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ABSTRACT
Introduction: Coronary Heart Disease (CHD) is a highly prevalent disease all over the
world. It is considered as a multifactorial disease associated with hereditary, unhealthy
dietary habits, obesity, smoking and physical inactivity. Magnesium (Mg) play a role in
CHD but still unclear. C-Reactive Protein (CRP) is an inflammatory marker may rise in
CHD.
Goal of the study: To study the impact of dietary Mg intake and its level in relation to
CRP among newly diagnosed CHD at middle zone of Gaza Strip.
Materials and methods: A case-control study was consisted of 140 participants,
conducted in Al-Aqsa martyrs’ hospital at the middle zone of Gaza Strip. Food Frequency
Questionnaire was used to assess intake of dietary Mg. Anthropometric measurements were
done included weight, height, waist circumference, body mass index, and waist to height
ratio. Magnesium and calcium were detected by colorimetric methods in the serum of cases
and controls. CRP latex slide test is used for measurement of CRP. SPSS software was used
to analyze the obtained data.
Results: Dietary magnesium intake and serum Mg was inversely associated with
development of CHD. There was statistically significant difference (P = 0.001) between
cases and controls in the mean of serum Mg among cases (1.80) was found to be lower than
controls (2.41). There was statistically significant differences (P = 0.005) between cases
and controls in the percent of positive CRP that was higher in cases (32.9%) than controls
(12.9%). There was inverse relationship between Mg and CRP that the mean of serum Mg
was (1.96 + 0.47) for positive CRP which was lower than the mean of serum Mg (2.15 +
0.44) for negative CRP.
Conclusion: Newly diagnosed patients with CHD have a positive CRP, low serum and
low dietary magnesium intake, and low serum magnesium was associated with elevated
CRP.
Key words: Coronary heart disease, C - reactive protein, magnesium, dietary behavior,
waist circumference, life style
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ٍِطص اٌعاؼقخ
ِمعِخِ :شض اٌمٍت اٌزبعِ ٟٛ٘شض ٚاعغ االٔزشبس ف ٟعّ١غ أٔؾبء اٌؼبٌُ٠ ،ؼزجش ِشض ِزؼذد اٌؼٛاًِ ف٠ ٛٙشرجػ
ثبٌٛساصخ  ٚاٌؼبداد اٌغزائ١خ غ١ش اٌصؾ١خ  ٚاٌغّٕخ  ٚاٌزذخ ٚ ٓ١لٍخ إٌشبغ اٌجذٍٔ٠ .ٟؼت اٌّغٕغ َٛ١دٚسا فِ ٟشض
ششا ٓ١٠اٌمٍت اٌزبع١خ  ٚال ٠ضاي غ١ش غبِعب ِٓ .اٌّّىٓ أْ ٠شرفغ ثشٚر ٓ١ع ٟاٌزفبػٍ ٟف ٟاٌذَ فِ ٟشض ششآ١٠
اٌمٍت اٌزبع١خ.
غب٠خ اٌعؼاقخ :دساعخ رأص١ش رٕبٚي اٌّغٕغ َٛ١ثبٌغزاء ِ ٚغزٛاٖ ثبٌّصً  ٚػاللزٗ ثجشٚر ٓ١ع ٟاٌزفبػٍ ٟػٕذ اٌّشظٝ
اٌز ٓ٠شخصٛا ؽذ٠ضب ثّشض ششا ٓ١٠اٌمٍت اٌزبع١خ
اٌّٛاظ  ٚاٌطؽق  :أعش٠ذ دساعخ اٌؾبالد ٚاٌشٛا٘ذ فِ ٟغزشف ٝشٙذاء األلص ٝف ٟإٌّطمخ اٌٛعط ِٓ ٝلطبع غضح ٚ
شٍّذ ِ 140شبسوب .رُ اعزخذاَ اعزج١بْ ٌزم ُ١١اٌّبغٕغ َٛ١اٌّزٕبٚي ِٓ اٌغزاءٚ .لذ أعش٠ذ اٌم١بعبد اٌجشش٠خ شٍّذ
اٌٛصْ ٚاٌطٛيِٚ ،ؾ١ػ اٌخصش ِ ٚؤشش وزٍخ اٌغغُ ٔ ٚغجخ ِؾ١ػ اٌخصش إٌ ٝاٌطٛي .رُ فؾص اٌّغٕ١غٚ َٛ١اٌىبٌغَٛ١
ثبٌطشق اٌٍ١ٔٛخ ف ٟاٌّصً ِٓ اٌؾبالد ٚاٌعٛاثػ ٚ .رُ اعشاء فؾص ثشٚر ٓ١ع ٟاٌزفبػٍ ٟف ٟاٌذَ .رُ اعزخذاَ ثشٔبِظ
اٌزؾٍ ً١االؽصبئٌ SPSS ٟزؾٍ ً١اٌج١بٔبد اٌز ٟرُ اٌؾصٛي ػٍٙ١ب.
إٌزبئحٚ :عذ اسرجبغ ػىغ ٟث ٓ١وّ١خ اٌّغٕ١غ َٛ١اٌّزٕبٚي ِٓ اٌطؼبَ ِ ٚغز ٜٛاٌّغٕغ َٛ١ثبٌّصً  ٚؽذٚس ِشض
ششا ٓ١٠اٌمٍت اٌزبع١خ  .وبْ ٕ٘بن اخزالف إؽصبئ ٟوج١ش (لّ١خ ث ٟرغب )0.001 ٞٚث ٓ١اٌؾبالد ٚاٌعٛاثػ فِ ٟزٛعػ
ِغز ٜٛاٌّغٕ١غ َٛ١ف ٟاٌذَ ث ٓ١اٌؾبالد (ِ )1.80مبسٔخ ثبٌعٛاثػ ( .)2.41وبْ ٕ٘بن فشٚق راد دالٌخ إؽصبئ١خ (لّ١خ
ث ٟرغب )0.005 ٞٚث ٓ١اٌؾبالد ٚاٌعٛاثػ ف ٟإٌغجخ اٌّئ٠ٛخ ف ٟؽبي ا٠غبث١خ فؾص ثشٚر ٓ١ع ٟاٌزفبػٍ ٟؽ١ش وبٔذ
إٌغجخ اٌّئ٠ٛخ ٌال٠غ١بث١خ أػٍ ٝف ٟاٌؾبالد ( ِٓ )٪32.9اٌعٛاثػ ( .)٪12.9وبْ ٕ٘بن ػاللخ ػىغ١خ ث ٓ١اٌّغٕغٚ َٛ١
ثشٚر ٓ١ع ٟاٌزفبػٍ ٟف ٟاٌّصً ؽ١ش أْ ِزٛعػ ِغز ٜٛاٌّغٕ١غ َٛ١ف ٟاٌّصً ( )0.47 + 1.96ف ٟؽبالد ثشٚرٓ١
ع ٟاٌزفبػٍ ٟاال٠غبثِٕ ٟخفط ِمبسٔخ ثّغز ٜٛاٌّغٕغ )0.44 + 2.15( َٛ١ثؾبالد ثشٚر ٓ١ع ٟاٌزفبػٍ ٟاٌغٍج.ٟ
اٌطالصخ :اٌّشظ ٝاٌز ٓ٠شخصٛا ؽذ٠ضب ثّشض ششا ٓ١٠اٌمٍت اٌزبعٌ ٟذ ُٙ٠فؾص ثشٚر ٓ١ع ٟاٌزفبػً ا٠غبث ٚ ٟلٍخ فٟ
رٕبٚي اٌّغٕغ َٛ١ف ٟاٌغزاء  ٚأخفبض فِ ٟغز ٜٛاٌّغٕغ َٛ١ثبٌّصً.
اٌىٍّبد اٌّفزبز١خِ :شض ششا ٓ١٠اٌمٍت اٌزبع١خ ،ثشٚر ٓ١ع ٟاٌزفبػٍ ،ٟاٌّغٕ١غ ،َٛ١اٌغٍٛن اٌغزائِ ،ٟؾ١ػ اٌخصش،
ّٔػ اٌؾ١بح.
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CHAPTER 1

INTRODUCTION
1.1. Background
Cardiovascular disease (CVD) is considered as the first leading cause of death in the
world (Bernard et al., 2010). In 2008, according to world health organization (WHO), 17
million died due to CVDs, therefore it is considered as the top-leading cause of death
among Non-Communicable Diseases (NCD) worldwide (WHO, 2012a). By 2001, CVD
had become the leading cause of death in the developing world, as it has been in the
developed world since the mid-1900s (Mathers et al., 2001)
Nationally, according to the Palestinian Health Information Center (PHIC) and Ministry
of Health (MOH) annual reports in Palestine, heart disease was the highest-leading cause of
death among the population in the Gaza Strip. In 2005, as shown in Figure 1.1 heart
diseases are responsible for 21% of the total deaths in Palestine (PHIC, 2006). Mortality
rate is increasing when compared with previous years. In 2000, mortality rate was 57.9 per
100,000 of CVD and it increased to 72.7 per 100,000 of CVD in 2010 (PHIC, 2010).

Figure 1.1: Leading causes of death among population in Palestine, 2005 [PHIC, 2006].
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The Centers for Disease Control and Prevention (CDC) set a definition of Coronary
Heart Disease (CHD), which is also called Coronary artery disease (CAD) which occurs
when a substance called plaque builds up in the arteries that supply blood to the heart
(called coronary arteries). Plaque is made up of cholesterol deposits, which can accumulate
in the arteries. When this happens, the arteries can narrow over time. This process is called
atherosclerosis (CDC, 2013).
Plaque buildup can cause angina, the most common symptom of CAD.
This condition causes chest pain or discomfort because the heart muscle doesn't get enough
blood. Over time, CAD can weaken the heart muscle. This may lead to heart failure, a
serious condition where the heart can't pump blood the way that it should. An irregular
heartbeat, or arrhythmia, can also develop (NHLBI, 2013).
For some people, the first sign of CAD is a heart attack. A heart attack occurs when
plaque totally blocks an artery carrying blood to the heart. It also can happen if a plaque
deposit breaks off and clots a coronary artery (CDC, 2013).
Magnesium (Mg) has very important role in proper functioning of the human body,
especially the cardiovascular system. Mg deficiency in the body is associated with different
risk factors for CVDs and atherogenesis such as increasing oxidative stress, cytokine
synthesis, nitrogen oxides and mediators of inflammation and adhesion molecules on
microvascular endothelial cells (Altura et al., 2007). Furthermore it is an essential mineral
present in several dietary sources including whole grains, green leafy vegetables, legumes
and nuts (Saris et al., 2000).
Consumption of processed food poor in Mg could lead to a significant reduction in
endogenous Mg in food that affects the amount of Mg intake, therefore most United States
(US) and European populations consume Mg at levels below the recommended daily
allowance (RDA) of Mg (Bo S. et al., 2006).
The National Institutes of Health (NIH) reported inadequacy Mg intake in the US
population and considered it risk factor for CVD; according to NIH the RDA of Mg for
male adults over 31 years old is 420 mg per day and 320 mg per day for adult females over
31 years old (NIH, 1995; NIH 2013).
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Use of Mg to prevent CHD still not predicative issue that most of the published
studies were carried on patients with CHD, but limited studies were included healthy adults
(Teragawa, 2000; Rasmussen, 1989). It was proven that 6.9% - 11% of hospitalized
patients with acute myocardial infarction (AMI) and 65% of patients in intensive care units
have a lack of Mg (Klein, 1994; Hayes, 1989).
A possible role of Mg in the etiology of ischemic heart disease (IHD) is still not
sufficiently clear and it is likely that several mechanisms are involved. Other study
demonstrate that increased intake of dietary Mg may lower blood triglyceride level and
increase high-density lipoprotein (HDL) (Singh, 1990).
Numerous studies pointed to an inverse relationship between Mg intake through diet and
the incidence of CVD (Al-Delaimy, 2004; Bo, 2008). Individuals with intakes below the
RDA are more likely to have elevated level of an inflammatory marker called C - reactive
protein (CRP), which may contribute to CVD risk (King, 2005). Liver synthesize CRP
which is a protein found in the blood that rise in a response to inflammation. Its
physiological role is to bind to molecule called phosphocholine that expressed on the
surface of dead or dying cells in order to activate a specific inflammatory and immune
reactions. The normal result of CRP should be negative (Thompson et al., 1999).

1.2. Research problem
Cardiovascular Disease is the first leading cause of death among the Palestinians in the
first quarter of 2012. Good nutrition and healthy life style are important for prevention of
many diseases especially cardiovascular diseases. Bad dietary habits and unhealthy life
style has great impact on health, so nutritional assessment and follow up are essential for
reduction chronic diseases such CHD and delay it’s complications. Unfortunately,
nutritional assessment of the risk factors of CHD are not adequately investigated in
Palestine, therefore, this study could answer important questions related to the Mg intake in
relation to CRP and risk of CHD.

Also the study could provide valid and credible

information about the relationship between them.
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1.3. Justification of the study
A little information is available about adequacy of Mg intake and its relation to CRP and
risk for CHD in Gaza Strip. Regarding to literature, hypomagnesaemia, high levels of CRP
and risk for CHD are still controversial issue. According to data from the Palestinian
Ministry of Health 2011 (Nutrition Department), there was no published information
available on the nutritional status of CHD patients, so this study will be the first of its kind
to assess dietary Mg of patients with coronary arteries and its relation to CRP in Gaza Strip.

1.4. Goal
To study the impact of dietary Mg intake and its level in relation to CRP among
newly diagnosed CHD at middle zone of Gaza Strip.

1.5 Objectives
1. To determine the adequacy of magnesium intake among patients with CHD.
2. To assess the relationship between serum Mg and the development of CHD.
3. To determine the relationship between C-reactive proteinehtdnarisk for CHD.
4. To measure serum C-reactive protein ,magnesium and calcium among cases and
controls.
5. To examine the association between certain personal and behavioral characteristics
and the occurrence of CHD.
6. To raise suggestions and recommendations that might decrease mortality and
morbidity resulted from CHD.

1.6. Hypotheses
1. There is a significant relationship between serum Mg levels and CRP in newly
diagnosed patients with CHD.
2. There is a significant relationship between dietary Mg intake and risk of development
of CHD.
3. There is a significant relationship between CRP and the risk of development of CHD.
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1.7. Context of the study
1.7.1 Geography and demography
The total area of Palestinian territories is 6,257 Km², which comprise West Bank and
Gaza Strip (UNEP, 2003). According to Palestinian Central Bureau of Statistics (PCBS)
and The United Nations Relief and Works Agency (UNRWA), Gaza Strip has an area of
only 365 km² with estimates for the year 2010 are that 1.604.238people. Gaza Strip is
composed of five governorates and there are 222,866 living in the middle area (PCBS,
2010; UNRWA, 2010). The Middle area governorate has one hospital called “Al-Aqsa
martyrs’ hospital” which is located in Dier Al-Balah city and affiliated with (MOH) (PHIC,
2012).

1.7.2. Health services
Three main health providers offer health services in the Gaza Strip are MOH, UNRWA and
Non-Governmental Organizations (NGOs). MOH bears the heaviest burden, as it takes over
the responsibility in Gaza strip for 59 primary health care centers and 12 hospitals (PHIC,
2012).

1.7.2.1. Al-Aqsa Martyrs’ hospital
Al-Aqsa martyrs’ hospital is the only main health institute of the middle zone of Gaza strip.
It has basic facilities for medical and surgical care services for both inpatients and
outpatients with capacity of 283 beds and a medical staff of more than 115 physicians.
Al-Aqsa martyrs’ hospital consist of different departments includes emergency department,
medical, surgical, orthopedic, urology, neonatal incubation, pediatrics, radiology,
anesthesiology, Intensive Care Unit (ICU) and Intensive Cardiac Care Unit (ICCU) with
capacity of 6 beds for adults (PHIC, 2012).

1.8. Definition of terms
Atherosclerosis: Is the buildup of fats and cholesterol in and on the artery walls (plaques),
which can restrict blood flow (NHLBI, 2011).
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Bundle Branch Block (BBB): The term bundle branch block (BBB) refers to impaired
transmission of electrical impulses through specialized conduction pathways known as
nerve bundles (Eriksson, 1998).
Body Mass Index (BMI): Is a simple index of weight-for-height that is commonly used to
classify underweight, overweight and obesity in adults. It is defined as the weight in
kilograms divided by the square of the height in meters (kg/m2). For example, an adult who
weighs 70kg and whose height is1.75 m will have a BMI of 22.9 (WHO, 2013a).
Cardiac Arrhythmias: It’s any change from the normal sequence of electrical impulses of
the heart (AHA, 2013).
C - reactive protein (CRP): Is protein found in the blood, the levels of which rise in
response to inflammation. Its physiological role is to bind to the surface of dead or dying
cells. The normal result of CRP should be negative (Thompson et al., 1999).
Diabetes mellitus (DM): Is a chronic disease that occurs when the pancreas does not
produce enough insulin, or when the body cannot effectively use the insulin it produces. It
leads to serious damage to many of the body's systems, especially the nerves and blood
vessels (WHO, 2012b).
Estimated Average Requirement (EAR): The average daily nutrient intake level
estimated to meet the requirement of half the healthy individuals in a particular life stage
and gender group (USDA, 2012).
Family History: In medicine, a family history consists of information about disorders from
which the direct blood relatives of the patient have suffered (Rich et al., 2004).
Healthy Weight: According to WHO criteria, healthy weight of adults could be defined as
body mass index between 18.5-24.9 kg/m² (WHO, 2013a).
High-Sensitivity C-reactive protein (hs-CRP): Is a test like CRP, but it is more sensitive
than CRP which measures low levels of CRP. hs-CRP can be considered as a risk marker
for coronary artery disease (Kumar et al., 2012).
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Hyperlipidemia: Refers to elevated levels of lipids and cholesterol in the blood and is also
identified as dyslipidemia, to describe the manifestations of different disorders of
lipoprotein metabolism. Although elevated low density lipoprotein cholesterol (LDL) is
thought to be the best indicator of atherosclerosis risk (Jacobson, 1998).

Ischemic heart disease (IHD): Is characterized by reduced blood supply to the heart
caused by disease of the blood vessels supplying the heart muscle (WHO, 2000).
Negative T wave: In electrocardiography, the T wave represents the repolarization (or
recovery) of the ventricles. Inverted T waves caused by myocardial ischemia (Haarmark et
al., 2011).
Obesity: According to WHO criteria, obesity could be defined as body mass index over 30
kg/m² (WHO, 2013a).
Overweight: According to WHO criteria, overweight could be defined as body mass index
from 25-29.9 kg/m² (WHO, 2013a).
Physical activity (PA): Is defined as any bodily movement produced by skeletal muscles
that require energy expenditure. PA includes exercise as well as other activities which
involve bodily movement and are done as part of playing, working, active transportation,
house chores and recreational activities (WHO, 2013b).
Physically inactive: In National Health Interview Survey (NHIS), adults are classified as if
they did not report any sessions of light to moderate or vigorous leisure-time PA of at least
10 minutes a day (NHIS, 2008).
Recommended Dietary Allowance (RDA): The average daily dietary nutrient intake level
sufficient to meet the nutrient requirement of nearly all (97 to 98 percent) healthy
individuals in a particular life stage and gender group (USDA, 2012).
Saturated Fat Food: Food that contains saturated fats raises the level of cholesterol in
blood. High levels of blood cholesterol increase risk of CAD. The majority come mainly
from animal sources, including meat and dairy products (AHA, 2012).
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ST Segment Elevation (STE): In electrocardiography, it is upward of the ST segment that
connects the QRS complex waveform and the T wave. STE may indicate myocardial
infarction (Hamm, 2011).
ST Segment Depression: It's defined as a downward shift of the ST segment. It is often a
sign of myocardial ischemia, of which coronary insufficiency is a major cause (Giora et al.,
2001).
Underweight: According to WHO criteria, underweight could be defined as body mass
index below 18.5 kg/m² (WHO, 2013a).
Waist circumference (WC): Is a simple practical measure that is commonly used for
assessing central obesity; therefore, it is a good predictor for obesity related diseases
(Foucan et al., 2002; Janiszewski et al., 2007). According to NIH protocols, WC
measurement is taken at the level of the superior border of the iliac crest and parallel to the
floor. Normal WC in men 102 cm is and in women 88 cm (Ross et al., 2008).
Waist to Height Ratio (WHtR): Is defined as the person's waist circumference, divided by
the person's height. The WHtR is a measure of the distribution of body fat. Higher values of
WHtR indicate higher risk of obesity-related cardiovascular diseases; it is correlated with
abdominal obesity (CM, 2008). In men WHtR between 0.35 to 0.42 is considered as
underweight, 0.43 to 0.53 is normal weight, 0.54 to 0.58 is overweight and 0.59 to 0.80 is
obese. In women WHtR between 0.35 – 0.45 is considered as underweight, 0.46 to 0.48 is
normal weight, 0.49 to 0.54 is overweight and 0.55 to 0.80 is obese (Hsieh al., 2003).
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CHAPTER 2

LITERATURE REVIEW

2.1. Coronary heart disease
National Heart, Lung, and Blood Institute (NHLBI) defined Coronary heart disease
(CHD) as a disease in which a waxy substance called plaque builds up inside the coronary
arteries. These arteries supply oxygen-rich blood to the heart muscle. When plaque builds
up in the arteries, the condition is called atherosclerosis. The buildup of plaque occurs over
many years (NHLBI, 2013).
Over time, plaque can harden or rupture. Hardened plaque narrows the coronary arteries
and reduces the flow of oxygen-rich blood to the heart. If the plaque ruptures, a blood clot
can form on its surface. A large blood clot can mostly or completely block blood flow
through a coronary artery. If the flow of oxygen-rich blood to the heart muscle is reduced
or blocked, angina or a Myocardial Infarction (MI) can occur. Without quick treatment, a
MI can lead to serious health problems or death (CDC, 2013).
CHD can weaken the heart muscle and lead to heart failure and arrhythmias. Heart
failure is a condition in which your heart can't pump enough blood to meet your body’s
needs. Arrhythmias are problems with the rate or rhythm of the heartbeat (CDC, 2013).

2.2. Classifications of coronary heart disease
CHD produces two broad categories of clinical syndromes - stable angina and acute
Coronary Syndrome (ACS) (Silbiger et al., 2012).
2.2.1. Stable angina
Stable angina is a clinical syndrome characterized by discomfort in the chest, jaw,
shoulder, back, or arms, typically elicited by exertion or emotional stress and relieved by
rest or nitroglycerin. Less typically, discomfort may occur in the epigastric area (Kim et al.,
2006).
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2.2.2. Acute coronary syndrome
Acute coronary syndrome (ACS) includes unstable angina (UA) and myocardial infarction
(MI). UA is characterized by a sudden worsening of angina symptoms, which become more
frequent, more prolonged and more severe and/or occur at a lower threshold or at rest. MI is
characterized by prolonged angina (>30 min) associated with myocardial necrosis (Kim et
al., 2006). In the clinical context, a myocardial infarction can be further sub classified into a
ST elevation MI (STEMI) versus a non-ST elevation MI (non-STEMI) based on ECG
changes (Kyaw & Philip, 2010).

2.3. Epidemiology of coronary heart disease
CVDs are the number one cause of death globally: more people die annually from CVDs
than from any other cause. An estimated 17.3 million people died from CVDs in 2008,
representing 30% of all global deaths. Of these deaths, an estimated 7.3 million were due
to CHD. According to the World Health Organization (WHO) Western Pacific Region
(WPRO) Low and middle-income countries are disproportionally affected: over 80% of
CVD deaths take place in low and middle-income countries and occur almost equally in
men and women (WPRO, 2011). By 2030, almost 23.6 million people will die from CVDs,
mainly from heart disease and stroke. These are projected to remain the single leading
causes of death (WHO, 2012).
In United Kingdom (UK): CVDs accounted for almost 198,000 deaths in 2006. Each
year CVD causes over 2 million deaths in the European Union (EU), representing 42% of
all deaths in the EU (AHA, 2008).
Furthermore in Canada every 7 minutes, someone dies from heart disease or stroke. In
2005, CVDs accounted for: 31% of all deaths in Canada (WHO, 2007). Moreover, the
American Heart Association (AHA) estimates for the year 2006 are that 80,000,000 people
in the United States (US) have one or more forms of CVD. On account of CAD there was
445,687 deaths in 2005 and is the single leading cause of death in America today (AHA,
2009).

11

In Egypt: Survey of 6733 subjects (about half of whom were women) found an adjusted
overall prevalence of CHD of 8.3%. The prevalence of CHD was somewhat higher in
women (8.9%) relative to men (8.0%), but was more clearly associated with an urban
versus rural location (8.8% versus 7.2%). A high prevalence of hypertension in Egypt
(26%) was an important driver of adverse cardiovascular outcomes (Ibrahim et al., 2001).
Nationally: CHD is the highest-leading cause of death among population in Gaza Strip.
Mortality rate is 72.7 per 100,000 of CVD in 2010 (PHIC, 2010).

2.4. Etiology of coronary heart disease
CHD remains a persistent public health burden in the world, the pathophysiology of
CHD was previously considered a cholesterol storage disease, but currently view is
atherosclerosis as an inflammatory disorder (Peter & Pierre, 2005).
The link between lipids and CHD has been firmly established. Evidence has emerged
that suggests that C-reactive protein (CRP) may be a mediator of atherosclerosis and its
presence may be indicative of increased risk of CHD. Emerging evidence strongly suggests
that CHD, once considered the result of vessel-occluding deposition of lipids, is a
manifestation of a chronic inflammatory response to injury or infection. Elevated plasma
cholesterol levels have long been established as risk factors for CHD and lowering
cholesterol levels, particularly low-density lipoprotein cholesterol (LDL-C), has been the
focus of the prevention of CHD and its sequel for almost 25 years (Robert et al., 2004).
Hypomagnesaemia has been hypothesized to play a role in CHD, but few prospective
epidemiologic studies have been conducted. It may contribute to the pathogenesis of
coronary atherosclerosis or acute thrombosis (Liao, 1998). Mg affects human coronary
arteries and whether promotes release of endothelium derived nitric oxide (EDNO) which
plays a role in the coronary artery dilation and increases coronary blood flow (Teragawa,
2001).
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2.5. Risks for coronary heart disease
The risk for CHD can increase even more when heredity is found with other factors
including high blood pressure, cholesterol, triglycerides and glucose, also unhealthy
behaviors such as tobacco use, diet with high fat and salt, physical inactivity, obesity and
alcohol use (CDC, 2013).
A study conducted in Japan to investigate the relation between dietary patterns and
circulating high-sensitivity C-reactive protein (hs-CRP) in Japanese men and women. It
identified 4 dietary patterns: healthy, high-fat, seafood and Westernized breakfast patterns.
The healthy dietary pattern, characterized by high intakes of vegetables, fruit, soy products
and fish, was significantly and inversely related to hs-CRP concentrations, even after
adjustment for age, body mass index (BMI), smoking, alcohol consumption and physical
activity in both men and women. The conclusion was a healthy dietary pattern may be
related to suppression of inflammation (Akiko et al., 2008).

2.6. Complications of coronary heart disease
According to National Heart, Lung and Blood Institute (NHLBI), CHD can cause a
serious complication which includes: Dying suddenly from heart problems, MI and
arrhythmias (NHLBI, 2012).

2.7. Magnesium role in health and disease
2.7.1. Magnesium role in human body
Magnesium (Mg) is the fourth most abundant cation in the body after sodium, potassium
and calcium (Ca). Mg is present in more than 300 enzymatic systems, where it is crucial for
adenosine triphosphate (ATP) metabolism including the transfer of phosphate groups, the
acylation of coenzyme A in the initiation of fatty acid oxidation and the hydrolysis of
phosphate and pyrophosphate. In addition, it functions in the activation of amino acids and
synthesis and degradation of Deoxyribonucleic acid (DNA) and has a key role in
neurotransmission and immune function. Mg acts as a Ca antagonist and interacts with
nutrients, such as potassium, vitamin B6 and boron.
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Deficiency states of Mg results in increased insulin resistance, as well as increased
smooth muscle and platelet reactivity that have been shown to correlate with a number of
chronic CVDs, including hypertension, DM and hyperlipidemia (Matsuzaki, 2003).
2.7.2. Dietary magnesium intake
Despite the physiologic role of Mg and its proven or potential benefits, among men, the
estimated average requirement (EAR) and recommended dietary allowance (RDA) are 330
mg and 400 mg for men aged 19–30 y and 350 mg and 420 mg for men aged ≥ 31. While
among women, the EAR and RDA are 255 mg and 310 mg for women aged 19–30 y and
265 mg and 320 mg for women aged ≥31 y (NIH 2013). According to surveys published by
the United States Department of Agriculture (USDA) the dietary intake of Mg is inadequate
in the U.S. population as well as in other populations Figure 2.1 that 55% of U.S.
population are below RDA and about 20% are significantly below RDA. Food sources of
Mg include green leafy vegetables, nuts, legumes and whole grains (Guerrera et al., 2009(.
However, water is not thought to be a major source of Mg intake for most people
(Innerarity, 2000).

Figure 2.1.: Estimated U.S. Intake of Magnesium [USDA, 2009].

2.7.3. Magnesium deficiency
The reference range for serum magnesium concentration does not vary significantly for
age or sex and is closely maintained within a range of 0.74 to 0.99 mmol/L (1.8 to 2.4
mg/dL, 1.5 to 2.0 mEq/L) (Gifford, 2004).
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Mg deficiency is common as approximately 10% of patients admitted to city hospitals
have hypomagnesaemia. Hypomagnesemia is defined as a serum magnesium level less than
1.8 mg/dL (< 0.74 mmol/L). Hypomagnesemia may result from inadequate magnesium
intake, increased gastrointestinal or renal losses, or redistribution from extracellular to
intracellular space. Most patients with hypomagnesemia are asymptomatic and symptoms
usually do not arise until the serum magnesium concentration falls below 1.2 mg/dL. One
of the most life-threatening effects of hypomagnesemia is ventricular arrhythmia (Assadi,
2010).

However, intracellular Mg deletion may be present despite a normal serum Mg
concentration. Acute clinical manifestations of Mg deficiency include neuromuscular
hyperexcitability, cardiac arrhythmias and biochemical abnormalities such as low serum
potassium level in the blood “hypokalemia” and low serum calcium level in the blood
“hypocalcaemia”. Chronic Mg depletion may contribute to increased blood pressure
“hypertension”, atherosclerotic vascular disease, altered glucose homeostasis and metabolic
bone disease (Abbott & Rude, 1993).
Although Mg is present in bone, there is no regulatory mechanism which exists to
mobilize Mg from bone. Decreases in extracellular Mg levels stimulate secretion of
Parathyroid hormone “PTH" in the absence of changes in calcium concentration.
Parathyroid hormone concentrations in most hypomagnesemic-hypocalcemic patients are
either low or normal, indicating that PTH secretion is inappropriately low.
Hypomagnesemia appears to have a suppressive effect on PTH secretion since PTH levels
rapidly rise following parenteral infusion of Mg. Hypocalcemia is associated with severe
hypomagnesemia (serum concentration <1.2 mg/dL or <0.5 mmol/L). Bone resistance to
PTH may also play a role in hypocalcemia associated with hypomagnesemia (Agus, 1999).

Hypocalcaemia is a common manifestation in hypomagnesaemia. Symptomatic
hypocalcaemia is usually seen in moderate to severe Mg deficiency and there is a positive
correlation between serum Mg and Ca concentrations. Even mild degrees of Mg depletion
can cause a significant decrease in serum Ca concentration (Fatemi et al., 1991).
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2.7.4. Etiologies of magnesium deficiency
Primary Mg deficiency originates from two etiological mechanisms: deficiency and
depletion. Deficiency is due to insufficient intake and depletion is due to deregulation of
factors controlling Mg status such as intestinal Mg hypoabsorption, urinary leakage,
reduced Mg bone uptake and mobilization, hyperglucocorticism, insulin-resistance and
adrenergic hyporeceptivity. Secondary Mg deficiency results from various pathologies and
treatments: non-insulin dependent DM, alcoholism, or ingestion of hypermagnesuric
diuretics (Durlach, 1988). Mg deficiency may contribute to neuromuscular, cardiovascular,
renal and other pathologies (Durlach & Bara, 2000).

2.7.5. Magnesium deficit and coronary heart disease
A study conducted by (Zhang et al., 2012) has indicated that dietary Mg intake was
associated with reduced mortality from CVD among Japanese, especially for women.
Reported findings are based on dietary Mg intake in 58,615 healthy Japanese aged 40-79
years, in the Japan Collaborative Cohort (JACC) Study. During the median 14.7-year
follow-up, it was documented 2690 deaths from CVD, comprising 1227 deaths from
strokes and 557 deaths from CHD. Another study conducted by Houston, (2011) in the
United States has proven that CVD such as CHD, ischemic stroke and cardiac arrhythmias
can be prevented or treated with Mg intake.
A conducted case-control study among Serbian population included 290 randomly
selected cases (mean age 59.98 +/- 10.03 years) with first event of an acute coronary
syndrome and 290 selected controls paired by sex, age and region (mean age 59.43 +/10.10 years) admitted to the same hospitals without any suspicion of coronary disease. A
diet was assessed by an interviewer-administered semi-quantitative food frequency
questionnaire and Mg intake was derived from the nutrient database.
Subjects with CHD had significantly lower intake of food containing high levels of Mg
like whole grain (P < 0.0001), legumes (P < 0.05) and nuts (P < 0.05). Lower dietary Mg
intake was found to be positively associated with risk of CHD (0.027). It concluded that
dietary intake of Mg was associated with reduced risk of CHD (Stevanovic et al., 2011).
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A clinical study examined the relation between dietary Mg intake and future risk of
CHD. Reported findings are based on dietary Mg intake in 7,172 men in the Honolulu
Heart Study. Intake of Mg was recorded at baseline examinations that took place from 1965
to 1968 when the men were aged 45 to 68 years.
In 30 years of follow-up, 1,431 incident cases of CHD were identified. Within 15 years
after dietary assessment, the age-adjusted incidence decreased significantly from 7.3 to 4.0
per 1,000 person-years in the lowest (50.3 to 186 mg/day) versus highest (340 to 1,183
mg/day) quintiles of Mg intake (p <0.001). When adjustments were made for age and other
nutrients (singly or combined), there was a 1.7- to 2.1-fold excess in the risk of CHD in the
lowest versus highest quintiles (p <0.001). The excess risk ranged from 1.5- to 1.8-fold
after further adjustment for other cardiovascular risk factors (P <0.05). Associations
between dietary Mg and coronary events occurring after 15 years of follow-up were
modest. It concluded that the intake of dietary Mg is associated with a reduced risk of CHD
(Abbot et al., 2003).

2.8. Biological role of c-reactive protein
CRP is a critical component of the immune system, a complex set of proteins that our
bodies make when faced with a major infection or trauma. CRP was discovered nearly 70
years ago by scientists exploring the human inflammatory response. The role CRP plays in
heart disease, however, has only recently been uncovered.
Everyone makes CRP, but in different amounts depending on a variety of factors, including
genetics as well as lifestyle habits. On average, individuals who smoke, have high blood
pressure, are overweight and fail to exercise tend to have high levels of CRP, whereas thin,
athletic individuals tend to have lower levels (Paul, 2003).

2.8.1 Magnesium and c-reactive protein
A Community-based cross-sectional study conducted in Durango, a city in northern
Mexico, through two-stage cluster sampling. It assessed the hypothesis that Mg deficiency
is associated with elevated high-sensitivity C-reactive protein (hs-CRP) levels.
Adjusted multivariate logistic regression analysis showed a strong association between low
serum Mg and high hs-CRP levels. Study concluded Mg deficiency was associated with
16

elevated hs-CRP levels (Rodríguez–Morán et al., 2008). Cross-sectional analyses included
1653 adults concluded that lower Mg and fiber intakes were linked to increased level of hsCRP (Simona et al., 2006).
2.8.2. C-Reactive protein and coronary heart disease
A cross-sectional study conducted  in Iran revealed Serum hs-CRP as an independent
predictor of angiographically defined CAD in an Iranian population. Measurement of the
serum hs-CRP level may improve risk stratification among patients suspected of having
CAD. The strong correlations between serum hs-CRP with LDL and smoking may be due
to the putative pro-inflammatory effects of these two parameters. The association with
serum triglycerides may be indirect and related to insulin resistance and adiposity 
(Kazemi-Bajestani et al., 2007) .

2.8.3. C-Reactive protein and others diseases
CRP is a sensitive marker of pneumonia. A persistently high or rising CRP level
suggests antibiotic treatment failure or the development of an infective complication (Robin
et al., 1995). Most patients with systemic lupus erythematosus (SLE) showed elevations of
serum CRP during the course of their illness and extremely high serum CRP was recorded
in some patients. CRP was also found in concentrated urine samples from patients with
renal involvement and often paralleled elevated serum levels (Ralph et al., 2005). Higher
BMI is associated with higher CRP concentrations, even among young adults aged 17 to 39
years. These findings suggest a state of low-grade systemic inflammation in overweight and
obese persons (Marjolein et al., 1999).
An increase in serum CRP levels measured by high-sensitivity assays may be associated
with airflow obstruction and airway inflammation and may serve as a surrogate marker of
airway inflammation in asthma (Takemura et al., 2006).
CRP levels were measured in 99 patients with definite or classical rheumatoid arthritis
(RA). The results confirmed that the serum CRP concentration closely reflects activity of
RA and is of value in its objective assessment (Mallya et al., 1982).
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CHAPTER 3

METHODOLOGY

3.1. Study design
A case-control study was conducted in Al-Aqsa martyrs’ hospital, Dier Al-Balah. The
type of this study design is used widely, often in epidemiology. It is a type of observational
study in which two existing groups differing in outcome are identified and compared on the
basis of some supposed causal attribute. Case-control studies are often used to identify
factors that may contribute to a medical condition by comparing subjects who have that
condition/disease 'the cases' with individuals who do not have the condition/disease but are
otherwise similar 'the controls' (Mann, 2003).

3.2. Study population
The target population was hospitalized patients at Al-Aqsa martyrs’ hospital in Intensive
Cardiac Care Unit (ICCU) with CHD and patients and their fellows without any suspicion
of CHD at other departments who are 50 + 10 years. They were recruited according to the
inclusion criteria of the study after getting their consent.

3.3. Setting of the study
The study was conducted at Al-Aqsa martyrs’ hospital in Dier Al-Balah city
located in the Middle zone of Gaza-strip.

3.4. Sampling and sample size
A Purposeful, non-random sample included 140 participants divided into two groups
according to the eligibility criteria. Participants were allocated into: group A (n = 70)
patients with newly diagnosed with CHD; group B (n = 70) patients without any suspicion
of CHD and their fellows.
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3.5. Study timeframe
The study was started at the beginning of April 2012 after seeking ethical approval, pilot
study conduction and setting up of the administrative procedures. Data collection was
started at the 12th of July 2012 and continued to 25th of November 2012.

3.6. Response rate
The entire selected subjects had positively responded, thus, the response rate was 100%.

3.7. Selection criteria
Subjects who were eligible to participate in the study were those who met the following
criteria.
3.7. 1. Inclusion criteria
I. Cases

1. Patients diagnosed with acute CHD who are 50 + 10 years.
2. Evident Electrocardiography (ECG) abnormalities including negative T wave, ST
elevation MI, non STE elevation MI and Bundle Branch Block should be found.
II. Controls

1. Patients without CHD.
2. Patients who 50 + 10 years.
3. No any history of health problem related to the heart.
4. Normal Electrocardiography (ECG).
3.7. 2. Exclusion criteria [for cases and controls]
1. Those diagnosed with:
- Congestive heart failure.
- Gastrointestinal (GI), liver or kidney diseases.
- Diabetes mellitus (DM), hyperthyroidism or hyperparathyroidism.
2. Patients post recent acute infection, recent trauma or surgical intervention.
3. Those who were taking insulin preparations, vitamin–mineral supplements, hormone
replacement therapy, or intake of any medication may cause hypermagnesaemia or
hypomagnesaemia and also pregnant or lactating women.
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3.8. Data collection tools
3.8.1.Anthropometric measurements
Height was measured by using standing measuring scale, weight was measured by using
weighing scale and waist circumference (WC) was measured by using Tape measure. Body
Mass index (BMI) and Waist to Height Ratio (WHtR) were calculated using Statistical
Package for the Social Sciences (SPSS) program version 19 (International Business
Machines [IBM], 2013).
3.8.2. Biochemical measurements


About 3 ml of blood was collected from participants to carry out blood tests.



Blood sample withdrawn and put in chemistry tube (Evacuated tube).



After the researcher obtained blood samples and sent to Al-Amal medical laboratory
in Dier Al-Balah. The laboratory technician separated the serum.



By spectrophotometer machine with a kit from (DiaSys Diagnostic Systems GmbH Germany) serum magnesium and calcium were detected by colorimetric methods in
the serum of cases and controls.



By latex agglutination machine with a kit from (Inmesco GmbH- Germany) CRP
latex slide test (Serology kit) is used for the qualitative and semi-quantitative
measurement of CRP in the serum of cases and controls.

3.8.2.1. Magnesium determination
Reagent A: Composed of the following
-

Ethanolamine pH 11.0 750 mmol/L

-

GEDTA (Glycoletherdiaminetetraacetic acid) 60 μmol/L

-

Xylidyl blue 110 μmol/L

-

Detergents

Standard: 2 mg/dL (0.82 mmol/L)
3.8.2.1.1. Principle of the method
Magnesium in alkaline solution reacts with the chromogen Xylidyl Blue to form a purple
complex. The presence in the reagent of glycoletherdiaminotetracetic acid (GEDTA) that
binds calcium ions allows the reaction to be specific. OHXylidyl Blue. Purple color
intensity at 520 nm is proportional to the concentration of magnesium in the sample.
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3.8.2.1.2. Method procedure
Table 3.1.: Summary of method procedure of Magnesium determination.
Blank

Sample or standard

10 μL
Sample or standard
10 μL
Dist. water
1000 μL
1000 μL
Reagent
Mix and read absorbance against blank after 5-60 min. at 20 – 25 °C/37 °C.
3.8.2.1.3. Calculation
Magnesium [mg/dL] =

Δ A Sample

X Conc. Std. / Cal. [mg/dL]

Δ A Std. / Cal

Normal range of Mg in serum
-Women 1.9 – 2.5 mg/dL

(0.77 – 1.03 mmol/L)

-Men 1.8 – 2.6 mg/dL

(0.73 – 1.06 mmol/L)

3.8.2.2. Calcium determination
Components and Concentrations of the Reagents
-

Reagent 1: Malonic acid buffer pH 5.0 150 mmol/L

-

Phosphonazo III 150 μmol/L

-

Reagent 2: Malonic acid 150 mmol/L

-

Chelating agent

-

Detergents, Preservatives

-

Preservatives

Standard: 10 mg/dL (2.5 mmol/L)
3.8.2.2.1. Principle of the method
Photometric endpoint determination with Phosphonazo III. At acidic pH calcium forms a
purple-blue colored complex with phosphonazo III. In a second step calcium is bound to a
chelating agent whereby the specific signal is eliminated. The resulting difference in
absorbance is directly proportional to the calcium concentration in the sample. This
guarantees a specific measurement of calcium.
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3.8.2.2.2. Method procedure
Table 3.2.: Summary of method procedure of Calcium determination.
Blank
Sample or standard
10 μL
Sample or standard
10 μL
Dist. water
1000 μL
1000 μL
Reagent 1
Mix and incubate for 5 minutes. Read absorbance A1 than add:
250 μL
250 μL
Reagent 2
Mix and read absorbance A2 within 1 minute.

3.8.2.2.3. Calculation
Calcium [mg/dL] =

Δ A Sample
Δ A Std. / Cal

X Conc. Std. / Cal. [mg/dL]

Normal range of Calcium in serum
-Women & Men 8.6 – 10.3 mg/dL (2.15 – 2.57 mmol/L)
3.8.2.3. C-Reactive Protein determination
Table 3.3.: Components and Concentrations of the Reagents
Latex
(+)Control
(Red cap)
(-)Control
(Blue cap)

Latex particles coated with goat IgG anti-human CRP.
pH 8.2
Sodium azide 0.95 g/L.
Human serum with CRP concentration > 20 mg/L
Sodium azide 0.95 g/L.
Animal serum
Sodium azide 0.95 g/L

3.8.2.3.1. Principle of the method
The CRP-latex is a slide agglutination test for the qualitative and semiquantitative detection
of C- Reactive Protein (CRP) in human serum. Latex particles coated with goat IgG antihuman CRP are agglutinated when mixed with samples containing CRP.
3.8.2.3.2. Method procedure
Mechanical rotator with adjustable speed at 80 -100 r.p.m was used.
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Semi-quantitative method
1. Allow each component to reach room temperature.
2. Gently shake the latex reagent to disperse the particles.
3. Serum should be diluted in 9 g/L saline solution, phosphate buffered saline or glycine
saline as shown in Table 3.4.
Table 3.4.: Serum dilution for C-reactive protein determination.
Dilutions
Sample serum
Saline
Volume of sample

1/2
100? l
100? l
?

6xNº. Of dilution
Mg/I.U./ml

50? l
12

1/4
100? l
100? l
?
50? l
24

1/8
100? l
100? l
?
50? l
48

1/16
100? l
100? l
50? l
96

4. Place a drop of diluted serum onto the circle of the test slide using the disposable pipettes
provided.
5. Add one drop of the latex reagent next to the drop of diluted serum.
6. Using the other end of the pipette (broad end) spread the reagent and diluted serum
sample over the entire area of the test circle.
7. Gently tilt the test slide backwards and forwards approximately once every two seconds
for two minutes. Positive and negative controls should be included at regular intervals. . At
the end of the test rinse the test slide with distilled water and dry. Normal laboratory
precautions
should
be
maintained
while
handling
patients
samples.
Reading and interpretation
1. Examine macroscopically the presence or absence of visible agglutination immediately
after removing the slide from the rotator.
2. The presence of agglutination indicates a CRP concentration equal or greater than 6
mg/L.
3.8.2.3.3. Calculation
The approximate CRP concentration in the patient sample is calculated as follow:
6 x CRP Titer = mg/L
The reference valve is (Up to 6 mg/L).
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3.8.3. Clinical Examination
Includes assessment of signs and symptoms of Mg deficiency based on:
Neurological status such as behavioral disturbances, irritability, anxiety, lethargy, seizures,
impaired memory or cognitive function. Muscular status such as weakness, muscle cramps,
impaired muscle coordination, tremors, involuntary eye movements, or vertigo.
Cardiovascular status such as irregular or rapid heartbeat.
3.8.4. Electrocardiographic Abnormalities
Electrocardiographic recording was done by nurses and checked by a cardiologist to
confirm the eligibility of participant which included normal sinus regular ECG for the
controls and acute ischemic changes for the cases such as T wave inversion, ST elevation
MI or ST depression or bundle branch block (BBB).
3.8.5. Structured Interview Questionnaire
A

questionnaire

used

to

collect

the

following

data

from

each

participant:

Personal information; including gender, age, employment status, education level,
type of building construction, dwelling, satisfaction of house living and socioeconomic
factors including marital status as well as income.
1. Family history; including hypertension, high blood cholesterol, heart diseases, obesity,
diabetes mellitus, cancer, gastrointestinal, allergies and psychological diseases.
2. Life style habits; including question about smoking, sticking to a certain diet regime
and daily physical activity.
3. Food frequency; including assessment of Mg, Ca and saturated fat rich food intake.
Food frequency intake included several types of food and beverages. Dietary intake was
assessed using a semi-quantitative food frequency questionnaire (FFQ). The FFQ was
prepared with closed ended questions. Information on dietary intake of Mg was
obtained using semi-quantitative Food Frequency Questionnaire (FFQ), which is widely
used in the United Stated and the European Union (Jain, 2000).

. Data on the

supplemental intake of Mg through multivitamin or other preparations was taken into
account.
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3.9. Ethical Consideration
1. Approval of Dean of postgraduate studies & research affairs.
2. Approval letters from Dean of college of pharmacy.
3. Approval of Ministry of Health.
4. Consent of the volunteer.

3.10. Validity of the Instruments
The instruments used were examined to ensure that the core content is highly valid and
reliable. In addition, face validity standardization of measurements used for instruments
included stadiometer, weight scale, tailor meter and paper questionnaire.

3.11. Pilot Study
A pilot study has been conducted before starting real data collection. It served as a pretest for the questionnaire and to detect the respondent rate of the study subjects. Ten cases
and ten controls were chosen for pilot study and then excluded from the study sample.
Subjects have asked questions and received answers and they gave consent for participation
in this study. When participated they have right of withdrawal at any time without penalty.
Also they agreed to abide by the rules of the study. All subjects were invited to share in the
pilot study were agreed. Changes were done as indicated by the study supervisors.

3.12. Statistical Analysis
SPSS program was used for data analysis which includes:
1. Define variables, data entry and then cleansing.
2. Data analysis using SPSS (V.19) analysis package.
3. Cross tabulations of the results and Chi square test for categorical data, odds ratio
and the confidence interval was the statistical tool used to assess the association
between (family members, income, physical inactivity, and family history. Etc.,)
4. T-test for quantitative data analysis was used to compare means of serum Mg, Ca
and CRP levels between cases and controls.
5. P value for measuring statistical difference between discrete variables.
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3.13. Limitations of the Study
1. Lack of supporting agencies for funding research study.
2. Inability to used more specific biochemical test such as hs-CRP which is expensive
and unavailable.
3. Limited educational resources like books, journals, and online access.
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CHAPTER 4

RESULTS
In this chapter the researcher views the results of the study variables in a comparative
way using the chi square, t-test and P value as statistical tools to answer the study
questions.

4.1. Study Participants Characteristics
4.1.1. Personal information of participants
The results showed distribution of participants according to their personal
characteristics.
4.1.1.1. Gender
It was noticed in Figure 4.1 that the percent of male gender (62.1%) was higher than
females (37.9%) among all the participants and among cases and controls. However, no
statistically significant difference was found between cases and controls regarding the
gender of participants (P = 0.222).

.
Figure 4.1.: Distribution of the study population according to gender.
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4.1.1.2. Age
The mean ages of study population were (51.69 ±5.7) years and (49.86 ± 6.8) years for
case and controls, respectively. The mean age of male participants was (50.36 ± 6.5) years
and for females was (51.45 ± 6.0) years. Participants’ age was divided into three categories
one of them is less than 45 years old, from 45 to 55 years and more than 55 years. The
majority of participants' age was from 45 – 55 years (48.6%) as shown in Figure 4.2.
Figure 4.2.: Distribution of the study population according to age.
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50%
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Less than 45 Years

4.1.1.3. Marital status
The marital status of participants was divided into four categories included single,
married, divorced and widowed state. Most of the participants were married (95.0%) as
shown in Figure 4.3. No statistically significant difference was found between cases and
controls regarding the marital status (P = 0.642).
Figure 4.3.: Distribution of study population according to marital status.
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Married
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4.1.2. Socioeconomic characteristics of participants
Socioeconomic characteristics of the participants are shown in figures and include: the
distribution of participants according to their education; employment status; income and the
number of family members.

4.1.2.1. Education level
The education level of participants was categorized into illiterate, basic, secondary,
"diploma or bachelor" and "master or PhD". According to the results obtained in Figure
4.4., the percent of participants who have "diploma or bachelor" degree was the highest
among participants (41.4%). On the other hand, the percent of cases having "diploma or
bachelor" degree (27.1%) was lower than controls (57.7%) and this difference was found to
be statistically significant (P = 0.001, Figure 4.4.).
Figure 4.4.: Distribution of the population according to education.
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4.1.2.2. Employment status
The employment status was divided into 3 groups included employed, unemployed and
self-employed participants. According to the results shown in Figure 4.5., most of the
participants were unemployed (42.9%). Among cases, the percent of unemployment was
(50.0%) which was higher than controls (35.7%), however, the difference was not
statistically significant (P = 0.16).
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Figure 4.5.: Distribution of the population according to employment status.
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4.1.2.3. Income
Family income data was analyzed in a way to determine income per capita per day.
Income per capita was grouped into two categories according to the poverty line endorsed
by The World Bank: those with income of less than 2 American dollars ($) per day and
those with 2 $ per day or more (The World Bank, 2005). Figure 4.6. shows that the
percentage of participants with two or more dollars per day (65.7%) was higher than other
categories (34.3%). In cases, the percent of participants with two or more dollars per day
(55.7%) was higher than those with daily income less than two dollars (44.3%).
Nevertheless, the percent of cases with less than two dollars daily (44.3%) were higher than
controls (24.3%) and this difference was statistically significant (P = 0.01).
Figure 4.6.: Distribution of population according to income.
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4.1.2.4. Family members
The number of family members was categorized into three groups: less than five, from
five to ten and more than ten members as shown in Figure 4.7. The highest group of family
members was between five to ten (68.6%). The percentages of cases living with family of
5-10 members (71.4%) and more than 10 members (10.0%) were higher than controls
(65.7% and 1.4%, respectively) and this difference was statistically significant
(P = 0.024).
Figure 4.7.: Distribution of the population according to family size.
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4.1.3. Residence condition of participants
Residence condition of participants is found in figures which includes data regarding the
distribution of participants according to their construction of building, type of dwelling and
satisfaction of house living.
4.1.3.1. Construction of building
The majority of participants were living in concrete buildings (87.1%). Although, the
percent of cases living in concrete buildings (92.9%) was higher than controls (81.4%), this
difference was not statistically significant (P =0.129, Figure 4.8).
4.1.3.2. Type of dwelling
The results shown in Figure 4.8 reveal a high percent of participants (90.7%) had owned
dwelling but there wasn’t significant difference between cases and control (P = 0.145) .
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4.1.3.3. Satisfaction of house living
Participants who expressed satisfaction of their house living were high (86.4%) and
there was no statistically significant difference between cases and controls regarding living
satisfaction (P = 0.217, Figure 4.8).
Figure 4.8.: Distribution of the population according to recidence conditions.
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4.2. Lifestyle characteristic of participants
Lifestyle characteristic of participants is found in figures. Figure 4.9 shows the
distribution of participants according smoking including number of smokers, and passive
smoking. Figure 4.10 shows distribution of participants according to general practice of
physical activity which divided in four groups: active; moderately active; moderately
inactive and inactive level.

4.2.1. Smoking characteristics
4.2.1.1. Number of smokers
As shown in Figure 4.9, the percent of smokers among cases (55.7%) was higher than
controls (31.4%) and this difference was statistically significant (P = 0.004).
4.2.1.2. Passive smoking
The percent of participants exposed to other's smoke (30.7%) was found to be lower
than non-exposed persons (69.3%). However, Figure 4.9 shows that the percent of exposure
to other's smoke among cases (42.9%) was higher than controls (31.4%) and this difference
was statistically significant (P = 0.002).
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Figure 4.9.: Distribution of the population according to smoking characteristics.
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4.2.2. General practice of physical activity
The results shown in Figure 4.10 indicate that most of the participants were moderately
active (50%) and 30% were moderately inactive. Furthermore, the percent of inactive cases
(10%) was higher than control (5.7%) and the percent of moderately inactive cases (40%)
was also higher than control (21.4%). On the other hand, the percent of active controls was
nearly two fold the cases and this difference was statistically significant (P = 0.038).

Figure 4.10.: General practice physical activity of participants
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4.3. Family history of participants
4.3.1. Hypertension
The collected data in Table 4.1 show that the majority of participants had a family
history of high blood pressure "Hypertension" (58.2%). However, family history of
hypertension among cases (72.9%) was much higher than among controls (44.3%) and this
disparity was statistically very significant (P = 0.001).
4.3.2. High blood cholesterol
The results shown in Table 4.1 demonstrate that there is a statistically significance
difference between cases and controls regarding the family history of high blood
cholesterol (P =0.003) as the number of cases with family history of high cholesterol (21)
was higher than controls (7).
4.3.3. Heart diseases
The percent of cases with family history of heart disease (48.6%) was statistically much
higher than controls (20%) (P = 0.000) as shown in Table 4.1.
4.3.4. Obesity
A statistically significant difference was found between cases and controls regarding
family history of obesity (P = 0.049) as shown in Table 4.1. The percent of obesity among
cases (41.4%) is higher than controls (25.7%).
4.3.5. Diabetes mellitus (DM)
It's noticed in Table 4.1 that the percent of cases with family history of DM (48.6%) is
higher than controls (30.0%) and this disparity was found to be statistically significant (P =
0.024).
4.3.6. Other diseases
The results of this study revealed that there is no statistically significance difference
between cases and controls regarding other diseases such as cancer, gastrointestinal disease,
allergies, asthma and psychological disorders (P > 0.05, Table 4.1).
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Table 4.1: Family history of participants
Cases

Controls

No (%)

No (%)

Positive

51 (72.9%)

31 (44.3%)

82 (58.6%)

Negative

19 (27.1%)

39 (55.7%)

58 (41.4%)

Positive

21 (30.0%)

7 (10.0%)

28 (20%)

Negative 49 (70.0%)

63 (90.0%)

112 (80%)

Positive

34 (48.6%)

14 (20.0%)

48 (34.3%)

Negative

36 (51.4%)

56 (80.0%)

92 (65.7%)

Positive

29 (41.4%)

18 (25.7%)

47 (33.6%)

Negative

41 (58.6%)

52 (74.3%)

93 (66.4%)

Positive

34 (48.6%)

21 (30.0%)

55 (39.3%)

Negative

36 (51.4%)

49 (70.0%)

85 (60.7%)

Positive

4 (5.7%)

7 (10.0%)

11 (7.9%)

Cancer

Negative

66 (94.3%)

63 (90.0%)

129 (92.1%)

Gastrointestinal

Positive

8 (11.4%)

3 (4.3%)

11 (7.9%)

Diseases

Negative

62 (88.6%)

67 (95.7%)

129 (92.1%)

Positive

9 (12.9%)

4 (5.7%)

13 (9.3%)

Negative

61 (87.1%)

66 (94.3%)

127 (90.7%)

Positive

1 (1.4%)

4 (5.7%)

5 (3.6%)

Negative

69 (98.6%)

66 (94.3%)

135 (96.4%)

Variables

Hypertension

High blood cholesterol

Heart Diseases

Obesity

Diabetes Mellitus

Allergies or Asthma

Psychological diseases

Total

P value

0.001*

0.003*

0.000*

0.049*

0.024*

0.346

0.116

0.145

0.172

*Statistically Significant (P-value <0.05).

4.4. Drugs intake
The majority of participants in this study were not taking any medications when
hospitalized (95.0%) (Figure 4.11). Furthermore, any participant who had ingested any
drug that may affect the serum Mg, Ca or CRP was excluded from the study. Only 4 cases
and 3 controls were taking drugs for short term including antibiotics (e.g., Cephalexin) and
pain killers (Paracetamol and Ibuprofen).
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Figure 4.11.: Drugs intake of participants
95.7%
94.3%

No

Control

4.3%
5.7%

Yes
0%

Case
20%

40%

60%

80%

100%

4.5. Adherence to certain diet regimen
The results of this study, as shown in Table 4.2 there is no statistically significant
difference between cases and controls regarding adherence to certain diet regimen (P >
0.05). It’s noticed that five cases followed low fat; low salt and weight loss diets whereas
only two controls followed low salt and weight loss diets.
Table 4.2: Adherence to a certain diet regimen

to a diet
diet

Types of

Adhering

Variables

Cases

Controls

No (%)

No (%)

Total

Yes

5 (7.1%)

2 (2.9%)

7 (5.0%)

No

65 (92.9%)

68 (97.1%)

133 (95.0%)

Total

70 (100%)

70 (100%)

140 (100%)

Low Fat Diet

2 (40.0%)

0 (0.0%)

2 (28.6%)

Low Salt Diet

2 (40.0%)

1 (50.0%)

3 (42.9%)

For Weight Loss

1 (20.0%)

1 (50.0%)

2 (28.6%)

Total

5 (100%)

2 (100%)

7 (100%)

P value

0.245

0.526

4.6. Magnesium-rich food intake
Independent t-test was used to compare the means of the number of servings of different
types of food rich with Mg.
4.6.1. Vegetables group
In our study, it was found as shown in Figure 4.12 that cases consumed more servings of
cabbage, while controls consumed more servings of molokhia, okra, potatoes and tomatoes.
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However, there was no statistically significant difference between cases and controls
regarding the servings of different vegetables consumed by participants (P > 0.05). Figure
4.12 shows the means of servings consumed by the participants.
Figure 4.12.: Means of number of servings of vegetables.
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4.6.2. Fruits group
The results shown in Figure 4.13 reveal that there is no significant difference between
cases and controls regarding the means of servings of dates, raisins, banana and grapes
consumed by participants (P > 0.05). On the other hand, there was a statistically significant
difference between the means of servings consumed of melons and apples. Figure 4.13
shows the means of servings consumed by the participants:
4.6.2.1. Dates: the mean of servings consumed of dates was slightly higher in cases than
control, but this difference was not statistically significant.
4.6.2.2. Raisins: the mean of servings of raisins consumed by controls was higher than
cases; however, the difference was not statistically significant.
4.6.2.3. Banana: the mean of servings of banana consumed by controls was higher than
cases (P = 0.840).
4.6.2.4. Melons: the mean of servings of melons consumed was higher in controls than
cases (P = 0.001).
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4.6.2.5. Apple: the mean of servings consumed of apple was higher in controls than cases
(P = 0.002).
4.6.2.6. Grapes: the mean of servings of grapes consumed by controls was higher than
cases and the difference of means was not statistically significant. However, the difference
was not statistically significant.
Figure 4.13.: Means of number of servings of fruits.
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4.6.3. Grains group
The data collected in Figure 4.14 show that the number of servings of whole meal bread
and cooked bulgur were higher in control than cases. However, only the bulgur intake
difference was statistically significant (P < 0.05).
On the other hand, the number of servings of white bread was higher in cases than

Number of servings

controls, however this difference was not statistically significant (P = 0.761).
Figure 4.14.: Means of number of servings of grains.
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8
6
4
2
0

Case
Control

7.843 7.671

0.586 0.643

0.016 0.028

Whole meal Bread
0.586
0.643

Bulgur, cooked
0.016
0.028
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White Bread
7.843
7.671

4.6.4. Nuts and seeds group
Regarding the intake of nuts and seeds, it was found that controls consumed more
servings of: watermelon seeds, pumpkin seeds, sesame seeds; sunflower seeds; cashew;
pistachio; peanut; chocolate; tahini in comparison to cases and these differences were found
to be statistically significant except for pistachio, peanut and tahini (P > 0.05). On the
other hand, the intake of almond was slightly higher in cases than controls but without
statistical significance (P = 0.543). Figure 4.15 shows the means of servings of each brand
consumed by the participants.
Figure 4.15.: Means of number of servings of nuts & seeds.
Control

0.039
0.037

Tahini

0.081

Black Chocolate

0.031
0.075

Sunflower Seeds

0.033
0.096

Peanut

Pistachio
Cashew
Almond
Sesame seeds
Pumpkin Seeds
Watermelon Seeds

Case

0.065
0.021
0.014
0.019
0.011
0.007
0.009
0.078
0.013
0.022
0.011
0.059
0.034

4.6.5. Legumes group
It was found that cases consumed more servings of legumes (beans and lentils) than
controls; however, this difference was not statistically significant (P > 0.05). Figure 4.16
shows the means of servings of each brand consumed by the participants.
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Figure 4.16.: Means of number of servings of legumes.
Control

Case

0.059

Lentils

0.081
0.201

Beans

0.244

4.6.6. Beverages group
Figure 4.17 shows the means of servings of the beverages consumed by the participants.
4.6.6.1. Coffee: There was no significant difference between cases and controls regarding
the consumption of coffee (P = 0.828).
4.6.6.2. Cocoa: The mean of servings of cocoa consumed by controls was higher than cases
that reached to be statistically significant (P = 0.002).
4.6.6.3. Whole milk: The mean of servings of whole milk consumed by controls was
higher than cases and this difference was statistically significant (P = 0.092).
Figure 4.17.: Means of number of servings of beverages.
Case
0.154

Whole milk

0.143

Yogurt
Cocoa

Control
0.211
0.197

0.003
0.01
0.373
0.396

Coffee

4.7. Calcium-rich food intake
4.7.1. Dairy products group
The data collected in Figure 4.18 show that the consumption of dairy products, in
general, was higher among cases than controls; however, this difference was not
statistically significant (P > 0.05). The only exception was the yogurt intake. The mean of
servings of yogurt consumed was higher in controls than cases and this difference was
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statistically significant (P = 0.012). Figure 4.18 shows the means of servings of each dairy
product consumed by the participants.
Figure 4.18.: Means of number of servings of dairy products.
Ice cream

0.016
0.027
0.18

Feta cheese

0.196
0.063
0.071

Cream cheese
0.019
0.026

Local white cheese

Control
0.061
0.064

Cheddar cheese

Case

Yogurt
Flavored Milk

0.143

0.197

0.006
0.009

Whole Milk

0.154

0.211

4.7.2. Meat and fish group
Regarding the intake of meat and fish group, it was found that controls consumed more
servings of lamb chop in comparison to cases and this difference was found to be
statistically significant (P < 0.025). On the other hand, regarding the intake of Chicken and
Tuna, there was no statistical significant difference between the two groups (P > 0.05).
Figure 4.19 shows the means of servings of each brand consumed by the participants.
Figure 4.19.: Means of number of servings of meat & fish.
Case
Tuna

0.11

Chicken
Lamb
chop

Control

0.02
0.023
0.1
0.011
0.006
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4.8. Sugar consumption
As shown in Figure 4.20, there’s statistically significant differences between cases and
controls regarding the amount of sugar intake (P = 0.013). Most of the participants (48.6%)
were consuming “more than 9 teaspoons” of sugar daily. Moreover, the percent of
participants consuming sugar “Less than 6 teaspoons daily” was found to be (21.4%),
whereas those consumed “From 6 – 9 teaspoons daily” was (30.0%).
Furthermore, it’s noticed that the cases consumed “More than 9 teaspoons daily” of sugar
(57.1%) were higher than controls (40.0%). On the other hand, the percent of controls that
consumed “Less than 6 teaspoons daily” (31.4%) were higher than cases (11.4%).
Figure 4.20.: Amount of sugar intake
40.00%

More than 9 teaspoons daily

57.10%

28.60%
31.40%

From 6 – 9 teaspoons daily

Less than 6 teaspoons daily

Control
Case

31.40%
11.40%

4.9. Intake of saturated fat
The data collected in Figure 4.21 show that the majority of participants (43.6%) were
consuming moderately saturated fat-rich food. The percent of participants who consumed
saturated fat-rich food in “low to moderate” level was (35.7%), whereas those consumed
“Moderate to High” level was (20.7%). In this study, the percent of cases who consumed
“Moderate to High” saturated fat (28.6%) were higher than controls (12.9%).
On the other hand, the percent of controls who consumed “Low to Moderate” saturated fat
were (42.9%) higher than cases (28.6%) and these differences were found to be statistically
significant (P = 0.045).
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Figure 4.21.: Amount of saturated fat intake
Control
Moderate to High

12.90%

Case
28.60%

44.30%
42.90%

Moderate

42.90%

Low to Moderate

28.60%

4.10. Anthropometric measurements of participants
Anthropometrics measurements include the measurement of height, weight, WC, BMI
and WHtR of participants.

4.10.1. Height: The results obtained show that most of the participants were more than 160
cm in length (78.6%). Moreover, the cases who classified as “160 cm and more” were taller
than controls, however, the difference was not statistically significant (P = 0.195).

4.10.2. Weight: The weight of participants was divided into three categories included: less
than 50 Kg, 50 to 80 Kg and more than 80 Kg. Most of the participants were of moderate
weight (50 to 80 Kg; 52.9%). The Number of participants who are over 80 Kg was higher
in cases (37) than controls (29). However, this difference was not significant (P > 0.05).

4.10.3. Body Mass Index: BMI of participants was divided into four categories included
underweight, normal weight, overweight, obese. The majority of participants were
overweight (49.3%) as shown in Figure 4.22. The percent of overweight and obese cases
were higher than controls, without statistical significant difference. The mean of BMI
among cases (28.3) was higher than control (27.2) (P = 0.109) as shown in Table 4.3
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Figure 4.22.: Body mass index of praticipants
Control

27.10%
28.60%

Obese

Case
44.30%

Over Weight

Normal Weight

54.30%
28.60%
17.10%

4.10.4. Waist to Height Ratio: Waist to Height Ratio (WHtR) of participants was divided
into four categories included: underweight, normal weight, overweight, obese. Results of
WHtR were divided for male and female as the standards of CDC (Gwynn et al., 2011).
The percent of obese male participants (41.4%) was higher than overweight (36.8%) as
shown in Figure 4.23. Obese male cases (53.2%) were higher than male controls (27.5%)
with statistical significance (P = 0.047).
Figure 4.23.: Waist to height ratio among male participants.
27.50%

Obese

53.20%
47.50%

Over Weight

Normal Weight

27.70%

Control
Case

25.00%
19.10%

WHtR between 0.43 to 0.53 is normal weight, 0.54 to 0.58 is overweight and 0.59 to 0.80 is
obese.
Overweight female cases (52.2%) were higher than female controls (23.3%) but, without
statistical significance as shown in Figure 4.24.

In addition percent of obese female

participants was higher in controls than cases, this difference not reach to be statistically
significant (P = 0.066).
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Figure 4.24.: Waist to height ratio among female participants.
60.00%

Obese

43.50%

Normal Weight

Control

23.30%

Over Weight

52.20%

Case

16.70%
4.30%

WHtR between 0.46 to 0.48 is normal weight, 0.49 to 0.54 is overweight and 0.55 to
0.80 is obese
In Table 4.3, the mean of WHtR of cases was higher than controls which reached to be of
statistical significance (P = 0.022).
4.10.5. Waist Circumference: In Table 4.3, the mean of WC of cases was higher than
controls which reached to be of statistical significance (P = 0.023).
Table 4.3: Independent t test comparing the means of different anthropometric
measures
Variable
Weight (kg)

Height (M)

Waist Circ. (cm)

BMI

WHtR

Subject

Number

Mean

SD

T

Case

70

80.78

12.08

1.624

Control

70

77.37

12.77

Case

70

1.688

0.084

Control

70

1.684

0.087

Case

70

95

0.105

Control

70

92

0.088

Case

70

28.305

3.705

Control

70

27.249

4.029

Case

70

0.564

0.564

Control

70

0.543

0.543

*Statistically Significant (P-value <0.05).
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0.286

2.303

1.614

2.293

P value
0.107

0.775

0.023*

0.109

0.022*

4.11. Biochemical measurements of participants
4.11.1. Serum magnesium
The participants were divided into three groups according to their serum Mg level: low
(< 1.8) mg/dL, normal (1.8 - 2.3) mg/dL and high (>2.3) mg/dL. The results obtained in
Table 4.4 revealed 48.6% of cases have low serum Mg level when compared with 4.3% of
controls. The mean of Mg level among the cases (1.80) was found to be lower than the
controls

(2.41)

and

these

differences

were

of

high

statistical

significance

(P = 0.001) as shown in Figure 4.25.

Figure 4.25: The mean of serum Mg level among participants.
Figure 4.26 showed the total participants with serum Mg level low (< 1.8) mg/dL were 37,
hypomagnesmia was categorized into three levels including mild (1.6-1.8 mg/dL)
represented 45.9%, moderate (1.3-1.5 mg/dL) represented 45.9%, and sever (< 1.2 mg/dL)
represented 8.10%.
1.6 - 1.8

45.90%

1.3 - 1.5

45.90%

< 1.2

8.10%
0%

10%

20%

30%

40%

50%

Figure 4.26: Levels of hypomagnesaemia among participants
4.11.2. Serum C-reactive protein
The data collected showed that 32.9% of cases have positive CRP results when
compared with 12.9% of controls and this difference was statistically significant (P =
0.005) as shown in Table 4.4.
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4.11.3. Serum calcium
The participants were divided into three groups according to their serum Ca level
included: low (< 8.5) mg/dL, normal (8.5-10.5) mg/dL and high (>10.5) mg/dL. The results
obtained in Table 4.4 showed that the majority of participants have “normal” Ca level
(89.3%). However, low serum Ca level was found to be higher among cases (7.1%) than
controls (1.4%) and this was statistically significant (P = 0.011). Furthermore, the mean
serum Ca level among the cases was (9.45) which is nearly equal to the controls mean
(9.40) (P = 0.664) as shown in Table 4.5.

Table 4.4: Biochemical measurements

Magnesium

Calcium

Serum

C-RP

Serum

Variables

Cases

Controls

No (%)

No (%)

P

Total

value

Low (< 1.8) mg/dL

34 (48.6%)

3 (4.3%)

37 (26.4%)

Normal (1.8 - 2.3) mg/dL

31 (44.3%)

21 (30.0%)

52 (37.1%)

High (>2.3) mg/dL

5 (7.1%)

46 (65.7%)

51 (36.4%)

Total

70 (100%)

70 (100%)

140 (100%)

Positive

23 (32.9%)

9 (12.9%)

32 (22.9%)

Negative

47 (67.1%)

61 (87.1%)

108 (77.1%)

Total

70 (100%)

70 (100%)

140 (100%)

Low (< 8.5) mg/dL

5 (7.1%)

1 (1.4%)

6 (4.3%)

Normal (8.5-10.5) mg/dL

57 (81.4%)

68 (97.1%)

125 (89.3%)

High (>10.5) mg/dL

8 (11.4%)

1 (1.4%)

9 (6.4%)

Total

70 (100%)

70 (100%)

140 (100%)

0.001*

0.005*

0.011*

*Statistically Significant (P-value <0.05).

Table 4.5: Independent t test comparing the means of serum calcium
Variable
Serum
Calcium

Subject

Number

Mean

SD

t

Case

70

9.45

0.743

0.435

Control

70

9.40

0.521

0.435

47

P value
0.664

4.11.4. Association between serum magnesium and C-reactive protein
Table 4.6 revealed that 22.9% of participants have positive CRP while, 77.1% of them
have negative CRP; the mean of serum Mg was (1.96 + 0.47) for positive CRP participants
which was lower than the mean of serum Mg (2.15 + 0.44) for negative CRP participants,
but not reached to the level of statistical significance (P = 0.03).
Table 4.6: Independent t test comparing the means of Mg and CRP

CRP

Variable
Negative
Positive

Number
108 (77.1%)
32 (22.9%)

Mean
2.15
1.96

SD
0.44
0.47

t
2.10
2.02

P value
0.03

4.12. Clinical examination of participants
The data collected in Table 4.7 clearly revealed a statistical significant association
between clinical signs and symptoms of neurological, muscular and cardiovascular systems
and the presence of low levels of serum Mg in which the P-value was found to be less than
(0.001). Most of the clinical signs and symptoms of hypomagnesaemia where found among
cases included in this study. The percent of cardiovascular symptoms of hypomagnesaemia
was found to be the highest among participants, then neurological and muscular symptoms
respectively. The percent of participants with cardiovascular symptoms among cases
(51.4%) was the higher than controls (1.4%) and this difference is statistically significant.
Table 4.7: Clinical signs and symptoms of hypomagnesaemia over neurological,
muscular and cardiovascular systems
Variables

Cases No (%) Controls No (%)
Neurological signs and Symptoms
Present
25 (35.7%)
3 (4.3%)
Absent
45 (64.3%)
67 (95.7%)
Total
70 (100%)
70 (100%)
Muscular signs and Symptoms
Present
34 (48.6%)
3 (4.3%)
Absent
36 (51.4%)
67 (95.7%)
Total
70 (100%)
70 (100%)
Cardiovascular signs and Symptoms
Present
36 (51.4%)
1 (1.4%)
Absent
34 (48.6%)
69 (98.6%)
Total
70 (100%)
70 (100%)
*Statistically Significant (P-value <0.05).
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Total

P value

28 (20%)
112 (80%)
140 (100%)

0.000*

37 (26.4%)
103 (73.6%)
140 (100%)

0.000*

37 (26.4%)
103 (73.6%)
140 (100%)

0.000*

4.13. ECG changes of participants
The results revealed high significant differences between cases and controls regarding
most ECG changes that indicate acute CHD (p < 0.001). The presence of “Negative T
wave” was the highest (23.6%) among participants, followed by “Non ST Elevation”
(13.6%) then “ST Elevation” (11.4%). Whereas the percent of “Bundle Branch Block”
(BBB) was the lowest ECG change found among the participants and no statistically
significant difference was found between cases and controls regarding the BBB sign.
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CHAPTER 5
DISCUSSION



In this chapter the researcher discusses the main findings of this study. The results of

the current study revealed the relationship between the development of coronary heart
disease (CHD) and other variables.

5.1. Study of participant’s characteristics
5.1.1. Personal information of participants
5.1.1.1. Gender
The results of this study showed a relationship between gender and newly diagnosed
CHD events, that male gender was affected twice as female. So, this agrees with PHIC
(2010) Palestinian’s MOH annual reports and also results of Jousilahti et al., (1999) that
revealed marked relationship between CHD and gender which found more common in men
than in women.
5.1.1.2. Age
The results of this study showed that highest percent (55.7%) of age among cases were
from 45 – 55 Years and this agrees with study conclusion of Idris et al., (2008) that there
is strong relationship between age and CAD. Age is a strong direct predictor of CHD risk.
In addition, results of current study agrees with Urden et al., (2002) that referred to AHA
that age of over 40 for men and over 50 for women is a non-modified risk factor for CAD.
5.1.1.3. Marital status
The results of the current study showed that newly diagnosed CHD is more
common among married participants. So, this agrees with study conducted in Iran by
Pishkar et al., (2012) that showed positive relationship between married status and
developments of CHD. 
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5.1.2.

Socioeconomic characteristic of participants

5.1.2.1. Education

The study results showed a statistically significant association between educational
level and the development of CHD. Those cases were less educated than controls in which
percent of cases (27.1%) having "diploma or bachelor" degree was lower than controls
(57.7%) and this difference was found to be statistically significant (P = 0.001). This
result agrees with the study conducted in 15 European countries by Mayer et al., (2004)
that revealed that patients with higher education had lower global coronary risk, than
those with lower educations. In addition, the result of the present study agrees with the
study conducted by Mikko et al., (2008) in Finland who indicated an inverse
relationship between educational level and the risk of CAD. And also agrees with Okhravi
(2001) that affirmed the same inverse relationship.
5.1.2.2. Employment status
The present study showed percent of unemployment among cases (50.0%) was higher
than controls (35.7%). This agrees with Dupre et al., (2012) that conducted a cohort study
that concluded Unemployment status, multiple job losses and short periods without work
are all significant risk factors for acute cardiovascular events.
5.1.2.3. Income
The present study showed inverse relationship between income and development of
CHD that percent of cases with less than two dollars daily (44.3%) were higher than
controls (24.3%) and this difference was statistically significant (P = 0.01). Two dollars
daily is the poverty line that endorsed by The World Bank, that participants with income of
less than 2 American dollars ($) per day are considered as below the line of poverty (The
World Bank, 2005). This study results agrees with the study conducted by Reddy et al
(2007) that indicated that the lowest socioeconomic group is reported to have increased
prevalence of subclinical CHD compared with those in the highest socioeconomic group.
5.1.2.4. Family members
The present study showed direct relationship between family members and
development of CHD that was statistically significant. In Gaza Strip living with family of
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five members or more may be represented a kind of social security because of siege, food
shortages, unemployment and so on.  Living with family of 5 members or more has its
advantages and disadvantages in Gaza Strip. Many married couples are turning to live with
their parents because of the difficult economic conditions in Gaza Strip. Advantages of
living with a family of five members or more are the sense of food security somewhat
because of high unemployment in Gaza Strip. Disadvantages are being exposed to tensions
as a result of family conflict especially when have children; many demands of life and lack
of space in which they live; putting them in psychological stress resulting in many organic
diseases; including CVD. Persons who live with a family of five members or more may
practise some bad habits as smoking as a result of family conflict to deflate stress as they
think leading to increased risk factors of CAD (Hamer et al., 2008).
5.1.2.5. Residence condition of participants


Study results showed The majority of participants were living in concrete buildings

(87.1%). Although, the percent of cases living in concrete buildings (92.9%) was higher
than controls (81.4%), and the percent of participants (90.7%) had owned dwelling but
there wasn’t significant difference between cases and controls (P = 0.145), moreover
participants who expressed satisfaction of their house living were high (86.4%) and there
was no statistically significant difference between cases and controls regarding living
satisfaction, but family members of the cases were larger than the controls that reflects
crowdedness of the cases. This agrees with a study conducted by Gupta (1996) that
revealed a positive relationship between crowded housing and development of CHD
events. 
5.2. Lifestyle characteristic of participants
5.2.1. Smoking characteristics
The present study showed a direct relationship between smoking and development
of CHD. So, the percent of smokers among cases (55.7%) was higher than controls (31.4%)
and this difference was statistically significant (P = 0.004). This agrees with Mahonen et
al., (2004) who indicated that the risk of CAD is higher among smokers than non-smokers.
In addition, a community-based cohort study conducted by Carole et al., (2013) concluded
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that smoking cessation was associated with a lower risk of CVD events among participants
without diabetes, and weight gain that occurred following smoking cessation did not
modify this association. Smoking amid females in Gaza Strip is not socially acceptable; the
absence of smoking in females in this study might be due to denial of this habit since it is
considered as a social stigma. The increased prevalence of smoking might be due to the
social unrest, economic crisis, political instability and lack of health education and
promotion activities.
The results of the percent of exposure to other's smoke among cases (42.9%) was higher
than controls (31.4%) and this difference was statistically significant (P = 0.002). This
agrees with the results of Law et al., which conducted in (1997) and revealed a relationship
between passive smoking and increased risk for developing IHD. Additionally, the result of
this study is compatible with results of He et al., (2008) study which considered passive
smoking as a risk factor for CHD. Furthermore, the result of this study agrees with a
comparative analysis of cardiovascular disease risk factors influencing nonfatal acute
coronary syndrome and ischemic stroke that conducted by Christina-Maria et al., (2013)
and showed an association between smoking/passive smoking and the risk for development
of ACS and ischemic stroke.
5.2.2. General practice of physical activity
The present study showed a direct relationship between physical inactivity
and development of CHD that was statistically significant. So, percent of low physically
active participants who developed CHD was higher in cases than controls.
This agrees with the results of Fransson et al., (2006) and Shicheng et al.,(2008)  studies
that showed a direct relationship between physical inactivity and the development of
CHD events. Physical inactivity among people of Gaza strip is justified lack of sport clubs
and lack of health education and promotion activities.

5.3. Family history of participants


Family history of hypertension, high blood cholesterol, heart disease, obesity and DM

can run in some family and associated with genetic factors (Chatterjee, 1991). This agrees
with the results of this study.
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5.3.1. Hypertension
The percent of family history of hypertension among cases (72.9%) was much higher
than among controls (44.3%) with statistical significance. This reveals a direct strong
relationship between family history of hypertension and development of CHD.
5.3.2. High blood cholesterol
The number of cases with family history of high blood cholesterol (21) was higher than
controls (7) with statistical significance. This reveals a direct strong relationship between
family history of high blood cholesterol and development of CHD.
5.3.3.Heart Diseases
The percent of family history of hypertension among cases (72.9%) was much higher
than among controls (44.3%) with statistical significance. This reveals a direct strong
relationship between family history of heart disease and development of CHD.
5.3.4.Obesity
The percent of family history of obesity among cases (41.4%) is higher than controls
(25.7%) that was statistically significant. This reveals a direct strong relationship between
family history of obesity and development of CHD.
5.3.5.Diabetes Mellitus
The percent of cases with family history of DM (48.6%) was higher than controls
(30.0%) that was statistically significant. This reveals a direct intimate relationship between
family history of DM and development of CHD.
5.3.6.Other diseases
The results of this study revealed no statistical significance between development
of CHD regarding to other diseases such as cancer, gastrointestinal disease, allergies,
asthma and psychological disorders (P > 0.05).

5.4. Drugs intake of participants
Study results showed that most of participants included in this study were not taking any
medications before admission to the hospital (95%) and about (5%) were taking
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medications. There is no relationship between development of CHD and short term intake
of some drugs included Cephalexin, Ciprofloxacin, Paracetamol and Ibuprofen.
5.5. Adherence to a certain diet regimen of participants
The results of this study revealed no statistical significance between development
of CHD and adherence to a certain diet regimen and it’s noticed that five cases followed
low fat, low salt and weight loss diets whereas only two of the controls followed low salt
and weight loss diets.


5.6. Magnesium rich food intake of participants
5.6.1. Vegetables group
The results of this study revealed that cases consumed more servings of cabbage than
control, but that difference not reached to be statistical significant (P = 0.296), while
controls consumed more servings of molokhia, okra, potatoes and tomatoes, that difference
not reached to be statistical significant. A half cup of cooked mokokhia contains 70 mg of
Mg (Zeghichi et al., 2003), half cup of cooked okra contains 31 mg of Mg, one medium
sized potato contains 35 mg of Mg and one medium sized tomato contains 25 mg of Mg
(USDA, 2011). Total servings consumed of vegetables were lower in participants whom
developed CHD. This agrees with Rastogi et al., (2004) revealed an inverse association
between CHD and consumption of vegetables.
5.6.2. Fruits group
The results of this study revealed  dnedcases consumed more servings of dates, but that
difference not reached to be statistical significant (P = 0.654), while controls consumed
more servings of raisins, banana, melons, apples and grapes. There was statistical
significant difference related to intake of melons (P = 0.001) and apple (P = 0.002). A half
cup of dates contains 32 mg of Mg, half cup of raisins contains 28 mg of Mg, one medium
sized banana contains 37 mg of Mg and half cup of melons contains 30 mg of Mg (USDA,
2011). It was obvious that total mean of servings consumed of fruits group was lower in
participants whom developed CHD and participant whom did not developed CHD were
consuming more servings of fruits that was statically significant.
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This agrees with Samman et al., (2003) and Liu et al., (2000) who conducted different
studies which indicated an inverse relationship between fruits consumption and the risk of
CHD.

5.6.3. Grains group
The results of this study revealed  dnedcases consumed more servings of white bread
without statistical difference (P = 0.761), while controls consumed more servings of whole
meal bread and cooked bulgur. There was statistical significant difference related to intake
of cooked bulgur (P = 0.047), but difference between servings consumed of whole meal
bread not reached to be statically significant (P = 0.613).

One pita of whole meal bread

contains 26 mg of Mg and half cup of cooked bulgur contains 28 mg of Mg (USDA, 2011).
It was evident that total servings consumed of grainsgroup was lower in participants whom
developed CHD and participant whom did not developed CHD were consuming more
servings of grains that was statically significant. This agrees with two studies were carried
out by Banerjee et al., (2004) and Jensen et al., (2004) which indicated that the increased
consumption of whole grains is inversely related to weight gain and CHD.

5.6.4. Nuts and seeds group
The results of this study revealed that cases were consumed more servings of
almond and tahini without statistical significant difference between servings consumed
(P > 0.05), while controls consumed more servings of watermelon seeds, pumpkin seeds,
sesame seeds, cashew, sunflower seeds and chocolate with statistical difference between
servings consumed (P > 0.05). Also controls consumed more servings of pistachio, peanut,
but without statistical difference between servings consumed (P > 0.05).
One handful of watermelon seeds contains 146 mg of Mg, one handful of pumpkin
seeds contains 156 mg of Mg, one bar of sesame contains 100 mg of Mg, one handful of
almond contains 76 mg of Mg, one handful of cashew contains 74 mg of Mg, one handful
of pistachio contains 31 mg of Mg, one handful of peanut contains 64 mg of Mg, one
handful of sunflower seeds contains 37 mg of Mg and one bar of chocolate contains 170
mg of Mg (USDA, 2011).
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It was evident that total servings consumed of nuts and seeds group was lower
in participants whom developed CHD and participant whom did not developed CHD
were consuming more servings of nuts and seeds that was statically significant. 
This agrees with Rajaram et al., (2009) who conducted study that revealed inverse
relationship between nuts consumption and the risk of CHD. Nuts and seeds in Gaza Strip
are relatively expensive that cases may can’t afford to buy because of their low income and
bigger family size if compared with controls.

5.6.5. Legumes group
The present study showed a relationship between consumption of beans and lentils
included in legumes groups which are rich with Mg and the development of CHD. 
Cases were consumed more servings of beans and lentils without statistical significant
difference between servings consumed (P > 0.05). However, percent of participants who
developed CHD was scarcely higher in cases than controls. This contradicts with (Bazzano
et al., 2001) who conducted study that revealed an inverse relationship between
legumes consumption and the risk of CHD. One handful of beans contains 13 mg of Mg
and 130 grams of lentils contains 40 mg of Mg (USDA, 2011).

5.6.6. Beverages group
The present study showed Controls consumed more servings of beverages which are
rich with Mg, while cases consumed less; there was a statistical significance
between different brands consumed of this group and participants. One cup of coffee
contains 10 mg of Mg, one cup of cocoa contains 12 mg of Mg, one cup of cooked yogurt
contains 30 mg of Mg and one cup of whole milk contains 109 mg of Mg (USDA, 2011).
The present study showed a feeble indirect relationship between consumption of coffee
and development of CHD. This contradicts with Happonen et al., (2004) who cited a direct
association between coffee intake and risk for CHD. But the percent of servings consumed
of Cocoa was higher in controls than cases that reached to statistical significance that
reflects an inverse relationship between coca consumptions and development of CHD .
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5.7. Calcium rich food intake of participants
5.7.1. Dairy products group
Dairy products are rich with Calcium (Ca) that one cup of whole milk contains 1160 mg
of Ca, one cup of flavored milk contains 550 mg of Ca, one cup of yogurt contains 430 mg
of Ca, 40 grams of cheddar cheese contains 288 mg of Ca, 40 grams of local white cheese
contains 276 mg of Ca, one tablespoon of cream cheese contains 30 mg of Ca, one
tablespoon of feta cheese contains 75 mg of Ca and one scoop of Ice cream contains 25 mg
of Ca (USDA, 2011). The results of this study find consumption of whole milk and yogurt
was protective against CHD, while consumption of flavored milk, cheese included cheddar,
local white, cream, feta and ice cream was likely linked with development of CHD among
cases. This agrees with the results of (German et al., 2009) study that correlated the dairy
products consumption with the risk for development of CHD. Most of people in Gaza Strip
consume cheese such feta and cream in majority of meals because they like to eat salty food
and that cheese is inexpensive.

5.7.2. Meat and fish group
100 grams of lamb chop contains 20 mg of Ca, 100 grams of chicken contains 27 mg of
Ca and 80 grams of tuna contains 10 mg of Ca (USDA, 2011). The results of this study
finds a direct relationship between lamb chop and chicken consumption and the
development of CHD, there was statistical significant difference related to servings
consumed of lamp chop (P > 0.05), while there wasn’t statistical significant difference
between servings of chicken consumed (P > 0.05). Also there wasn’t relationshipsew
found between consumption of tuna and development of CHD among cases (P = 0.671).
This agrees with the results of (Fornes et al., 2006) that correlated the lamb chop
and chicken consumption with the risk for development of CHD.

5.8. Amount of sugar consumption of participants
The result of the present study showed statistically significant direct association
between increased sugar consumption and development of CHD (P = 0.013).
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This result agrees with the study of (Hofman & Tschop, 2009) that revealed a significant
positive association between regular consumption of sugar and the risk of CAD.

5.9. Intake of saturated fat 
The result of the present study showed statistically significant direct association
between saturated fat rich food intake and risk for the development of CHD (P =
0.045). The result of the present study is supported by the results of a prospective
study conducted by Sun et al., (2007) that revealed Trans-fatty acids which are found in
partially hydrogenated vegetable oils and processed food are strongly associated increased
level of cholesterol and triglyceride, a known predictor of CHD risk. Also the results of 
(German et al., 2009) study that correlated the intake of saturated fat which is found
in dairy products with the risk for development of CHD.

5.10. Anthropometric measurements of participants
5.10.1. Height, weight and waist circumference
The result of the present study showed that the mean of heights among participants with
CHD was close to non CHD participants without statistical significance and also the results
of this study finds the mean of weight of participants was higher in CHD than non
CHD participants without statistical significance, but there was direct association with
statistical significance between WC and development of CHD. The positive and significant
association also supported by (Michael et al., 2005) who denoted a direct relationship
between increased WC and increased risk for CVD.
5.10.2. Body mass index and waistotheight ratio
The present study showed positive relationship between overweight and the
development of CHD where the percent of overweight among females was higher in cases
than controls and also the number obesity among males in cases were higher than controls.
According to the WHO, whenever BMI is increased the opportunity for developing
overweight and obesity will increase. The result of the present study is supported by the
results of Amy et al., (2008) who showed that the risk of CHD associated with elevated
BMI. The positive and significant association between obesity and CHD was supported by
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the studies of Dirk et al., (2004) and Domingo et al., (2007) who showed that obese persons
have an increased risk of developing CHD.
On the other hand, using Waist to Height Ratio (WHtR) in the current study finds waist
to height ratio more indicative for risk of CHD in which the mean of BMI was lower than
WHtR,thus the percent of overweight was higher in cases than controland also the number
of obese cases was higher than controls when compared with BMI. This agrees with
Browning et al., (2010) snr aer datwaist-to-height ratio as a strong screening tool for the
prediction of CVD and DM which is better than WC and BMI.

5.11. Biochemical measurements of participants
Biochemical measurements of this study included measurement of serum Mg, C reactive protein and serum Ca of participants.
5.11.1. Serum magnesium
The statistical significant results of the present study showed a strong direct
relationship between serum Mg and development of CHD, as the percent of cases with
low Serum Mg was (48.6%) which is higher than controls (4.3%)  and the mean of
serum Mg of participants among cases was (1.80 mg/dL) lower than controls (2.41 mg/dL)
(P = 0.001). The result of present study agrees with the study of (Altura et al., 2007) that
concluded Mg deficiency in the body is associated with different risk factors for CVDs and
atherogenesis such as increasing oxidative stress, cytokine synthesis, nitrogen oxides and
mediators of inflammation and adhesion molecules on microvascular endothelial cells.
Authors (Zhang et al., 2012) sought to investigate the relationship between dietary Mg
intake and mortality due to CVD in population-based sample of Asian adults. Reported
findings are based on dietary Mg intake in 58,615 healthy Japanese aged 40-79 years, in
Japan Collaborative Cohort (JACC) Study. Dietary Mg intake was assessed by a validated
food frequency questionnaire administered between 1988 and 1990. During the median
14.7-year follow-up, authors was documented 2690 deaths due to CVD, comprising 1227
deaths from strokes and 557 deaths of CHD. They was concluded that dietary Mg intake
was inversely associated with mortality from hemorrhagic stroke in men and with
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mortality from total and ischemic strokes, CHD, heart failure and total CVD especially in
women.
The deficiency of Mg may be caused by eating cooked and processed food which
is considered as a common dietary habit among people of Gaza Strip, this proved
by (Swaminathan, 2003) who reported cooking, especially boiling of Mg-rich food results
in significant loss of Mg and also (Bo S. et al., 2006) who reported that the intake of
processed and cooked is highly prevalent in many populations with low Mg intake.
 Low
serum Mg reflects low dietary intake of Mg which was more evident among cases,
depending on the literature review there is association between low Mg intake and risk
factors for CVD, atherogenesis, increasing mediators of inflammation, and adhesion
molecules on microvascular endothelial cells including coronary arteries which provides
blood supply to the heart. Furthermore, low dietary Mg intake is associated with increased
triglyceride and low-density lipoprotein (LDL) cholesterol levels which are considered as
strong indicator for development of CHD.

5.11.2. C - Reactive protein
The results of this study finds a direct strong relationship between Creactive protein  and the development of CHD, in which the percent of cases with positive
C- reactive protein was (32.9%) higher than controls (12.9%). There was statistically
significant relationship that may explained by a role of inflammatory process during the
development of CHD.  The result of present study agrees with the study of 
(Rodríguez–Morán et al., 2008) that concluded Mg depletion to be associated with
elevated hs-CRP levels, suggesting that hypomagnesaemia and low-grade inflammation
are interactive risk factors. In addition it agrees with the cohort study conducted by
(Simona et al., 2006) which included 1653 adults and revealed a relationship between lower
Mg and fiber intakes and increased level of hs-CRP. 
5.11.3. Association between serum magnesium and C-reactive protein
The results of this study finds an inverse relationship between Mg and CRP, in which
22.9% of participants have positive CRP while, 77.1% of them have negative CRP; the
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mean of serum Mg was (1.96 + 0.47) for positive CRP participants which was lower than
the mean of serum Mg (2.15 + 0.44) for negative CRP participants, without statistical
significance.
The result of present study agrees with the study of ( Guerrero-Romero & RodríguezMorán, 2002) that concluded low serum Mg levels are independently related to elevated
CRP concentration. In addition it agrees with the context of a review article titled with
"Magnesium: Novel Applications in Cardiovascular Disease – A Review of the Literature "
which authored by (Erine & Jouni, 2012)  focused on the relationship between Mg and
CRP and concluded that hypomagnesaemia results in increased CRP and platelet
dysfunction, which can lead to thrombosis.

5.11.4. Serum calcium
It has been widely accepted that inadequate Ca intake is critical for the development
and maintenance of bone health, particularly in children and elderly adults. In addition to
a pivotal role in skeletal metabolism, the potential effects of Ca on non-skeletal
health outcomes have received growing attention (Peterlik & Cross, 2005), among which
the effect of Ca intake on CVD is a subject of intense interest. The results of this study
finds a direct strong relationship between Serum Ca and development of CHD, which the
percent of cases with low Serum Ca was (7.1%) higher than controls (1.4%) with statistical
significance (P = 0.011).
The result of present study contradicts with (Lu et al. 2012) who concluded that the
results of their study were inconsistent and the pooled data do not strongly support a
significant effect of greater dietary Ca intake on the risk of CAD. On the other hand, many
studies revealed association between the effects of hypomagnesmia over calcium in the
body that leads to hypocalcaemia. Studies showed that a reduction in extracellular Mg
concentration stimulated the secretion of parathyroid hormone (PTH) in the absence of
changes in Ca concentration (Zalman, 1999).

5.12. Clinical examination of participants
The present study showed a positive relationship between clinical signs and symptoms
of over neurological, muscular and cardiovascular systems and levels of serum Mg in
which P value (0.000). Most of clinical sign and symptoms of hypomagnesaemia
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where found among participant whom developed CHD, in which total percent of
cardiovascular symptoms was found to be the highest of clinical signs and symptoms
of hypomagnesaemia, then neurological and muscular symptoms respectively. In
addition the percent of present cardiovascular symptoms among cases (51.4%) was the
higher than controls (1.4%).

5.13. ECG changes of participants
The present study showed positive relationship between ECG changes and
development of acute CHD, in which percent of “Negative T wave” (23.6%) was the
highest, followed by “Non ST Elevation MI” (13.6%) then “Non ST Elevation MI”
(11.4%), whereas percent of “Bundle Branch Block” was the lowest ECG change found
among cases only, by the way there was no ECG change found among controls.

63

CHAPTER 6

CONCLUSION & RECOMMENDATIONS

6.1. Conclusion
The study concluded the following:


Inadequate dietary Mg intake was inversely associated withthe development of CHD. 



There was a direct relationship between “Positive” CRP  and the development of
CHD.



There was a relationship betweenlow serum magnesium and elevated CRP.



There was relationship between gender and CHD events, that male was twice as
female.



Advancing in age may associate with increased risk for development of CHD.



There was inverse association between education level, income, employment and risk
for CHD, and direct relationship with family members, crowded housing, active
smoking, passive smoking, low physical activity, intake of coffee, lamb chop, chicken,
sugar, fatty food and family history of hypertension, high blood cholesterol,
heart disease, obesity and diabetes mellitus.



There was no relationship between development of CHD, tuna consumption and
family

history

of

some

other

diseases

included

cancer,

gastrointestinal

disease, allergies, asthma and psychological disorders.


There were inverse association between CHD and consumption of vegetables, fruits,
whole grains, nut, seeds, legumes, dairy products and cacao.



There was a relationship between increased waist circumference (WC) and increased
body mass index (BMI) and risk for CHD. Waist to height ratio was more indicative
for risk of CHD than BMI.



Hypocalcaemia was a significant sign of hypomagnesaemia.
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6.2. Recommendation
CHD is considered as a serious health problem, associated with many factors, so the
researcher summarized the following recommendations:
6.2.1. Recommendation to policy makers


Physicians recommended to include testing of serum Mg, CRP and Ca with lipid
profile in the periodic checkups.



Intensify the training and educational programs for risky people of CHD taking in
consideration the role of family history, gender, age, active smoking, passive
smoking, physical inactivity and low intake of healthy food.



Interactive Educational programs may adopted by governmental and the NonGovernmental Organizations (NGOs) to maximize knowledge related to importance
of healthy life style and dietary habits. Those programs may accompanied with
practical interventions including establishment of free sport clubs for both genders
and offering rewards for the enterprisers of healthy life style and dietary habits.



Rely on Weight to Height Ratio instead of Body Mass Index in determination of
CHD Risk

6.2.2. Recommendation to community
People should adopt a healthy life style and eat a healthy food to minimize the risk for
development of CHD that can be applied by adhering to the following:


Increase intake of vegetables, fruits, whole grains, whole meal bread, legumes and
moderate intake of low salted raw seeds and nuts which are rich in magnesium.



Decrease intake of saturated fat found in fast food, falafel, red meat, chicken and
dairy products. Also, decrease consumption of coffee and sugar.



Routinely monitor weight and manage overweight and obesity as early as possible.



Regularly exercise at least one hour for three days per week.

6.2.3. Recommendation to researchers


To conduct further researches in this field using more specific test such as
hs-CRP and 24-hour urinary magnesium excretion.



To conduct study on large-scale sample as national survey.
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Annex 3 Informed Consent



Al-Azhar University – Gaza
Faculty of Pharmacy
Master Program of Clinical Nutrition

Informed Consent
Informed consent for participants of investigative Study
Title of Research:
Dietary Magnesium Intake Related to C-Reactive Protein in Newly Diagnosed Coronary
Heart Disease Patients at Middle Zone ,Gaza Strip. A Hospital Based Study.
Purpose of this research:
This study will involve 140 patients 70 of them diagnosed with newly coronary heart
disease and 70 patients without any suspicion to have coronary heart disease. Sample will
be allocated according to specific criteria.
Research aims to assess the adequacy of Magnesium intake and C-Reactive Protein in the
participants with coronary heart disease.
Procedures
All participants were interviewed, asked to provide information on health status, family
history, dietary pattern, Magnesium rich food intake, Fat rich food, Calcium rich food,
physical activity status and anthropometric measurements including body height, weight
and waist circumference, and to see if a association exists between these variables.
We will measure the levels of Magnesium, Calcium, and C- Reactive Protein in the blood.
Statement of consent
I have read/know the above information. I have asked questions and received answers. I
understand that by answering the interviewer questions I give consent for participation in
this study.
Subject's Permission
I, (print name) have read and understand the informed consent and conditions of this study.
I have had all my questions answered. I hereby acknowledge the above and give my
voluntary consent for participation in this study. If I participate, I may withdraw at any time
without penalty. I agree to abide by the rules of this study.
Signature

Date

/

/ 2012

Should I have any questions about this procedure or its conduct, I can contact:

Adham Ibrahim Ahmed "Master’s Candidate "
E-Mail : rn.adham@gmail.com
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Tel: 08-2530429
Mobile: 059-8823136

Annex 4

)Informed Consent (Arabic
خبِؼخ األؾ٘ؽ -غؿح
وٍ١خ اٌص١عٌخ
ثؽٔبِح ِبخكز١ؽ ف ٟاٌزغػ٠خ اإلوٍ١ٕ١ى١خ

اٌّٛافمخ اٌّكزٕ١ؽح
اٌّٛافمخ اٌّكجمخ ٌٍّهبؼو ٓ١ف ٟاٌعؼاقخ االقزمصبئ١خ

ػٕٛاْ اٌجسث :
رٕبٚي اٌّغٕك َٛ١ثبٌغػاء  ٚػاللزٗ ثجؽٚر ٓ١ق ٟاٌزفبػٍ ٟػٕع ِؽظ ٝنؽا ٓ١٠اٌمٍت اٌزبخ١خ اٌػ ٓ٠نطصٛا زع٠ثب فٟ
إٌّطمخ اٌٛقط ٝف ٟلطبع غؿح.

غؽض اٌجسث:
رهًّ ٘ػٖ اٌعؼاقخ ِ 140هبؼن  ُِٕٙ 70 ،اوزهف زع٠ثب ئصبثز ُٙثّؽض اٌمٍت اٌزبخِ 70 ٚ ٟهبؼن ٌ١ف ٌعٗ٠
ال ٛ٠خع نىٛن ثٛخٛظ ِؽض اٌمٍت اٌزبخٌ ٟع ،ٗ٠ق١زُ اضز١بؼ اٌّهبؼو ٓ١زكت ِؼب١٠ؽ ِؼٕ١خ .
ٙ٠عف اٌجسث ئٌ ٝرم ُ١١وّ١خ اٌغػاء اٌّزٕبٚي اٌػ٠ ٞسز ٞٛػٍ ٝاٌّبغٕك ٚ َٛ١ػاللزٗ ثجؽٚر ٓ١ق ٟاٌزفبػٍ ٟػٕع
ِؽظ ٝاٌمٍت اٌزبخ ٟاٌدعظ.

ئخؽاءاد:
خّ١غ اٌّهبؼو ٓ١ق١زُ ِمبثٍزٚ ُٙخٙب ٌٛخٗ ٚ ،ق١زُ قإاٌ ُٙػٓ اٌسبٌخ اٌصس١خ ٌع،ُٙ٠
اٌزبؼ٠ص اٌصس ٟاٌؼبئٍّٔ ، ٟػ اٌغػاء ،رٕبٌٍ ٌُٙٚغػاء اٌغٕ ٟثبٌّبغٕك ،َٛ١رٕبٌٍ ٌُٙٚغػاء اٌّسز ٞٛػٍ ٝاٌع٘،ْٛ
إٌهبغ اٌدكع ٚ ٞاٌم١بقبد اٌجهؽ٠خ  ٚرهًّ اٌطٛي  ٚاٌٛؾْ ِ ٚس١ػ اٌطصؽ ٚ ،اٌزؼؽف ػٍٚ ٝخٛظ ػاللخ ث ٓ١رٍه
اٌّزغ١ؽاد.
قٕم َٛثفسص ِكز ٜٛاٌّبغٕك ٚ ، َٛ١اٌىبٌك ٚ َٛ١ثؽٚر ٓ١ق ٟاٌزفبػٍ ٟف ٟاٌعَ.

ث١بْ اٌّٛافمخ:
ٌمع لؽأد  ٚػؽفذ اٌّؼٍِٛبد أػالٖ .غؽزذ اٌزكبؤالد  ٚزصٍذ ػٍ ٝاإلخبثبد ِٓ ٚ ،ضالي ف ّٟٙإلخبثبد اٌجبزث
ػٍ ٝاألقئٍخ اٌّطؽٚزخ لؽؼد اٌّٛافمخ  ٚاالنزؽان ف ٟاٌجسث.

رصؽ٠ر اٌّهبؼن ثبٌجسث:
أٔب  ، ..............................لؽأد  ٚفّٙذ اٌّٛافمخ اٌّكزٕ١ؽح  ٚنؽٚغ ٘ػا اٌجسث ٚ ،لع رٍم١ذ اإلخبثبد اٌّمٕؼخ
ػٓ األقئٍخ اٌزٚ ٟخٙزٙب ٌٍجبزث  ٚ ،انىؽ اٌجبزث ػٍ ٝأضػ ِٛافمزٌٍّ ٟهبؼوخ ف ٟاٌجسث ٚ .لع لؽؼد اٌّهبؼوخ فٟ
اٌجسث  ٌٟ ٚاٌسك ف ٟاالٔكسبة ئغا نئذ  ٚ ،قأٌزؿَ ثمٛأ ٓ١اٌجسث.

اٌزبؼ٠ص

اٌزٛل١غ

/

ف ٟزبي غؽأ ٌع ٞأ ٞقإاي زٛي اٌجسثّ٠ ،ىٕٕ ٟاٌزٛاصً ِغ اٌجبزث ِٓ ضالي اٌج١بٔبد اٌزبٌ١خ:
اٌجبزث /أظُ٘ ئثؽا٘ ُ١أزّع "ِؽنر ٌٍّبخكز١ؽ"
اٌجؽ٠ع االٌىزؽrn.adham@gmail.com : ٟٔٚ

رٍ١ف082530429 :ْٛ
ِٛثب05998823136 :ً٠
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Annex 5

Interviewed Questionnaires

Interview Questionnaire
This questionnaire is designed to assess your Magnesium intake in food and factors
associated with Coronary Heart Disease (CHD). Please note that this survey is conducted for
the sake of getting a Master degree in Clinical Nutrition. It's confidential and your responses
will not be shared. Including your name is optional. For the following questions, please
indicate your rating for each topic by ticking the appropriate item. If you have no opinion on
a topic, please leave it blank.
1. Participant

□

1 Case

2 Control

□

Participant number:

Personal Information
Full Name:

Optional

2. Gender : 1 Male
3. Age:

□

2 Female

□

Years

□ 2 Unemployed□ 3 Self-employed□ 4 Student□
5. Education : 1 Illiterate□ 2 Basic□ 3 Secondary□ 4 Diploma - Bachelor□ 5 Master - PhD□
6. Construction of Building: 1 Concrete□
2 Asbestos□ 3 Tinplate□
7. Type of dwelling: 1 Rental□
2 Owned□
8. Satisfaction of house living: 1 Satisfied□ 2 Unsatisfied□
9. Marital status: 1 Single□
2 Married□
3 Divorced□
4 Widowed□
4. Employment status: 1 Employed

10. Family members:
11. Monthly Income (Shekel):
12. Family history:
#
1
2
3
4
5
6
7
8
9

Disease
Hypertension
High blood cholesterol
Heart Diseases
Obesity
Diabetes Mellitus
Cancer
Gastrointestinal Diseases
Allergies or Asthma
Psychological diseases

Yes1

82

No2

General Health Information

□

□

13. Are you Smoker? 1 Yes
2 No
14. If you are, How many cigarettes do you smoke per day?

□

15. If you are not, Do you live in a house inhabited by a smoker? 1 Yes

2

No

□

□
2 No□
17. If yes, specify: 1 Low Fat□ 2 Low Carbohydrate□ 3 Low Salt□ 4 Weight Loss□
16. Are you adhering to a certain diet regime? 1 Yes

4 Vegetarian

□

18. How many teaspoon of sugar do you ingest daily?

□

19. Last week, did you take any Drug? 1 Yes

2

No

□

20. If yes, determine it :

21. Magnesium Rich Food Intake
Directions: For each group of food, write in the number of times per Day or Week the person eats any of them
and CIRCLE the serving size that is closest to what s/he usually eats.
Serving Size

Food
Vegetables & Fruits
Molokhia
Okra
Potatoes
Tomato
Dates
Raisins
Banana
Melons

Frequency

Small (½)

Average (1)

Large (2)

¼ cup
¼ cup
½ medium
½ medium
¼ cup
¼ cup
½
¼ cup

½ cup
½ cup
1 medium
1 medium
½ cup
½ cup
1 medium
½ cup

1 cup
1 cup
2 medium
2 medium
1 cup
1 cup
2
1 cup

½ pita
¼ cup

1 pita
½ cup

1½ pita
1 cup

½ handful
½ handful
½ Bar
½ handful
½ handful
½ handful
½ handful
½ handful
½ Bar

handful
handful
Bar
handful
handful
handful
handful
handful
Bar

2 handful
2 handful
2 Bar
2 handful
2 handful
2 handful
2 handful
2 handful
2 Bar

½ cup
½ cup
½ cup

1 cup
1 cup
1 cup

2 cup
2 cup
2 cup

½ cup

1 cup

2 cup

Grains
Whole meal Bread
Bulgur, cooked

Nuts and Seeds
Watermelon Seeds
Pumpkin Seeds
Sesame
Almond
Cashew
Pistachio
Peanut
Sunflower Seeds
Chocolate

Beverages
Coffee
Cocoa
Yogurt
Whole milk
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22. Calcium Rich Food Intake
Directions: For each group of food, write in the number of times per Day or Week the person eats any of them
and CIRCLE the serving size that is closest to what s/he usually eats.

Food

Frequency

Small

Serving Size
Average

Large

½
½
½
1
½
½
½
½

1 cup - 250ml
1 cup - 250ml
1 cup - 250ml
40g (2 slices)
1 tablespoon
1 tablespoon
1 tablespoon
1 scoop

2
2
2
4
2
2
2
2

½
½
1/8
¼
¼
½
¼
½

1 medium
1 medium
¼ cup
½ cup
½ cup
1 medium
½ cup
1 cup

2
2
½
1
1
2
1
2

½
½

1 pita
1 pita

2
2

½
½
½
½
½

handful
1 tablespoon
handful
30g
130g

2
2
2
2
2

50
50
40g

100 Gm.
100 Gm.
80g (small can)

200
200
160

Dairy Products
Whole Milk
Flavored Milk
Yogurt
Cheddar cheese
Local white cheese
Cream cheese
Feta cheese
Ice cream
Fruits & Vegetables
Apple
Banana
Apricots
Grapes
Melons
Tomato
Okra
Cabbage
Bread
Whole meal Bread
White Bread
Legumes, Nuts & Seeds
Almonds
Tahini
beans
Sesame seeds
Lentils
Meat & fish
Lamb chop
Chicken
Tuna
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23. Saturated Fat Rich Food Intake
Please tick your responses

Times Per Week

How many times a week would you:

Eat fried food with, breadcrumb, or flafel?
Eat cheese sauces?
Add butter, margarine, oil to cook?
Eat vegetables that are fried with fat or oil?
Eat processed meat "sausages", pies?
Eat chips or french fries?
Eat cakes, sweet biscuits or croissants?
Eat chocolate bars, or chocolate biscuits?
Eat potato chips, something similar?
Have cream?
Eat ice cream or dessert?
Eat a slice/piece of cheese?
How do you put butter/margarine on
bread?
How your meat is usually cooked?

Type of milk you drink or use in cooking?
Eat skin on your chicken or cook with?
Eat animal fat do you eat or cook with?
Total (add ticks)
Multiply total by:
PRELIMINARY SCORE
ACTUAL SCORE

Scoring :

1

□

Low ”0-10”

3 Moderate ”18-25”

Less
than
once

1-2

3-5

6 or
more

None

Thinly

Medium Thickly

Rarely
/ never

Stewed/
goulash

Fried

Skim
Milk
None
None

Grilled/ Grilled/
roasted
roasted
(no oil)
(with oil)
Reduced
fat
Some
Some

Whole
Milk

Dried

x0

x1

x3

x2

□
4 Moderate to High ”26-39”□
2 Low

□

Less
than
one per
month

Most
Most
x4

to Moderate ”11-17”

5 High ”+40”

□

24. General Practice Physical Activity
24.1.Type and amount of physical activity involved in your work:
___ 1. I'm not working (e.g. retired, retired for health reasons, unemployed, fulltime career, etc.)
___ 2. I spend most of my time at work sitting (such as in an office)
___ 3. I spend most of my time at work standing or walking. However, my work does not require much
intense physical effort (e.g. shop assistant, hairdresser, security guard, child minder, etc.)
___ 4. My work involves definite physical effort including handling of heavy objects and use of tools (e.g.
plumber, electrician, carpenter, cleaner, hospital nurse, gardener, postal delivery workers etc.)
___ 5. My work involves vigorous physical activity including handling of very heavy objects (e.g.
scaffolder, construction worker, refuse collector, etc.)
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24.2.

During the last week, how many hours did you spend on each of the following activities?
Please answer whether you are in employment or not.

Type of activity

None

Some but
Less than
1hrs

1hr but
less than
3 hrs

3 hrs
or
more

Swimming, jogging, football, gym workout, etc.
Cycling and during leisure time.
Walking (including walking to work),shopping, etc.
Housework or childcare.
Gardening or Do it yourself like bathing
24.3.

Please, Describe your usual walking pace: Slow

24.4.

Result: 1 Active□

2 Moderately

□

Active

□

□
3 Moderately Inactive□
Steady

□

Brisk

□

Fast

4 Inactive

□

25. Anthropometric Measurements
25.1
25.2
25.3
25.4

Weight (Kg)
Height (m)
Body Mass Index (BMI)
Waist circumference

26. Biochemical Measurements
26.1
26.2
26.3

Serum Magnesium level (mg/dL)
C-Reactive Protein
Serum Calcium level (mg/dL)

27. Physical Examination
Do you have one of the following symptoms
Symptoms
27.1
27.2
27.3

Yes

No

Yes

No

Neurological: Behavioral disturbances, Irritability, anxiety, Lethargy,
Seizures, Impaired memory or cognitive function.
Muscular: Weakness, Muscle cramps, Impaired muscle coordination,
Tremors, Involuntary eye movements, or vertigo.
Cardiovascular: Irregular or rapid heartbeat

28.Electrocardiographic Abnormalities
This table is prepared to be filled by a cardiologist.

Type of ECG abnormality
28.1
28.2
28.3
28.4

T wave Inversion
ST Elevation
ST Depression
BBB

Thank you very much for your Cooperation
Investigator\ Adham Ibrahim Ahmed.
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Annex 6

االقزج١بْ
صُّ ٘ػا االقزج١بْ ٌزم ُ١١وّ١خ اٌغػاء اٌّزٕبٚي اٌػ٠ ٞسز ٞٛػٍ ٝاٌّبغٕك ٚ َٛ١ػاللزٗ ثبٌؼٛاًِ اٌّزؼٍمخ ثّؽض اٌمٍت اٌزبخ، ٟ
رػوؽ أْ ٘ػا االقزج١بْ ٠زُ رٕف١ػٖ ِٓ أخً اٌسصٛي ػٍ ٝظؼخخ اٌّبخكز١ؽ ف ٟاٌزغػ٠خ اإلوٍ١ٕ١ى١خ.
٠زُ اٌزؼبًِ ثكؽ٠خ ربِخ ِغ ئخبثبره ٠ ٌٓ ٚزُ ِهبؼوزٙبٌ ٚ .ع٠ه اٌط١بؼ ثىزبثخ االقُ اٌهطص.ٟ
٠ؽخ ٝاإلخبثخ ثعلخ ِ ٚصعال١خ ػٍ ٝاألقئٍخ اٌّطؽٚزخ  ٚف ٟزبي ػعَ اٌّؼؽفخ ثبٌكإاي ّ٠ىٕه رؽوٗ فبؼغب.

ٛٔ .1ع اٌّهبؼن  1 :زبٌخ □

ِ 2ؽالجخ □

ؼلُ اٌّهبؼن:

اٌّؼٍِٛبد اٌهطص١خ
االقُ ثبٌىبًِ :

اضز١بؼٞ

 .2إٌٛع  1 :روش □  2أٔض□ ٝ
 .3اٌؼّؽ :

قٕخ

 .4اٌؼًّ ِٛ 1 :ظف□  2غ١ش ِٛظف□  3أػّبي خبصخ "رغبسح  ،صٕبػخ"□  4غبٌت□
 .5اٌزؼٍ 1 : ُ١أُ ِِّ2 □ٟأعبع 3 □ٟصبٔ4 □ٞٛدثٍ/َٛثىبٌٛسٛ٠ط□ ِ 5بعغز١ش /دوزٛاسح□
 2اعجغذ□  3صف١ؼ□
ٛٔ .6ع ثٕبء اٌّكىٓ  1 :ثبغ□ْٛ
ٛٔ .7ع اٌكىٓ  1 :إ٠غبس□ ٍِ 2ه□
 .8اٌؽظ ٝػٓ اٌكىٓ  1 :ساض□  2غ١ش ساض□
 .9اٌسبٌخ االخزّبػ١خ  1 :أػضة□ ِ 2زضٚط□ ِ 3طٍك□  4أسًِ□
 .10ػعظ أفؽاظ األقؽح:
ِ .11ؼعي اٌعضً اٌهٙؽ" ٞثبٌه١ىً" :
 .12اٌزبؼ٠ص اٌصس ٟاٌؼبئٍ:ٟ
 #اٌّؽض
1
2
3
4
5
6
7
8
9

ٔ 1ؼُ

اؼرفبع ظغػ اٌعَ
اؼرفبع اٌىٍكزؽٚي ثبٌعَ
أِؽاض اٌمٍت
اٌجعأخ
ِؽض اٌكىؽٞ
اٌكؽغبْ
أِؽاض ثبٌّؼعح  ٚاألِؼبء
اٌسكبق١خ أ ٚاٌؽثٛ
أِؽاض ٔفك١خ

ِؼٍِٛبد صس١خ ػبِخ
 ً٘ .13أٔذ ِعضٓ ؟

ٔ 1ؼُ□  2ال□

 .14ئغا وٕذ وػٌه ،وُ ِؼعي ػعظ اٌكدبئؽ اٌز ٟرعضٕٙب ١ِٛ٠ب؟
 .15ئغا وٕذ غ١ؽ ِعضٓ ً٘ ،رؼ١م ف ٟث١ذ ِأ٘ٛي ثبٌّعضٕ ٓ١؟
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ٔ 1ؼُ□

 2ال□

 2ال

 ً٘ .16رزجغ ٔظبَ غػائِ ٟؼٓ١؟ ٔ 1ؼُ□  2ال□
 .17ئغا وبْ وػٌه ،زعظ 1 :لٍ ً١د٘ 2 □ْٛلٍٔ ً١ش٠ٛبد□

 3لٍٍِ ً١ؼ□  ِٓ 4أعً فمذاْ اٌٛصْ □ ٔ 5جبر□ٟ

 .18وُ ٍِؼمخ صغ١ؽح ِٓ اٌكىؽ رزٕبٚي ١ِٛ٠ب؟
 .19ضالي األقجٛع اٌّبظ ً٘ ،ٟرٕبٚي أ ِٓ ٞاألظ٠ٚخ؟

ٔ 1ؼُ □

 2ال□

 .20ئغا وٕذ وػٌه  ،زعظ اقُ اٌؼالج ِٓ فعٍه

 .21رٕبٚي األغػ٠خ اٌغٕ١خ ثبٌّبغٕكَٛ١
رٛخٙ١بدٌ :ىً ِغّٛػخ ِٓ األغؼّخ ،اوزت ػذد اٌّشاد ثبٌ َٛ١أ ٚاالعجٛع اٌز ٟرزٕبٚي أ ٚ ُِٕٙ ٞظغ دائشح ؽٛي ؽغُ اٌؾصخ اٌزمش٠جٟ
اٌز ٟرزٕبٌٙٚب ػبدح.

األغؼّخ
ضعؽٚاد  ٚفٛاوٗ
ٍِٛض١خ
ثبِ١خ
ثطبغف
غّبغُ
رّؽ
ؾث١ت
ِٛؾ
نّبَ أ ٚثط١ص

اٌزىؽاؼ

صغ١ؽح )½(

زدُ اٌسصخ
ِزٛقطخ )(1

وج١ؽح )(2

¼
¼
½
½
¼
¼
½
¼

½ وٛة
½ وٛة
1ؽجخ ِزٛعطخ
1ؽجخ ِزٛعطخ
½ وٛة
½ وٛة
1ؽجخ ِزٛعطخ
½ وٛة

1
1
2
2
1
1
2
1

زجٛة
ضجؿ ثٕٟ
ثؽغً ِطجٛش

1ث١زب
½ وٛة

½
¼

½1
1

ثػٚؼ ِ ٚىكؽاد
ثػؼ ثط١ص
ثػؼ لؽع
قّكُ
ٌٛؾ
وبخٛ
فكزك زٍجٟ
فٛي قٛظأٟ
ثػؼ ظٚاؼ اٌهّف
نٛوٛالرٗ

½
½
½
½
½
½
½
½
½

وّشخ
وّشخ
ٌٛػ
وّشخ
وّشخ
وّشخ
وّشخ
وّشخ
لطؼخ

2
2
½
2
2
2
2
2
2

لٛٙح
وبوبٚ
ٌجٓ ؾثبظٞ
زٍ١ت وبًِ اٌعقُ

½
½
½
½

1وٛة
1وٛة
1وٛة
وٛة – ًِ 250

2
2
2
2

ِهؽٚثبد
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اٌسكبة

 .22رٕبٚي األغػ٠خ اٌغٕ١خ ثبٌىبٌكَٛ١
رٛخٙ١بدٌ :ىً ِغّٛػخ ِٓ األغؼّخ ،اوزت ػذد اٌّشاد ثبٌ َٛ١أ ٚاالعجٛع اٌز ٟرزٕبٚي أ ٚ ُِٕٙ ٞظغ دائشح ؽٛي ؽغُ اٌؾصخ اٌزمش٠جٟ
اٌز ٟرزٕبٌٙٚب ػبدح.

األغؼّخ
ِٕزدبد األٌجبْ
زٍ١ت وبًِ اٌعقُ
زٍ١ت ثٕىٙخ
ٌجٓ ؾثبظٞ
خجٕٗ ن١عؼ
خجٕٗ ث١عبء ثٍع٠خ
خجٕٗ وؽّ٠ب
خجٕٗ ف١زب
آ٠ف وؽُ٠
اٌفٛاوٗ  ٚاٌطعبؼ
رفبذ
ِٛؾ
ِهّم
ػٕت
نّبَ أ ٚثط١ص
غّبغُ
ثبِٗ١
ٍِفٛف
اٌطجؿ
ضجؿ أث١ط
ضجؿ ثٕٟ
ثم١ٌٛبد  ٚثػٚؼ ِ ٚىكؽاد
ٌٛؾ
غس١ٕ١خ
فٛي
قّكُ
ػعـ
ٌس ٚ َٛأقّبن
ٌسُ ضؽٚف
ظخبج
رٔٛب

اٌزىؽاؼ

صغ١ؽح )½(

زدُ اٌسصخ
ِزٛقطخ )(1

وج١ؽح )(2

½
½
½
شش٠ؾخ
½
½
½
½

وٛة – ًِ 250
وٛة – ًِ 250
وٛة – ًِ 250
 40عُ  -شش٠ؾزبْ
ٍِؼمخ وج١شح
ٍِؼمخ وج١شح
ٍِؼمخ وج١شح
ِؾمٓ

2
2
2
4
2
2
2
2

½
½
1
/8
¼
½
½
¼
¼

1ؽجخ ِزٛعطخ
1ؽجخ ِزٛعطخ
¼وٛة
½ وٛة
 1وٛة
1ؽجخ ِزٛعطخ
½ وٛة
 1وٛة

2
2
½
1
2
2
1
1

½
½

1ث١زب
1ث١زب

½1
½1

½
½
½
 15عُ
 65عُ

وّشخ
ٍِؼمخ وج١شح
وّشخ
 30عُ
130عُ

2
2
2
 60عُ
 260عُ

 50عُ
 50عُ
 40عُ

 100عُ
 100عُ
 80عُ (ػٍجخ صغ١شح)

 200عُ
 200عُ
 160عُ
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اٌسكبة

 .23رٕبٚي األغػ٠خ اٌغٕ١خ ثبٌع٘ ْٛاٌّهجؼخ
رٛخٙ١بد :ؽذد ػذد اٌّشاد اٌز ٟرزٕبٚي فٙ١ب األغؼّخ اٌزبٌ١خ ثبالعجٛع

ِٓ فعٍه زعظ اخبثبره

ػعظ اٌّؽاد ثبالقجٛع
2-1
ألً ِٓ
ِؽح

وُ ِؽح رزٕبٚي األغؼّخ اٌزبٌ١خ:

ألً ِٓ ِؽح
ثبٌهٙؽ

ارٕبٚي اٌطؼبَ اٌّمٍ ٚ ٟاٌّطٍ ٟثبٌؼد ٓ١أ ٚاٌفالفً؟
ارٕبٚي صٍصخ اٌدجٕخ؟
اظ١ف اٌؿثعح ،اٌّؽخؽ ،ٓ٠اٌؿ٠ذ ضالي اٌطجص؟
ارٕبٚي اٌطعبؼ اٌّمٍ ٟثبٌع٘ٓ أ ٚاٌؿ٠ذ؟
ارٕبٚي اٌٍسُ اٌّطجٛش ِثً إٌمبٔك  ٚث١زؿا اٌٍسُ؟
ارٕبٚي اٌى١ه ،اٌجكى٠ٛذ اٌسٍ ،ٛأ ٚاٌىؽٚاقٔٛبد ؟
ارٕبٚي أٌٛاذ اٌهٛوٛالرٗ ،أ ٚاٌجكى٠ٛذ ثبٌهٛوٛالرٗ؟
ارٕبٚي ن١جف اٌجطبغف أِ ٚب نبثٗ؟
ارٕبٚي اٌىؽّٗ٠؟
ارٕبٚي اال٠ف وؽ ُ٠أ ٚاٌسٍ٠ٛبد؟
أزبٚي نؽائر  /لطغ اٌدجٕخ؟
و١ف رع٘ٓ اٌؿثعح /اٌّؽخؽ ٓ٠ػٍ ٝاٌطجؿ؟

ال أظ٘ٓ اثعا

غجمخ ؼل١مخ

اٌٍسُ اٌػ ٞارٕب٠ ٌٗٚى ْٛغبٌجب؟

ال أرٕب ٌٗٚاثعا

ٔٛع اٌسٍ١ت اٌػ ٞرزٕب ٌٗٚأ ٚركزطعِٗ ف ٟاٌطٟٙ؟
أرٕبٚي خٍع اٌعخبج أ ٚاقزطعِٗ ف ٟاٌطٟٙ؟
ارٕبٚي ِٓ اٌع٘ٓ اٌسٛ١أ ٟأٚاقزطعِٗ ف ٟاٌطٟٙ؟
اٌّدّٛع
ظؽة اٌّدّٛع فٟ
اٌسصٍ١خ األ١ٌٚخ

زٍ١ت ِمهٛظ
ال ارٕب ٌٗٚاثعا
ال ارٕب ٌٗٚاثعا

ِه ٞٛثال
ؾ٠ذ
لٍ ً١اٌعقُ

0X

1X

ِهٞٛ
ثبٌؿ٠ذ

5 -3

غجمخ
ِزٛقطخ
ِطجٛش /
ِكٍٛق
زٍ١ت وبًِ

لٍ١ال
لٍ١ال
2X

3X

 6أ ٚأوثؽ

غجمخ قّ١ىخ
ِمٍٟ
ِدفف
ظائّب
ظائّب
4X

اٌسصٍ١خ اٌفؼٍ١خ

إٌز١دخ ِٕ 1 :طفط اٌعقُ >□ 10
ِ 3زٛقػ اٌعقُ □ 25-18

ِٕ 2طفط اٌِ ٝزٛقػ اٌعقُ □ 17-11
ِ 5زٛقػ اٌِ ٝؽرفغ اٌعقُ □ 39-26

ِ 6ؽرفغ اٌعقُ □ 40+

ِّ .24بؼقخ إٌهبغ اٌجعٟٔ
ِ 24.1ب ٔٛع  ٚوّ١خ إٌهبغ اٌجعٔ ٟاٌػ ٞرجػٌٗ ف ٟػٍّه؟
___  .1أٔب ال أػًّ (ِضً اٌّزمبػذ ،اٌّزٛلف ػٓ اٌؼًّ ألعجبة صؾ١خ ،اٌغ١ش ِٛظف).
___  .2ألعِ ٟؼظُ ٚلز ٟف ٟاٌؼًّ  ٚأٔب عبٌظ (ِضً اٌؼًّ اٌّىزج.)ٟ
___  .3ألعِ ٟؼظُ ٚلز ٟف ٟاٌؼًّ ٚلٛفب أِ ٚش١ب  ٚال أثزي عٙذ وج١ش (ِضً اٌؾاللخ ،اٌؾشاعخ ٚ ،ؽعبٔخ األغفبي).
___  . 4ػٍّ٠ ٟؾزبط إٌ ٝعٙذ ٍِؾٛظ (ِضً رّش٠ط اٌّغزشف١بد ٚاعزخذاَ األدٚاد اٌضمٍ١خ وّب اٌؾذادح  ٚاٌغجبوخ  ٚإٌغبسح ،إٌخ).
___  .5ػٍّ٠ ٟؾزبط إٌ ٝعٙذ ثذٔ ٟوج١ش(ِضً اٌزؼبًِ ِغ األدٚاد اٌضمٍ١خ عذا وّب اٌجٕبء  ٚاٌمصبسح  ٚعّغ إٌفب٠بد اٌصٍجخ)
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 24.2ضالي األقجٛع اٌّبظ ،ٟوُ قبػخ لع١ذ ف ٟوً ِٓ األٔهطخ اٌزبٌ١خ؟ اٌؽخبء اإلخبثخ ِب ئغا وٕذ رؼًّ أ ٚال.

ٔٛع إٌهبغ

أثعا

ألً ِٓ
قبػخ

قبػخ أٚ
ألً ِٓ 3

 3قبػبد أٚ
أوثؽ

اٌكجبزخ ،اٌؽوط ،وؽح اٌمعَ ،اٌٍؼت ف ٟاٌصبٌخ اٌؽ٠بظ١خ  ،اٌص.
ؼوٛة اٌعؼاخبد ضالي ٚلذ اٌفؽاؽ.
اٌّه( ٟثّب ف ٟغٌه اٌّه ٟئٌ ٝاٌؼًّ)ٚ ،اٌزكٛق ،اٌص.
األػّبي إٌّؿٌ١خ أ ٚؼػب٠خ األغفبي.
اٌجكزٕخ  ٚاألػّبي اٌز ٟرم َٛثٙب ٌٍؼٕب٠خ ثٕفكه ِثً االقزسّبَ.

 ِٓ 24.3فعٍه  ،و١ف رصف ضطٛره ضالي اٌّهٟ؟ ثط١ئخ□ صبثزخ□ عبدح□ عش٠ؼخ□
 4ضبًِ □
 3ضبًِ ئٌ ٝزع ِب □
ٔ 2ه١ػ ئٌ ٝزع ِب □
إٌز١دخ ٔ 1 :ه١ػ □
 .25اٌم١بقبد اٌجهؽ٠خ
 25.1الوزن (كجم)
 25.2اٌطٛي (ِزؽ)
ِ 25.3س١ػ اٌطصؽ (ِزؽ)

 .26اٌزسبٌ ً١اٌّطجؽ٠خ
 26.1مستوى الماغنيسيوم (ملغم  /دل)
ِ 26.2كز ٜٛاٌجؽٚر ٓ١ق ٟاٌزفبػٍٟ
ِ 26.3كز ٜٛاٌىبٌكٍِ( َٛ١غُ  /ظي)

 .27اٌفسص اٌكؽ٠ؽٞ
ً٘ ٌع٠ه ٚازعح ِٓ األػؽاض اٌزبٌ١خ:
األػؽاض
 27.1اٌدٙبؾ اٌؼصج :ٟاظطؽاثبد قٍٛو١خ ،اٌز١ٙح ،اٌمٍك ،اٌطّٛي ،اٌزهٕدبد أ ٚاضزالي اٌػاوؽح
 27.2اٌدٙبؾ اٌؼعٍ :ٟرهٕدبد ثبٌؼعالد ،ؼػبل ال اؼاظ ،ٞزؽوبد اٌؼ ٓ١غ١ؽ اٌطٛػ ٟأ ٚاٌعٚاؼ
 27.3اٌمٍت  ٚاألٚػ١خ اٌعِ٠ٛخ :ػعَ أزظبَ أ ٚقؽػخ ٔجعبد اٌمٍت

ٔؼُ

ال

 .28نػٚغ رطط١ػ وٙؽث١خ اٌمٍت
٠زُ رؼجئخ ٘ػا اٌدعٚي ِٓ ضالي غج١ت ِطزص ثأِؽاض اٌمٍت.
28.1
28.2
28.3
28.4

ٔ 1ؼُ

ٔٛع نػٚغ رطط١ػ وٙؽث١خ اٌمٍت
موجة "تي"معكوسة
ارتفاع مقطع "اس تي"
انخفاض مقطع "اس تي"
حصار الغصن األيسر أو األيمن

نىؽا ٌزؼبٔٚىُ ،،

 2ال

اٌجبزث /أظُ٘ ئثؽا٘ ُ١أزّع

91

