL levels. According to NIH 

(2005) regular PA can raise HDL-C and lower TG and 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: 

Å Large waist measurementð35 inches or more for women,40 inches or more for 

men  

Å Triglyceride level of 150 mg/dL or higher 

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

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

blood pressure) 

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

2.5.2.8 Mental stress, depression, cardiovascular 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 middle-aged pre-hypertensive men were associated with 

increased risk of progressing to hypertension and incident CHD. Long-term stress was 

also associated with increased coronary risk (Player et al., 2007). A prospective cohort 
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study found that participants who reported that stress significantly affect their health had 

a higher risk of coronary death or incident non-fatal MI 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 (Boudi, 2012). Behaviors that increase CV risk 

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

(Amani and Sharifi, 2012). A meta-analysis of outcomes associated with depression 

indicates a relative risk that is comparable to those noted for traditional CAD risk factors 

reported from the Framingham study (Rozanski et al., 2005). 

2.5.2.9 Unhealthy diet; diet in the development of CHD  

Unhealthy dietary practices such as high consumption of saturated fats, salt and refined 

carbohydrates 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 (USDA and U.S. 

HHS, 2010). Among major sources of dietary cholesterol are whole milk, red meat, organ 

meat, poultry and shellfish. Egg yolk is particularly rich in cholesterol but unlike dairy 

and meat does not provide saturated fatty acids (SFA) (Djousse and Gaziano, 2009). 

 

Dietary cholesterol raises total cholesterol and LDL-C but effect is smaller than SFA 

(Amani and Sharifi, 2012). Evidence shows a relationship between higher intake of 

cholesterol and increased risk of CVD. Dietary Guidelines for Americans and ATP III 

recommend consumption 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 CVD ( Djousse and 

Gaziano, 2009; USDA and U.S.HHS, 2010). 
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2.5.2.9.2 Total fat intake 

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 

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). Meta-Analysis of Cohort Studies of 

total fat and CHD of Skeaff and Miller (2009) found no relation between total fat intake 

and CHD events. 

 

2.5.2.9.3 Saturated fatty acids (SFA) 

Rich sources of saturated fats are fatty meat, poultry skin, full-fat dairy foods, butter, 

ghee, palm oil, palm kernel oil, and coconut oil (Mittal, 2011). 

SFA raise total and LDL-C, but individual SFA have different effects. Thus, myristic 

(C14) and palmitic acids (C16) (in meat and dairy products) and lauric acid (C12) (in 

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 levels. Also longer-chain 

SFAs (such as stearic acid-C18, 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 cross-cultural analysis, reported strong positive associations 

among a populationôs average SFA intake, serum total cholesterol concentrations, and 

death rates from CHD (Ramsden et al., 2009). Willett (2012), in analysis of cohort 

studies of dietary fats and CHD concluded that intake of SFA was not associated with 

higher coronary risk when compared to carbohydrates but was associated with higher risk 

if compared to polyunsaturated fatty acids (PUFA). 
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 2.5.2.9.4Trans 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 al., 2009). 

 

TFA intake is associated with elevated levels of LDL-C, small dense LDL subtype, 

lipoprotein (a), and TG, and reduced HDL-C. Literature noted significant positive 

associations between TFA intake and CHD (Ramsden et al., 2009). 

2.5.2.9.5Monounsaturated fatty acids (MUFA)  

Monounsaturated fatty acids and, to a lesser degree PUFA decrease serum LDL-C and 

increase HDL-C levels and lower the total-to-HDL-C ratio (Mikkila, 2008). 

  

The primary dietary MUFA is oleic acid (18:1n-9). Concentrated sources include whole 

olives, olive oil, canola oil, avocados, and nuts, especially macadamias, cashews, 

almonds (Ramsden et al., 2009). In the U.S. diet beef and dairy fats are among the main 

sources of MUFA (Hu et al., 2001). 

 

Olive oil is the primary source of fat in the Mediterranean diet. Research demonstrated 

that oleic acid, and especially that obtained from pressing olives, is essential element in 

the prevention of CAD. The US Federal Drug Administration (FDA) accepted a claim 

that eating about two tablespoons (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 LDL-C have been shown to be less susceptible to 

oxidation than linoleate rich LDL-C. After exposure to olive oil, platelet aggregation and 

TXA2 release decreased, and content of platelet membrane oleic acid increased. In the 

same time, platelet membrane arachidonic acid significantly decreased (Cocchi and 

Lercker, 2013). 

The consumption of diets rich in oleic acid has an anti-inflammatory effect due to a 

decrease in the content of LDL-C linoleic acid. BP lowering effect of olive oil is due to 

an increasing concentration of oleate in cell membrane, which helps to regulate the 
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structure of membrane lipids through the control of signal-mediated G-protein (Cocchi 

and Lercker, 2013). 

2.5.2.9.6 Polyunsaturated fatty acids (PUFA)  

Polyunsaturated fatty acids are a heterogeneous class of fatty acids with chain length and 

position of the first double bond affecting important metabolic outcomes. PUFA are 

mainly derived from vegetable oils such as corn, sunflower, safflower, and soybean oils, 

but are present in other foods as well (USDA and U.S. HHS, 2010). PUFA play several 

roles in the inflammation processes and, particularly fatty acids of the ɤ-3 series also 

appear to suppress cardiac arrhythmias and to reduce TG (Mikkila, 2008). 

2.5.2.9.7 Medium-chain omega-6 PUFA, linoleic acid (LA)  

Linoleic acid reduces LDL-C when substituted for SFA or TFA. New recommendations 

stimulate high LA intake. On the other hand, high LA intake also reduces tissue n-3 EPA 

and DHA levels, therefore increasing coronary risk (Ramsden et al., 2009). The 

association between LA intake 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 found that a high polyunsaturated/saturated fatty acids 

ratio due to increased omega-6 fatty acids in diet was associated with a reduced risk of 

CHD (Mittal, 2011). 

2.5.2.9.8 Medium-chain omega-3 PUFAs: Ŭ-linolenic acid (ALA)  

ȷ-linolenic acid is an essential fatty acid from plant sources, such as soybean oil, canola 

oil, flaxseed, and walnuts. Epidemiological studies have observed an inverse association 

between ALA intake and CHD risk (Ramsden et al., 2009). 

2.5.2.9.9 Long-chain omega-3 PUFAs 

 Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are found mainly in 

mackerel, herring, trout, salmon, anchovies, sardines, tuna, and oysters (Ramsden et al., 

2009). 

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

significant reduction in the risk of coronary events (Ramsden et 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 consumption of n-3 FA from fatty ýsh or 

dietary supplement. 



28 
 

2.5.2.9.10 Other dietary components  

Dietary sodium: the most well-established 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 associated with 

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 BP. A 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 activator, and fibrinogen. Other factors such as end-stage renal disease, 

connective tissue diseases (such as lupus, rheumatoid arthritis), human 

immunodeficiency virus (HIV) infection, highly active antiretroviral therapy,
 
and other 

markers of inflammation have been reported to contribute to the development of CAD. A 

systemic review and meta-analysis suggest that too little sleep (Ò5-6 h per night) or too 

much sleep (>8-9 h per night) increases 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, vitamin D (alphabetically named ñDò as the fourth known vitamin) was 

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 

Scragg formulated the hypothesis that the increased CVD incidence in winter may be a 

consequence of low ultraviolet B (UVB) irradiation. The research on vitamin D and CVD 

javascript:showrefcontent('refrenceslayer');
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was further stimulated by the discovery of the VDR in the rat heart by Robert Simpson in 

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, (ii) vitamin 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 forms of vitamin D, vitamin D2 (ergocalciferol) and vitamin D3 

(cholecalciferol). Vitamin D2 is found in plants and can be consumed in fortified foods or 

as a supplement; vitamin D3 is obtained from either dietary sources or through 

conversion of 7-dehydrocholesterol in the skin upon exposure to ultraviolet B (UVB) 

radiation (Lavie et al., 2011). Solar UVB radiation (wavelength, 290 to 315 nm) 

penetrates the skin and converts 7- dehydrocholesterol to previtamin D3, which is 

converted to vitamin D3. Few foods naturally contain vitamin D (ñDò represents D2 or 

D3) (Holick, 2007).The keratinocytes of the skin are the primary source of vitamin D for 

the body. Also the keratinocytes possess both the enzymatic equipment to metabolize the 

vitamin D produced to active metabolites [in particular 1, 25(OH)2 D], and the vitamin D 

receptor (VDR) ( Bikle, 2012).Vitamin D from the skin and diet is metabolized in the 

liver to 25-hydroxyvitamin D, which is used to determine a patientôs vitamin D status. 

25-hydroxyvitamin D is metabolized in the kidneys by the enzyme 25-hydroxyvitamin D-

1Ŭ-hydroxylase to its active form, 1, 25-dihydroxyvitamin D [1, 25 (OH)2 D]. The renal 

production of 1, 25(OH)2 D is regulated by plasma parathyroid hormone levels, serum 

calcium and phosphorus levels. Fibroblast growth factor 23, secreted from the bone 

suppresses 1,25-dihydroxyvitamin D synthesis (Holick, 2007).Other tissues that express 

the enzyme 25(OH) D3-1-Ŭ-hydroxylase include colon, prostate, mammary gland, 

macrophages, antigen-presenting cells, osteoblasts and keratinocytes (Chung et al., 2009). 
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Vitamin D has genomic and nongenomic functions. For the genomic functions, 1, 

25(OH)2 vitamin D interacts with nuclear VDR influencing gene transcription. Nuclear 

receptors for 1, 25 (OH) 2D have been identified in many cells, such as bone, intestine, 

kidney, lung, muscle and skin. For the nongenomic functions, 1, 25(OH) 2 D acts like a 

steroid hormone, working through VDR on cell membranes. Major sites of action of 

vitamin D include intestine, bone, parathyroid, liver and pancreatic beta cells (Chung et 

al., 2009). 

 

One of the major biological functions of vitamin D is to 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 osteoblasts and skeletal muscle. Vitamin D also facilitates the absorption of intestinal 

phosphate. 1, 25(OH) 2D indirectly affects bone mineralization by maintaining plasma 

calcium and phosphorus concentrations. 1, 25(OH) 2D, along with PTH, also causes 

demineralization of bone when calcium concentrations fall (Chung et al., 2009).The 

efficiency of the absorption of renal calcium is increased in the presence of 

calcitriol.1,25(OH)2D also induces the expression of the enzyme 25 (OH) vitamin D-24-

hydroxylase (CYP24), which catabolizes 25(OH) vitamin D and 1,25(OH)2vitamin D 

into biologically inactive, water-soluble calcitroic acid (Holick, 2007). 

 

Other biological systems have VDR and are responsive to 1, 25(OH) 2D, including: 

immune, pancreas, cardiovascular, muscle and brain; and control of cell cycle. 1, 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., 2009). 

 

2.5.3.1.3 Definition of vitamin D deficiency and optimal levels 

Individualsô vitamin D levels are measured according to the plasma levels of 25-

hydroxyvitamin D [25(OH) D]. The biologically active form of vitamin D, 1, 25(OH)2 

D3, is unsuitable for this purpose for reasons such as: 
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a) The rigid maintenance of plasma levels of 1, 25(OH) 2D3 at normal concentrations, 

even with low plasma concentrations of 25(OH) D ; 

b) Plasma 25(OH)D levels are approximately 100-times greater than those of 

1,25(OH)2D3; and  

c) 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 appropriate levels. In this regard, studies have found a plateau of calcium 

absorption and adequate PTH levels, with 25(OH) D levels close to 30 ng / ml (75 nmol 

/l)( Holick, 2007; Nemerovski et al., 2009; Garcia and Martini, 2010; Lavie et al., 2011). 

Although there is no consensus on optimal serum levels of 25-hydroxyvitamin 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 laboratories (Martin and 

Campbell, 2011). Mayo Clinic (2013) considered values of 25-hydroxyvitamin D Ò 25 ng 

/ ml as vitamin D deficiency, and   Ó26 ng/ml, as optimal.  

 

2.5.3.1.4 Proposed Mechanisms for Vitamin D in Cardiovascular Disease 

Vitamin D can affect a variety of functions in the body due to widespread localization of 

the VDR (Small, 2006). Heart and blood vessels are target tissues for vitamin D and 

express VDR and 1Ŭ-hydroxylase. Based on this findings, it has been hypothesized that 

vitamin D plays an important physiologic role in the regulation of the CV system (Pilz et 

al., 2011). 

The effects of vitamin D in blood vessels are:  

1. The inhibition of vascular smooth muscle proliferation 

2. The suppression of vascular calcification 

3. The down regulation of pro-inflammatory cytokines tumor necrosis factor-Ŭ 

and interleukin-6 

4. The up regulation of anti-inflammatory cytokine interleukin-10 

5. Negative endocrine regulator of the reninïangiotensin aldosterone system 

(RAAS) (Zitterman et al., 2008). 
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Vitamin D metabolites down regulate several genes involved in the development of 

myocardial hypertrophy. VDR activation modulates cardiac calcium flux and induces  

relaxation of cardiomyocytes, therefore improving diastolic function of the heart (Pilz et 

al., 2011). 

 

Vitamin D deficiency triggers secondary hyperparathyroidism. PTH promotes myocyte 

hypertrophy and vascular remodeling. Other studies suggest that PTH has a pro-

inflammatory effect, stimulating the release of cytokines by vascular smooth muscle cells 

(Wang et al., 2008). 

 

 Vitamin D may protect against atherosclerosis, and endothelial dysfunction.  

Antiatherosclerotic vitamin D effects include: 

1. Inhibition of macrophage cholesterol uptake and foam cell formation  

2. Down regulation of vascular smooth muscle cell proliferation and migration 

3. Suppression of inflammation-triggered endothelial activation and expression 

of endothelial adhesion molecules (Pilz et al., 2011). 

 

2.5.3.1.5 Vitamin D and CHD 

Clinical trials suggest that vitamin D3 by 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 nitric oxide synthase (Small, 2006). 

 

Liss and Frishman (2012) noted that 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 from the equator and researchers have attributed these 

findings to low levels of 25 (OH) D that sunlight exposure may cause. Related to altitude, 

literature showed an inverse association between CVD and altitude. Researchers have 

associated this effect with an increase in UV radiation at higher altitudes, resulting in a 

higher synthesis of vitamin D in the skin.  
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Myocardial Infarction (MI)  

A small community-based case-control study in New Zealand found that men with MI 

had lower 25(OH) D levels compared to matched controls (Michos et al., 2010).  A study 

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

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

 

2.5.3.1.6 Vitamin D and CAD Risk Factors 

 

A. Diabetes mellitus (DM)  

Vitamin D affects mechanisms related to metabolic syndrome and diabetes mellitus [type 

1 and type 2 diabetes mellitus (T1DM and T2DM)] pathophysiology. These include 

impaired B-cell function and insulin resistance through activation of VDR or indirectly, 

through regulation of calcium homeostasis (Lavie et al., 2011). 

 

B. Vitamin D and HTN 

 In humans 1, 25(OH) 2D inhibits the RAAS and may lower blood pressure (BP). In the 

National Health and Nutrition Examination Survey (NHANES) III study, the average 

systolic BP was lower in subjects with the highest levels of 25(OH) D compared to 

subjects in the lowest levels (Lavie et al., 2011). 

 

C. Vitamin D and lipids 

Michos et al. (2010) noted that lower levels of 25(OH) D are associated with high TG 

levels. They presented a study in which treatment of patients with acute coronary 

syndrome with atorvastatin resulted in significant decreases in cholesterol and TG levels, 

and also an increase in vitamin D levels.  

 

D. Inflammation 

Much evidence shows that ATS is an inflammatory disease and that inflammation plays a 

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

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

down-regulate inflammatory biomarkers such as C-reactive 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 circumference and weight. The proposed explanation 

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

sequestration in excess adipose tissue (Baz-Hecht and Goldfine, 2010). 

 

F. Vitamin D and Depression 

 Lavie et al. (2011) mentioned that depression is one of the CV risk factor that is related 

with recovery after CV disease events. Vitamin D receptors and hydroxylation enzymes 

are present in the brain. Vitamin D has been implicated as a factor affecting cognitive 

function and mental health. Vitamin D concentrations have been found to be low in 

patients with mood disorders, including depression. Elevated levels 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 that a meta-analysis of 8 randomized trials found a slight, but 

statistically non-significant, reduction in CV disease risk with vitamin D supplementation 

at moderate to high doses (approximately 1,000 IU daily). Michos et al. (2010) specified 

that in healthy post-menopausal participants of the Womenôs Health Initiative study, 

vitamin D supplementation (200 IU plus 500 mg calcium twice daily) did not reduce 

CVD risk over 7 year average follow-up. Vacek et al. (2011) in a retrospective 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 other nutrients are provided in the Dietary 

Reference Intakes (DRIs) developed by the Food and Nutrition Board (FNB) at the 

Institute of Medicine (IOM). Dietary Reference Intakes include: 

¶ Recommended Dietary Allowance (RDA): average daily level of intake 

sufficient to meet the nutrient requirements of nearly all (97%ï98%) healthy 

people.  
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¶ Adequate Intake (AI): established when evidence is insufficient to develop an 

RDA and is set at a level assumed to ensure nutritional adequacy.  

¶ Tolerable Upper Intake Level (UL): maximum daily intake unlikely to cause 

adverse health effects. 

 

The Food and Nutrition 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 Allowances 

(RDAs) for Vitamin D  ( as cited by NIH,  2011) 

 

Age Male Female Pregnancy  Lactation 

0ï12 months* 400IU(10µg) 400IU(10µg)   

1-13 years 600IU(15µg) 600IU(15µg)   

14ï18 years 600IU(15µg) 600IU(15µg) 600IU(15µg) 600IU(15µg) 

19ï50 years 600IU(15µg) 600IU(15µg) 600IU(15µg) 600IU(15µg) 

51ï70 years 600IU(15µg) 600IU(15µg)   

>70 years 800IU(20µg) 800IU(20µg)   

* Adequate Intake (AI) 

2.5.3.1.9   Sources of Vitamin D 

A. Food 

Few foods naturally contain vitamin D. Fatty fish (salmon, tuna, and mackerel) and cod 

liver oil are among the best sources. Small amounts of vitamin D are found in beef liver, 

cheese, and egg yolks (Annex 6). Some mushrooms provide vitamin D2. Fortified foods 

that provide vitamin D are milk, ready-to-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 needs through 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 in skin. Excessive sun exposure does 

not result in vitamin D toxicity because the sustained heat on the skin photodegrades 

previtamin D3 and vitamin D3 as it is formed (NIH, 2011). 

 

C. Dietary supplements  

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

differ chemically only in their side-chain 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 cutaneous synthesis) 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, 2011).Concerning  vitamin D supplementation, increases in 25(OH) 

D levels seem to persist longer after a bolus of D3 than with D2 (Lavie et al., 2011). 

 

The American Academy of Pediatrics (AAP) recommends that exclusively and partially 

breastfed infants receive supplements of 400 IU/day of vitamin D shortly after birth and 

continue to receive in this way until they are weaned and consume Ó1,000 mL/day of 

vitamin D-fortified milk .Similarly, all non-breastfed infants ingesting <1,000 mL/day of 

vitamin D-fortified milk should receive a vitamin D supplement of 400 IU/day. AAP also 

recommends 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 for children and adolescents (issued November 2010) ( NIH,  2011). 

 

2.5.3.1.10 Risk factors for Vitamin D Deficiency 

Risk factors for vitamin D deficiency may include: inadequate sunlight exposure, dark 

skin ton, advanced age, being institutionalized, decreased dietary intake of vitamin D, 

living in northern latitudes, malabsorption syndromes, drugs that accelerate metabolism 

of 1,25(OH)2D (such as phenytoin, phenobarbital, corticosteroids), chronic kidney 

disease, liver dysfunction, and obesity  (Nemerovski 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 IU/l to 78 IU/l).The vitamin D content of human milk is related to the mother's 

vitamin D status (NIH, 2011). 

 

2.5.3.1.11 Vitamin D and Health 

Optimal serum concentrations of 25(OH) 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), physiological parameters (such as levels of 

parathyroid hormone), and functional measures (such as skeletal health) (NIH, 2011). 

 

Osteoporosis 

Osteoporosis is most often associated with inadequate calcium intakes and low levels of  

vitamin D (NIH, 2011). 

 

Cancer 

Strong bases indicate that vitamin D plays a role in the prevention of colon, prostate, and 

breast cancers. Vitamin D may be protective against colon cancer, but the data are not as 

strong for a protective effect against prostate and breast cancer, and are variable for 

cancers at other sites (NIH, 2011).  

 

Vitamin D related to other conditions   

Vitamin D may play a role in the prevention and treatment of type 1 and type 2 diabetes, 

HTN, glucose intolerance, multiple sclerosis, and other medical conditions (NIH, 2011). 

 

2.5.3.1.12 Health Risks from Excessive Vitamin D  

Vitamin D toxicity can cause non-specific symptoms such as anorexia, weight loss, 

polyuria, and arrhythmias. Also, by increasing blood levels of calcium can cause vascular 

and tissue calcification, and subsequent damage to the heart, blood vessels, and kidneys. 

Long-term intakes above the UL (Table 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 D are associated with increases in all-cause 
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mortality, greater risk of some cancers such as pancreas, greater risk of CV events, and 

more falls and fractures among the elderly (NIH, 2011). 

 

Table 2.3 : Tolerable Upper Intake Levels (ULs) for Vitamin D 

(FNB, as cited by NIH, 2011) 

Age Male Female Pregnancy Lactation 

0ï6 months 1,000IU 

(25 µg) 

1,000IU 

(25 µg) 

  

7-12months 1,500IU 

(38 µg) 

1,500IU 

(38 µg) 

  

1-3 years 2,500IU 

(63 µg) 

2,500IU 

(63 µg) 

  

4-8 years 3,000IU 

(75 µg) 

3,000IU 

(75 µg) 

  

Ó9 years 4,000IU 

(100 µg) 

4,000IU 

(100 µg) 

4,000IU 

(100 µg) 

4,000IU 

(100 µg) 

 

 

Finally, epidemiologic and experimental studies have suggested that low vitamin D levels 

may play a role in several CV conditions, including CAD. The data supporting 

cardioprotective effects of vitamin D supplementation are weak, and randomized 

controlled trials now in progress will resolve this issue. Of these trials, the Vitamin D and 

Omega-3 Trial (VITAL) is a RCT of 20,000 men and women, investigating whether 

vitamin D and omega-3 fatty acid supplementation will reduce the risk of developing 

CVD. The study is expected to end in June 2016 (Liss and Frishman, 2012). 
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Chapter 3 

 

Methodology 

3.1 Study Design 

The current study is a retrospective case-control study. A case-control 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 

exposures. Case-control studies are relatively inexpensive, accomplished relatively 

quickly, and are useful in diseases with long latency period (Kaelin and Bayona, 2004). 

The cases in this research were Coronary Heart Disease (CHD) patients while the 

controls were healthy participants. 

3.2 Setting of the Study 

The study was conducted at Al  Remal Primary Health Care (PHC) Center in Gaza city. 

Al Remal clinic, in which the researcher works as medical officer, is one of the 

governmental PHC central clinics in Gaza city, which provides health services through 

specialty clinics such as Antenatal Care and Family Planning, Child Health, 

Dermatology, dental clinic, as well as general health care, through the Department of 

Family Medicine. In this department patient with CAD have medical record files and are 

regularly followed. 

3.3 Period of the Study 

The study began in February, 2013 after obtaining ethical approval from the Faculty of 

Pharmacy of Al Azhar University, respectively the approval from Ministry of Health. 

Further, pilot study was conducted in April. Data collection period was between April  15 

and May 25, 2013. Data entry, analysis and writing the study continued until December, 

2013. 

 

3.4 Study Population 

The study population consisted of adult Coronary Heart Disease cases registered at Al  

Remal clinic and their age matched controls. 
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3.5 Sample Size and Sampling 

The study included 50 cases (Coronary Heart Disease patients) registered in Al Remal 

clinic and 50 healthy controls. Coronary Heart Disease patients were: 7 cases of stable 

angina, 25 of unstable angina, and 18 cases of myocardial infarction. 

A non-probability convenience sampling method was used. 

3.6 Eligibility criteria:  
 

3.6.1 Inclusion criteria: Adult population (30 years and older), both genders, registered 

at Al Remal clinic, living in Gaza city, Al Remal area.  

The CHD cases were identified from clinical records file, previously diagnosed in 

hospital, based on symptoms and ECG changes. Myocardial infarction was confirmed 

using the WHO criteria: symptoms plus either diagnostic ECG changes or elevated levels 

of cardiac enzymes (troponins, CK-MB).  

For controls, CHD was excluded based on clinical criteria and medical history. The 

control participants were matched for age; during the data collection process for each 

CHD case recruited in study, the same control was selected, in terms of gender.  

 

3.6.2 Exclusion criteria: participants less than 30 years, pregnant or lactating women, 

diabetes mellitus, current use of vitamin D supplement; the use of drugs that accelerate 

metabolism of vitamin D (such as phenytoin, phenobarbital, glucocorticoids), or drugs 

that reduce  vitamin D absorption (Orlistat, cholestyramine), malignancy, renal and  liver 

disease, malabsorption ,osteomalacia, osteoporosis, and hypo or hyperparathyroidism. 

CHD patients using lipid lowering medication such as: HMG CoA reductase inhibitors 

(statins)-lovastatin, simvastatin, fluvastatin, atorvastatin, Bile acid sequestrantsð

cholestyramine,colestipol, colesevelam, Nicotinic acid preparations, Fibric acid 

derivatives (fibrates)ðgemfibrozil, fenofibrate, clofibrate,  and n-3 (omega) fatty acids 

were excluded from the study. 

3.7 Pilot study 

A pilot study was conducted before starting data collection, which was used as a pre-test 

for questionnaire content and for detection of the patientsô response rate. Five cases and 
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ten controls were randomly selected in Al Remal clinic. All of them were omitted from 

the study. 

3.8 Ethical considerations 

Consent form-an informed consent for participants was attached to questionnaire. It was 

noted about the purpose of the study and content of the questionnaire. Also was specified 

that they have the right to refuse participation in the study, and in case of participation, 

information provided will be confidential. 

 Approval letters were obtained from: 

¶ Faculty of Pharmacy, Al Azhar University (Annex 1) 

¶ Approval of MOH, PHC directorate (Annex 2) 

3.9 Data Collection Tools 
 

Data collection was done by direct methods such as anthropometric measurements 

(weight, height, waist circumference, and calculated BMI),and  biochemical tests [serum 

25 (OH) Vitamin D level and lipid profile].The indirect method used a structured face to 

face questionnaire. Data was collected by the researcher and a nurse working at the clinic. 

The nurse received information about the content of the questionnaire and trained on how 

to interview participants in the same way as the researcher. The questionnaire was 

prepared to include more variables in relation to the objectives of the study. 

  

3.9.1 Anthropometric m easurements  

3.9.1.1 The weight was measured with 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 height was measured in centimeters by using stadiometer (Seca type) to the 

nearest 0.1cm. Each 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 the head, scapulae, buttocks, calves and heels are positioned 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 circumference was taken with a plastic metric tape, at a level midway 

between the lower rib margin and the iliac crest, to the nearest 0.1 cm (Tolonen et al., 

2002).Cut- points: Ó102 cm in men and Ó88 cm in women were used to define abdominal 

obesity (WHO, 2013c). 

3.9.1.4 BMI was calculated using formula: weight (kg) / [height (m) ²] (CDC, 2011); 

BMI categories: <18.5 underweight; 18.5-24.9 normal; 25-29.9 overweight and Ó30 

obesity (WHO, 2013c). 

 

3.9.2 Biochemical Investigations  

The participants' lipid profile was determined in the laboratory of Al Remal clinic. 

Vitamin D levels were performed by the Palestinian Medical Relief Society laboratory, in 

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

 

3.9.2.1 Sample collection: The participants fasted 12 hours and 6 ml of venous blood 

sample was taken from each, then put in two tubes, each with 3 ml of blood, one for 25 

(OH) Vitamin D level and one for lipid profile. Lipid profile and 25 (OH) Vitamin D 

were determined in 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 read on ELISA Reader capable of reading absorbance at 450 nm 

(Calbiotech, 2013).  

 

3.9.2.3 Serum vitamin D measurements- the laboratory used the Calbiotech Inc. 

(Spring Valley, CA)  in situ 25 (OH)Vitamin D ELISA for the  quantitation of the total  

25(OH) 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 enzyme-linked immunoassay (ELISA), 

based on the principle of competitive binding. Anti-Vitamin D antibody coated wells are 

incubated with Vitamin D standards, controls, samples, and vitamin D-Biotin conjugate 

at room temperature. During incubation, a fixed amount of biotin-labelled Vitamin D 

competes with the endogenous Vitamin D in the sample, standard or control serum for a 

fixed number of binding sites on the anti-Vitamin D antibody. After washing, bound 

vitamin D-Biotin is detected with Streptavidin-HRP. Streptavidin-HRP conjugate 

immunologically bound to the well progressively decreases as the concentration of 

Vitamin D in the specimen increases. Unbound SA-HRP conjugate is then removed and 

the wells are washed. Then a solution of TMB reagent is added, and incubated at room 

temperature, resulting in the development 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 be inversely proportional to the amount of Vitamin D in the 

sample (Calbiotech, 2013). 

 

Procedure:  

¶ 10 µL of 25 (OH) D standards, controls, samples and biotin were put together, 

followed by incubation (90 min.), and then the first washing with Wash Buffer 

was done. 

¶ 200 µL of streptavidin-HRP was added into each well, after that second 

incubation (30 min.) occurred, and second washing with Wash Buffer was done. 

¶ 200 µL of TMB substrate was added, followed by the third incubation (30 min.); 

then the Stop solution (50 µL) was added. Finally, absorbance was read on ELISA 

Reader at 450 nm (Calbiotech, 2013). 

Reference Values for 25(OH) vitamin D: 26-80 ng/ml- optimal level; Ò25ng/ml-

deficiency and >80ng/ml- possible toxicity [Mayo Clinic, 2013; Calbiotech 

(Annex 3)]. 
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3.9.2.4 Lipid profile  (total Cholesterol, LDL-C, HDL-C, and TG): 

¶ Total serum cholesterol was determined using CHOD-POD. Liquid method 

(CHEMELEX, BARCELONA). 

Test summary: the cholesterol present in the sample originates a colored complex when 

mixed with reagent. The intensity of the color formed is proportional to the cholesterol 

concentration in the sample. Reagents: the reagent contains enzymes [Cholesterol 

esterase (CHE), Cholesterol oxidase (CHOD), and Peroxidase (POD)]; and Cholesterol 

calibrator. 

 

Test Procedure: assay conditions: wavelength: 505 nm., cuvette: 1cm light path., 

temperature 37 ºC; 10 µL of sample was added to 10 µL of standard and 1 ml of Blank,  

and  mixed; then incubated for 5 min at 37 ºC; then the absorbance of the sample and 

standard against the Blank was measured. 

Calculation: Cholesterol (mg/dl)=(A)sample/(A)standard×200(Calibrator concentration). 

Reference Values: <200mg/dl were normal; Ó240mg/dl- high [American Association for 

Clinical Chemistry (AACC), 2013]. 

¶ HDL-C was determined by precipitation of chylomicrons, VLDL and LDL-C 

method. It was used precipitation reagent for in vitro determination of HDL-C 

according to the CHOD-PAP-method by photometric systems (Diasys Diagnostic 

Systems, Germany). 

 

Principle:  Chylomicrons, VLDL and LDL-C were precipitated by adding 

phosphotungstic acid and magnesium ions to the sample. Centrifugation leaves only 

HDL-C in supernatant. Their cholesterol content was determined enzymatically using 

DiaSys Cholesterol FS. 

Reagents: Phosphotungstic acid 104 mmol/L and   Magnesium chloride 8.6 mmol/L.  

Assay procedure consists of 2 steps: Precipitation:200 µL standard and sample was added 

to 500 µl of the precipitation reagent and mixed; the mixture was incubated at room 

temperature(15 min.), then centrifuged at 2500 rpm (20 min.);and  Cholesterol 

determination: wavelength 500 nm, optical path 1cm,temperature 37 ºC, measurement: 

against reagent blank. 100 µL of the supernatant of sample was added to 100 µL of 
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standard ; 1 ml of the cholesterol reagent was added; then mixed and incubated at 37 ºC 

for 5 min.; then the absorbance of the sample or the standard against the reagent blank 

value was measured.  

Calculation: 

With Standard: HDL-C (mg/dl)=æA Sample/æ A Standard×Concentration of 

Standard(mg/dl). Reference Values: low<40mg/dl in men and<50 mg/dl in women; and 

Ó60 mg/dl -high (AACC, 2013). 

¶ LDL-C was calculated using Friedewald Formula (1972) [LDL-C] = [total 

cholesterol] ī [HDL-C] ī [triglycerides/5] (mg/dl).  

Reference values:  optimal and near optimal Ò129mg/dl; borderline high: 130-

159mg/dl, high and very high Ó160 mg/dl (AACC, 2013). 

¶ TG serum level: method of determination was by colorimetric enzymatic test 

using glycerol-3 phosphate-oxidase (GPO) (Dyasis Diagnostic Systems, 

Germany). 

Principle:  TG level was measured after enzymatic splitting with lipoprotein lipase (LPL) 

to release the glycerol. Indicator was quinoneimine, generated under catalytic action of 

peroxidase.   

Assay procedure: conditions: wavelength 500 nm, optical path 1 cm, temperature 37 ºC, 

measurement: against reagent blank.  10 µL of standard and sample was added to one ml 

of reagent, then mixed and incubated at 37 ºC for 5 min.; then the absorbance of standard 

and sample against the blank was measured. 

 Reference Values: desirable < 150 mg/dl; borderline high 150-199 mg/dl; Ó200 mg/dl 

high and very high (AACC, 2013). 

3.9.3 Clinical Assessment  

Clinical examination was conducted by researcher for both, patients and controls to prove 

or rule out Coronary Heart Disease and included: participantsô family history of CHD, 

medical history of conditions predisposing to CHD, drug history, and physical 

examination. Patientôs medical file was used for some information, such as: 

anthropometric measures (if registered), attached ECG, treatment plan. 
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3.9.4 Interview Questionnaire 

The following were the main components of the questionnaire (Annex 4&5): 

Introductory part  which includes: serial number, research category, and date of 

completion of the questionnaire.                                                  

Personal demographic and socioeconomic data included gender, age, marital status, 

educational level, occupation and income status. 

Clinical assessment consisted of participantsô family history of CHD and/or 

hyperlipidemia, and medical history of conditions predisposing to CHD. 

Dietary behaviors influencing the risk of CHD, such as: main dietary 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 (semi-quantitative, 24-hour recall) was attached to 

the interview questionnaire. 

3.10 Content 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, health professionals 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 feedback 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. 
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3. 11 Data analysis 

 

Data was entered and analyzed using Statistical Package for Social Sciences (SPSS) 

version 20. Data analysis was as follow: Data entry: defining and coding of variables; 

Data cleaning; Data analysis: frequency tables were made for the study variables; 

Student's t test for the difference between the means of numerical variables of the two 

groups was conducted; Chi-square test was used for categorical variables of the two study 

groups. A P-value <0.05 was considered statistically significant; Odds Ratio (OR) for 

vitamin D was done. 

 

3.12 Obstacles of the study  
 

The references that addressed the relationship between vitamin D and CHD were difficult 

to find, this relationship is still rarely explored. 

 Determination of vitamin D levels is not possible in any laboratory in Gaza, so it was 

difficult to find appropriate laboratory.  

Analysis of serum vitamin D level is expensive and has been self-financed. 
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Chapter 4 

Results 

This chapter shows the results of analyzes of the study variables for the 100 participants 

[50 patients with coronary heart disease (CHD) and 50 healthy participants] in a 

comparative way between cases and controls. 

Presentation of the results was done according to the study objectives.  The researcher 

began with the presentation of the risk factors for CHD: socioeconomic factors, 

participantsô medical and family history, and participantsô lifestyle, as one of the 

objectives of the study. 

 

4.1 Socioeconomic and demographic characteristics of study participants (Table 4.1) 

Related to gender, among CHD cases 74% and 26% were men and women respectively, 

and the same percentage of men and women were among controls; the result didnôt reach 

statistical significance. 

 

Age: among CHD patients 84% and 16% were middle age and old age respectively; the 

controls were 86% and 14 % middle age and old age respectively; the result was not 

statistically significant. 

 

 Menopausal state: post- menopausal women with CHD and their controls were the same 

percentage (92.3%); pre-menopausal cases and controls were 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 

difference didnôt reach statistical significance. 

 

Educational 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 difference. 

 

Occupation: 74% of CHD cases were not working compared to 32% of controls not 

working, and the difference was statistically significant (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 controls; this was not a statistically significant difference. 

 

Satisfaction with financial income: 68% of CHD cases were financially unsatisfied, while 

28% of healthy participants were financially unsatisfied; the difference reached statistical 

significance (P value=0.001). 
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Table 4.1: Socioeconomic and Demographic characteristics of study participants  

Variables 
CHD Patient HealthyControl  Total 

P value*  
No (%) No (%) No (%) 

Gender   
Male 37 (74) 37 (74) 74 (74) 

1.0 Female 13 (26) 13 (26) 26 (26) 
Total  50 (100 50 (100) 100 (100) 
  Categorized Age 

45 ï 64 years 42 (84) 43 (86) 85(85) 

0.77 Ó 65 years 8 (16) 7 (14) 15 (15) 

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

Menopausal State 

Pre-menopausal 1 (7.7) 1 (7.7) 2 (7.7) 

1.0 Post-menopausal  12 (92.3) 12 (92.3) 24 (92.3) 

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

Marital Status 

Single  1 (2) 2 (4) 3 (3) 

0.33 
Married  45 (90) 47 (94) 92 (92) 

Widow 4 (8) 1 (2) 5 (5) 

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

Educational Level  

Illiterate  3 (6) 0 (0) 3 (3) 

0.001 

Basic  23 (46) 10 (20) 33 (33) 

Secondary  16 (32) 9 (18) 25 (25) 

University & Higher 8 (16) 31 (62) 39 (39) 

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

Occupation  

Employed  4 (8) 30 (60) 34 (34) 

0.001 

Labor  4 (8) 2 (4) 6 (6) 

Dealer  5 (10) 2 (4) 7 (7) 

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) 

0.31 House  28 (56) 23 (46) 51 (51) 

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

Satisfaction with Financial Income 

Satisfied  16 (32) 36 (72) 52 (52) 

0.001 Unsatisfied  34 (68) 14 (28) 48 (48) 

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

* Statistically significant at P- value < 0.05; Chi-square test was used. 
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Figure 4.1: Educational level of the study participants 
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Figure 4.2: Occupation and study participants  
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Figure 4.3: Satisfaction with financial income and study participants 

Table (4.2) shows that among study participants of Ó55 years, 67.6% and 59.5 % were men 

with CHD and healthy participants respectively, and women were 69.2% and 53.85% with 

CHD and healthy participants respectively. The differences were statistically insignificant. 

 

Table 4.2: Comparison of age between the two study groups 

Variables 
CHD Patient Healthy Control  Total 

P value*  
No (%) No (%) No (%) 

Male Categorized Age  

< 55 years 12 (32.4) 15 (40.5) 27 (36.5) 

0.46 Ó 55 years 25 (67.6) 22 (59.5) 47 (63.5) 

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

Female Categorized Age 

< 55 years 4 (30.8) 6 (46.2)  10(38.5) 

0.42 Ó 55 years 9(69.2) 7 (53.8)  16(61.5) 

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

*  Chi-square test was used. 

 

 

0

10

20

30

40

50

60

70

80

Satisfied Unsatisfied

CHD Patient

HealthyControl

P value= 0.001 



54 
 

Table (4.3) shows that average age of CHD cases was 58.66±7.20 years and that of controls 

was 57.68±7.20 years; the difference didnôt reach statistical significance. 

 

Table 4.3: Comparing the difference of means of age between the two study groups 

Age 
Research Category No. Mean SD t P value 
CHD Patient 50 58.66 7.20 0.68 

0.49 
Healthy Control 50 57.68 7.20 0.68 

 

 

4.2 Participantsô medical and family history  

4.2.1 Participantsô medical history (Table 4.4) 

Hypertension: the study reveals that 54% of CHD patients were hypertensive while none of 

the control was hypertensive; the result was statistically significant (P value= 0.001). 

 

Obesity: 44% of cases were obese and 12% of controls had this status; the difference was 

statistically significant (P value= 0.001). 

 

Hyperlipidemia: of CHD cases, 72% had associated hyperlipidemia, while none of the 

controls had hyperlipidemia; the result was statistically significant (P value= 0.001). 

 

Depression: 60% of CHD cases suffered from depression compared to 10% of controls; the 

difference reached statistical significance (P value= 0.001).  

 

4.2.2 Participantsô family history (Table 4.4) 

The study shows that 48% of CHD patients had a positive family history of CHD while 

10% of healthy participants had this feature; the difference was statistically significant (P 

value= 0.001). 

 

Family history of hyperlipidemia was present among 36% of CHD patients compared to 

6% of controls, a result that was statistically significant (P value= 0.001). 
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Table 4.4: Participants ómedical and family history  

Variables 
CHD Patient Healthy Control  Total 

P value*  
No (%) No (%) No (%) 

1.Medical History 

   Hypertension    

0.001 
Yes  27 (54) 0 (0) 27 (27) 

No   23 (46) 50 (100) 73 (73) 

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

   Obesity     

Yes  22 (44) 6 (12) 28 (100) 

0.001 No   28 (56) 44 (88) 72 (100) 

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

   Hyperlipidemia      

Yes  36 (72) 0 (0) 36 (36) 

0.001 No   14 (28) 50 (100) 64 (64) 

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

  Depression     

Yes  30 (60) 5 (10) 35 (35) 

0.001 No   20 (40) 45 (90) 65 (65) 

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

2.Family History 

  CHD     

Yes  24 (48) 5 (10) 29 (29) 

0.001 No   26 (52) 45 (90) 71 (71) 

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

 Hyperlipidemia  

Yes 18 (36) 3 (6) 21 (21) 

0.001 No  32 (64) 47 (94) 79 (79) 

 50 (100) 50 (100) 100 (100) 
*Chi-square test was used. 

4.3 Comparison of lifestyle factors between the two study groups (Table 4.5) 

Regarding participants lifestyle, study addressed smoking status, exposure to stress, hours 

of sleep and physical activity level. 

 

Smoking status: 46% of cases were active smokers compared to 14% of controls; 10% of 

CHD cases were compulsive smokers in comparison with 8% of controls. Differences 

reached statistical significance (P value =0.001). 

 

Exposure to stress: of the types of stress, 32% of CHD patients lost a close relative 

compared to 26% of controls; 22% of cases had a chronic diseased relative home care and 
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6% of controls; 36% of CHD cases were not exposed to stress compared to 62% of healthy 

participants unexposed to stress. The differences were statistically significant (P 

value=0.03). 

Among CHD patients 28% and 8% slept less than 6 hours/day and more than 8 hours/day 

respectively compared to 22% and 4% of controls who slept less than 6 hours/day and more 

than 8 hours/day, respectively; the differences were statistically non-significant. 

Regarding physical activity level, 62% and 28% of CHD cases were sedentary and low 

level active respectively, compared to 54% and 22% of controls who were sedentary and 

low level active respectively; the difference didnôt reach statistical significance. 

Table 4.5: Comparing the lifestyle factors between the two study groups 

Variables 
CHD Patient Healthy Control  Total 

P value*  
No (%) No (%) No (%) 

Smoking Status 

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

0.001 

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

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

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) 

0.03 

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

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

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) 

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

>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) 

0.20 

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

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

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

Total  50 (100) 50 (100) 100 (100) 
*Chi-square test was used. 

**As indicated by Boudi (2012). 

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

Activity Guidelines for Americans. 
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4.4 Serum Vitamin D levels of the study participants 

Average level of 25(OH) Vitamin D in study participants was 25.67±9.16 ng/ml, minimum 

8.9 and maximum  44.8 ng/ml. 

Average serum vitamin D level in CHD patients was 22.52±9.07 ng/ml and 28.82±8.18 

ng/ml in healthy participants, which represented a statistically significant difference (P = 

0.001) (Table 4.6). 

Table 4.6: The difference of mean of 25(OH) D serum levels between the two study 

groups 

S. 

25(OH)D 

ng/ml 

Research Category No. Mean SD t P value  

CHD Patient 50 22.52 9.07 -3.64 
0.001 

Healthy Control 50 28.82 8.18 -3.64 
 

As shown in 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 (1.65-8.65), which means an inverse association between CHD participants and 

vitamin D deficiency.  

Table 4.7: Comparison of serum levels of 25 (OH) vitamin D between the two study 

groups*  

 CHD Patients Healthy Control Total  

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

Deficient Level 

< 26 ng/ml 
32 (64) 16 (32) 48 (48) 

Optimum Level 

Ó 26-80 ng/ml 
18 (36) 34 (68) 52 (52) 

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

                         *Chi-square test was used.  Odds Ratio 3.78, 95% CI (1.65-8.65) 

                         * *According to Mayo Clinic (2013). 

Comparison of the exposure to sun between the two study groups (Table 4.8) 

The study shows that 80 % of CHD patients and 84% of healthy participants had sufficient 

sun exposure; the difference was not statistically significant.  

 

Serum25(OH)    

Vitamin D**  
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Table 4.8: Comparison of sun exposure between the two study groups 

Variables 
CHD Patient Healthy Control  Total 

P value*  
No (%) No (%) No (%) 

Sufficient sun exposure**  

Yes  40 (80) 42 (84)  82 (82) 

0.60 No   10 (20) 8 (16) 18 (18) 

Total  50 (100) 50 (100) 100 (100) 
*Chi-square test was used. 

**  Approximately 5ï30 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 D synthesis in 

human skin (NIH, 2011). 

 

4.5 Serum lipid p rofile of study participants 

4.5.1 Serum lipid profile averages of study participants  

Serum Cholesterol Level 

The average serum cholesterol level among study participants was 206.62±42.55 mg/dl, 

minimum 102 and maximum serum cholesterol level was 328 mg/dl . 

CHD patients had average serum cholesterol of 211.22± 52.60 mg/dl while that of controls 

was 201.54± 28.97 mg/dl; the difference didnôt reach statistical significance (Table 4.9). 

Serum LDL Level 

The average serum LDL level was 120.38±41.51 mg/dl, minimum 19 and maximum serum 

LDL level was 227 mg/dl. 

Table (4.9) shows that the average of serum LDL level in CHD patients was 125.22 ±50.71 

mg/dl while the average of controls was 115.54l±29.35 mg/dl, a statistically non-significant 

difference. 

Serum HDL Level 

The average serum HDL level was 53.46±16.78 mg/dl, minimum 25 and maximum serum 

HDL serum level was 91 mg/dl. 
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The average of HDL in serum was 47.02±14.88 mg/dl in CHD patients compared to 

59.90±16.22 mg/dl in controls, which meant a statistically significant difference (P value = 

0.001) (Table 4.9). 

Serum Triglycerides (TG) level 

The average serum TG level was 165.72±95.98 mg/dl, minimum 53 and maximum TG level 

was 588 mg/dl. 

As table (4.9) shows, the average of serum TG was 195.20±118.92 mg/dl in CHD cases and 

136.24±51.94 mg/dl in controls; the difference was statistically significant (P value = 

0.002). 

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

Variable  Research Category No. Mean SD t P value  

S. Total 

Cholesterol 

(mg/dl) 

CHD Patient 50 211.22 52.60 1.19 

0.23 
Healthy Control 50 201.54 28.97 1.19 

Low Density 

Lipoprotein 

(mg/dl) 

CHD Patient 50 125.22 50.71 1.16 

0.24 
Healthy Control 50 115.54 29.35 1.16 

High Density 

Lipoprotein 

(mg/dl) 

CHD Patient 50 47.02 14.88 -4.13 

0.001 
Healthy Control 50 59.90 16.22 -4.13 

S. Triglycerides 

(mg/dl) 

CHD Patient 50 195.20 118.92 3.21 
0.002 

Healthy Control 50 136.24 51.94 3.21 

 

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

The study reveals that 36% of CHD patients had high serum total cholesterol (Ó 240 mg / 

dl) compared to 12% of controls; the difference was statistically significant (P value = 0.01). 

Serum LDL level was high and very high (Ó 160 mg / dl) among 28% of CHD cases and 6% 

of controls. The difference reached statistical significance (P value=0.01). 

Related to serum HDL in men, 48.6 % of cases had low levels (<40 mg/dl) while 21.6% of 

controls had these levels; the difference was statistically significant (P value = 0.01). 
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In women, 46.2 % of CHD cases had low levels of HDL (<50 mg / dl) compared to 15.4% 

of controls; the difference was statistically non-significant. 

 Serum TG reached high and very high levels (Ó200 mg / dl) in 38% of cases compared to 

12% of controls; the difference was statistically significant (P value = 0.009). 

Table 4.10: Comparison of serum lipids values between the two study groups 

Variables 

CHD Patient Healthy Control  Total 

Pvalue*  No (%) No (%) No (%) 

S. Total Cholesterol (mg/dl)**  

Desirable (<200) 20 (40) 25 (50) 45 (45) 

0.01 
Borderline high (200-239) 12 (24) 19 (38) 31 (31) 

High (Ó240)  18 (36) 6 (12) 24 (24) 

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

S. Low Density Lipoprotein (mg/dl)**  

Optimal & near Optimal (Ò129) 28 (56) 34 (68) 62 (62) 

0.01 
Borderline High (130-159) 8 (16) 13 (26) 21 (21) 

High & very High (Ó 160) 14 (28) 3 (6) 17 (17) 

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

S. High Density Lipoprotein (mg/dl) in Men**  

Low level (<40) 18 (48.6) 8 (21.6) 26 (35.1) 

0.01 
Average level (40-59) 13 (35.1) 13 (35.1) 26 (35.1) 

High level (Ó60) 6 (16.2) 16 (43.2) 22 (29.7) 

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

S. High Density Lipoprotein (mg/dl) in Women**  

Low level (<50) 6 (46.2) 2 (15.4) 8 (30.8) 

0.06 
Average level (50-59) 3 (23.1) 1 (7.7) 4 (15.4) 

High level (Ó60) 4 (30.8) 10 (76.9) 14 (53.8) 

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

S. Triglycerides (mg/dl)**  

Desirable (< 150) 21 (42) 33 (66) 54 (54) 

0.009 
Borderline High (150-199) 10 (20) 11 (22) 21 (21) 

High & very High( Ó 200) 19 (38) 6 (12) 25 (25) 

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

*Chi-square test was used. 

**According to American Association for Clinical Chemistry (AACC) (2013). 
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4.6   Nutritional status of study participants 

4.6.1 Average anthropometric measures of study participants 

The average weight of study participants was 86.16±14.52 kg, minimum 45 and 

maximum 120 kg. 

 

As table (4.11) shows the average weight of cases was 87.60±14.09 kg while that of    

controls was 84.72±14.93 kg; the difference was not statistically significant. 

 

The average height was 168.58 ±10.08 cm, minimum 145 and maximum 195 cm. 

 

CHD patients had an average height of 168.88±10.97 cm while the controls average 

height was 170.28±9.18 cm; the result was not statistically significant (Table 4.11). 

 

The average body mass index (BMI) was 30.05±5.20, minimum 20.82 and maximum was 

44.85. 

 

Among cases, the average BMI was 30.85±5.36 and controls had an average BMI of 

29.25±4.96, but without statistical significance (Table 4.11). 

 

The average waist circumference among CHD patients was 108.50±13.72 cm, and that of 

the controls was 102.04±10.97 cm, a statistically non-significant difference (Table 4.11). 

Table 4.11: The difference between the mean of anthropometric measures of the two 

study groups  

Variable  Research Category No. Mean SD t P value  

Weight 

(Kg) 

CHD Patient 50 87.60 14.09 0.99 
0.32 

Healthy Control 50 84.72 14.93 0.99 

Height 

(cm) 

CHD Patient 50 168.88 10.97 -0.69 
0.49 

Healthy Control 50 170.28 9.18 -0.69 

BMI  

kg/m
2
 

CHD Patient 50 30.85 5.36 1.54 
0.12 

Healthy Control 50 29.25 4.96 1.54 

Waist 

Circumference 

(cm) 

CHD Patient 50 108.50 13.72 2.6 

0.1 
Healthy Control 50 102.04 10.97 2.6 
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4.6.2 Body Mass Index (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 in controls, a statistically non-significant result. 

Abdominal obesity (using waist circumference) among men was present in 75.7% of 

cases and 37.8% of controls. The differences reached statistical significance (P 

value=0.001). 

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

cases and controls, and the association was statistically non-significant. 

Table 4.12: Comparison of BMI and Waist Circumference between the two study 

groups 

Variables 

CHD Patient Healthy Control  Total 
P 

value*  
No (%) No (%) No (%) 

BMI kg/m
2**

 

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

0.32 
Overweight (25-29.9) 16 (32) 17 (34) 33(33) 

Obese ( Ó30) 28 (56) 22 (44) 50 (50) 

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

Male Waist Circumference (cm)**  

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

0.001 Abdominal Obesity(Ó102) 28 (75.7) 14 (37.8) 42 (56.8) 

Total  37 (100) 37 (100) 74 (100) 
Female Waist Circumference (cm)**   

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

0.10 Abdominal Obesity (Ó88) 12 (92.3) 12 (92.3) 24 (92.3) 

Total  13 (100) 13 (100) 26 (100) 
*Chi-square test was used. 

**According to WHO (2013c) 
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4.7 Study participantôs dietary habits  

4.7.1 Dietary behaviors of study participants (Table 4.13) 

Dairy products intake: 48% of the CHD patients consumed whole milk compared to 36% 

of controls; the differences didnôt reach statistical significance. 

Related to chicken intake, 14% of CHD cases ate skinned chicken and 6% of controls, a 

statistically non-significant difference. 

Fish intake: the same percentage (92%) of cases and controls consumed fish, a 

statistically non-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 respectively; the difference was 

statistically significant(P value=0.002). 

Trimmed meat intake: 26 % of cases ate un-trimmed meat compared to 10% of controls 

and the difference was statistically significant (P value=0.03). 

 

Cooking process: 88% of cases used boiling for cooking and 94% of controls; the 

difference was not statistically significant. 

 

Type of oil used for cooking process: 48% and 42% of cases used corn oil and sunflower 

oil respectively, compared to 34% and 52% of controls; 10% of CHD patients used olive 

oil for cooking and 14% of controls; the result didnôt reach statistical significance. 

 

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

bread; the difference was not statistically significant. 

 

Appetizer intake: 66% of cases consumed appetizer and 46% of controls; the difference 

was statistically significant (P value=0.04). 
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Table 4.13: Comparison of dietary behaviors between the two study groups  

Variables 
CHD Patient Healthy Control  Total 

P value*  
No (%) No (%) No (%) 

Dairy Products Intake 

Whole Milk  24 (48) 18       (36) 42 (42) 

0.26 
Skimmed Milk   17 (34) 25      (50) 42 (42) 

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) 

0.23 
Un-skinned  42 (84) 47    (94) 89 (89) 

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) 

1.0 No Intake 4 (8) 4      (8) 8 (8) 

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

Type of Meat Intake 

Beef  35 (70) 47    (94) 82 (82) 

0.002 Lamb  15 (30) 3     (6) 18 (18) 

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

Trimmed Meat Intake 

Trimmed meat  37 (74) 45   (90) 82(82) 

0.03 Un-trimmed Meat 13 (26) 5    (10) 18 (18) 

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

Cooking Process 

Frying 2 (4) 2    (4) 4 (4) 

0.38 
Boiling  44 (88) 47  (94) 91 (91) 

Grilling  4 (8) 1    (2) 5 (5) 

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

Type of Oil Use in Cooking Process  

Olive Oil 5 (10) 7   (14) 12 (12) 

0.35 
Corn Oil 24 (48) 17 (34) 41 (41) 

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) 

0.40 Whole Bread 6 (12) 9  (18) 15 (15) 

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

Appetizer Intake 

Intake  33 (66) 23 (46) 56 (56) 

0.04 No Intake 17 (34) 27 (54) 44 (44) 

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

*Chi-square test was used. 



65 
 

4.7.2 Average number of servings of food per day among study participants  

Dairy Products: the average daily intake of dairy products was 1.73±1.09 servings, 

minimum 0 and maximum servings number was 5.  

 

Average daily intake of dairy products was 1.31±0.82 servings 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: the average daily intake was 2.37±1.67 servings, minimum 5 and 

maximum serving number was 14.5.  

 

As table 4.14 shows the average daily intake of protein rich food was 2.31±2.21 servings 

among cases and 2.44±0.87 servings in controls; the difference was statistically non-

significant. 

 

Vegetables: the average daily intake was 7.14±3.14 servings, minimum 1 and maximum 

servings number was 19.5. 

 

CHD patients consumed an average of 6.05±2.74 servings of vegetables, and controls 

8.23±3.13 servings. The difference was statistically significant (P value=0.001) (Table 

4.14). 

 

Fruits: the average daily intake was 5.12±2.94 servings, minimum 5 and maximum 

servings number was 13.5. 

 

Table (4.14) shows that CHD cases had an average daily intake of fruits of 4.28±3.04 

servings while that of the controls was 5.96±2.61 servings, which was statistically 

significant (P value=0.004). 

 

Grains: the average daily intake of grains was 11.96±4.17 servings, minimum 3 and 

maximum servings number was 23. 
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Among cases the average daily intake of grains was 12.63±4.72 servings and in controls 

was 11.29±3.45 servings, a statistically non-significant difference (Table 4.14). 

 

Fats and oils average daily intake was 2.88±1.54 servings, minimum 0 and maximum 

servings number was 9. 

 

CHD cases had an average daily intake of fats and oils of 3.05±1.83 servings, and 

controls 2.71±1.18 servings, a statistically non-significant difference (Table 4.14). 

 

Olive oil: the average daily intake was 1.24±1.07 servings, minimum 0 and maximum 

servings number was 6.  

 

CHD cases consumed a daily average of olive oil of 1.17±1.36 servings, while the 

controls 1.31±0.68 servings; the difference didnôt reach statistical significance (Table 

4.14). 

 

The average daily intake of avocado among cases was 0.20±0.37 servings and the 

controls average was 0.41±0.49 servings; the difference was statistically significant (P 

value=0.01) (Table 4.14). 

 

Sweets: the average daily intake of sweets was 2.16±1.88 servings, minimum 0 and 

maximum servings number was 13.5. 

 

CHD participantôs average daily intake of sweets was 2.54±2.41 servings, and 1.78 ±1.01 

servings in controls, which was a statistically significant difference (P value=0.04) (Table 

4.14). 

 

 

 

 

 

 

 



67 
 

 

Table 4.14: Comparing the mean of servings number of food per day between the 

two study groups 

Variable  Research Category No. Mean SD t P value  

Dairy Products 
CHD Patient 50 1.31 0.82 -4.11 

0.001 
Healthy Control 50 2.15 1.18 -4.11 

Protein Rich 

Food 

CHD Patient 50 2.31 2.21 -0.38 
0.70 

Healthy Control 50 2.44 0.87 -0.38 

Vegetables  
CHD Patient 50 6.05 2.74 -3.69 

0.001 
Healthy Control 50 8.23 3.13 -3.69 

Fruits  
CHD Patient 50 4.28 3.04 -2.96 

0.004 
Healthy Control 50 5.96 2.61 -2.96 

Grains  
CHD Patient 50 12.63 4.72 1.61 

0.10 
Healthy Control 50 11.29 3.45 1.61 

Fats & Oils 
CHD Patient 50 3.05 1.83 1.10 

0.27 
Healthy Control 50 2.71 1.18 1.10 

Olive Oil 
CHD Patient 50 1.17 1.36 -6.4 

0.51 
Healthy Control 50 1.31 0.68 -6.4 

Avocado  CHD Patient 50 0.20 0.37 -2.39 
0.01 

Healthy Control 50 0.41 0.49 -2.39 

Garlic  CHD Patient 50 0.92 0.30 0.19 
0.84 

Healthy Control 50 0.90 0.40 0.19 

Nuts & Seeds CHD Patient 50 0.88 1.02 -6.2 
0.53 

Healthy Control 50 1.03 1.23 -6.2 

Sweets  
CHD Patient 50 2.54 2.41 2.03 

0.04 
Healthy Control 50 1.78 1.01 2.03 

 

Daily intake of fats (g/day) 

Daily intake of fats (g/day) was 84.37±42.12 g, minimum 20 and maximum fats intake 

was 238 g. 

 

Table (4.15) reveals that the average daily intake of fats was 90.19±51.10 g among cases 

and 78.55±30.05 g in controls; the difference was not statistically significant. 

 

 

 

 



68 
 

 

Table 4.15: Comparison of mean of daily fats intake between the two study groups 

Variable  Research Category No. Mean SD t P value  

Fats (g/day) 
CHD Patient 50 90.19 51.10 1.38 

0.16 
Healthy Control 50 78.55 30.05 1.38 

 

 

4.7.3 Vitamin D dietary i ntake (IU/day)  

Only 3% of the study population met the daily requirement of vitamin D, which is of 

600IU/day between 1-70 years (FDA, as cited by NIH, 2011).  

 

The average daily intake of vitamin D from food was 152.01±146.99 IU, minimum 0 and 

maximum vitamin D intake was 851 IU. 

 

Table (4.16) shows that the cases group consumed a daily average of 126.79±160.35 IU 

of vitamin D from food while the healthy participantôs average was of 177.23±129.00 IU; 

the difference didnôt reach statistical significance (P value=0.08). 

 

Table 4.16: Comparing the mean of vitamin D intake (IU/day) from food between 

the two study groups 

 

Variable  Research Category No. Mean SD t P value  

Vitamin D 

(IU/day) 

CHD Patient 50 126.79 160.35 -1.73 
0.08 

Healthy Control 50 177.23 129.00 -1.73 

 

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

The researcher classified the daily intake of the main food groups in three classes: normal 

intake [the number of servings specified by the USDA (1992) Food Guide Pyramid], low 

intake (less than the lower limit of normal) and high intake (more than the upper limit of 

normal). 

 

Dairy products intake (Serving/Day): the study shows that 90% of CHD cases had a low 

intake of dairy products compared to 46% of controls; the difference was statistically 

significant (P value=0.001). 
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Vegetable intake (Serving/Day): 54% of CHD participants had a high intake of vegetable 

compared to 86% of controls; the difference was statistically significant (P value=0.001). 

 

Fruits intake (Serving /Day): 36% of cases had a high intake of fruits compared to 74% of 

controls who consumed the same; the difference was statistically significant (P 

value=0.001). 

 

Grains intake (Serving /Day): of CHD participants, 64% had a high consume of grains 

compared to 52% of controls; the difference was not statistically significant. 

 

Protein rich food intake (meat, chicken, fish, and eggs) (Serving /Day): 64% of cases had 

a low consume of protein rich food compared to 48% of controls; the result was 

statistically non-significant. 
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Table 4.17: Comparison of daily intake of the main food groups (Servings/day) 

between the two study groups 

Variables 

CHD Patient Healthy 
Control  

Total 

P value*  

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

Dairy Products Intake (Servings/Day)**  

< 2 Servings: low 45 (90) 23 (46) 68 (68) 

0.001 

2-3 Servings: 

normal 

5 (10) 21 (42) 26 (26) 

> 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) 

0.001 

3 -5 

Servings:normal 

19 (38) 3 (6) 22 (22) 

>5 Servings: high 27(54) 43 (86) 70 (70) 

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

Fruits Intake (Servings /Day)**  

< 2 Servings:low 18 (36) 3 (6) 21 (21) 

0.001 

2 ï 4 

Serving:normal 

14 (28) 10 (20) 24 (24) 

>4 Servings: high 18 (36) 37 (74) 55 (55) 

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

Grains Intake (Servings /Day)**  

< 6 Servings:low 4 (8) 3 (6) 7 (7) 

0.33 

6 -

11Serving:normal 
14 (28) 21 (42) 35 (35) 

>11 Servings: high 32 (64) 26 (52) 58 (58) 

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

Protein rich food :Lean Meat, Chicken, Fish, and Egg Intake ( Servings /Day)**  

< 2 Servings: low 32 (64) 24 (48) 56 (56) 

0.20 

2 ï 

3Serving:normal 
12 (24) 20 (40) 32 (32) 

>3 Servings: high 6 (12) 6 (12) 12 (12) 

Total  50 (100) 50 (100) 10000) 
*Chi-square test was used. 

**According to United States Department of Agriculture (USDA) (1992), Food Guide Pyramid  
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4.7.5 Average number of servings of drinks per day of the two study groups (Table 

4.18) 

Coffee: the average daily intake was 1.67±1.90 servings in CHD patients and 0.90±1.21 

servings among controls; the result was statistically significant (P value=0.01). 

 

 Herbal drinks: the average daily intake was 0.82±1.08 servings among cases while that 

of controls was 1.63±1.43 servings, a statistically significant difference (P value=0.002). 

 

Black tea: the average daily intake was 2.47±1.94 servings among CHD cases and 

1.92±1.14 servings in control group, which was statistically non-significant. 

 

Green tea: the average daily intake was 0.08±0.32 servings in cases group and 0.20±0.45 

servings among the controls, a statistically non-significant difference. 

 

Table 4.18: Comparing the mean of 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 
Healthy Control 50 0.90 1.21 2.40 

Herbal Drinks 
CHD Patient 50 0.82 1.08 -3.17 

0.002 
Healthy Control 50 1.63 1.43 -3.17 

Black Tea 
CHD Patient 50 2.47 1.94 1.72 

0.08 
Healthy Control 50 1.92 1.14 1.72 

Green Tea 
CHD Patient 50 0.08 0.32 -1.72 

0.11 
Healthy Control 50 0.20 0.45 -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 factors for  Coronary Heart Disease 

5.1.1 Demographic and socioeconomic factors 

Gender: among participants in current study, men prevailed, holding 74%. Participating 

women were 26%. Percentage of male cases was equal to that of male controls, and the 

same was for the women 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 and CVD than pre-menopausal women do. 

Age: of all participants in this study, most were middle age (45-64years). Among 

participants in the age 55 years and older, women with CHD slightly exceeded the 

percentage of men. 

Regarding age, this study is consistent with 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 their study 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 (MI) compared with   men. 

Marital status: in this study percentage of married CHD cases was slightly lower than 

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

significance. 

Regarding socioeconomic factors in this study, such as lower educational level, not 

working status and financial dissatisfaction, these factors were significantly inversely 

correlated with CHD. 
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In present study, the impact of the above mentioned socioeconomic factors (marital 

status, education, working and financial status) on CHD is consistent with other 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 factors, such as smoking, obesity, diabetes, hyperlipidemia, HTN, and 

a sedentary lifestyle, are associated inversely with SES, and account for 20% to35% in 

the relationship between SES and CHD. About educational level this study agrees with 

the study of Thurston et al. (2006) and Falkstedt and Hemminqsson (2011) prospective 

study which found that CHD and lower education are inversely related. 

5.2 The lifestyle factors and CHD  

 

5.2.1 Smoking  

This study found a statistically significant positive association between active smoking 

and CHD. This result is supported by AHA (2013a) which stated that smokers' risk of 

developing CHD is 2-4 times that of nonsmokers. WHF (2013) specified that smoking is 

estimated to cause nearly 10% of all CVD. In a cohort study of British Doctors about the 

long term risk of smoking on individuals, CHD mortality was around 60% higher in 

smokers (and 80% higher in heavy smokers) compared to non-smokers (Scarborough et 

al., 2010). 

5.2.2 Stress exposure 

The study revealed a statistically significant positive association between exposure to 

stress and CHD. In the Nursesô Health Study, caregiving for an ill or disabled spouse was 

associated with an increased risk of adverse cardiac event (Rozanski et al., 2005). Nabi et 

al. (2013) in a prospective 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 health. Amani 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 of MI. Player et al. (2007) 
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study about trait anger and psychological stress on incident CHD concluded that high 

levels of trait anger in middle-aged pre-hypertensive men were positively associated with 

incident CHD.  

5.2.3 Hours of sleep  

The present study revealed that CHD cases who have less or more hours of sleep than 

normal (<6 hours and >8hours, respectively) exceeded the controls with abnormal sleep 

duration, which was statistically non-significant. The current finding coincides with a 

systemic review and meta-analysis, suggesting that both, too little sleep (Ò5-6 h per 

night) or too much sleep (>8-9 h per night) increases risk of CAD (Boudi, 2012).  

5.2.4 Physical activity  

This study found a statistically non-significant inverse relationship between inactivity or 

low physical activity level and CHD. The results of this study about physical activity 

(PA) are in accord with many studies. AHA (2013a) and Scarborough et al. (2010) 

showed that people who are physically active are at lower risk of CHD, and regular, 

moderate-to-vigorous PA helps prevent cardiovascular disease. According to Levin and 

Arango (2005) individual studies suggest that regular exercise may reduce CHD. Jurca et 

al. (2005) showed that PA has been recognized as a central element in primordial CHD 

prevention, and observational studies support an inverse association between PA and 

CHD events. 

5.3 Participantsô family history of CHD and hyperlipidemia 

 

5.3.1 Family 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 that a family history of CVD increases the risk and most people with a 

positive family history of heart disease have one or more other risk factors. Roeters van 

Lennep et al. (2002) found that individuals 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 which specified that a positive 

family history of hyperlipidemia is a coronary risk factor. The same publication showed 

that the United States Preventive Services Task Force recommends a lipid screening at a 

younger age (age 20-35 in men and 20-45 in women) for people with CHD risk factors, 

including those with positive family history of hyperlipidemia. 

5.4 Participantsô medical history 

5.4.1 Hypertension (HTN) 

The study showed a statistically significant positive association between HTN and CHD. 

The finding agrees with AHA (2013a) and Amani and Sharifi (2012) which argued that 

high blood pressure increases the risk of heart attack. WHF (2013) specified that HTN is 

the leading cause of CVD worldwide.  

5.4.2 Obesity 

This study found a statistically significant positive association of obesity with CHD. This 

result is in accord with many studies about obesity and CHD. AHA (2013a) specified that 

people who have excess body fat, particularly those with excess abdominal fat, are more 

likely to develop heart disease. WHO and FAO reviewed the evidence on the obesity and 

the risk of CVD, and concluded that overweight and obesity confer an elevated risk of 

CHD (Oh et al., 2005; Amani and Sharifi, 2012). Klein et al. (2007), in a consensus 

statement specified that obesity is an important risk factor for cardiometabolic diseases, 

including CHD. 
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5.4.3 Hyperlipidemia 

In this study hyperlipidemia was positive associated with CHD, in a statistically 

significant manner (P value 0.001). This result is consistent with many studies. WHF 

(2013) stated that globally, one third of IHD is attributable to high cholesterol. Khalili et 

al. (2011) study on the incidence of CVD risk factors found that the overall prevalence of 

hypercholesterolemia was high (47.46%). According 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 depression, marking 

statistical significance. 

This result matches Boudi (2012) who specified that depression has been strongly 

implicated in predicting CAD. A recent meta-analysis of outcomes associated with 

depressive symptoms indicates a relative risk that is comparable to those noted for 

traditional CAD risk factors reported from the Framingham study (Rozanski et al., 2005). 

Amani and Sharifi (2012) specified that behaviors that increase CVD risks (smoking, 

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

5.5 Vitamin D and Coronary Heart Disease    

5.5.1 Vitamin D l evels and Coronary Heart Disease 

Average level of 25(OH) Vitamin D in study participants was 25.67 ng/ml (optimum 

level Ó 26 ng/ml according to Mayo Clinic, 2013). Average serum vitamin D level in 

CHD patients was lower (22.52 ng /ml) than in healthy participants (28.82 ng/ml), which 

represented a statistically significant difference. In this study a strong inverse association 

between CHD and vitamin D deficiency was observed. 
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5.5.2 Sun exposure and Coronary Heart Disease  

Regarding sun 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 study the cases of CHD had an average daily intake of vitamin D from food lower 

than healthy participants, which was statistically non-significant (P value 0.08). 

 

According to Chung et al. (2009), it has been estimated that 80-90% of vitamin D results 

from cutaneous synthesis under UVB spectrum of sunlight and the remainder from the 

diet. NIH (2011) specified that very few foods contain vitamin D. Fatty fish (salmon, 

tuna, mackerel) and cod liver oils are among the richest sources. Small amounts of 

vitamin D are found in beef liver, cheese, egg yolks, and certain mushrooms. Other 

sources are fortified foods as milk, ready-to-eat breakfast cereals.  

 

In this study a 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 several studies. 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 equator and 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 effect 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 

factors, season in which the vitamin D status is assessed, contribute to a personôs vitamin 

D status. 
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The overall results of this study regarding inverse relationship 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 mortality was significantly increased in individuals with low 25(OH) D 

levels (Pilz et al., 2011). A community-based case-control study in New Zealand found 

that men with MI had lower levels of 25(OH) D compared to controls. Among the 

Framingham Offspring Study in individuals free of CVD, those with 25(OH) D levels 

<15 ng/ml had increased risk of incident coronary events (Michos et al., 2010). A study 

evaluating patients admitted with acute coronary syndrome found that most patients had 

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

5.6 Serum lipid profile and study participants 

 

5.6.1 Serum total cholesterol level 

The study showed that high serum total cholesterol levels (TC) (Ó240mg/dl) and high 

serum LDL-C (Ó160mg/dl) were significantly positively correlated with CHD (P value 

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 LDL-C levels are major coronary risk factors. 

 

5.6.2 Low-density Lipoprotein Cholesterol  

Serum LDL-C levels correlate highly with TC in populations and the same relation exists 

between LDL-C concentrations and CHD risk. ATP III of the NCEP specified that 

patients with CHD or CHD risk equivalents are considered high risk and the primary 

target of lipid-lowering therapy is LDL-C. Since the publication of ATP III in 2001, the 

clinical end points of the major clinical trials of statin therapy showed that from five 

major randomized clinical trials, four trials demonstrated that effective LDL-C reduction 

substantially reduced the risk of CHD (Grundy et al., 2004). Kuklina et al. (2010) in a 
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study of CHD risk factors found a higher prevalence of high LDL-C levels among 

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

 

 5.6.3 Serum High-density Lipoprotein Cholesterol level  

The study showed an inverse relationship between low serum HDL-C and CHD; this 

result was statistically significant in men. This finding is in accord with other studies.  

AHA (2013b) specified that low levels of HDL (<40 mg/dl for men and < 50 mg/dl for 

women) increase the risk of heart disease. Roeters van Lennep et al. (2002) specified that 

HDL-C levels are higher in women than in men from young adulthood onwards, but 

levels decrease after menopause. It has been suggested that low levels of HDL-C are 

more predictive of CHD in women than in men. The Framingham Heart Study in the 

1980s demonstrated that the risk of CHD was significantly lower among persons with 

higher levels of HDL-C (Natarajan et al., 2010). Glueck et al. (2005) specified that low 

levels of HDL-C contributes to the development of atherosclerosis and CHD, and is one 

of the most common lipid disorders in patients with premature CAD.  

 

5.6.4 Serum Triglycerides level 

In this study a significant positive association between high serum TG (Ó 200mg/dl) and 

CHD was observed, which is consistent with many other studies about TG and CHD. In 

the Baltimore Coronary Observational Long-Term Study there was an association 

between increased coronary events and high TG levels (Pejic, 2011). However, because 

of the close relationship of high TG with low HDL-C, TG have not uniformly been 

shown to be an independent risk factor for CHD (Glueck et al., 2005).  

 

5.7 Anthropometric measures (BMI and Waist Circumference) and CHD 

In this work, mean value of BMI among CHD participants was that for obesity, while that 

of controls was for overweight; more CHD cases were obese (BMI Ó30) than healthy 

participants, but without statistical significance. 

Using waist circumference to assess abdominal obesity, this study revealed that more 

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 confer a significantly elevated risk of 

CHD (Amani and Sharifi, 2012). Abdominal obesity (central or upper-body obesity) is 

associated with an increased risk of cardiometabolic disease, including CHD (Klein et al., 

2007).  

 

5.8 Dietary habits and study participants 

5.8.1 Total fat intake 

In this study a non-significant positive association between average daily fats intake and 

CHD was observed. 

Studies of fats intake and CHD showed conflicting findings. This study finding of 

positive association between total fat intake and CHD is consistent 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 Indians (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 disease (Amani and 

Sharifi, 2012). Meta-analysis of cohort studies of total 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 the type of dairy products intake, there was a statistical non-significant 

positive association between whole milk consumption and CHD. A low consumption (<2 

servings/day) of dairy products was statistical significant inversely correlated with CHD.   
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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 association (P value 0.03) between un-

trimmed meat consumption and CHD. 

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

inversely associated with CHD. 

Related to chicken intake, skinned chicken consumption was statistically non-significant 

positive associated with CHD. 

5.8.3.1 Saturated Fatty Acids in protein rich food and whole milk 

The studies of dietary fat and CHD have attempted to verify, ñdiet-heartò hypothesis, 

according to which diets high in saturated fatty acids (SFA) and cholesterol and low in 

polyunsaturated fatty acids (PUFA) raise serum total and LDL-C, which increases the 

risk of CHD (Xu et al., 2006; Willett, 2012). 

In this study the type of protein rich food mentioned above (un-trimmed meat, skinned 

chicken) and whole milk were main sources of SFA. The positive association in 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 raising LDL-C level and TC ( Amani and Sharifi, 2012). 

Willett (2012) in a pooled analysis of cohort studies of dietary fats and CHD concluded 

that intake of SFA was not associated with higher coronary risk when compared to 

carbohydrates but was associated with higher risk if compared to polyunsaturated fatty 

acids. 

The study showed that a lower daily intake of dairy and protein rich foods was inversely 

associated with CHD, which comes in agreement with the aforementioned hypothesis 

specified by Amani and Sharifi (2012) that it is fat quality, rather than the total amount of 

fat that is important for cardiovascular disease risk. 
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5.8.3.2 Dietary Cholesterol in protein rich food            

The study found 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 LDL-C and high intakes induce 

atherosclerosis in observational studies (USDA, 2010). Evidence shows a relationship 

between higher intake of cholesterol and risk of CVD (USDA and U.S. HHS, 2010). In 

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

(Djousse and Gaziano, 2009). 

5.8.3.3 Fish intake  

This study revealed that fish intake was equal between cases and controls, which was 

statistically non-significant. Apparent lack of protective effect of fish consumption on 

CHD in this study could be due to differences between the two study groups in the 

amount and type of fish consumed. Thus, Virtanen et al. (2005) in their study about 

Mercury, Fish Oils, and Risk of Acute Coronary Events, found that high content of 

mercury found in hair may be a risk factor for acute coronary 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 studies. Meta-analysis of 

prospective cohort studies and of randomized controlled trials found that intake of omega 

3 FA (nï3 long-chain polyunsaturated fatty acids -LCPUFA) was not associated with 

decreased risk of coronary events, for those in the highest category compared with the 

lowest category (Skeaff and Miller, 2009). However, Ramsden et al. (2009) and Willett 

(2012) specified that populations with high intakes of EPA+DHAïrich foods have low 

CHD risk. It is important to note that the hypothesis was that long chain omega-3 FA, by 

increasing the threshold for ventricular fibrillation, may be in little relation with non-fatal 

CHD and the benefit may be only for fatal coronary events (Willett, 2012). Ramsden et 

al. (2009) and Mittal (2011) specified that in secondary prevention trials, increased 

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

Concerning type of oil used in cooking process, this study showed a statistically non-

significant inverse relation between olive and sunflower oils intake and CHD. Olive oil 

is rich in monounsaturated fatty acids (MUFA) and sunflower oil is rich in n-6 PUFA: 

linoleic acid (LA). 

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

compared to controls, with statistical significance. 

Concerning nuts, the study revealed a statistically non-significant inverse association 

between average daily nuts intake and CHD. The nuts, rich in MUFA, PUFA, sterols, 

and fiber are important for cardiovascular health (The CHP Group, 2010). 

5.8.4.1 MUFA rich food (olive oil, avocados, nuts) intake and CHD 

The study found that a lower consumption, among the cases compared to controls of 

olive oil, avocados, and nuts, as important sources of MUFA, was inversely 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 oil (Ramsden et al., 2009). The oleic acid (a MUFA) is 

particularly important in nutrition, and is abundant in olive (70-80% oleic acid) (Cocchi 

and Lercker, 2013). 

This finding coincides with others about MUFA rich foods and coronary risk. Mikkila 

(2008) noted that MUFA decrease serum LDLC, increase HDL-C levels and lower the 

total-to-HDL-C ratio, thereby decreasing CHD risk. Ramsden 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 diets are associated with 

a reduction in coronary events. However, populations with low MUFA intakes and low 

CHD risk do exist, for example in Japan ( Ramsden 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 reduces LDL-C when substituted for SFA or trans FA is the basis for 

modern recommendations to increase LA intake. However, high LA intake reduces 

tissue n-3 EPA and DHA levels, possibly increasing CHD risk. PUFA are largely 

derived from vegetable oils such as safflower, sunflower and corn oils (Ramsden et al., 

2009). 

Sunflower oil consumption, one of principal source of PUFA (specifically LA) in this 

study, was inversely correlated with CHD state. Mittal (2011) specified that a high 

polyunsaturated/saturated fatty acids ratio in the diet was associated with a reduced risk 

of CHD.  

In some studies about the association LA intake and risk of CHD, the results mirrored 

those of total PUFA; LA intake had a protective effect for CHD (Skeaff and Miller, 

2009). 

5.8.5 Sweets intake  

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

marking statistical significance.  

This finding matches other studies about sweets and CHD risk. The Nursesô Health 

prospective study showed that women who consumed diets with a high glycemic load 

had an increased CHD risk (Howard and Wylie-Rosett, 2002). The relationship of 

dietary carbohydrates to CVD appears to be mediated by their contribution to total 

energy; on this relation, an increase energy intake from carbohydrates promotes 

overweight and obesity; other effects of dietary carbohydrates which increase CV risk 

are those on plasma lipids, especially TG and effects on glycemic control. High-

carbohydrate diets appear to reduce HDL-C levels and increase small dense LDL, 

adversely affecting vascular disease. This dyslipidemic pattern is associated with the 

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

About vegetables and fruits, a statistically significant inverse association between a high 

intake (>5 servings/day) of vegetables and fruits (>4 servings/day) and CHD was 

observed. 

Related to type of bread intake, present work indicated a statistically non-significant 

inverse association between whole bread intake and CHD. 

The inverse association between the consumption of whole bread, fruits and vegetables 

and CHD observed in this study is confirmed by many studies in the literature. 

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

CHD and CVD, Flight and Clifton (2006) found protective effect for either or both 

diseases. Mittal (2011) specified that soluble ýber in fruits, vegetables, and wheat acts 

by reducing LDL-C, while the insoluble type does not signiýcantly affect it.  

A higher recent dietary fiber intake was associated with a lower risk of coronary heart 

disease and all-cause mortality (Streppel et al., 2008). A Meta-Analysis 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 intake (pickles, salty cheese) 

The study revealed that appetizer intake (high salt source), was statistically significant 

positive associated with CHD state. 

Sodium intake influences the risk of CVD by the well-known effect of increasing blood 

pressure (BP) (Amani and Sharifi, 2012). BP decrease caused by reduced salt intake is 

effective in men and women, in all ethnic and age groups, in normotensive and 

hypertensive individuals and demonstrated by meta-analyses of randomized controlled 

salt reduction trials. Animal, human genetics, epidemiological and migration studies, 

population-based intervention studies and RCT have 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 that increased salt intake was associated with 

a higher risk of cardiovascular disease events. 

5.8.8 Drinks intake and CHD: coffee, herbal drinks, black tea, and green tea 

Concerning coffee (Coffea arabica), this study revealed that the average daily 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 coffee raises blood 

pressure and slightly reduces heart rate. Coffee has a cholesterol-raising effect apparent 

in relation to diterpenes present in boiled coffee, contributing to the risk of CHD 

associated with unfiltered coffee consumption. Coffee elevates plasma total 

homocysteine concentrations, therefore increasing the risk of CVD. 

This study is in accord with some studies on coffee intake and CHD. A study on the 

association between coffee intake and risk of acute myocardial infarction (MI) showed 

that an increased intake of coffee was associated with an increased risk of nonfatal MI 

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 significant association between high intake of coffee (>4 cups/day) and 

CHD reported in case-control studies, no significant association between daily coffee 

consumption and CHD emerged from prospective cohort studies (Sofi et al., 2007). 

On herbal drinks, the study found that average daily consumption of herbal drinks 

among the cases was lower than the controls, marking statistical significance. This result 

is supported by Ogbonnia (2012) who specified that herbs constituents as alkaloids, 

terpenoids, phenolic and flavonoid compounds glycosides, are responsible for their 

physiological and pharmacological activities. CV risk reduction of these constituents is 

due to their antilipidemic effect. Phenolic compounds reduce LDL-C oxidation due to 

their antioxidant effect. 
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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 attributed to the polyphenolic 

compounds, particularly theaflavins (antioxidant, vasodilatation) and catechins (which in 

black tea are much lower than that in green tea). An epidemiological study on subjects 

initially free of CVD found that black tea consumption was not associated with a 

reduced risk 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 together: people who drink 

excessive coffee and tea are usually people who smoke, obese, under stress, and 

sedentary, factors increasing the risk of CHD. 

Regarding green tea (Camellia sinensis), the study revealed an average daily green tea 

intake among cases lower than controls, which was statistically non-significant. As black 

tea, the polyphenolic compounds, mainly catechins, contained in green tea are associated 

with its cardiovascular protective effect (lowers total and LDL-C, reduce oxidative stress, 

inhibit platelet aggregation, decrease 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 decreased LDL-C levels (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 CHD may be 

influenced by many variables, as follows:  

¶ Majority of cases of CHD were men. 

¶ Lower socioeconomic status such as low educational level, not working and 

  unsatisfaction with financial income were inversely correlated with CHD. 

¶ Concerning serum Vitamin D levels, 64% of CHD patients had a low serum 

Vitamin D compared to 32% of healthy participants who were Vitamin D 

deficient, which means an inverse association between CHD and vitamin D 

deficiency. 

¶ Regarding serum lipids level, high levels of total cholesterol, LDL-C and serum 

TG were positively associated with CHD; lower levels of HDL-C in men were 

inversely correlated with CHD, with statistical significance. 

¶ Related to participantsô associated medical conditions, HTN, obesity, 

hyperlipidemia and depression were positively associated with CHD, as a 

positive family history of CHD and hyperlipidemia. 

¶ About lifestyle factors, current smoking and exposure to stress were 

significantly positively correlated with CHD. 

¶ Among nutritional status indicators, a significant positive association was 

observed between abdominal obesity in men and CHD. 

¶ Concerning dietary habits variables, consumption of lamb, un-trimmed meat, 

appetizer and sweets was positively associated with CHD. 

¶ About different food groups, a high intake of vegetables and fruits was inversely 

correlated with CHD, with statistical significance. 
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¶ 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 Disease. Therefore, the 

following recommendations are suggested: 

Recommendations to policy makers and health providers 

Á To take advantage of the presence of a nutritionist in each health center to provide 

a complete nutritional counseling. 

Á Design of informative material (e.g. small booklets) with major food groups, 

including sources rich in vitamin D, and explain their role in prevention or 

alleviation of CHD. 

Á Conducting a screening of serum lipids for patients in each clinic according to 

recommendations of international organizations, for early discovery and treatment 

of hyperlipidemia. 

Á To advise patients that vitamin D deficiency could be a sign of illness and 

therefore should be treated promptly. 

Á To support and supply vitamin D analysis in PHC for its major role in CAD. 

Advices to CHD patients 

Á Visiting health centers in which are registered regularly for early detection of risk 

factors and their control. 

Á Increasing their information about CVD, through brochures and pamphlets 

prepared by clinical nutritionists and physicians.   

Á To follow health provider advices on adequate sun exposure, as the main source 

of vitamin D in humans. 
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Á CHD patients should follow clinical nutritionists advices and diet plans for 

Cardiovascular Disease risk reduction, such as: a healthy diet, maintaining a 

healthy body weight, recommended levels of blood lipids, a normal blood 

pressure and blood glucose level, regular physical activity, and avoid smoking.  
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