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INTRODUCTION  

 
 Cardiovascular disease is the most common cause of death worldwide, 

which accounts for approximately 12 million deaths annually. In the past three 

decades there has been a changing trend in the occurrence of coronary artery 

disease (CAD) across the globe which shows decreasing trend in industrialised 

western countries where as in developing countries there has been a rapid 

increase in the incidence of atherosclerotic CAD. This increase is driven by 

industrialization, urbanization, and related lifestyle changes which is called as 

epidemiological transition. As per the Registrar General of India report, CAD 

led to 17% of total deaths and 26% of adult deaths in 2001-2003 which 

increased to 23% of total and 32% of adult deaths in 2010-2013. The 

prevalence of CAD varies from 1%-2% in rural populations and 2%-4% in 

urban populations.[1]  

 
 The risk factors of CAD are broadly divided into modifiable and non-

modifiable. The classically defined eight risk factors are hypertension, 

dyslipidemia, diabetes, physical inactivity and sedentary lifestyle, central 

obesity, stress and type - A personality, family history of CAD and smoking. 

The INTERHEART study identified abnormal lipids, smoking, hypertension, 

diabetes, abdominal obesity, psychosocial factors, decreased consumption of 

fruits, vegetables, excess alcohol intake and physical inactivity account for 

most of the risk of myocardial infarction world-wide.[2] 
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 In most cases CAD occurs because of inadequate coronary perfusion 

relative to myocardial demand. This may result from a combination of pre-

existing ("fixed") atherosclerotic occlusion of coronary arteries and new 

superimposed thrombosis and/or vasospasm. Myocardial infarction (MI) occurs 

because of abrupt plaque change followed by thrombosis. The initiating event 

is typically disruption of a plaque due to: Rupture, fissuring, or ulceration of 

plaques exposing highly thrombogenic plaque constituents or underlying 

subendothelial basement membrane. Hemorrhage into the core of plaques with 

expansion of plaque volume and worsening of the luminal occlusion is a well 

known meachanism by which MI occurs.  

 The contemporary view of atherogenesis is expressed by the response-

to-injury hypothesis. This model views atherosclerosis as a chronic 

inflammatory response of the arterial wall to endothelial injury. Inflammation 

plays an essential role at all stages of atherosclerosis, from inception to plaque 

rupture. Initially Sullivan et al[3] proposed that iron depletion protects against 

ischemic heart disease. Framingham study showed that the risk of heart disease 

in women increased equally by natural menopause or by surgical menopause. 

Uterine factors especially regular menstrual blood loss might be responsible for 

protection of pre-menopausal women against ischemic heart disease.[4,5] 

Lauffer et al[6] showed a correlation between iron stores and cardio-vascular 

mortality. 
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 Over the past 20 years, the hypothesis that increased body iron stores are 

associated with risk of coronary artery disease has generated extensive debate. 

There are studies many done in different centres to look for risk factors of acute 

myocardial infarction. However most of these studies have evaluated 

conventional risk factors of acute myocardial infarction. Evaluation of serum 

ferritin as a risk factor for acute myocardial infarction is not well documented 

in the literature. Hence this study was considered to look for association 

between body iron stores and myocardial infarction due to atherosclerosis in 

Institute of internal medicine, Madras medical college, Chennai. 
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AIM OF THE STUDY  
 

� To study the level of serum ferritin in acute myocardial infarction. 

� To compare the relationship of serum ferritin with conventional risk 

factors of acute myocardial infarction like diabetes mellitus, body mass 

index, hypertension and smoking. 
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REVIEW OF LITERATURE 

 Cardiovascular disease is epidemic in India owing to the changing trend 

in lifestyle, industrialization and urbanization. The disease burden and increase 

in mortality rate is quite evident from Registrar general of India (RGI) report 

which showed a CVD related deaths of 15-20% in 1990s which increased to 

29% in 2013.[7] Indian scenario differs from western population with respect to 

age of onset of disease where Indian patients are 7 to 8 years younger than 

western patients with mean age of 57 years as against 65 years in western 

population.[1]  

 
MYOCARDIAL INJURY:  

 Myocardial injury is the term that should be used when there is evidence 

of elevated cardiac troponin values (cTn) with at least one value above the 99th 

percentile upper reference limit (URL). Myocardial injury is considered acute 

if there is a rise and/or fall of cTn values.[8]  

 
MYOCARDIAL INFARCTION: 

 Acute MI is defined as acute myocardial injury with clinical evidence of 

acute myocardial ischaemia and detection of a rise and/or fall of cTn values 

with at least one value above the 99th percentile URL and at least one of the 

following: 

1. Symptoms of myocardial ischaemia; 

2. New ischaemic ECG changes; 

3. Development of pathological Q waves; 



6 
 

4. Imaging evidence of new loss of viable myocardium or new regional     

     wall motion abnormality in a pattern consistent with an ischemic  

     aetiology. 

5. Identification of a coronary thrombus by angiography or autopsy. 

 
TYPES OF MYOCARDIAL INFARCTION: 

 There are 5 types of MI based on etiopathegenesis which is universally 

accepted and followed. They are: 

 Type 1: Spontaneous MI is related to atherosclerotic plaque change 

which can be due to rupture, ulceration, fissuring, dissection or erosion that 

leads to myocardial ischemia and necrosis.  

 Type 2: MI secondary to ischemic imbalance between myocardial 

oxygen supply and demand unrelated to coronary thrombus like coronary 

endothelial dysfunction, coronary artery spasm, anaemia, arrhythmias, hypo or 

hypertension and respiratory failure. 

 Type 3: MI resulting in death when biomarker values are unavailable. 

Cardiac death occurs where symptoms are suggestive of myocardial ischemia 

with electrocardiography (ECG) changes are suggestive of new ischemic 

changes or new left bundle branch block (LBBB). Death occurs before the 

sample is collected or before the rise of cardiac enzymes. 

 Type 4a: MI related to percutaneous coronary intervention where there 

is elevation of cTn values more than 5 times the 99th percentile of the URL in 
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patients with normal baseline values or more than 20% rise if the baseline 

values are elevated. 

 Type 4b: MI related to stent thrombosis which is detected by coronary 

angiography or autopsy. 

 Type 5: MI related to coronary artery bypass graft (CABG) where there 

is elevation of cTn values more than 10 times the 99th percentile of URL where 

the baseline values are normal. Those with elevated cTn values or in whom the 

troponin levels are stable or falling the post procedure cTn values should rise 

by 20%. 

 
ROLE OF ECG IN ACUTE MYOCARDIAL ISCHEMIA: 

 ECG is an essential investigation in the initial evaluation of patient with 

chest pain. It should be taken and interpreted within 10 minutes of first medical 

contact. Serial changes in ECG will develop in most patients. There are many 

factors which will limit the usefulness of this tool for diagnosis and localisation 

of acute MI. They are as follows: extent of myocardial injury, age of infarct, 

location, the presence of previous infarct, electrolyte abnormalities, use of 

cardio-active drugs and acute pericarditis. The ST segment and T wave changes 

are non specific which can occur in many conditions like stable and unstable 

angina, pericarditis, myocarditis, early repolarisation and shock. Here comes 

the importance of serial ECG monitoring which will help us distinguishing 

above mentioned conditions from acute MI and also the clinical symptoms and 

signs of the patient.[9]   
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 The following ECG changes suggest acute MI in the absence of left 

ventricular hypertrophy and bundle branch block. New ST elevation at J point 

in 2 contiguous leads with ≥ 1mm in all leads other than V2-3. In V2 and V3 

leads for men >40 years there should be ≥2 mm elevation; in men <40 years 

there should be ≥2.5 mm elevation; women regardless of age it should be ≥1.5 

mm elevation. ST depression and T wave changes include new down sloping or 

horizontal ST segment depression ≥0.5 mm in two contiguous leads and / or T 

inversion >1mm in two contiguous leads with R/S ratio >1.[8]  

 

Figure 1: ECG showing ST segment elevation in a patient with inferior 

wall acute MI (STEMI). 

 

Figure 2: ECG showing ST segment depression in a patient with elevated 

cardiac enzymes (NSTEMI). 
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ECG MANIFESTATION OF ISCHEMIA IN THE SETTING OF 

LBBB & PREVIOUS MI: 

 

Figure 3: ECG changes in the presence of LBBB & LVH. 

ISOLATED POSTERIOR WALL MI:  

 When there is involvement of left circumflex territory there will be 

ischemic changes in inferior and basal portion of the heart. There will be 

isolated ST segment depression ≥0.5mm in leads v1-v3. In this case additional 

posterior chest wall leads should be recorded. ST elevation of ≥0.5mm in leads 
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v7-v9 (for men more than 40 years ≥1mm) is recommended to diagnose 

posterior wall myocardial infarction.[10] 

LEFT MAIN CORONARY OBSTRUCTION: 

 ST depression of ≥1mm in six or more surface leads with ST elevation 

in aVR and/or v1 suggest left main coronary artery obstruction or multi vessel 

ischemia.[10]  

RISK FACTORS OF ACUTE MI: 

 A risk factor in the epidemiological sense is a statistical prediction of a 

disease. There are certain factors which have high incidence of association with 

CAD. There is no prospective study in India which could determine the risk 

factors for myocardial infarction. However significant data came from case-

control INTERHEART study which identified 8 common risk factors for acute 

MI in south Asians and Indian patients. The risk factors of acute MI are 

broadly divided into modifiable and non-modifiable.[11]  

MODIFIABLE RISK FACTORS: 

The five leading modifiable risk factors for acute MI are: 

1. Hypercholesterolemia 

2. Diabetes mellitus 

3. Hypertension 

4. Obesity 

5. Smoking. 
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Lipids mainly cholesterol and triglycerides are water insoluble 

compounds. They require protein containing complexes and lipoproteins to 

transport them. The protein component of lipoprotein is apolipoprotein. The 

prevalence of dyslipidemia is increased in patients with CAD. The following 

lipid abnormalities are associated with increased risk of CAD, they are: 

elevated total cholesterol, elevated LDL cholesterol, low HDL cholesterol, 

hypertriglyceridemia, increased lipoprotein-a, increased apolipoprotein - C3 

and different genotypes of apolipoprotein E.[12]  

 
 Hyperinsulinemia, insulin resistance and elevated blood glucose are 

associated with atherosclerotic CVD. Diabetic patients tend to have other 

atherosclerotic risk factors like hypertension, obesity, hypertriglyceridemia and 

elevated plasma fibrinogen which make them more prone for developing acute 

MI. [13]  

 
 The life time risk of developing cardiovascular disease is high in 

patients with hypertension. Increased pressure within the coronary artery 

induces endothelial dysfunction which in turn leads to accumulation of lipid 

products within the subendothelial layer and thereby promoting atherosclerotic 

plaque formation.  

 
 Central or truncal obesity is associated with increased risk of developing 

coronary artery disease. Cigarette smoking is an important and reversible risk 

factor for acute MI. The incidence of MI is increased 6 fold in women and 3 
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fold in men who smoke at least 20 cigarettes per day compared with non-

smokers.[14]  

 
 Physical inactivity doubles the risk of coronary artery disease which is 

also an important risk factor for stroke. Regular exercise like brisk walking, 

cycling or swimming for 20 minutes for 2 or 3 times a week has a protective 

effect which is mainly due to increased serum HDL cholesterol and lower 

blood pressure.  

 
 Moderate alcohol consumption which is defined as having up to 1 drink 

per day for women and up to 2 drinks per day for men is associated with 

decreased risk of cardiovascular events. However, binge drinking increases the 

risk of cardiovascular disease.[15]  

 
 Diets with high glycemic index contribute to the risk of developing 

coronary artery disease. Regular consumption of fruits and vegetables is 

inversely associated with the risk of coronary artery disease and stroke. Higher 

intake of red meat and high fat dairy products are associated with increased risk 

of CAD. High fibre intake is associated with decreased risk of CAD. The 

introduction of Mediterranean diet decreases the risk of cardiovascular 

events.[16] 

 
  Depression, anger, stress and other psycho-social factors are associated 

with increased risk of CAD. Numerous inflammatory markers have been 

reported to be associated with increased risk of CAD. This includes C-reactive 
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protein which is an extensively studied marker. Others being interleukin-6, 

myeloperoxidase, elevated white blood cell count, erythrocyte sedimentation 

rate, interleukin-18, tumor necrosis factor-α, transforming growth factor-β,  

p-selectin, cathepsin-S and lipoprotein associated phospholipase - A2.[17] 

 
 Recent studies have documented the role of increased iron and risk of 

CAD. Excess iron can accept or donate electrons by exchanging between 

ferrous and ferric forms. This exchange will generate reactive oxygen species 

causing oxidative stress and lipid peroxidation which will elevate the risk of 

CAD.[18]  

 
NON - MODIFIABLE RISK FACTORS: 

1. Age  

2. Sex 

3. Family history 

 Age alone contributes to the development of CAD. Each additional 

decade of life is associated with doubling of the cardiovascular risk. 

Premenopausal women have lower rates of the disease when compared to men 

but this difference disappears after menopause.  

 
 Atherosclerotic vascular disease runs in families. The common inherited 

risk factors like hypertension, hyperlipidemia and diabetes mellitus are 

polygenic. Positive family history is said to be present when the problem 

occurs in first degree relative at a relatively younger age <55 years for men and 

<65 years for women.[19]  
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CLINICAL FEATURES: 

PREDISPOSING FCATORS: 

 Nearly half of the patients with ST elevation myocardial infarction 

(STEMI) will have an identifiable precipitating factor. Heavy exercise and 

emotional stress can precipitate MI. Accelerating angina and rest angina can 

result in STEMI. Non cardiac surgical procedures can result in STEMI. Other 

predisposing factors which can lead to STEMI are: 

 
1. Reduced perfusion due to hypotension 

2. Increased myocardial oxygen demand due to aortic stenosis, fever,     

    tachycardia, agitation. 

3. Respiratory infection 

4. Pulmonary embolism 

5. Any cause leading to hypoxemia 

6. Hypoglycemia 

7. Drugs like ergot derivatives, cocaine, sympathomimetics 

8. Serum sickness, allergy and rarely wasp stings 

9. Heavy meal 

10. Cold exposure 

 
  Circadian periodicity is noted at the onset of STEMI where peak 

incidence occurs in the morning. In the early morning hours there will be 

increase in catecholamines, cortisol and platelet aggregability which in turn 

leads to ischemic insult and myocardial necrosis.[20]  
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SYMPTOMS OF ACUTE MI: 

1. Chest discomfort. 

2. Chest pain. 

3. Nausea and vomiting. 

4. Palpitation. 

5. Dizziness 

6. Cold perspiration. 

 History remains very important in the diagnosis of STEMI. Chest 

discomfort which is usually present but it occurs at rest or with minimal 

exertion than usual. General malaise or exhaustion usually accompanies other 

symptoms. The patients often massage or clutch their chest and describe the 

pain with the clenched fist against sternum which is called as ‘Levine sign’. 

 
 Chest pain usually varies in intensity. In most cases it is severe and 

intolerable. The pain is usually prolonged which lasts for more than 30 minutes 

and may last for several hours. The nature of the discomfort is constricting, 

crushing, oppressing or compressing and there will be feeling of sensation of 

heavy weight or squeezing in the chest. It can also be described as stabbing, 

knife like or burning type of discomfort. It is commonly felt retrosternally and 

radiates to both the sides of anterior part of chest preferentially to the left. It 

also radiates to the ulnar aspect of the left arm. In some cases pain begins in the 

epigastrium and misdiagnosed as indigestion. It can also radiate to shoulder, 

upper extremities, neck, jaw and interscapular region. Pain is rarely localised 
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below umbilicus or above mandible. Chest pain which occurs when the patient 

is recumbent is known as ‘angina decubitus’. 

 
 Nocturnal angina may be due to episodic tachycardia, diminished 

oxygenation as the respiratory pattern changes during sleep for expansion of 

intra-thoracic blood volume that occurs with recumbency. This results in 

increased cardiac size and end diastolic volume, wall tension and myocardial 

oxygen demand that can lead to ischemia and transient left ventricular failure. 

The threshold for the development of angina varies by the time of the day and 

emotional state.  

 
 Many patients report a fixed threshold for angina which occurs 

predictably at a certain level of activity like climbing two flights of stairs at a 

normal pace. In these patients coronary artery stenosis and myocardial oxygen 

supply are fixed. Ischemia is precipitated by increase in myocardial oxygen 

demand. They are stable exertional angina. In certain patients the threshold for 

angina may vary considerably within any particular day and from day to day. In 

such patients variation in myocardial oxygen supply is most likely due to 

changes in coronary vasomotor tone, may play an important role in defining the 

pattern of angina. A patient may report symptoms upon minor exertion in the 

morning yet by mid day be capable of much greater effort without symptoms.  

 
 Exertional angina is typically relieved in one to 5 minutes by slowing or 

ceasing activities and even more rapidly by rest and sublingual nitroglycerine. 

Indeed the diagnosis of angina should be suspected if it does not respond to 
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combination of these measures. The pain can subside when the patient reaches 

the hospital or persist for long hours. Opiates relive the pain. The pain is 

thought to arise from nerve ending in ischemic myocardium. The pain suddenly 

disappears following restoration of blood flow.  

 
 Other symptoms which usually accompany the chest discomfort are 

nausea and vomiting which is due to activation of vagal reflex or due to 

stimulation of LV receptors as a part of Bezold-Jarisch reflex is usually 

associated with inferior wall MI. Patient can also have diarrhea, profound 

weakness, palpitation, cold perspiration, dizziness and a feeling of impending 

doom. 

 
 Fever which is a non specific response to tissue necrosis develops in 

patient with STEMI usually within 24 to 48 hours of infarction. Fever usually 

subsides after 4 to 5 days of infarction. 

 

 Angina equivalents are those symptoms of myocardial ischemia other 

than angina which are more common in diabetic and elderly patients.[19] They 

are: 

1. Dyspnea 

2. Nausea 

3. Fatigue 

4. Faintness  
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PATHOGENESIS OF ACUTE MI: 

 Almost all coronary events are due to coronary atherosclerosis which is 

usually superimposed with coronary thrombus that is caused by erosion or 

rupture of an atherosclerotic lesion. Non-atherogenic forms of coronary artery 

disease are also present which are: 

1. Arteritis 

2. Trauma to coronary arteries 

3. Coronary mural thickening with metabolic disease or intimal 

proliferative disease 

4. Luminal narrowing by other mechanisms like spasm of the coronary  

artery which is known as Prinzmetal angina and aortic dissection. 

5. Emboli to coronary arteries – likely sources being infective  

endocarditis, non  bacterial thrombotic endocarditis, mural thrombus  

from left atrium, ventricle or pulmonary vein, prosthetic valve emboli, 

paradoxical emboli. 

6. Congenital coronary artery anomalies like anomalous origin of left 

coronary artery from pulmonary artery, coronary artery aneurysm. 

7. Myocardial oxygen supply and demand disproportion due to conditions 

like aortic stenosis, aortic insufficiency, thryrotoxicosis, carbon 

monoxide poisoning, prolonged hypotension, Takotsubo 

cardiomyopathy. 

8. Hematological conditions causing insitu thrombosis like polycythemia 

vera, thrombocytosis, disseminated intravascular coagulation. 
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9. Miscellaneous causes being cocaine abuse, complication of cardiac     

catheterisation. 

 
In acute coronary athero-thrombosis the intra coronary thrombus formed 

can be partially obstructive that leads to myocardial ischemia without ST 

elevation or it can be a completely occlusive thrombus causing transmural 

myocardial ischemia and STEMI. Q wave infarction is synonymous with 

transmural infarction. Non Q wave infarction is synonymous with 

subendocardial ischemia.[21,22]  

 
 The determinants of myocardial oxygen demand are heart rate, 

myocardial contractility and myocardial wall tension. Adequate supply of 

oxygen to the myocardium requires appropriate level of oxygen carrying 

capacity of blood and adequate coronary blood flow. Blood flow through the 

coronary artery occurs in the phasic fashion and majority of blood flow occurs 

during diastole. The normal coronary circulation is controlled by oxygen 

requirement of the heart.  

 
 Atherosclerosis by reducing the lumen of coronary arteries limits the 

increase in perfusion when there is a demand for increased flow like exertion or 

excitement. When there is severe reduction of lumen due to atherosclerosis the 

myocardial perfusion in the basal state will also be reduced.  
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Figure 4: Progression of myocardial necrosis after coronary  

artery occlusion. 

 

CORONARY ATHEROSCLEROSIS: 

 The epicardial coronary arteries are the major site for atherosclerotic 

disease. Major risk factors are: 

1. High levels of plasma LDL cholesterol 

2. Low plasma HDL cholesterol 

3. Cigarette smoking 

4. Hypertension 

5. Diabetes mellitus 
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 All the above mentioned conditions disturb the normal function of 

vascular endothelium. The normal functions of endothelium are local control of 

vascular tone, maintenance of anti-thrombotic surface, control of inflammatory 

cell adhesion and diapedesis. When the endothelial dysfunction occurs there 

will be loss of defences which leads to inappropriate constriction, luminal 

thrombus formation, abnormal interaction between blood cells mainly 

monocytes and platelets and the activated vascular endothelium.  

 
 Instead of viewing atherosclerosis as a vascular problem it is important 

to consider it in the context of alteration in the nature of circulating blood like 

increase LDL cholesterol, tissue factor, fibrinogen, coagulation factor VII and 

platelet microparticles. So the combination of vulnerable blood and vulnerable 

vessel promotes the state of hypercoagulability. The atherosclerosis develops at 

an irregular rate in different segments of the coronary tree which eventually 

causes segmental reduction in the cross sectional area due to plaque formation. 

Usually atherosclerotic plaques have a predilection to develop at sites of 

increased turbulence in coronary flow like branch points in the arteries. When 

there is stenosis which reduces the diameter of an epicardial coronary artery by 

50% there is a limitation of the ability to increase the flow to meet increased 

myocardial demand. When the diameter is reduced by approximately 80% 

blood flow at rest will also be reduced.  

 
 The plaque formed as a result of atherosclerosis is subject to rupture or 

erosion of the cap which separates the plaque from the blood stream. So there 
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is exposure of plaque content to the blood. Plaque rupture is more prevalent in 

men where as plaque erosion is more frequent in women younger than 50 years 

of age. The atherosclerotic plaque which is more prone to disruption or erosion 

is a plaque which has a necrotic core filled with lipids and inflammatory cells 

that is covered by a thin inflamed fibrous cap. [21]   

 
 The three lesion characteristics – lipid burden >70%, thin cap 

atherofibroma morphology, minimal luminal area of 4mm2 or small are 

independent correlates of future atherosclerotic events. Other morphological 

characteristics associated with rupture prone plaque are: 

1. Neovascularisation 

2. Plaque hemorrhage 

3. Adventitial inflammation 

4. Spotty pattern of calcification 

 
Inflammation places a pivotal role in the pathogenesis of plaque rupture. 

Inflammation stimulates over expression of the enzymes that degrades 

components of the extracellular matrix. The activated macrophages and mast 

cells which are abundant at the site of plaque disruption in patients who die due 

to STEMI can elaborate these proteases. In addition to the structural aspects of 

vulnerable plaque stress induced by intraluminal pressure, coronary vasomotor 

tone, tachycardia causing cyclical stretching and compression, disruption of 

microvessels all contribute for plaque disruption.  
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PATHOGENESIS OF ATHEROSCLEROSIS: 

 Atherosclerosis is the major cause of death and premature disabilities in 

developed societies. According to the current prediction by the year 2020 

cardiovascular diseases mainly atherosclerosis will become the leading global 

cause of disease burden. Atherosclerosis can affect various regions of the 

circulation and has distinct clinical manifestations that depend on the particular 

circulatory bed. Atherosclerosis of the coronary bed commonly causes MI and 

angina pectoris. Atherosclerosis of the arteries of the central nervous system 

causes stroke and transient cerebral ischemia.  

 
 In peripheral circulation, atherosclerosis causes gangrene and 

intermittent claudication. Splanchnic circulation involvement causes 

mysenteric ischemia. Atherosclerosis involves the kidney in the form of renal 

artery stenosis. In any particular arterial bed the stenosis caused by 

atherosclerosis can occur focally in certain predisposed regions.  

 
 In coronary circulation proximal left anterior descending artery has a 

particular predilection for developing atherosclerosis. Likewise atherosclerosis 

preferentially involves the proximal portion of renal artery and carotid 

bifurcation. Atherosclerotic lesions usually form at branch point of arteries 

which are the regions characterised by disturbed hydrodynamics. 

Atherosclerosis not only usually results in stenotic or occlusive disease it will 

also lead to ectasia and development of aneurysmal disease which frequently 

occurs in the aorta.  
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 In humans, atherogenesis typically occurs over a period of many years. 

The growth of atherosclerotic plaque does not occur in a smooth linear fashion 

but it occurs discontinuously with alternating periods of relative quiescence and 

periods of rapid evolution. After prolonged silent period atherosclerosis 

becomes clinically evident.   

 
 The clinical manifestations of atherosclerosis can be chronic as in case 

of development of stable effort induced angina pectoris or intermittent 

claudication. It can be a dramatic clinical event like MI, stroke or sudden 

cardiac death. Some individuals will never experience the manifestations of the 

atherosclerotic disease which is revealed only by a post mortem examination. 

 
 Atherosclerosis became an epidemic because population survived early 

mortality associated with communicable diseases and malnutrition. Economic 

development and urbanisation promoted habits of poor diet and decreased 

physical activity which can favour atherogenesis. The arteries are no longer 

viewed as inanimate tubes. In mid 19th century, Rudolf Virchow recognised 

participation of cells in atherogenesis. There was a controversy between 

Virchow who viewed atherosclerosis as a proliferative disease and Carl Von 

Rokitansky who believed that atheroma derived from healing and resorption of 

thrombi. Experiments performed in early part of the 20th century used dietary 

modulation to produce fatty lesions and identified cholesterol as culprit. 
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Figure 5:  Sequential progression of coronary arterial lesion leading to 

various acute coronary syndromes. 

 
INITIATION OF ATHEROSCLEROSIS: 

 Fatty streak represents the initial lesion of atherosclerosis. These early 

lesions are due to focal increase in content of lipoprotein within the region of 

intima. The low density lipoproteins that bear apolipoprotein-B are causally 

related to atherosclerosis. The lipoprotein particles collect in the intima of 
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arteries due to increased permeability or leakiness of overlying endothelium. In 

the intima they bind to the constituents of extracellular matrix which there by 

increases the resident time of lipid rich particle within the arterial wall. These 

lipoproteins particles interact with proteoglycan of arterial matrix and remain 

insitu for longer duration which is prone for increased susceptibility to 

oxidation and other chemical modification. The contributors to oxidative stress 

in nascent atheroma are reduced nicotinamide adenine dinucleotide / 

nicotinamide adenine dinucleotide phosphate oxidases expressed by vascular 

cells, lipoxygenases of infiltrating leucocytes or enzyme myeloperoxidase. 

 

LEUCOCYTE RECRUITEMENT & RETENTION: 

 Normal endothelium resists adhesive interaction with leucocyte even in 

the inflamed tissues. Recruitment & trafficking of leucocytes occur in post 

capillary venules and not in arteries but with the presence of 

hypercholesterolemia leucocytes adhere to the endothelium and move between 

the endothelial junction or it can even penetrate through the endothelial cells by 

the process called transcytosis to enter the intima where they start to 

accumulate lipids to become foam cells. Monocytes and T lymphocytes tend to 

accumulate in early human and animal atherosclerosis.  

 
 The expression of certain leucocyte adhesion molecules on endothelial 

surface regulates adherence of T cells and monocytes to the endothelium. 

Members of immunoglobulin super family include molecules as vascular cell 

adhesion molecule – I or CD106. This adhesion molecule is involved in early 
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atherogenesis. It interacts with an integrin characteristically expressed by those 

classes of leucocytes that accumulate in nascent atheroma namely monocytes 

and T cells.[23]  

 
 Laminar shear forces can suppress the expression of leucocyte adhesion 

molecules. The sites for predilection for atherosclerotic lesion like distal to 

flow dividers have low shear stress or disturbed flow. Pulsatile laminar shear of 

normal blood flow augment the production of nitric oxide by endothelial cells. 

Nitric oxide apart from it’s vasodilator property, it constitutively produce low 

levels of nitric oxide which acts as local autoinflammatory autocoids. The 

exposure of the endothelial cells to laminar shear stress increases the 

transcription of Kruppel like factor-2 which augments the activity of salutary 

function of endothelial cells including nitric oxide synthase. Laminar shear 

stress also causes endothelial cells to produce superoxide dismutase which is an 

antioxidant enzyme. These effects explain the favoured localisation of 

atherosclerotic lesion at the sites which experience disturbed flow or low shear 

stress. On the surface of the endothelial cells the leucocytes penetrate the 

endothelial layer and reside in intima. There are many chemokines implicated 

in atherogenesis among them two are of particular interest in recruiting the 

mononuclear cells typical of early atheroma. They are monocyte 

chemoattractant protein-1 or CCL-2.  
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FOAM CELL FORMATION: 

 The recruited monocyte with in the arterial intima can imbibe lipid and 

become a foam cell or lipid laden macrophage. LDL receptor is seen in most of 

the cells however they does not mediate foam cell accumulation. Instead of the 

classical LDL receptor other molecules such as scavenger receptors appear to 

mediate the excessive lipid uptake that is characteristic of foam cell formation. 

These receptors preferentially endocytose modified lipoproteins whereas other 

receptors that bind modified lipoprotein and participate in foam cell formation 

are CD36 and macrosialin. Once the macrophages reside in the intima and 

become foam cells they can also replicate. The factors that trigger the 

macrophage cell division are hematopoietic growth factors such as macrophage 

colony stimulating factor, granulocyte macrophage colony stimulating factor 

and interleukin-3.  

 

FOCALITY OF LESION FORMATION: 

 The location of the sites of lesion predilection like the proximal portion 

of the artery at branch point or bifurcation suggests a hydrodynamic basis for 

early lesion development. Arteries without many branches like internal 

mammary and radial artery do not tend to develop atherosclerosis. 

 

EVOLUTION OF ATHEROMA: 

 Fatty streak commonly precedes the development of advanced 

atherosclerotic plaque but not all fatty streak progress to complex atheroma 

formation. The mononuclear phagocytes bearing scavenger receptors can 
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remove lipoprotein from the developing lesion. Some lipid laden macrophages 

may leave the arterial wall. So the amount of lipid entering the arterial wall 

exceeds the amount that can be removed by phagocytes only will result in the 

formation of atheroma.  

 
 Another protective mechanism is reverse cholesterol transport mediated 

by high density lipoprotein which acts as an independent pathway for removal 

of lipid from the atheroma. These reverse cholesterol transport mediated by the 

ABC transporters allow HDL loaded with cholesterol to deliver to hepatocytes. 

The liver cells can metabolise the sterol to bile acid which are then excreted. 

Some foam cells will die as a result of programmed cell death. This death of 

the mononuclear phagocyte results in the formation of necrotic core. The 

accumulation of lipid laden macrophages characterises fatty streak. Build up of 

fibrous tissue formed by extracellular matrix is classical of more advance 

atherosclerotic lesion.[24-26]  

 
SMOOTH MUSCLE MIGRATION & PROLIFERATION: 

 Smooth muscle cells in normal tunica media differ from those in intima. 

There are two schools of thought for the smooth muscle cell migration. One is 

concept of recruitement of blood borne smooth muscle cells into the plaque & 

the recent one is presence of resident vascular stem cells as a precursor of 

smooth muscle cells in atheroma. The platelet derived growth factor elaborated 

by activated platelet, macrophage and endothelial cell can stimulate the 

migration of smooth muscle cells normally resident in the tunica media to 
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intima. The smooth cells in atherosclerotic intima appear to be one with less 

mature phenotype. Instead of expressing the isoforms of smooth muscle 

myosin characteristic of adult smooth muscle cell those in the intima have 

higher levels of embryonic isoforms of myosin. They also contain many rough 

endoplasmic reticulum and few contractile fibres than normal medial smooth 

muscle cells. 

 
 Smooth muscle cells synthesises the bulk of extracellular matrix of 

complex atherosclerotic lesion. The cytokines found in the plaque like IL-1 and 

TNF can induce local production of growth factors like platelet derived growth 

factor, fibroblast growth factor which contribute to the plaque evolution. 

Transforming growth factor factor – β stimulates interstitial collagen 

production by smooth muscle cells. The accumulation of smooth muscle cells 

and their contribution for extracellular matrix production probably provide a 

critical transition yielding a fibrofatty lesion. 

 
 Fatty streak formation begins beneath an intact endothelium whereas in 

advanced fatty streak microscopic breaches in endothelial integrity may occur. 

Microthrombi rich in platelets can form at such sites due to exposure of 

thrombogenic extracellular matrix of underlying basement membrane.  

 
 The activated platelets release numerous factors which promote 

fibrogenic response such as PDGF & TGF-β. Many arterial mural 

microthrombi resolve by local fibronolysis, resorption and endothelial repair. 
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Figure 6: Cellular interactions in atherosclerosis. 

 
MICROVESSEL FORMATION: 

 As the atherosclerotic lesion advances, they develop their own 

microcirculation. These newly developing microvascular networks contribute 

to lesion complication in many ways. These blood vessels provide an abundant 

surface area for leucocyte trafficking and it serves as a portal for entry and exit 

of leucocytes from the atheroma. Also the microvessels in the plaque are 

friable and more prone for rupture and produce focal hemorrhage similar to the 

case of diabetic retinopathy. Such vascular leak can provoke thrombosis insitu 

and yield local thrombin generation that in turn activates smooth muscle cell 

proliferation and matrix accumulation in the area adjacent to microvascular 

disruption. 
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Figure 7: Well developed intimal atheromatous plaque. 

 
CALCIFICATION: 

 As the lesion advance, atherosclerotic plaque accumulates calcium. 

Atheroma calcification shares many mechanisms with bone formation. RANK 

ligand appears to promote smooth muscle cell mineral formation through bone 

morphogenetic protein-4 dependent pathway. Smooth muscle cells and 

macrophage die in the atherosclerotic plaque. Complex atheromas have a 

fibrous character and lack a cellularity.  

 
PATHOLOGICAL CONSEQUENCES OF ATHEROSCLEROSIS: 

 Most atheromas are asymptomatic and may not cause significant clinical 

manifestation. Arterial remodelling during atheroma formation accounts for 

this variable clinical expression of atherosclerotic disease. During the initial 

phases of atheroma formation the plaque grows outward in abluminal direction. 

Thus the vessels affected by atherogenesis increase in diameter by a process 

called as compensatory enlargement. The growing atheroma will not encroach 
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on the arterial lumen until the burden of the plaque exceeds 40% of the area. 

Usually an atheroma will not cause stenosis that can limit tissue perfusion. 

Flow limiting stenosis commonly occurs later in the history of the plaque. 

Many such lesions cause stable syndromes like demand induced angina or 

intermittent claudication. In the coronary circulation and other circulation even 

total vascular occlusion does not lead to infarction. The hypoxic stimulus of 

repeated ischemic bouts induces formation of collateral vessels. Many lesions 

that cause unstable atherosclerotic syndromes may arise from atherosclerotic 

plaques that do not produce flow limiting stenosis. Thrombi arising from such 

non occlusive stenosis explain the frequency of MI as an initial manifestation 

of coronary artery disease.  

 
PLAQUE INSTABILITY & RUPTURE: 

 Not all atheroma exhibit the same propensity to rupture. There are 

certain characteristic features which makes the plaque vulnerable one to 

rupture. They are: 

1. Thin fibrous cap 

2. Relatively large lipid core 

3. High content of macrophage 

4. Outward remodelling 

5. Spotty calcification 

6. Predominance of macrophage and T lymphocytes with relatively few 

smooth muscle cells. 
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 The cells that concentrate at the site of plaque rupture bear markers of 

inflammation. Inflammatory mediators regulate processes that govern integrity 

of plaque’s fibrous cap and hence it’s propensity for rupture. The T cells 

derived γ-interferon that is found in atherosclerotic plaque can inhibit growth 

and collagen synthesis of smooth muscle cells. The cytokines from activated 

macrophages and T cells boost production of proteolytic enzymes that degrade 

the extracellular matrix of fibrous cap. Hence inflammatory mediators can 

impair collagen synthesis required for maintenance and repair of fibrous cap 

and trigger degradation of extracellular matrix molecules, thus weakening the 

plaque’s fibrous cap and enhance the susceptibility to rupture.  

 
 Rupture of plaque’s fibrous cap causes thrombosis. Physical disruption 

of the atherosclerotic plaque causes arterial thrombosis by allowing coagulant 

factors of blood to contact thrombogenic collagen found in arterial extracellular 

matrix. Normal arterial wall has many fibrinolytic or anti-thrombotic 

mechanisms that resist thrombosis and lyse clots that form insitu. Such 

molecules are thrombomodulin, tissue and urokinase type plasminogen 

activators, heparin sulphate proteoglycans, prostacyclin and nitric oxide.  

 
 When the clot overwhelms these fibrinolytic mechanisms it may 

propagate and lead to arterial occlusion. The consequence of the occlusion 

depends on the existing collateral vessels. In a patient with collateral channel 

even a total arterial occlusion may not lead to MI or may produce a modest or 

Non-ST elevation MI because of collateral blood flow. Rather in a patient with 
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less advanced and without substantial stenotic lesion to produce a stimulus for 

collateral vessel formation, sudden plaque rupture can produce arterial 

occlusion and STEMI.  

 
 In some cases thrombus may lyse or organise into a mural thrombus 

without occluding the vessel and remain clinically silent. The subsequent 

thrombin induced fibrosis and healing leads to a fibro-proliferative response 

resulting in a more fibrous lesion that can produce an eccentric plaque that 

causes a hemodynamically significant stenosis. Such sequence of events may 

convert a vulnerable atheroma with thin fibrous cap that is prone to rupture into 

more stable fibrous plaque with reinforced cap. Angioplasty of unstable lesions 

may stabilise the lesion in a similar mechanism producing a wound followed by 

healing.  
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Figure 8: A - Arterial remodeling during atherogenesis. B. Rupture of the 

plaque's fibrous cap causes thrombosis. C- Clot propagation and luminal 

occlusion. D – Fibrosis and healing. 

 
FERRITIN: 

 Iron is an essential element for many cellular functions. Ferritin is a 

globular protein complex which is composed of 24 subunits and has molecular 

weight of 24Kdalton. It is the main intracellular iron storage protein. It keeps 

iron in soluble and non-toxic form. Ferritin which is not bound to iron is called 

apoferritin. It can also catalyse the formation of toxic free radicals.  
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STRUCTURE OF FERRITIN: 

 Ferritin has two functionally distinct subunits – ferritin H & ferritin L. 

Ferritin H forms the iron core. It can take up to 4000 iron atoms per molecule. 

About 16 copies of H gene and 5 copies of L gene are identified in humans. 

Most of them are intronless pseudogene. Single functional human H gene and 

L gene are identified. They are localised on chromosome 11q23 and 19q13.3 

respectively. The mitochondrial ferritin is encoded by gene on chromosome 

5q23.1. Ferritin is a major intracellular iron storage protein. Ferritin is a hollow 

protein shell with outside diameter of 12 to 13nm and inside diameter of 7 to 

8nm. H-Ferritin can bind and release iron more easily. 

 

Figure 9 : Structure of ferritin 

 
 Free iron is toxic to cells. Within cells iron is stored in complex with 

protein as ferritin or hemosiderin. When overload occurs, transferrin becomes 

saturated and free iron is released. Serum ferritin concentrations are directly 

proportional to intracellular ferritin concentration hence serum ferritin is 

considered to be the best clinical measure of body iron stores and feasible to 
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use in epidemiological studies. The H subunit of ferritin has ferro-oxidase 

activity which helps in the conversion of ferrous to ferric form. 

 
 The concept of “iron hypothesis” was proposed in early 1980s by 

Jerome Sullivan. As per this hypothesis iron depletion will provide a protective 

mechanism against heart disease. He proposed this mechanism based on three 

logical reasons. They are: 

1. Myocardial failure was seen in iron storage diseases. 

2. Increased stored iron is seen in men as they age. 

3. Increased iron in women after menopause. 

 
According to this hypothesis pre-menopausal women have a lower risk 

of heart disease compared to men and post-menopausal women due to loss of 

iron with menstruation. Since the proposal of this iron hypothesis many studies 

have investigated association between increased iron stores and atherosclerosis, 

myocardial infarction and metabolic syndrome. However there are inconsistent 

results in some studies.[27-29]  

 
 The rationale for the hypothesis is that iron donates electron to promote 

reactive oxygen species formation like hydroxyl radical from hydrogen 

peroxide through Fenton reaction. The transition metals like iron and copper 

donate or accept free electrons during intracellular reaction and catalyse free 

radical formation. In Fenton reaction, hydrogen peroxide reacts with ferrous 

ion to produce ferric ion and hydroxyl free radical. 
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Figure 10: Fenton reaction 

 
 Excess iron in tissues catalyses the formation of highly reactive forms of 

oxygen free radicals. Unstable free radical like hydroxyl radical, singlet oxygen 

can cause oxidation of LDL cholesterol. Oxidised LDL can activate endothelial 

cells to produce a variety of cell adhesion molecule like Intracellular adhesion 

molecule – I (ICAM-I), P-selectin, E-selectin, platelet endothelial cell adhesion 

molecule – I (PECAM-I), vascular cell adhesion molecule – I (VCAM-I) and 

chemotactic factors like monocyte chemoattractant protein –I (MCP-I). All 

these factors promote migration and binding of monocytes and lymphocytes to 

the arterial wall which ultimately leads to the formation of atherosclerosis by 

recruiting macrophages and smooth muscle cells.  
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Figure 11: Role of iron in the pathogenesis of atherosclerosis. 

 
FERRITIN IN HUMAN DISEASES: 

1. INHERITED HUMAN DISEASES: 

 Mutation in IRE region of ferritin and coding region of ferritin will 

cause hereditary human diseases. Ferritin L – IRE mutation cause hereditary 

hyperferritinemia cataract syndrome – an autosomal dominant disease with 

elevated ferritin level and early onset bilateral cataract.  

 
 Neuroferritinopathy which is an autosomal dominant disorder is 

characterised by decrease in serum ferritin. There will be abnormal deposition 

of iron and ferritin in brain. 
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 Hereditary hemochromatosis is an inherited autosomal recessive 

disorder of iron metabolism. There will be excessive iron deposition in many 

tissues of the body. Two mutations have been identified which are C282Y and 

H63D. Three cohort studies showed mutation of C282Y associated with 

increased risk of CAD. 

 
2. FERRITIN IN ATHEROSCLEROSIS: 

 Excess free iron is involved in free radical formation which ultimately 

results in oxidised LDL and atherosclerosis. Many studies have found an 

association with increased serum ferritin levels >200µg/L associated with high 

risk of MI.  

 
 Other diseases associated with ferritin are anemia which is due to 

decreased iron, low ferritin levels have been associated with symptoms of 

restless leg syndrome. In certain studies conducted in Paris, they have found an 

association between decreased iron levels and attention deficit hyperactive 

disorder in children. As ferritin is also an acute phase reactant it is often 

elevated in course of disease. Ferritin can be elevated during periods of acute 

malnourishment. A normal C-reactive protein can be used to exclude elevated 

ferritin caused by acute phase reactions. 

 
MANAGEMENT: 

� Maximum time from first medical contact to ECG and diagnosis    

should be ≤10 minutes.  
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� Maximum expected delay from diagnosis of STEMI to primary PCI 

should be ≤120 minutes.  

� Maximum time from diagnosis of STEMI to bolus or starting infusion of 

fibrinolytics should be ≤10 minutes.  

� Focus on relief of pain, breathlessness and anxiety.  

� Pain causes sympathetic activation which results in vasoconstriction and 

increases the work load of the heart. Intravenous opioid like morphine is 

the most commonly used analgesic.  

 
REPERFUSION THERAPY: 

� Reperfusion therapy is indicated for all patients with acute MI duration 

of ≤12 hours and persistent ST segment elevation. 

� Primary percutaneous coronary intervention (PCI) is recommended over 

fibrinolysis. 

� Stenting with new generation drug eluting stent (DES) is recommended 

over bare metal stent for primary PCI.  

� Access through the radial artery is recommended over femoral access. 

� If timely PCI cannot be performed, fibrinolytic therapy is recommended 

within 12 hours of symptom in those without contraindication.  

� For patients presenting with >12 hours of symptom onset, primary PCI 

strategy is indicated in the presence of ongoing ischemia, hemodynamic 

instability. 
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� Coronary artery bypass graft (CABG) surgery can be considered in 

patients with ongoing ischemia and large areas of jeoparadised 

myocardium where the PCI of infarct related artery cannot be 

performed. 

 
ANTIPLATELET THERAPY IN PATIENTS UNDERGOING 

PRIMARY PCI: 

 Aspirin is recommended for all patients without contraindication. 

Loading dose of 150-300mg orally followed by maintenance dose of 75-100mg 

per day. P2Y12 inhibitor ticagrelor or prasugrel or clopidogrel is recommended 

before PCI and should be continued for 12 months. Loading dose of 

clopidogrel is 600mg orally followed by maintenance dose of 75mg per day.  

 
ANTICOAGULATION THERAPY IN PATIENTS UNDERGOING 

PRIMARY PCI: 

 Anticoagulation is recommended for all patients in addition to anti-

platelet therapy during primary PCI. Routine use of unfractionated heparin 

(UFH) is recommended. The dose of UFH is 70-100 IU/Kg intravenously bolus 

when no GpIIb/IIIa inhibitor is used. When UFH is used along with GpIIb/IIIa 

inhibitor the recommended dose is 50-70 IU/Kg. 

 

FIBRINOLYTIC THERAPY: 

 The greatest benefit is seen only when the fibrinolytic therapy is offered 

within 2 hours after symptom onset. When the patient presents late, particularly 
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after 3 hours more consideration should be given to primary PCI. Fibrin 

specific agent like tenecteplase or alteplase or reteplase is recommended.  

 
CONTRAINDICATIONS OF FIBRINOLYTIC THERAPY: 

� History of cerebrovascular hemorrhage at any time. 

� Non-hemorrhagic stroke or other cerebrovascular event within the past 1 

year. 

� Marked hypertension of systolic blood pressure >180mm Hg or diastolic 

pressure >110mm Hg at any time during acute presentation. 

� Suspicion of aortic dissection. 

� Active internal bleeding. 

 
RELATIVE CONTRAINDICATIONS: 

� Current use of anticoagulants with PT-INR ≥ 2. 

� Recent invasive or surgical procedure <2 weeks. 

� Prolonged cardiopulmonary resuscitation >10 minutes. 

� Known bleeding diathesis. 

� Pregnancy. 

� Hemorrhagic ophthalmic condition. 

� Active peptic ulcer disease. 

 
 The goal of fibrinolytic therapy is to establish TIMI grade-3 flow which 

is full perfusion of infarct vessel with normal flow. Fibrin specific agents are 

preferable. Tenecteplase is given as single weight based intravenous bolus of 

0.53mg/kg over 10 seconds. 
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 Anti-platelets like aspirin and clopidogrel should be used. 

Anticoagulation therapy is recommended for patients up to 8 days. The 

anticoagulants like enoxaparin or UFH can be given. In patients treated with 

streptokinase fondaparinux is used. Rescue PCI is indicated when fibrinolysis 

has failed. Failed fibrinolysis means <50% of ST segment resolution at 60 – 

90minutes. ECG monitoring for arrhythmias and ST segment deviation is 

recommended for at least 24 hours after symptom onset in all patients. Early 

ambulation is recommended in majority of the patients.[30] 
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MATERIALS AND METHODS 

STUDY CENTRE:   

Madras Medical College and Rajiv Gandhi Government General 

Hospital, Chennai – 600003. 

STUDY DESIGN:  

Case control study 

SAMPLE SIZE:   

50 Cases and 50 Controls 

ETHICAL ISSUES: 

 Approval from Institutional Ethics Committee was taken before starting 

the study. Prior informed consent was obtained from all the patients and 

controls.  

INCLUSION CRITERIA: 

The diagnosis of acute myocardial infarction based on fulfilling any two 

of the following criteria: 

1. Chest pain of <12 hours duration. 

2. ST elevation >1mm in at least two consecutive leads in ECG. 

3. Increased cardiac markers (CK-MB and Troponin-T). 

4. Presumably new onset bundle branch block. 
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EXCLUSION CRITERIA: 

The following patients will be excluded from the study. 

1. Haemochromatosis 

2. Liver disease 

3. Tuberculosis 

4. Chronic inflammatory disease 

5. Those on iron therapy 

6. ESR > 20mm in 1st hour 

7. Neoplastic disease. 

DATA COLLECTION AND METHODS: 

 Patients admitted for chest pain were evaluated and first 50 consecutive 

patients who were diagnosed as having acute MI were selected for the study 

according to the inclusion and exclusion criteria. At the time of admission, 

elaborate clinical history was elicited. Clinical findings, ECG, cardiac markers 

and other relevant laboratory findings were documented meticulously. 

Simultaneously 50 age and sex matched controls were enrolled in the study and 

further workup was done to identify the study variables like history of 

smoking, alcohol intake, hypertension, diabetes and other laboratory 

investigations similar to cases.  
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 Patients who were known case of hypertension and diabetes mellitus 

were noted. Those patients without such history were further evaluated by 

measuring blood pressure, fasting and 2 hours post-prandial blood sugar. 

Serum lipid profile was done for all patients to identify abnormalities in lipid 

metabolism which in turn may serve as a risk factor for acute MI. Waist 

circumference was measured by taking a circumference that gives the 

narrowest measurement between rib cage and iliac crest. Hip measurement was 

taken by measuring at a level that gives maximum measurement at the level of 

buttock. Finally waist hip ratio was calculated by dividing waist circumference 

by hip circumference. Assessment of obesity was done by considering the body 

mass index (BMI) and patients were categorised into following groups. 

S.NO NUTRITIONAL STATUS BMI RANGE 

1 Underweight < 18.5 

2 Normal 18.5 – 22.9 

3 Overweight 23 – 24.9 

4 Obese 25 -29.9 

5 Morbidly obese ≥ 30 

 
Table 1: Categories of nutritional status based on body mass index 

 
SPECIMEN COLLECTION AND HANDLING : 

 Blood collection was performed by venipuncture and allowed to Clot. 

Serum separation was done by centrifugation at 5000rpm for 5 minutes at room 
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temperature. If sera cannot be assayed immediately, they were stored at 2-8oC 

which were analysed within a period of 48 hours. Hemorrhagic samples, 

lipemic samples and sera from jaundiced patients were not evaluated as it can 

interfere with assay detection method. Whenever hemorrhagic or lipemic 

samples were obtained, a repeat venipuncture was performed to obtain fresh 

sample. 

 
SERUM FERRITIN ASSAY METHOD: 

 Serum ferritin was measured for all cases and controls by using enzyme 

linked immunosorbent assay (ELISA) method. UBI MAGIWEL FERRITIN 

Quantitative test system was used which is a solid phase ELISA system which 

measures serum ferritin with high sensitivity (Limit of detection = 0.011 

ng/mL) and high specificity. It has 96 well plate coated with specific anti-

ferritin antibodies.  

 
 The standards provided along with the kit and serum samples from cases 

and controls were incubated in the well for 30 minutes and washed with 

distilled water. Another anti-ferritin antibodies conjugated with horseradish 

peroxidase was added to each well and incubated for 30 minutes. The wells 

were washed with distilled water to remove unbound anti-ferritin antibody 

conjugate. Finally chromogenic substrate was added which will result in 

formation of coloured product. The intensity of colour developed will be 

proportional to the amount of ferritin in the standards and samples.  
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 Optical density (OD) of both standards and samples were measured by 

using microtiter plate reader at a wavelength of 450nm. The serum ferritin 

concentrations of unknown samples were obtained by referring to the 

standards. 

 
The standard curve was obtained by plotting the absorbance (Y-axis) 

versus the corresponding concentration of standards (X-axis). Serum ferritin 

concentrations of the samples which were run concurrently along with the 

standards were determined from the standard curve.  

 
STATISTICAL ANALYSIS: 

 The data was tabulated and analysis was done by appropriate statistical 

methods. Nominal data like age, sex, smoking, alcohol intake, hypertension, 

diabetes, hypercholesterolemia and obesity were analysed using Pearson’s chi-

square test. Fisher’s exact test was used if any expected cell frequency was less 

than five. Serum ferritin levels were compared between cases and controls. To 

compare the two mean values, independent samples t-test was applied. The 

findings were considered to be statistically significant when p value was found 

to be less than 0.05. To analyze the data, SPSS software was used (IBM SPSS 

Statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. Released 

2013). 
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RESULTS 

 A total of 100 subjects were included in the study, among which  

50 were cases and another 50 were age and sex matched controls. Patients with 

acute MI were seen in different age groups ranging from 32 years to 82 years. 

Majority of patients were seen in 51-60 year age group (30%) whereas minority 

of patients belonged to 30 -40 years of age (8%). A similar group of control 

subjects were selected for the study. Control subjects were included from the 

age of 35 years to85 years with majority of subjects in 51- 60 year age group. 

The proportion of subjects in each group among various age range are given in 

table-2 and figure-12. 

Table 2: Proportion of cases and controls among various age range. 

Crosstab 
 group Total 

Case Control 

Age   
group 

30-40 years 
Count 4 4 8 

% within group 8.0% 8.0% 8.0% 

41-50 years 
Count 8 8 16 

% within group 16.0% 16.0% 16.0% 

51-60 years 
Count 15 16 31 

% within group 30.0% 32.0% 31.0% 

61-70 years 
Count 12 12 24 

% within group 24.0% 24.0% 24.0% 

71-80 years 
Count 11 10 21 

% within group 22.0% 20.0% 21.0% 

Total 
Count 50 50 100 

% within group 100.0% 100.0% 100.0% 

 
Pearson Chi-Square=0.080 p =0.999 

 

 



 

Figure 12: Proportion of cases and controls

 Among cases 

(24%). Among control group

the study where male patients

were 14 in number (28%).

Table 3: Sex wise distribution of cases and controls

Sex 

Male 

Female 

Total 

 
Pearson Chi-Square=0.051 p =0.822
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: Proportion of cases and controls among various age range.

 37 were male patients (74%) and 13 were female patients 

(24%). Among control group, similar proportion of subjects were selected for 

male patients were 36 in number (72%) and female patients 

(28%). 

Table 3: Sex wise distribution of cases and controls

 group 

Case Control

Count 37 36 

% within group 74.0% 72.0% 

 
Count 13 14 

% within group 26.0% 28.0% 
Count 50 50 

% within group 100.0% 100.0%

Square=0.051 p =0.822 

Case Control

8% 8%

16% 16%

30% 32%

24% 24%

22% 20%

 

among various age range. 

37 were male patients (74%) and 13 were female patients 

similar proportion of subjects were selected for 

(72%) and female patients 

Table 3: Sex wise distribution of cases and controls 

Total 

Control 

73 

 73.0% 

27 

 27.0% 
100 

100.0% 100.0% 

71-80 years

61-70 years

51-60 years

41-50 years

30-40 years



 

 

FIGURE 

 Majority of patients with acute MI had history of smoking which was 

found to be 54% (27/50) whereas rest of 46% of patients 

(23/50). A reverse trend was noted in control group where majority of subjects 

were non smokers accounting for 56% (28/50) and rest 44% of subjects (22/50) 

were smokers. Pearson’s chi square test was done to look for statistical 

significance between the differences identified. However this difference 

between cases and control group were not statistically significant since the p 

value was found to be 0.317.
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 13: Sex wise distribution of cases and controls

Majority of patients with acute MI had history of smoking which was 

found to be 54% (27/50) whereas rest of 46% of patients were

(23/50). A reverse trend was noted in control group where majority of subjects 

were non smokers accounting for 56% (28/50) and rest 44% of subjects (22/50) 

were smokers. Pearson’s chi square test was done to look for statistical 

ce between the differences identified. However this difference 

between cases and control group were not statistically significant since the p 

value was found to be 0.317. 
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Sex wise distribution of cases and controls 

Majority of patients with acute MI had history of smoking which was 

were non smokers 

(23/50). A reverse trend was noted in control group where majority of subjects 

were non smokers accounting for 56% (28/50) and rest 44% of subjects (22/50) 

were smokers. Pearson’s chi square test was done to look for statistical 

ce between the differences identified. However this difference 

between cases and control group were not statistically significant since the p 
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Table 4: Smoking among cases and controls

Smoking 

No 

Yes 

Total 

Figure 14: Smoking among cases and controls

 History of alcohol intake 

MI had a history of alcohol intake which accounted for 28 in number (56%) 

whereas rest of the 22 patients were non alcoholics (44%). A different finding 

was noted in control subjects

which accounted for 27 in number (54%) and rest of the 23 subjects were 

alcoholic (46%). Though a difference was noted among cases and control 
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Table 4: Smoking among cases and controls

 Group 

Case Control

Count 23 28

% within group 46.0% 56.0%

Count 27 22

% within group 54.0% 44.0%

Count 50 50

% within group 100.0% 100.0%

 
 

Figure 14: Smoking among cases and controls

History of alcohol intake was evaluated. Majority of patients with acute 

MI had a history of alcohol intake which accounted for 28 in number (56%) 

whereas rest of the 22 patients were non alcoholics (44%). A different finding 

was noted in control subjects where the majority of subjects were non alcoholic 

which accounted for 27 in number (54%) and rest of the 23 subjects were 

Though a difference was noted among cases and control 

Case Control

46%
56%

54%
44%

Table 4: Smoking among cases and controls 

Total 

Control  

28 51 

56.0% 51.0% 

22 49 

44.0% 49.0% 

50 100 

100.0% 100.0% 

 

Figure 14: Smoking among cases and controls 

. Majority of patients with acute 

MI had a history of alcohol intake which accounted for 28 in number (56%) 

whereas rest of the 22 patients were non alcoholics (44%). A different finding 

were non alcoholic 

which accounted for 27 in number (54%) and rest of the 23 subjects were 

Though a difference was noted among cases and control 

YES

NO



 

group, this difference was statistically insignificant where the p value was 

found to be 0.317 using Pearson’s chi square test.

 Smoking and alcohol intake showed similar trend among cases and 

controls. Both the features were higher among cases and lower among control 

group. However this difference was not statistically significant.

smoking history among cases and controls with correspond

below. Figure 15 shows bar diagram exhibiting proportion of alcohol intake 

among cases and control subjects.

Table 5: Alcohol intake among cases and controls

Alcohol 

No 

Yes 

Total 

 
Pearson Chi-Square=1.00 p =0.317
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group, this difference was statistically insignificant where the p value was 

7 using Pearson’s chi square test. 

Smoking and alcohol intake showed similar trend among cases and 

controls. Both the features were higher among cases and lower among control 

group. However this difference was not statistically significant.

smoking history among cases and controls with correspond

shows bar diagram exhibiting proportion of alcohol intake 

among cases and control subjects. 

Table 5: Alcohol intake among cases and controls

 group 

Case Control

 
Count 22 27 

% within group 44.0% 54.0% 

 
Count 28 23 

% within group 56.0% 46.0% 
Count 50 50 

% within group 100.0% 100.0%

Square=1.00 p =0.317 

15: Alcohol intake among cases and controls.

Case Control

44%
54%

56%
46%

group, this difference was statistically insignificant where the p value was 

Smoking and alcohol intake showed similar trend among cases and 

controls. Both the features were higher among cases and lower among control 

group. However this difference was not statistically significant. Table 4 shows 

smoking history among cases and controls with corresponding proportion 

shows bar diagram exhibiting proportion of alcohol intake 

Table 5: Alcohol intake among cases and controls 

Total 

Control 

49 

 49.0% 

51 

 51.0% 
100 

100.0% 100.0% 

 

intake among cases and controls. 
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 Patients with previous history of hyp

newly diagnosed were evaluated. Among cases, hypertension was seen in 56% 

of cases (28/50) whereas 44% of patients (22/50) were normotensive. 

Hypertension was less prevalent among control subjects which accounted for 

44% (22/50) whereas rest of the 56% of subjects (28/50) were normotensive.

Table 6: Hypertension among cases and control

 

HTN 

No 
% within group

Yes 
% within group

Total 
% within group
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Patients with previous history of hypertension, those on treatment or 

newly diagnosed were evaluated. Among cases, hypertension was seen in 56% 

of cases (28/50) whereas 44% of patients (22/50) were normotensive. 

ion was less prevalent among control subjects which accounted for 

44% (22/50) whereas rest of the 56% of subjects (28/50) were normotensive.

Table 6: Hypertension among cases and control

 Group 

Case Control

Count 22 28 

% within group 44.0% 56.0%

Count 28 22 

% within group 56.0% 44.0%

Count 50 50 

% within group 100.0% 100.0%

 

Figure 16: Hypertension among cases and control

Case Control

44%
54%

56%
46%

ertension, those on treatment or 

newly diagnosed were evaluated. Among cases, hypertension was seen in 56% 

of cases (28/50) whereas 44% of patients (22/50) were normotensive. 

ion was less prevalent among control subjects which accounted for 

44% (22/50) whereas rest of the 56% of subjects (28/50) were normotensive. 

Table 6: Hypertension among cases and control 

Total 

Control  

50 

56.0% 50.0% 

50 

44.0% 50.0% 

100 

100.0% 100.0% 

 

: Hypertension among cases and control 

YES

NO
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Diabetes mellitus was included in the study variable where patients with 

known case of diabetes, those on treatment or newly diagnosed were analysed. 

Diabetes was found in majority of patients with acute MI which was seen in 

60% of patients (30/50) whereas rest of the 40% of cases (20/50) were non 

diabetic. Among control group diabetes was seen in 50% of subjects (25/50) 

and remaining 50% were non diabetic (25/50). 

 Hypertension and diabetes showed similar trend in cases and controls, 

where the majority of cases had both the disease whereas most of control 

subjects were normotensive and non diabetic. The difference in occurrence of 

both hypertension and diabetes were evaluated with Pearson’s chi square test 

where the p value was found to be 0.230 and 0.315 respectively. However the 

difference was statistically insignificant for both hypertension and diabetes. 

Table 6 and 7 shows occurrence of hypertension and diabetes among cases and 

controls respectively. 

Table 7: Diabetes mellitus among cases and control 

 
Group 

Total 
Case Control 

DM 

No 
Count 20 25 45 

% within group 40.0% 50.0% 45.0% 

Yes 
Count 30 25 55 

% within group 60.0% 50.0% 55.0% 

Total 

Count 50 50 100 

% within group 100.0% 100.0% 
100.0

% 



 

Figure

 Waist hip ratio (WHR) was measured and compared between cases and 

controls which are tabulated below. There was no statistically significant 

difference in waist hip ratio between cases and controls.

Table 8: Waist hip ratio among cases and controls

WHR  class 

Normal

Obese

Total 

 
Pearson Chi-Square=0.372 p =0.542
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Figure 17: Diabetes among cases and controls

Waist hip ratio (WHR) was measured and compared between cases and 

controls which are tabulated below. There was no statistically significant 

difference in waist hip ratio between cases and controls. 

Table 8: Waist hip ratio among cases and controls

 
group 

Case Control

Normal 
Count 19 22

% within group 38.0% 44.0%

Obese 
Count 31 28

% within group 62.0% 56.0%
Count 50 50

% within group 100.0% 100.0%

Square=0.372 p =0.542 

Case Control

40%
50%

60%
50%

 

 

: Diabetes among cases and controls 

Waist hip ratio (WHR) was measured and compared between cases and 

controls which are tabulated below. There was no statistically significant 

Table 8: Waist hip ratio among cases and controls 

Total 
Control 

22 41 

44.0% 41.0% 

28 59 

56.0% 59.0% 
50 100 

100.0% 100.0% 

YES

NO



 

Figure 18: Distribution of 

 Body mass index was document

normal, pre-obese, obese 

were having abnormal BMI which accounted for 56% whereas in control group 

most of the subjects were having normal BMI (54%). 

statistically insignificant among cases and controls.

Table 9: Body mass inde

BMI  class 

Normal(18.5

Pre obese (25 

Obese  l (30 

Obese  lI (Above  34.99)

Total 

Pearson Chi-Square=1.092 p =0.779
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: Distribution of obesity based on WHR among 

cases and controls 

Body mass index was documented and patients were categorised as 

obese, obese - I or obese – II. Majority of patients with acute MI 

were having abnormal BMI which accounted for 56% whereas in control group 

most of the subjects were having normal BMI (54%). There results were 

statistically insignificant among cases and controls. 

Table 9: Body mass index among cases and controls

 
Group

Case Control

Normal(18.5- 24.99) 
Count 22 

% within group 44.0% 54.0%

Pre obese (25 - 29.99) 
Count 19 

% within group 38.0% 30.0%

Obese  l (30 - 34.99) 
Count 5 

% within group 10.0% 8.0%

Obese  lI (Above  34.99) 
Count 4 

% within group 8.0% 8.0%
Count 50 

% within group 100.0% 100.0%
Square=1.092 p =0.779 

Case Control

38% 44%

62% 56%

 

obesity based on WHR among  

and patients were categorised as 

Majority of patients with acute MI 

were having abnormal BMI which accounted for 56% whereas in control group 

There results were 

x among cases and controls 

Group 
Total 

Control  
27 49 

54.0% 49.0% 
15 34 

30.0% 34.0% 
4 9 

8.0% 9.0% 
4 8 

8.0% 8.0% 
50 100 

100.0% 100.0% 

OBESE

NORMAL



 

Figure 19: Body mass index among cases and controls.

 Serum lipid profile was analysed among cases and controls. Majority of 

cases and controls were having normal serum cholesterol level.

40% of patients were having increased total serum cholesterol level whereas in 

controls 30% of subjects were h

test showed no statistically significant difference between cases and controls.

Table 10: Hypercholesterolemia among cases and controls.

Hypercholesterolem
ia 

Total 

Pearson Chi-Square=1.099 p =0.295
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Figure 19: Body mass index among cases and controls.

Serum lipid profile was analysed among cases and controls. Majority of 

cases and controls were having normal serum cholesterol level.

40% of patients were having increased total serum cholesterol level whereas in 

controls 30% of subjects were having hypercholesterolemia. Pearson chi square 

test showed no statistically significant difference between cases and controls.

Table 10: Hypercholesterolemia among cases and controls.

 
Group 

Case Control

No 
Count 30 35

% within group 60.0% 70.0%

Yes 
Count 20 15

% within group 40.0% 30.0%
Count 50 50

% within group 100.0% 100.0%

Square=1.099 p =0.295 
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8%
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Figure 19: Body mass index among cases and controls. 

Serum lipid profile was analysed among cases and controls. Majority of 

cases and controls were having normal serum cholesterol level. Among cases 

40% of patients were having increased total serum cholesterol level whereas in 

aving hypercholesterolemia. Pearson chi square 

test showed no statistically significant difference between cases and controls. 

Table 10: Hypercholesterolemia among cases and controls. 

Total 
Control  

35 65 

70.0% 65.0% 

15 35 

30.0% 35.0% 
50 100 

100.0% 100.0% 

8%

Case

Control



 

Figure 20: Hypercholesterolemia among cases and controls

 Age wise distribution of serum ferritin was analysed. The mean serum 

ferritin did not show much variation among different age groups. The lowest 

mean serum ferritin was observed in 5

seen in 4th decade (202ng/mL).

Table 11: Serum

 N Mean Std. 
Deviation

30-40 
years 

8 202.0925 119.40739

41-50 
years 

16 184.0031 95.47466

51-60 
years 

31 188.1181 100.25985

61-70 
years 

24 184.5096 101.63105

71-80 
years 

21 162.0057 75.25810

Total 100 182.2280 95.44866
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Hypercholesterolemia among cases and controls

distribution of serum ferritin was analysed. The mean serum 

ferritin did not show much variation among different age groups. The lowest 

mean serum ferritin was observed in 5th decade (184ng/mL)

decade (202ng/mL). 

Table 11: Serum ferritin among various age group

Descriptives 

S#Ferritin   (ng/mL) 

Deviation 
Std. Error 95% Confidence 

Interval for Mean 
Minimum

Lower 
Bound 

Upper 
Bound 

119.40739 42.21689 102.2654 301.9196 96.30 

95.47466 23.86866 133.1283 234.8780 66.81 

100.25985 18.00720 151.3425 224.8937 62.52 

101.63105 20.74535 141.5946 227.4246 70.94 

75.25810 16.42266 127.7486 196.2628 58.41 

95.44866 9.54487 163.2889 201.1671 58.41 

Case Control

60%
70%

40%
30%

 

Hypercholesterolemia among cases and controls 

distribution of serum ferritin was analysed. The mean serum 

ferritin did not show much variation among different age groups. The lowest 

decade (184ng/mL) and highest was 

ferritin among various age group 

  

  
Minimum Maximum   

f value p value 

436.73 
  

336.92 
0.347 0.845 

386.52 
  

440.72 
  

294.18 
  

440.72   

YES

NO



 

Figure 21: Serum ferritin among various age groups.

 Females had lower mean serum 

in males the mean serum ferritin was 189.65ng/mL.

Table 12: Serum ferritin among males and females

Independent Samples Test

 Sex 

S#Ferritin 
(ng/mL) 

Male 
Female 

Figure 22: Serum ferritin among males and females
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Figure 21: Serum ferritin among various age groups.

Females had lower mean serum ferritin level of 162.13ng/mL whereas 

the mean serum ferritin was 189.65ng/mL. 

Table 12: Serum ferritin among males and females

Independent Samples Test 

N Mean 
Std. 

Deviation 
Std. Error 

Mean 
73 189.6599 99.62814 11.66059

27 162.1344 81.41673 15.66866
 

Figure 22: Serum ferritin among males and females
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Figure 21: Serum ferritin among various age groups. 

ferritin level of 162.13ng/mL whereas 

Table 12: Serum ferritin among males and females 

  
Std. Error 

 
t 

value 
P value 

11.66059 
1.284 0.202 

15.66866 

 

Figure 22: Serum ferritin among males and females 

80 years
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 The mean serum ferritin level among smokers was significantly higher 

than non-smokers. Among smokers the mean serum 

whereas in non smokers it was 158.02ng/mL.

Table 13: Serum ferritin among smokers and non

Independent Samples Test

 Smoking N

S#Ferritin 
(ng/mL) 

No 51

Yes 49

Figure 23: Serum ferritin among smokers and non

 Ferritin level among alcoholics and non

mean serum ferritin was 157.30ng/mL in non

among alcoholics. The serum ferritin was significantly higher among 

participants who were taking
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The mean serum ferritin level among smokers was significantly higher 

smokers. Among smokers the mean serum ferritin was 207.42ng/mL 

whereas in non smokers it was 158.02ng/mL. 

Table 13: Serum ferritin among smokers and non-

Independent Samples Test 

N Mean Std. Deviation 
Std. Error 

Mean
51 158.0206 75.34117 10.54987

49 207.4235 107.73500 15.39071

Figure 23: Serum ferritin among smokers and non-

Ferritin level among alcoholics and non-alcoholics was evaluated. The 

mean serum ferritin was 157.30ng/mL in non-alcoholics and it was 206.17 

among alcoholics. The serum ferritin was significantly higher among 

who were taking alcohol than non-alcoholics. 

No Yes

158.02

207.42

Serum Ferritin(ng/mL)

The mean serum ferritin level among smokers was significantly higher 

ferritin was 207.42ng/mL 

smokers. 

  
Std. Error 

Mean 
t value P value 

10.54987 
2.666** 0.009 

15.39071 
 

 

-smokers 

alcoholics was evaluated. The 

alcoholics and it was 206.17 

among alcoholics. The serum ferritin was significantly higher among 

No

Yes



 

Table 14: Serum ferritin among alcoholics and non

 Alcohol 

S#Ferritin 

(ng/mL) 

No 

Yes 

Figure 24: Serum ferritin among alcoholics and non

 The mean serum ferritin among hypertensive and non

subjects was in similar range. In hypertensive subjects, the mean serum ferritin 

was 182.04ng/mL whereas in 
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Table 14: Serum ferritin among alcoholics and non-

independent Samples Test 

N Mean Std. Deviation 
Std. Error 

Mean 

49 157.3027 74.31487 10.61641

51 206.1759 107.43870 15.04443

Serum ferritin among alcoholics and non-

The mean serum ferritin among hypertensive and non

subjects was in similar range. In hypertensive subjects, the mean serum ferritin 

was 182.04ng/mL whereas in non-hypertensive it was 182.40ng/mL.

No Yes

157.30

206.18

Serum Ferritin(ng/mL)

-alcoholics 

Std. Error 

 
t value P value 

10.61641 
2.635* 0.010 

15.04443 

 

 

 

-alcoholics 

The mean serum ferritin among hypertensive and non-hypertensive 

subjects was in similar range. In hypertensive subjects, the mean serum ferritin 

hypertensive it was 182.40ng/mL. 

No

Yes



 

Table 15: Serum ferritin among hypertensive and non

 HTN N

S#Ferritin 

(ng/mL) 

No 50

Yes 50

 

Figure 25: Serum ferritin among hypertensive and non

 The correlation of serum ferritin among diabetics and non

studied. The mean serum ferritin

non-diabetics it was 192.57ng/mL

significant. 
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Table 15: Serum ferritin among hypertensive and non-

Independent Samples Test 

N Mean Std. Deviation 
Std. Error 

Mean

50 182.0464 104.32603 14.75393

50 182.4096 86.73426 12.26608

Figure 25: Serum ferritin among hypertensive and non-

The correlation of serum ferritin among diabetics and non

mean serum ferritin among diabetics was 173.76ng/mL whereas in 

diabetics it was 192.57ng/mL. However the difference was not statistically 

No Yes

182.05 182.41

Serum Ferritin(ng/mL)

-hypertensive 

Std. Error 

Mean 
t value P value 

14.75393 
0.019 0.985 

12.26608 

 

-hypertensive. 

The correlation of serum ferritin among diabetics and non-diabetics was 

among diabetics was 173.76ng/mL whereas in 

However the difference was not statistically 

No

Yes



 

Table 16: Serum ferritin among diabetics and non

 
DM 

S#Ferritin 
(ng/mL) 

No 

Yes 

Figure 26: Serum ferritin among diabetics and non

 Waist hip ratio is an important factor which determines 

obesity which in turn promotes atherosclerosis related ischemic heart disease. 

The mean serum ferritin among subjects with increased waist hip ratio was 

170.15ng/mL whereas in subjects with normal serum ferritin it was found to be 

199.60ng/mL. The difference was not statistically significant.
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Table 16: Serum ferritin among diabetics and non-

Independent Samples Test 

N Mean Std. 
Deviation 

Std. Error 
Mean 

45 192.5769 103.38098 15.41113

55 173.7607 88.49732 11.93298

Figure 26: Serum ferritin among diabetics and non-

Waist hip ratio is an important factor which determines 

obesity which in turn promotes atherosclerosis related ischemic heart disease. 

The mean serum ferritin among subjects with increased waist hip ratio was 

170.15ng/mL whereas in subjects with normal serum ferritin it was found to be 

e difference was not statistically significant. 

No Yes

192.58

173.76

Serum Ferritin(ngmL)

-diabetics 

Error 
 

t value P value 

15.41113 0.981 0.319 

11.93298 

 

 

-diabetics 

Waist hip ratio is an important factor which determines abdominal 

obesity which in turn promotes atherosclerosis related ischemic heart disease. 

The mean serum ferritin among subjects with increased waist hip ratio was 

170.15ng/mL whereas in subjects with normal serum ferritin it was found to be 
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Table 17: Serum ferritin among in patients with normal and 

 
WHR  

class 

S.Ferritin 

(ng/mL) 

Normal 

Obese 

 

Figure 27: Serum ferritin among in patients with normal and 

 Serum ferritin concentration among subjects with altered lipid profile 

was analysed. Those with normal serum cholesterol had mean ferritin level of 

184.12ng/mL whereas those with hypercholesterolemia had mean ferritin of 

178.71ng/mL. The difference was statistically insignificant.
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Table 17: Serum ferritin among in patients with normal and 

abnormal waist hip ratio 

Independent Samples Test 

N Mean 
Std. 

Deviation 

Std. Error 

Mean 

41 199.6061 104.09473 16.25687

59 170.1517 87.83992 11.43578

Figure 27: Serum ferritin among in patients with normal and 

abnormal waist hip ratio. 

Serum ferritin concentration among subjects with altered lipid profile 

Those with normal serum cholesterol had mean ferritin level of 

184.12ng/mL whereas those with hypercholesterolemia had mean ferritin of 

178.71ng/mL. The difference was statistically insignificant. 

Normal Obese

199.61

170.15

Serum Ferritin(ng/mL)

Table 17: Serum ferritin among in patients with normal and  

Std. Error 

 
t value P value 

16.25687 
1.528 0.130 

11.43578 

 

Figure 27: Serum ferritin among in patients with normal and  

Serum ferritin concentration among subjects with altered lipid profile 

Those with normal serum cholesterol had mean ferritin level of 

184.12ng/mL whereas those with hypercholesterolemia had mean ferritin of 

Normal

Obese



 

Table 18: Serum ferritin among patients with hypercholeste

 
Hypercholes

terolemia 

S#Ferritin   

(ng/mL) 

No 

Yes 

Figure 28: Serum ferritin among 

 Serum ferritin among patients with acute MI and control subjects was an 

important aim of the present study. The mean serum ferritin concentration 

among patients with acute MI was 250.85 ± 79.01ng/mL whereas in control 

group the mean serum ferritin concentration was 113.59 ± 50.5ng/mL. The 

difference in serum ferritin concentration among cases and controls was 

analysed further to look for statistical significance. Pearson chi square test was 
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Table 18: Serum ferritin among patients with hypercholeste

Independent Samples Test 

N Mean Std. Deviation 
Std. Error 

Mean

65 184.1223 96.54548 11.97499

35 178.7100 94.66999 16.00215

Figure 28: Serum ferritin among patients with hypercholesterolemia

Serum ferritin among patients with acute MI and control subjects was an 

important aim of the present study. The mean serum ferritin concentration 

among patients with acute MI was 250.85 ± 79.01ng/mL whereas in control 

group the mean serum ferritin concentration was 113.59 ± 50.5ng/mL. The 

difference in serum ferritin concentration among cases and controls was 

analysed further to look for statistical significance. Pearson chi square test was 

184.12 178.71

Serum Ferritin(ng/mL)

Normal cholesterol

Hypercholesterolemia

Table 18: Serum ferritin among patients with hypercholesterolemia. 

Std. Error 

Mean 
t value P value 

11.97499 
0.269 0.788 

16.00215 

 

 

patients with hypercholesterolemia 

Serum ferritin among patients with acute MI and control subjects was an 

important aim of the present study. The mean serum ferritin concentration 

among patients with acute MI was 250.85 ± 79.01ng/mL whereas in control 

group the mean serum ferritin concentration was 113.59 ± 50.5ng/mL. The 

difference in serum ferritin concentration among cases and controls was 

analysed further to look for statistical significance. Pearson chi square test was 

Normal cholesterol

Hypercholesterolemia



 

used in which the difference 

value <0.001. Therefore in the present study serum ferritin was found to be 

higher among patients with acute MI than age and sex matched control 

subjects. The mean serum ferritin values between cases and con

in table-19 and figure

Table 19 : Serum ferritin among cases and controls.
 

 Group N 

S#Ferritin   

(ng/mL) 

Case 50

Control 
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used in which the difference was found to be statistically significant with p 

value <0.001. Therefore in the present study serum ferritin was found to be 

higher among patients with acute MI than age and sex matched control 

The mean serum ferritin values between cases and con

19 and figure-29.  

Table 19 : Serum ferritin among cases and controls.

 Mean Std. Deviation 
Std. Error 

Mean

50 250.8580 79.01976 11.17508

50 113.5980 50.50045 

Figure 29: Serum ferritin among cases and controls

Case Control

250.86

113.60

Serum Ferritin(ng/mL)

was found to be statistically significant with p 

value <0.001. Therefore in the present study serum ferritin was found to be 

higher among patients with acute MI than age and sex matched control 

The mean serum ferritin values between cases and controls are shown 

Table 19 : Serum ferritin among cases and controls. 

Std. Error 

Mean 
t value P value 

11.17508 10.350*

* 
p<0.001 

7.14184 
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DISCUSSION 

 The present study was undertaken to determine the level of serum 

ferritin in acute myocardial infarction and to compare the relationship of serum 

ferritin with conventional risk factors of acute myocardial infarction like 

diabetes mellitus, body mass index, hypertension and smoking.  

 In present study, acute MI was commonly seen in 6th decade of life 

(30%) and predominantly involved male patients (74%). The mean age of 

patients with acute MI was 59.78 ± 12.48 years. Acute MI was less frequently 

seen in young patients. In 30-40 year age group, only 4 patients were seen. A 

similar result was observed by Zodpey SP et al[31] who have analysed the risk 

factors of acute MI in a case control study which was done in Indian patients.  

In their study majority of patients were in 6th and 7th decade of life and 

common in males accounting for 70% of cases. These parameters are 

comparable to the results observed in the present study. 

 Smoking and excessive alcohol intake which have been considered as an 

important risk factor for acute MI were evaluated in the present study. Majority 

of patients in this study were smokers accounting for 54% and alcohol intake 

was noted in 56% of cases. Similar studies conducted in India have provided 

consistent finding of smoking and alcohol to be a risk factor for acute MI with 

odds ratio of 1.30 for smoking and 0.89 for alcohol intake.[31] 
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 Exposure to cigarette smoking activates a number of mechanisms 

predisposing to atherosclerosis including thrombosis, insulin resistance and 

dyslipidemia, abnormal vascular growth and angiogenesis as well as loss of 

endothelial homeostatic and regenerative function. Smoke contains over 4000 

different chemicals among these polycyclic aromatic hydrocarbons, oxidising 

agent, particulate matter and nicotine have been identified as a potential 

contributing factor to atherogenesis. Nicotine induces the release of 

catecholamines and thereby increases heart rate and blood pressure. These 

adverse hemodynamic effects along with nicotine induced catecholamine 

release causing platelet aggregability are associated with progression of 

atherosclerosis which in turn leads to myocardial infarction.[32]  

 Among the present study group, 56% 0f patients with acute MI were 

hypertensive whereas in controls hypertension was seen in 44% of cases. 

Majority of patients with acute MI were diabetic which accounted for 60% of 

cases whereas in controls 50% of them were diabetics. In India, large number 

of population is found to be diabetic accounting for 32 million at present and is 

expected to rise to 57.2 million by 2025. Hypertension and diabetes plays a 

crucial role in the development of atherosclerosis and thereby promoting 

coronary artery disease.[33] 

 Recently Sekhri T et al[24] have done one of the largest studies on 

prevalence of risk factors of CAD among Indian population living in urban 

area. The study was conducted with voluntary participants from 20 cities across 

fourteen states and one union territory in India where a total of 14,500 
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participants were evaluated. Among the study participants diabetes and 

hypertension was seen in significant number of individuals. 

 The majority of patients in this study were having increased waist-hip 

ratio, where 62% (31/50) of patients were having increased ratio and rest of 

38% (19/50) were having normal waist-hip ratio. In control group, 44% (22/50) 

of subjects were having normal waist-hip ratio and remaining 56% (28/50) of 

subjects were having increased waist-hip ratio. Abdominal obesity identified by 

increased waist-hip ratio is prevalent among people who have sedentary life 

style, excessive alcohol intake and those who are on high fat diet is considered 

to promote the risk of developing coronary artery disease. 

 Altered lipid metabolism is one of the most important risk factor for the 

development of atherosclerosis and acute MI. In present study 40% of cases 

(20/50) had hypercholesterolemia. Silvia WD et al[34] have evaluated patients 

with acute MI and found similar result. They had cases with mean serum total 

cholesterol level of 242.81± 40.60 mg/dl whereas in controls it was 186.9 ± 

36.55 mg/dl.  

 The results in present study showed higher levels of serum ferritin 

among patients with acute MI when compared to age and sex matched control 

subjects. The mean level of serum ferritin was found to be 250.85ng/mL among 

cases, whereas it was 113.59ng/mL among controls. This difference was 

statistically significant with p value of <0.001. Ishran R[35] et al have studied 

serum ferritin levels in patients with acute MI from north India. They have 
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observed similar results where the mean serum ferritin level among cases was 

202.1±81.2 µg/L whereas in controls it was 135.4±90µg/L. Moreover they have 

found that the higher level of serum ferritin above 145µg/L was a predictor of 

acute MI with 74% sensitivity and 68% specificity. 

 
 Rotterdam study which was conducted by Grobusch KK[36] et al 

evaluated serum ferritin as a risk factor for acute MI in elderly patients. This 

was a community based prospective cohort study of 7983 subjects. They have 

found no association of serum ferritin with acute MI in univariate analysis. 

However in multivariate analysis it was seen that serum ferritin adversely 

affects the occurrence of acute MI in the presence of other risk factors like 

smoking, hypercholesterolemia and diabetes mellitus. The risk of developing 

acute MI in elderly was evaluated using odds ratio. The ratio was found to be 

1.68 in smokers, 1.43 in patients with hypercholesterolemia and 2.41 in 

diabetics who also had elevated serum ferritin (≥200mg/L).  

 
 Two studies on the effect of blood donation on cardiovascular events 

supports iron hypothesis.[37,38] The benefit of blood donation was higher in men 

with higher levels of LDL cholesterol. Tuomainen et al[39] conducted a 

prospective cohort study among 2682 Finnish men and followed them for 5.5 

years during which they found that blood donation reduces the risk of MI by 

86%. A study by Salonen at al[40] performed in healthy subjects showed a 

reduction of lipid oxidation susceptibility after 3 phlebotomies removing 

1500mL of whole blood containing 700mg of iron. Matthews et al[41] have 
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demonstrated that iron chelator deferiprone prevented the oxidation of LDL 

and decreased cytotoxic capacity of LDL in rabbits. 

 
 The increased serum ferritin observed in patients with acute MI in 

present study favours ‘Iron hypothesis’ which states that iron is detrimental to 

cardiovascular system. Free iron is catalytically active which results in the 

formation of oxygen derived reactive species. These free radicals trigger lipid 

peroxidation, endothelial activation and smooth muscle proliferation which in 

turn promote atherogenesis. It is known that the coronary arteries are the most 

commonly affected vessels by atherosclerosis which in turn explains the role of 

increased serum ferritin to be an important risk factor for acute MI as observed 

in the present study. 
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CONCLUSION 

 
� In the present study, serum ferritin is found to be significantly increased 

in patients with acute MI compared to age and sex matched controls. 

 
� Serum ferritin measurement can be done in individuals with increased 

risk of acute MI during monitoring of other conventional risk factors 

like diabetes and hypertension. 

 
� Phlebotomies to decrease the iron content can be tried in those with 

increased serum ferritin levels. 

 
� There are animal experiments demonstrating the role of iron chelators 

like deferiprone in preventing the oxidation of LDL and there by the risk 

of atherogenesis. However this needs to be confirmed in human studies. 
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SUMMARY 

 This study was conducted with the aim of determining the level of 

serum ferritin in acute myocardial infarction and to compare the relationship of 

serum ferritin with conventional risk factors of acute myocardial infarction like 

diabetes mellitus, body mass index, hypertension and smoking. 

 
 A total of 50 patients with acute MI and 50 age and sex matched 

controls, who fulfilled the inclusion and exclusion criteria were evaluated in the 

study. Patients were seen from 32 years to 82 years of age with mean age of 

59.78 ± 12.48 years. Majority of patients were seen in 6th decade of life (30%) 

and predominantly involved male patients (74%). 

 
 Smoking and alcohol intake were also evaluated between cases and 

controls. Majority of patients were smokers accounting for 54% and alcohol 

intake was seen in 56% of cases. Patients who were already diagnosed, those 

on treatment and new onset disease (hypertension and diabetes) were enrolled 

and evaluated in the study. Hypertension was seen in 56% of patients while 

diabetes mellitus was seen in 60% of cases.  

 The majority of patients in this study were having increased waist-hip 

ratio, which accounted for 62% (31/50) of patients studied. Body mass index 

was calculated and results were tabulated as normal, pre-obese, obese-I & 

obese-II. Most of the patients were having abnormal BMI, where 56% of 

patients belonged to pre-obese, obese-I & obese-II category. 

Hypercholesterolemia was seen in 40% of patient population. 
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 The present study results showed higher levels of serum ferritin among 

patients with acute MI compared to age and sex matched control subjects. The 

mean level of serum ferritin was found to be 250.85ng/mL among cases, 

whereas it was 113.59ng/mL among controls. This difference was found to be 

statistically significant with p value of <0.001. Other factors did not have 

statistically significant difference between cases and controls. 
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LIMITATIONS 

 
� Sample size was small due to financial and time constraint. 

 
� The study was conducted in patients admitted at a single tertiary care 

center.  

 
� This was a cross sectional case control study and follow up details were 

not evaluated. Though an association of increased serum ferritin with 

acute MI was observed it’s causative role can’t be ascertained. 

 
� The role of phlebotomy in decreasing the risk of acute MI was not 

determined in this study. 
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PROFORMA 

Serial No  : 

NAME  :    Ward No.          : 

AGE/SEX  :     Unit               : 

I.P.NO.  :     Date of admission  : 

Symptoms  : 

 

Smoking  :                                 

Alcohol  : 

Family H/O MI : 

Past H/O Hypertension : 

Past H/O Diabetes : 

BMI     : 

WHR    : 

BP        : 

Blood sugar (Fasting): 

Blood sugar (Post prandial): 

ECG     : 

ECHO   : 

Cardiac enzymes : 

Lipid profile     : 

Serum Ferritin  :  
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INFORMATION SHEET 

We are conducting a study on "Serum Ferritin in patients with Acute 

Myocardial infarction” among patients attending Rajiv Gandhi Government 

General Hospital, Chennai and for that your blood samples may be valuable to 

look for serum lipid profile, ferritin and blood sugar level. The purpose of this 

study is to determine the serum ferritin among patients with acute myocardial 

infarction and control group. 

 We are selecting certain cases and controls. If you are found eligible, we 

may elicit history, clinical examination and using your blood samples certain 

tests will be done. The privacy of the patients and control subjects in the 

research will be maintained throughout the study. In the event of any 

publication or presentation resulting from the research, no personally 

identifiable information will be shared. 

 Taking part in this study is voluntary. You are free to decide whether to 

participate in this study or to withdraw at any time; your decision will not result 

in any loss of benefits to which you are otherwise entitled. The results of the 

special study may be intimated to you at the end of the study period or during 

the study if anything is found abnormal which may aid in the management or 

treatment. 

Signature of Investigator: 

Signature of participant  :                                Date:                  Place: 



88 
 

 

 

 



89 
 

 

 

 

 



90 
 

 

 

 

 



91 
 

PLAGIARISM DIGITAL RECEIPT  

 

 

 

 

 

 

 

 

 



92 
 

PLAGIARISM REPORT 

 

 

 

 

 

 

 



93 
 

CERTIFICATE – II  
 
 
 

 This is to certify that this dissertation work titled “SERUM FERRITIN 

IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION” of the 

candidate Dr .S.Nandhini with registration Number 201611015 for the award 

of M.D. in the branch of GENERAL  MEDICINE . I personally verified the 

urkund.com website for plagiarism Check. I found that the uploaded thesis file 

contains from introduction to conclusion pages and result shows 9 percentage 

of plagiarism in the dissertation. 

 
 
 
 
 
 
 
 
 

       Guide & Supervisor sign with Seal. 
 

 

 

 

 

 

 

 

 

 

 

 

 



94 
 

MASTER CHART 

CASES: 
S

.N
o 

A
ge

 

S
ex

 

S
m

ok
in

g 

A
lc

oh
ol

 

H
T

N
 

D
M

 

B
M

I 

W
H

R
 

H
yp

er
ch

ol
es

t
er

ol
em

ia
 

S
.F

er
rit

in
 

(n
g/

m
L)

 

1 52 M N Y Y Y 26.2 0.95 N 282.80 

2 32 M Y Y N N 23.6 0.82 N 256.91 

3 45 M N N Y N 22.9 0.80 N 190.45 

4 54 F N N Y Y 33.8 1.10 Y 208.60 

5 78 M Y Y Y Y 36.5 1.08 Y 226.78 

6 43 F N N Y Y 29.2 1.10 N 230.60 

7 55 M Y Y Y Y 24.8 0.85 Y 334.76 

8 65 F N N N Y 27.8 0.98 N 265.73 

9 38 M N Y Y Y 26.5 0.88 Y 286.91 

10 61 M Y Y N N 23.6 0.86 N 440.72 

11 58 F N N Y N 22.8 0.83 N 162.98 

12 70 M N N N Y 27.2 0.96 Y 183.53 

13 46 F N N Y N 24.5 0.82 N 245.82 

14 59 M Y Y N N 22.2 0.84 N 280.00 

15 48 M Y Y Y Y 31.9 1.02 Y 194.76 

16 51 M N N Y N 24.1 0.85 N 236.54 

17 75 F N N N Y 28.7 0.99 Y 204.83 

18 50 M Y Y Y Y 24.6 0.88 N 276.78 

19 65 M N N Y Y 41.4 1.22 Y 138.92 

20 68 M Y Y Y Y 38.7 1.12 N 257.63 

21 72 M Y Y Y Y 28.6 1.00 Y 129.75 

22 49 M Y Y N N 21.5 0.81 N 308.72 

23 58 M Y Y Y N 23.1 0.83 Y 258.52 

24 74 M N N Y Y 32.5 1.05 Y 273.54 

25 40 M Y Y N N 21.9 0.84 N 436.73 

26 62 F N N N N 28.5 0.98 N 115.28 



95 
 

27 80 F N N Y Y 34.5 1.07 Y 186.55 

28 54 M Y Y N N 22.2 0.83 N 320.00 

29 74 F N N Y Y 29.3 1.03 N 86.98 

30 56 M Y Y N N 20.7 0.81 N 275.63 

31 65 M Y Y Y Y 28.9 0.98 Y 342.46 

32 62 M Y Y Y Y 29.0 1.00 N 277.35 

33 47 M N N N Y 27.8 0.96 N 260.00 

34 67 M Y Y Y Y 24.6 0.85 N 294.35 

35 55 M Y Y Y Y 34.6 1.09 Y 386.52 

36 85 M N N Y Y 28.3 0.98 N 182.64 

37 52 F Y Y Y N 42.4 1.36 Y 162.53 

38 72 M Y Y Y Y 24.3 0.86 Y 294.18 

39 68 F N N Y N 24.9 0.84 Y 318.26 

40 58 M N N N N 23.6 0.89 N 274.35 

41 40 M Y Y N N 24.5 0.84 N 196.37 

42 70 M N N N Y 29.5 0.99 N 93.47 

43 47 M Y Y N N 25.1 0.92 N 336.92 

44 75 M Y Y Y Y 29.7 0.98 Y 183.65 

45 53 M Y Y N N 23.9 0.86 N 324.41 

46 82 F Y N N Y 24.1 0.83 N 285.28 

47 60 F N N N Y 25.2 0.93 N 224.71 

48 74 M N N N Y 26.6 0.94 Y 166.27 

49 70 M Y Y N Y 23.1 0.88 N 294.61 

50 55 M Y Y N N 25.5 0.91 Y 346.82 

 

 

 

 

 



96 
 

CONTROLS: 
S

.N
o 

A
ge

 

S
ex

 

S
m

ok
in

g 

A
lc

oh
ol

 

H
T

N
 

D
M

 

B
M

I 

W
H

R
 

H
yp

er
ch

ol
es

te
ro

le
m

ia
 

S
.F

er
rit

in
 

(n
g/

m
L)

 

1 61 M N N N Y 32.5 1.00 Y 76.63 

2 75 M Y Y Y Y 26.5 0.86 N 100.58 

3 55 F N N N N 22.6 0.82 N 260.80 

4 38 M Y Y Y N 24.8 0.88 N 110.62 

5 52 M Y Y N Y 28.8 0.92 Y 122.54 

6 66 M N N N Y 34.8 1.04 Y 143.38 

7 51 M Y Y N N 23.9 0.87 N 88.56 

8 78 M Y Y Y Y 26.9 0.90 N 94.83 

9 68 M N Y N Y 36.9 1.10 Y 136.50 

10 52 F N N N N 22.4 0.81 N 62.52 

11 65 F N N N Y 29.3 0.93 N 70.94 

12 75 F Y Y Y Y 25.5 0.87 Y 93.73 

13 59 M Y Y Y N 23.6 0.84 N 108.47 

14 48 M N N N Y 28.3 0.92 N 148.31 
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28 72 M Y Y Y N 24.8 0.88 N 272.56 

29 49 M N N N N 21.8 0.82 N 79.42 

30 35 M Y Y Y N 24.1 0.84 N 104.37 

31 40 M Y Y Y N 28.3 0.96 N 96.30 

32 43 M Y Y N Y 41.5 1.32 Y 66.81 

33 58 M Y Y N Y 32.9 1.03 Y 75.18 

34 85 F N N Y N 20.1 0.80 N 174.90 

35 77 F N N Y Y 24.3 0.82 Y 58.41 

36 42 F N N N N 20.0 0.80 N 83.63 

37 45 F N N N Y 22.9 0.83 N 70.33 

38 62 M Y Y Y Y 34.7 1.05 Y 85.67 

39 48 M N N N N 21.3 0.82 N 88.10 

40 52 M N N N Y 26.5 0.92 N 107.20 

41 80 M N Y Y Y 27.8 0.94 Y 81.00 

42 64 F N N N Y 35.9 1.09 N 88.20 

43 45 F N N N N 24.7 0.84 N 279.45 

44 56 F N N N Y 24.3 0.82 N 63.76 

45 68 M N N Y N 23.4 0.85 N 120.28 

46 60 M N N Y Y 28.2 0.96 N 102.89 

47 59 M N N N N 21.6 0.81 N 83.42 

48 55 M Y Y Y N 24.3 0.84 N 74.83 

49 74 M N N Y Y 37.6 1.10 Y 90.48 

50 65 M Y Y Y N 24.6 0.86 N 96.20 
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