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ABSTRACT 

Objective:  

To determine whether an association exists between platelet volume indices, acute myocardial 

infarction and other ischemic cardiac events in a predominantly rural / semi rural population.  

 

Materials and Methods:  

 The study was carried at The Department of Pathology, R.L.Jalappa Hospital and Research 

Centre attached to Sri Devaraj Urs Medical College, Tamaka, Kolar in co-ordination with the 

Department of Medicine between 1
st
 October 2010 to 3O

st
 April 2012. 420 cases, 140 patients 

admitted with cardiac Troponin T positive Myocardial infarction (MI), 140 patients with other 

non-MI ischemic heart conditions and 140 healthy age and sex matched control population 

who had no features of ischemic heart disease(IHD) were included in the study.  Blood (2ml) 

was collected in dipotassium Ethylene Diamine Tetra acetoacetic acid (EDTA) tubes from all 

the patients by a clean puncture avoiding froth or bubbles within 2hours of venepuncture and 

analysed using Beckman Coulter Act5 Diff cell counter. We compared the Platelet indices  i.e. 

Mean platelet volume (MPV) Platelet Distribution Width (PDW) and Plateletcrit (Pct) in these 

three groups. Clinical data and past history was obtained from each case along with 

electrocardiogram changes. 

  

Results:  

                  The   number of males was 322 (76.66%) and number of females was 98 (23.33%). 

and age ranged from 23 to95 years. Mean age was 55.44 ± 13.13 years. There were more 
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number of smokers [59(42.14%)] and alcoholics [09(6.42%)] were seen in the MI group 

compared to the non-MI group. Diabetes mellitus and hypertension was observed more among 

the non-MI patients [48(38.28%)] and [57(40.71%)] respectively.  The age and sex matched 

healthy control population had no history of smoking, alcohol intake, diabetes mellitus or 

hypertension.  The platelet count  was higher among the MI patients than non-MI and control 

group [287.92  ± 95.66 x10
3 

/micL versus 279  ± 94.44 x10
3 

/micL  versus 284.9 ± 85.1 x10
3 

/micL ] with p=0.744. MPV and PDW were significantly higher in MI patients than non-MI 

patients and healthy controls [8.22 ± 0.762 f L versus 7.84 ± 0.73 f L versus 7.65 ± 0.55 fL ] 

and[ 13.22 ± 2.4f L versus 12.33 ± 2.45 f L versus 11.66  ±1.87 fL] respectively with p<0.001. 

Plateletcrit was highest among the non-MI patients 0.82 ± 7.25% than MI patients with 0.233% 

(±0.071) with p=0.381 followed by MI patients with 0.233 ± 0.071% and healthy controls with 

0.21 ± 0.061% with p=0.381. 

 

Conclusion:  

Larger and more active platelets which might be causally related to an ongoing thrombus  

formation leading to myocardial infarction. Platelet indices, mainly Mean Platelet Volume 

(MPV) and Platelet Distribution Width (PDW) are readily available, relatively inexpensive 

useful markers which were significantly raised among patients admitted with MI in our 

hospital. Thus these indices should be utilized with other investigative tools to screen patients 

suspected to have acute coronary syndrome. 
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INTRODUCTION 

 

Cardiovascular diseases (CVDs), comprise a major portion of non-communicable diseases.  By 

2030, about 76% of the deaths in the world will be due to non-communicable diseases (NCDs).
1 

By 2030, four fifths of all NCD related mortality is projected to take place in developing nations. 

In 2010, of all projected worldwide deaths, 23 million are expected to be because of 

cardiovascular diseases. In fact, CVDs would be the single largest cause of death in the world 

accounting for more than a third of all deaths.
2
 

 

Both endogenous and exogenous risk factors such as smoking, diabetes mellitus, hypertension, 

hypercholesterolemia, mental stress, age, male gender and obesity, acting either singly or in 

combination, significantly increase the chances of developing CVD. However, they only explain 

part of the cases and other relevant risk factors need to be identified for an accurate calculation of 

an individual's risk for myocardial infarction.
3
 

 

Platelets are known to have a major effect on the formation of atherosclerotic plaques and 

therefore play an essential role in the pathogenesis of athero thrombosis. Larger and hyper 

reactive platelets accelerate the formation of an intracoronary thrombus, leading to a cascade of 

clinical events, such as acute coronary syndrome (ACS).  An increase in platelet aggregability is 

associated with unstable angina and myocardial infarction. While atherosclerotic plaque rupture 

starts the thrombogenic phenomenon in ACS, the activity of circulating platelets plays an 

important role for the progression of thrombus.
 4

 

     

Large platelets, that contain more dense granules, are metabolically and enzymatically more 

active than small platelets and they have a higher thrombotic potential. Platelet size is determined 

at the level of the progenitor cell (i.e the megakaryocyte), and studies have reported that 
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cytokines, such as interleukin-3 or interleukin-6, influence megakaryocyte ploidy and can lead to 

the production of more reactive, larger platelets. Thus, platelet volume has been proposed as an 

indirect marker of increased platelet reactivity. 
5
 

 

NEED FOR THE STUDY: 

 Chest pain is a commonly presented symptom in hospitals. However, a minor group of patients 

admitted to the emergency department with chest pain are proved to have a cardiac aetiology 

using electrocardiography and cardiac Troponin T (cTnT) measurement. 

 Numerous investigations like imaging and laboratory parameters like enzyme markers  can 

confirm  the cardiac aetiology and  also predict the future risk of the patient. Physicians always 

search for rapid and independent markers for early and accurate diagnosis of ACS. Now the 

question need to be addressed whether these required markers are novel and expensive or they are 

ignored markers that could contribute to cells known to pathogenesis of thromboemboli.  

Larger hyperactive platelets play an important role in intracoronary thrombus formation and acute 

thrombotic  events. Platelet indices which reflect platelet activity might be an emerging 

cardiovascular risk marker. In most laboratories automated cell counters have made the platelet 

count and platelet  indices- Mean Platelet Volume (MPV), Platelet Distribution Width (PDW) and 

Plateletcrit (Pct)  routinely available but are underutilised. Hence there is scope to make better use 

of the platelet parameters generated. 

 Recently, there has been some focus on platelet count and MPV for aiding the diagnosis of the 

ACS. The reason is these simple, inexpensive tests available in routine laboratories and used for 

nearly every patient admitted to emergency room by a routine CBC test.   

 An increase in Mean MPV and PDW due to platelet activation from platelet swelling and 

pseudopodia formation is hypothesized. Thus we propose to study the platelet indices in the 
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spectrum of ischemic heart diseases and determine if an association exists between platelet indices 

and ischemic heart disease. 

 

AIM OF THE STUDY: 

 

To determine whether an association exists between platelet indices - mean platelet volume 

(MPV), platelet distribution width (PDW), Plateletcrit (PCt) in acute myocardial infarction and 

other ischemic cardiac events in a predominantly rural population. 
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REVIEW OF LITERATURE : 

 

Platelets are non-nucleated cells produced by megakaryocyte (MK), which are very large cells (50 

to 100 μm in diameter) found in bone marrow. The megakaryocyte surface membrane forms 

proplatelet extensions from which platelets “bud off” and are released into the circulation, where 

they number approximately 200,000 to 400,000 per microliter of blood.  

The platelet surface is coated with hundreds of thousands of receptors for other cells, including 

activated vascular wall cells and extracellular matrix proteins.
 2

 However, when challenged by 

vascular injury, platelets are rapidly activated and aggregate with each other to form a plug on the 

vessel wall that prevents vascular leakage, functioning as the “band-aids” of the bloodstream. 

 

 

 

FIGURE 1 :  PLATELETS FORM A PLATELET PLUG TO STOP BLEEDING FROM AN 

INJURED BLOOD VESSEL
6 
 

                                    

 

Platelets are produced from megakaryocytes and  can reduplicate their chromosomes,  without 

undergoing mitosis. This process is called endomitosis. During endomitosis, polyploidal MKs 

initiates a rapid cytoplasmic expansion phase characterized by the development of a highly 

developed demarcation membrane system and the accumulation of cytoplasmic proteins and 
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granules essential for platelet function. During the final stages of development, the MKs 

cytoplasm undergoes a dramatic and massive reorganization into beaded cytoplasmic extensions 

called proplatelets. The proplatelets ultimately yield individual platelets.  Circulating platelets are 

heterogeneous in size, density, and reactivity. Therefore, it is suggested that changes in platelet 

size are determined at thrombopoiesis in the MK 
3, 4

 

  

  

FIGURE 2 : FORMATION OF PROPLATELETS BY A MOUSE MEGAKARYOCYTE. 

  The bulk of the MK cytoplasm has been converted into multiple proplatelet processes which are 

highly dynamic and undergo bending and branching. The entire process ends in a rapid retraction 

that separates the released proplatelets from the residual cell body.
3 

 

Steady-state megakaryocytopoiesis contributes to the circulating blood platelets measuring 1-2 μm 

in size, with a lifespan of 8-10 days. 
5 
 

The resting platelets is discoid in shape and this is maintained by a cytoskeleton composed of 

microtubules, actin filaments, and a spectrin-based membrane skeleton.  
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FIGURE 3: THE STRUCTURE OF THE RESTING PLATELET 

(A) Differential interference contrast micrograph of a field of human discoid resting platelets.(B) 

Immunofluorescence staining of fixed, resting platelets with Alexa 488-antitubulin antibody 

reveals the microtubule coil.
8 

 

When platelets are exposed to specific agonists, they convert from discs to spheres with 

pseudopodia in a matter of seconds. This shape change is highly reproducible and follows a 

sequence of events in which the disc converts into a sphere, after which broad lamellipodia and 

thin finger-like filopodia extend from the platelet surface. These shape changes are driven by the 

rapid remodelling of the platelet cytoskeleton. 

 The conversion of the disc into a rounded shape occurs if cytoplasmic calcium levels rise into the 

micromolar levels. Resting platelets maintain cytosolic calcium at 10 to 20 nm. The rise in 

intracellular calcium is then used to activate a filament-severing reaction that powers the disc to 

sphere transition. This is followed by the rapid protrusion of lamellipodia and filopodia driven by 

the actin cytoskeleton. Filopodia extended by platelets appear to be used to locate other platelets 

and strands of fibrin. 
6
 

 

A B 
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FIGURE 4 : THE RESTING TO ACTIVE TRANSITION OF PLATELETS.  

Differential interference contrast micrographs comparing discoid resting platelets in suspension to 

platelets activated by contact to the glass surface which spread with lamellipodia and form long 

finger-like filopodia.
8 

 

The regulation of megakaryocytopoiesis is programmed to meet demands for activated platelets in 

physiological and pathological conditions, resulting in time-dependent changes of platelet indices.
 

7
 

In other words, the regulation of platelet function and aging, primarily aimed at maintaining 

platelet mass (platelet count multiplied by MPV) and persistent hemostatic potential, is dependent 

on the ploidy (ability to reduplicate DNA) and maturity of thrombopoietic progenitors.
 8

 Some 

studies have suggested that age is a determinant of platelet functional ability, as evidenced by the 

fact that young platelets are functionally more active,larger and likely to aggregate more than 

older platelets. 
9 

These changes in platelet size are determined at thrombopoiesis in the 

megakaryocyte and that those changes might precede acute cardiac events. 
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ISCHEMIC HEART DISEASE : 

 

 Ischemic heart disease (IHD)  also called coronary artery disease (CAD) or coronary heart 

disease (CHD) is a syndrome where in more than 90% of the cases are due to late presentation of 

coronary  atherosclerotic arterial obstruction. 

 

Ischemic heart disease is classified as: 

– Angina pectoris 

– Myocardial infarction (MI) 

– Chronic IHD with heart failure 

– Sudden cardiac death 

In the acute coronary syndrome, the most important predisposing factor is the plaque disruption or 

acute plaque change in the atherosclerotic vessel which can present as: 

• Unstable angina 

• Acute myocardial infarction 

• Sudden cardiac death.  

        

  

WORLDWIDE IMPACT OF CHD : 

CVD and stroke are the leading causes of death in both economically developed and developing 

countries. Each year, more than 17 million people die from cardiovascular disease worldwide. 

Currently, 80% of deaths due to coronary heart disease or stroke take place in developing 

countries. CVD occurs at a younger age in developing countries like India than in developed 

countries, thereby resulting in serious loss of productivity. For example, 50% of CVD deaths in 

India occur before 70 years of age, whereas only about 25% of cardiovascular disease deaths in 
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developed countries occur before age 70 years. Age-standardized CVD death rates in people 30-

69 years old are 180 per 100,000 in Britain, 280 per 100,000 in China, and 405 per 100,000 in 

India. Traditional risk factors play an important role in the excess risk for cardiovascular disease 

in developing countries, thereby emphasizing the urgent need to develop cost-effective programs 

to control these risk factors in these settings with limited resources. 
10

 

 

FIGURE 5 : MORTALITY ASSOCIATED WITH CHD WORLDWIDE IN 

COMPARISON TO INDIA
 1
 

  

CARDIOVASCULAR DISEASE BURDEN  IN INDIAN SUBCONTINENT 
12 

 

• According to the recent WHO statistics (2008) : 

  The most common cause of mortality in the South East Asian region (SEAR) is CVD 

2,889,184/12,056,930 (23.96%) 

  Among CVD causes IHD deaths account to 1,521,791/2,889,184 (52.67%)  

 Males are affected predominantly with 942,204 (61.9) deaths and female death numbers to 

579,587 (38.1%)  
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 ECONOMIC BURDEN OF CVD IN INDIA:
  

 

India is estimated to have lost 8.7 billion international dollars in 2005 because of CHD, stroke, 

and diabetes. These estimates increase to 54 billion 1998 international dollars by 2015. India’s 

growth of gross domestic product (GDP) is estimated to fall by 1% because of the combined 

economic impact of CHD, stroke, and diabetes. 
1
 A 2000 estimate of 9.2 million productive years 

of lives lost in Indian adults secondary to overall CVD contributes to this economic decline. As 

CHD (and CVD) rates increase, this estimate increases to 17.9 million by 2030.
13 

 

Disability adjusted life years (DALYs), a commonly used metric of premature of death and 

disability, is also estimated to increase at rates comparable or above most other regions throughout 

the world. Beyond these projections, DALYs lost secondary to CHD in India have been predicted 

to increase from 7.67 million to 14.4 million in men and 5.6 million to 7.7 million in women from 

2000 to 2020. 
14

 

 

FIGURE 6 : DISABILITY ADJUSTED LIFE YEARS LOST TO CARDIOVASCULAR 

DISEASE IN REGIONS OF THE WORLD 1990-2020.
14 

 

PATHOGENESIS OF ACS : 
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The pathogenesis for ACS among patients can be divided into four groups:
15 

1. Atheromatous CHD 

2. Non-atheromatous CHD 

3. Hypercoagulable states. 

4. MI related to substance misuse. 

These conditions are characterized by an imbalance between myocardial oxygen supply and 

demand. The most common mechanisms involve an imbalance that is caused primarily by a 

reduction in oxygen supply to the myocardium, the imbalance  due to increased myocardial 

oxygen requirements, usually in the presence of a fixed, restricted oxygen supply.  

There is reduced myocardial perfusion that results from coronary artery narrowing caused by a 

thrombus that developed on a disrupted atherosclerotic plaque and is usually non-occlusive. 

Microembolization of platelet aggregates and components of the disrupted plaque are believed to 

be responsible for the release of myocardial markers in many of these patients.   

The most common underlying molecular and cellular pathophysiology of disrupted atherosclerotic 

plaque is arterial inflammation, caused by non-infectious (e.g., oxidized lipids) and possibly, 

infectious stimuli, which can lead to plaque expansion and destabilization, rupture or erosion, and 

thrombogenesis. Activated macrophages and T lymphocytes located at the shoulder of a plaque 

increase the expression of enzymes such as metalloproteinase that cause thinning and disruption 

of the plaque. A less common cause is dynamic obstruction, which may be triggered by intense 

focal spasm of a segment of an epicardial coronary artery. 

 Secondary unstable angina is precipitated by conditions that:
16

 

 1) Increase myocardial oxygen requirements, such as fever, tachycardia, or    thyrotoxicosis. 

2) Reduced coronary blood flow, such as hypotension or 

 3) Reduced myocardial oxygen delivery, such as anemia or hypoxemia.  
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FIGURE 7: INITIATION, PROGRESSION, AND COMPLICATION OF HUMAN 

CORONARY ATHEROSCLEROTIC PLAQUE.
17

   

 

Longitudinal section of artery depicting “timeline” of human atherogenesis from normal artery to 

atheroma that caused clinical manifestations by thrombosis or stenosis .Bottom, Cross sections of 
artery during various stages of atheroma evolution.  

1) Normal artery.    
2) Lesion initiation occurs when activated endothelial cells, express adhesion and chemo 

attractant molecules that recruit inflammatory leukocytes. Extracellular lipid begins to accumulate 
in intima at this stage. 

 3) Evolution to fibrofatty stage: Macrophages become lipid-laden foam cells by engulfing 
modified lipoproteins. Leukocytes and resident vascular wall cells can secrete inflammatory 

cytokines and growth factors that amplify leukocyte recruitment and cause smooth muscle cell 
migration and proliferation.  

4)  As lesion progresses, inflammatory mediators cause expression of tissue factor, a potent 
procoagulant, and of matrix-degrading proteinases that weaken fibrous cap of plaque. 

 5) If fibrous cap ruptures at point of weakening, coagulation factors in blood  gain access to 
thrombogenic, tissue factor–containing lipid core, causing thrombosis on non-occlusive 

atherosclerotic plaque. If balance between prothrombotic and fibrinolytic mechanisms prevailing 
at that particular region and at that particular time is unfavourable, occlusive thrombus causing 

acute coronary syndromes may result.  
6) When thrombus resorbs, products associated with thrombosis such as thrombin and mediators 

released from degranulating platelets, including PDGF and TGF-b, can cause healing response, 
leading to increased collagen accumulation and smooth muscle cell growth. In this manner, the 

fibro fatty lesion can evolve into advanced fibrous and often calcified plaque, one that may cause 
significant stenosis, and produce symptoms of stable angina pectoris. 

 7) In some cases, occlusive thrombi arise not from fracture of fibrous cap but from superficial 
erosion of endothelial layer. Resulting mural thrombus, again dependent on local prothrombotic 

and fibrinolytic balance, can cause acute myocardial infarction. Superficial erosions often 
complicate advanced and stenotic lesions, as shown here. However, superficial erosions do not 

necessarily occur after fibrous cap rupture, as depicted in this idealized diagram. 
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FIGURE 8: PATHOPHYSIOLOGY OF THROMBUS FORMATION AND VESSEL 

OCCLUSION.
18 

 

 RISK FACTORS FOR CARDIOVASCULAR DISEASE: 

Atherosclerotic disease in the arteries of the heart  is the most common cause of clinically 

apparent coronary heart disease. Heart failure most commonly occurs as a result of coronary heart 

disease or hypertension, although valvular heart disease and cardiomyopathy also can lead to heart 

failure.  

 Risk factors for cardiovascular disease can be categorized as traditional (i.e., those identified in 

the Framingham Heart Study) or novel.  Risk factors can also be grouped as modifiable and non-

modifiable.     
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 TABLE 1: RISK FACTORS FOR CORONARY HEART DISEASE 
19

 

 

GENDER : 

Before age 60, men have a 1.5- to 2-fold higher risk of coronary heart disease and stroke than do 

women. After 60 years of age, however, the risk of coronary heart disease and stroke in women 

increases at a faster rate than men, and the risk becomes equivalent in both sexes at 80 years of 

age. This gender difference at younger ages is thought to be primarily due to differences in levels 

of estrogen and other endogenous sex hormones.
20

 

 

 

RACE AND ETHNICITY : 

 

The incidence and prevalence of cardiovascular disease vary substantially across ethnic groups. 

Asians are less prone to developing coronary heart disease than whites or blacks. Ethnic 
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differences in CHD prevalence within India are not consistent across studies. A study conducted 

showed  that Muslim men have   the highest CHD prevalence rates and Christian men have been 

shown to have the lowest CHD prevalence rates. 
21  

   

CHD prevalence appears to be worsening in India. In developed countries, ischemic heart disease 

is predicted to rise 30-60% between 1990 and 2020. In developing countries, rates are predicted to 

increase by 120% in women and 137% in men from 1990 to 2020.
22 

  Thus, lifestyle and other 

environmental factors appear to be more important than ethnicity in influencing the risk of 

cardiovascular disease. There are also ethnic differences in awareness of traditional modifiable 

risk factors. Individual ancestry, as estimated by genetic markers, may provide better information 

for differentiating the genetic and environmental contributions to ethnic differences.  

 

CHD AND SOCIO-ECONOMIC STATUS : 

 

Patients with a lower SES were less likely to be diagnosed to have diabetes or hypertension, were 

more likely to use tobacco and to present  with STEMI. Patients with a lower SES were also less 

likely to undergo coronary angiography, percutaneous coronary intervention (PCI), and CABG 

surgery and were less likely to receive medications for CHD secondary prevention, excluding 

anti-platelet therapy. However, AMI mortality rates were similar between low and high SES after 

adjusting for CHD risk factors, location of infarct, and treatments.
14 

 

HYPERTENSION : 

Hypertension, defined as systolic/diastolic blood pressure of 140/90 mm Hg or higher, is the most 

prevalent modifiable risk factor for coronary heart disease, stroke, and heart failure. Systolic 

pressure is a stronger risk predictor than diastolic blood pressure, and each 20-mm Hg increase in 

systolic blood pressure is associated with two-fold increased risk of coronary heart disease in 
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middle-aged populations.
23

 Adoption of a diet that is rich in potassium, magnesium, calcium, 

protein, and fibre can reduce blood pressure to a degree equivalent to using one antihypertensive 

medication, and substituting additional protein or unsaturated fats leads to additional improvement 

in blood pressure and the lipid profile. 
24

 

 

DIABETES MELLITUS: 

Diabetes mellitus, which is defined as fasting plasma glucose of 126 mg/dL or higher, a non-

fasting plasma glucose or a plasma glucose 2 hours after an oral glucose tolerance test of 200 

mg/dL or higher, or a haemoglobin A1c level of 6.5% or higher, is associated with a two-fold 

increased risk for cardiovascular disease. Diabetes is often considered as equivalent to a history of 

coronary heart disease in terms of predicting the risk for coronary heart disease events.
25

 By 

comparison; aggressive blood pressure reduction in persons with diabetes prevents both micro 

vascular and macro vascular disease. 
26

 

 

DYSLIPIDEMIA : 

Elevated LDL-C is a strong risk factor, particularly for coronary heart disease. Each 1-mg/dL 

increase in the LDL-C level is associated with approximately a 1% higher risk of coronary heart 

disease. Decreased HDL-C levels and elevated triglyceride levels are also associated with the risk 

of coronary heart disease. Current clinical guidelines for treatment of hyperlipidemia  are based 

mainly on LDL-C levels, but the non-fasting non-HDL cholesterol level (total cholesterol minus 

HDL-C) and the HDL cholesterol level are sufficient to estimate the risk of coronary heart 

disease.
19 
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SMOKING : 

Current smokers have an approximately two-fold higher risk of cardiovascular disease compared 

with former and never smokers. Second-hand smoke is also associated with a 30% or greater 

increase in the risk of coronary heart disease.  

In patients with coronary heart disease, the risk for recurrent coronary heart disease events is 

substantially reduced by smoking cessation, and the risk in former smokers returns to the level of 

non-smokers within 3 years.
19 

OBESITY : 

Obesity   is closely associated with hypertension, dyslipidemia, and diabetes. Even accounting for 

these traditional cardiovascular risk factors, obesity may be an independent predictor of CHD and 

heart failure. Each 5-kg/m2 higher body mass index (BMI) is associated with 40% increased risk 

for cardiovascular mortality in middle-aged populations. Among individuals with morbid obesity 

(BMI ≥ 35 kg/m2), weight reduction through bariatric surgery may reduce the risk of coronary 

heart disease by more than 50%.
19 

PHYSICAL INACTIVITY : 

 

Physical inactivity and sedentary lifestyle are associated with increased risk for cardiovascular 

disease.   In patients who have survived an acute myocardial infarction, exercise-based cardiac 

rehabilitation is associated with reduction of mortality but not of recurrent myocardial infarction.
27

 

 

PSYCHOLOGICAL FACTORS  : 

Acute and chronic stress, in daily life or due to a natural disaster, is associated with an increased 

risk for cardiovascular disease. Acute or chronic stress may raise blood pressure, alter glucose or 

lipid metabolism, and increased blood viscosity.
28 
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INFLAMMATION : 

Higher levels of inflammatory markers are associated with a higher risk of cardiovascular disease, 

consistent with the concept that atherosclerosis is an inflammatory process.
19,29 

ALCOHOL : 

An association between alcohol consumption and the risk of incident coronary heart disease has 

been noted in both primary and secondary prevention settings, with the lowest risk at light (<3 

drinks per week) to moderate (3 to 7 [for female] or 14 [for male] per week) alcohol consumption. 

Alcohol use is also associated with injuries and other harmful outcomes, including hypertension 

and atrial fibrillation.
19 

 

FAMILY HISTORY : 

Premature coronary heart disease in a first-degree relative (male relative <55 years and female 

<65 years or <60 years in both genders) is associated with increased risk of coronary heart 

disease. Family history of premature coronary heart disease likely integrates genetic 

predisposition to cardiovascular disease or cardiovascular risk factors, lifestyle preferences, and 

environmental factors. 
19 

 

GENETIC FACTORS : 

Numerous single nucleotide polymorphisms have been associated with cardiovascular disease risk 

factors or the incidence of cardiovascular disease.   

 

THROMBOTIC AND FIBRINOLYTIC FACTORS  : 

Various thrombotic and fibrinolytic factors, such as fibrinogen and plasminogen activator 

inhibitor, have been associated with incident cardiovascular disease. Whether such information 
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improves the prediction of prognosis over prediction based on traditional risk factors alone and, if 

so, whether such factors provide targets for prevention, are not yet clear.
19 

 

NEW ASPECTS OF TRADITIONAL RISK FACTORS : 

Global risk prediction and the management of traditional risk factors in clinical practice are 

generally based on the most recent assessments of risk factors or the average of multiple 

measurements over a short period of time. However, change over time or the duration of an 

abnormal risk factor level may be associated with future risk independent of baseline values. The 

association of traditional risk factors with cardiovascular disease risk is generally graded and 

continuous, such that higher levels of the risk factors impart greater risk; as a result, cut offs to 

define elevated levels of risk factors are somewhat arbitrary. In general, the definition of normal is 

becoming stricter with increasing recognition that “borderline” levels of risk factors are associated 

with cardiovascular risk, that the greatest population burden may be in persons with lower 

elevations of risk because they are much more numerous than persons with very high levels of 

risk, and because interventions are becoming safer and more effective. For example, diabetes is 

now defined as a fasting glucose level of 126 mg/dL rather than 140 mg/dL. 
19 

 

BIOMARKERS OF SUBCLINICAL DAMAGE OR DISEASE : 

 

The diagnostic approach to ACS remains one of the most difficult and controversial challenges 

facing emergency physicians. In recent years, cardiac troponins have emerged as the biochemical 

“gold standard” for diagnosis of patients with acute chest pain, enhancing our ability to recognize 

ACS. Early diagnosis and treatment of myocardial ischemia improve patient outcomes, but 

conventional markers are often non-diagnostic at the time of arrival at the emergency department. 

Promising new biomarkers, which appear earlier after the onset of ischemia, are being studied and 
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integrated into clinical practice. Some are markers of myocyte necrosis, but others, including 

ischemia-modified albumin and natriuretic peptides, detect myocardial ischemia and myocardial 

dysfunction.
30

 

Ideal markers are not normally present in serum, become rapidly and markedly elevated during 

acute MI, and are not released from other injured tissues. The increasing sensitivity and specificity 

of serum cardiac markers, which are macromolecules (proteins) released from myocytes 

undergoing necrosis, have made them the “gold standard” for detection of myocardial necrosis.  

 

What we have now are : 

1.  Troponins 

2. Creatine kinase – MB isoenzyme  

3. Myoglobin  

4. Brain Natriuretic Peptide (BNP) 

5. Pro BNP 

6. Lactate Dehydrogenase  

All markers of myocardial injury or necrosis but what has always been used are the cardiac 

Troponins and creatine kinase. 

 

TROPONINS:  

The troponins together form a complex of three proteins. This complex consists of troponin T 

(TnT; Tropomyosin binding), troponin I (TnI, Inhibitory component) and troponin C (TnC, 

Calcium binding component). Upon cell death, these, and all other proteins constituting the cell, 

are released into the circulation. After acute myocardial infarction  it has been shown in serum of 

patients with AMI that the predominant forms in blood are free cTnT and the cTnI-TnC binary 

complex. Troponins have replaced other markers because they are more specific in the setting of 



24 
 

 

injuries to skeletal muscle or other organs and also are more sensitive in the setting of minimal 

myocardial injury.  

Cardiac-derived TnI (cTnI) and TnT (cTnT), proteins of the sarcomere, are not normally present 

in the blood with standard sensitivity assays and have amino acid sequences distinct from their 

skeletal muscle isoforms.  

Troponin T is a cardio-specific polypeptide mostly bound to contractile elements of myocardial 

cells, but with small amounts also present free in the cytoplasm. Cytosolic cardiac troponin T is 

released within the first few hours after infarction. Release of myofibrillar cTnT occurs more 

slowly, over a period of days. This biphasic release results in an early rise in serum levels (3-4 

hours after the infarct) which is sustained for 10 days or more. This makes it a very useful marker. 

Minor elevations occur in unstable angina. 

 With even small acute MIs, troponins increase to 20-fold or more above the lower limits of the 

assay, and elevations persist for several days. 

The troponins generally are first detectable 2 to 4 hours after the onset of acute MI, are maximally 

sensitive at 8 to 12 hours, peak at 10 to 24 hours, and persist for 5 to 14 days. Their long 

persistence has allowed them to replace other markers for the diagnosis of acute MI in patients 

presenting late (>1 to 2 days) after symptoms. However, this persistence can obscure the diagnosis 

of an early recurrent MI, for which more rapidly cleared markers (i.e., CK-MB) are more useful.
31 

 

CREATINE KINASE AND ISO-ENZYMES : 

 

Creatine kinase is a cytosolic enzyme (81 kDa) expressed in various tissue types. The two 

subunits of this dimeric enzyme can either be B-type (brain) or M-type (muscle), yielding three 

possible isoenzymes (MM, BB and MB), which are all present in tissue, but the composition 

varies. Skeletal muscle expresses CK-MM at high levels (99%) and CK-MB at low levels (1.1%), 
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whereas cardiac muscle, in contrast, expresses CK-MM at 79% and CK-MB at 20%.46 It is 

important to realize that the total CK activity in skeletal muscle is about 5-10 fold higher than in 

cardiac muscle, so that in absolute values (activity per gram wet weight tissue), skeletal muscle 

contains approximately equal amounts of CK.MB. 

However, because cardiac muscle contains the largest proportion of CK-MB, this was the first 

biochemical marker for AMI that was relatively specific for necrotic myocardium. 
31,32

 

Total CK starts to rise within 3 to 8 hours after MI, peaks at 10 – 24 hours and returns to normal 

by 3 – 4 days. It can be markedly elevated with skeletal muscle trauma or brain injury.  

 

      

FIGURE 9 : ELEVATION OF CARDIAC MARKERS AFTER MI.
16 
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PLATELETS ROLE  IN  CARDIOVASCULAR  DISEASE : 

 

Platelets play a substantial role in atherothrombosis, and platelet activation is implicated in the 

genesis of acute coronary syndromes (ACS) 

 

  

PLATELET ACTIVATION : 

The initial tethering of platelets at sites of vascular injury is mediated by glycoprotein Ib/V/IX, a 

structurally unique receptor complex expressed in megakaryocytes and platelets. Von Willebrand 

factor is the major ligand for one component of this complex, glycoprotein Ib, and the absence of 

the factor causes defects in primary hemostasis and coagulation. 

After the initial adhesion of platelets to the extracellular matrix, the repair process requires a rapid 

response to autocrine and paracrine mediators, including adenosine diphosphate (ADP), thrombin, 

epinephrine, and thromboxane A2. These mediators amplify and sustain the initial platelet 

response, and they recruit circulating platelets from the flowing blood to form a growing 

hemostatic plug. 

The final pathway for all agonists is the activation of the platelet integrin glycoprotein IIb/IIIa 

(αIIbβ3), the main receptor for adhesion and aggregation.
33 
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                  FIGURE 10 : PLATELET ACTIVITY AND HYPERACTIVITY 
33 

 

Fibrinogen plays an important role in maintaining the stability of a thrombus, by bridging 

glycoprotein IIb/IIIa integrins between platelets; von Willebrand factor (vWF) is necessary to 

facilitate interplatelet bridges at low shear rates in vitro. Quiescent platelets contain the pre-

mRNA of the molecule termed tissue factor, the primary initiator of the coagulation cascade that 

leads to the conversion of Prothrombin to thrombin and fibrinogen to fibrin. 

The vascular endothelium controls platelet reactivity by means of three pathways: the arachidonic 

acid–prostacyclin pathway, the L-arginine– nitric oxide pathway, and the endothelial 

ectoadenosine diphosphatase (ecto-ADPase) pathway. 
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FIGURE 11:  AGONISTS, RECEPTORS, AND EFFECTOR SYSTEMS IN PLATELET 

ACTIVATION  A, B, and C depict outside-in signalling mediated by thromboxane A2 (TXA2), 

adenosine diphosphate (ADP), and thrombin, respectively.
34 

 

Platelets are engaged through receptors for collagen (ie, glycoprotein Ia/IIa or integrin α2β1 ) and 

glycoprotein VI, leading to intracellular signaling and activation of the platelets. Platelet 

activation is followed by firm adhesion through engagement of another integrin,  αIIAbβ3 

(glycoprotein IIb/IIIa) receptor, on platelet surfaces for fibrinogen. The glycoprotein IIb/IIIa 

receptor is involved in a homotypic platelet–platelet interaction with an αIIAbβ3  receptor on 

another platelet, which attracts further platelets and results in platelet–platelet adhesion, called 

platelet aggregation.
33,34
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FIGURE 12:  SEQUENCE OF PLATELET ACTIVATION AND AGGREGATION
33 

 

 

PLATELETS AND DEVELOPMENT OF ATHEROSCLEROTIC LESIONS : 

 

ATHEROGENESIS : 

Platelets play a pivotal role in atherogenesis. They contain and release chemokines and growth 

factors, including: 

• RANTES, a chemokine that stimulates monocytes and T cells to increase the production of 

monocyte infl ammatory mediators. 

• Platelet-derived growth factor, which stimulates the migration and proliferation of smooth 

muscle cells 

• Transforming growth factor–β, which also stimulates proliferation of smooth muscle cells.  

Platelets that adhere to the vessel wall at sites of endothelial-cell activation contribute to the 

development of chronic atherosclerotic lesions, and when these lesions rupture, they trigger the 

acute onset of arterial thrombosis. 
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The interaction between glycoprotein Ib and von Willebrand factor allows platelets to roll on 

endothelial cells. 

Activated platelets can also influence the progression of plaque formation by releasing adhesive 

ligands, such as P-selectin, that become expressed on the platelet membrane and mediate platelet–

endothelium interactions. Signaling by P-selectin stimulates monocytes and macrophages to 

produce chemoattractants or growth factors. 

    

 

FIGURE 13 : MONOCYTES RECRUITMENT TO ENDOTHELIUM BY PLATELETS
 35 

 

 

PLATELET-DERIVED MEDIATORS OF INFLAMMATION 

 

Activated platelets release inflammatory and mitogenic mediators into the local 

microenvironment, thereby altering the chemotactic and adhesive properties of endothelial cells. 
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These platelet induced alterations of endothelial-cell function support the chemotaxis, adhesion, 

and transmigration of monocytes to the site of inflammation. CD40 ligand released from platelets 

induces inflammatory responses in the endothelium. 

CD40 ligand is stored in the cytoplasm of resting platelets and rapidly appears on the surface after 

platelet activation. Platelet derived CD40 ligand can induce endothelial cells to produce reactive 

oxygen species, adhesion molecules, chemokines, and tissue factor, all of which are components 

of an inflammatory response.
35 

A prospective study of healthy women found that high plasma levels of soluble CD40 ligand are 

associated with an increased risk of vascular events.
36

 

Moreover, several cardiovascular risk factors, including cigarette smoking
37

 and type 2 diabetes 

mellitus
38

,  are associated with platelet activation and increased release of the CD40 ligand. The 

combination of hyperinsulinemia and hyperglycemia up-regulates the release of platelet CD40 

ligand and monocyte-derived tissue factor. 
39

 

 

FIGURE 14 : PLATELET DERIVED MEDIATORS OF INFLAMMATORY RESPONSE
34 
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The stimulation of platelets by strong agonists can cause the shedding of small membrane vesicles 

from the platelet surface known as microparticles. Activated platelets or platelet microparticles 

also release chemokines that can trigger the recruitment of monocytes or promote their 

differentiation into macrophages. Activated platelets also release the matrix-degrading enzymes 

matrix metalloproteinases 2 and 9. 

 

REACTIVE OXYGEN SPECIES AND PLATELET ACTIVATION : 

 

The enhanced release of reactive oxygen species (e.g., O2 −) from the vessel wall (where 

endothelial and smooth-muscle cells express a variety of enzymes that generate these species) 

indirectly affects the activation of platelets because the species scavenge nitric oxide.  

Activated platelets can also generate reactive oxygen species. The metabolism of arachidonic acid 

by means of the COX-1 pathway contributes to the production of reactive oxygen species. 
40

 

Agonists that induce platelet activation also activate the platelet isoform of NADPH oxidase. The 

production of O2 − by platelets through the pathway dependent on these oxidases enhances the 

recruitment of platelets to a growing thrombus.
41, 42
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The increased generation of reactive oxygen species can induce enhanced lipid peroxidation of 

cell-membrane phospholipids or circulating LDL, leading to the increased generation of F2- 

isoprostanes, a family of prostaglandin isomers reduced from arachidonic acid by a mechanism 

catalyzed by free radicals. 
43,44    

F2-isoprostanes can modulate the adhesive reactions and 

activation of platelets induced by low levels of other agonists. 

The consistent relationship between the rates of formation of F2-isoprostanes and thromboxane in 

obese women
45

 and in patients with hypercholesterolemia, type 2 diabetes mellitus, or 

homozygous homocystinuria 
46

 suggests that a low-grade inflammatory state associated with these 

metabolic disorders may be the primary trigger of thromboxane-dependent platelet activation that 

is mediated, at least in part, by enhanced lipid peroxidation. 

 

 

 

FIGURE 15 : ROLE OF REACTIVE 

OXYGEN SPECIES IN PLATELET 

ACTIVATION.
34 

The production of reactive oxygen species is 

promoted in vascular endothelial cells and 
smooth-muscle cells in response to injury 

through several enzymatic pathways and by the 
expression of enzymes by activated platelets. 

O2   can scavenge nitric oxide (NO) to form 
peroxynitrate (NO3 −), thereby impairing the 

antiplatelet activity of NO.  
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PLATELETS IN ATHEROGENESIS IN HUMANS: 

The evidence for a role of platelets in atherogenesis in humans is limited and largely indirect. 

Several platelet-derived chemokines and growth factors are detectable in atherosclerotic plaques.
47

  

Moreover, platelet activation is associated with increased wall thickness of the carotid artery  and 

with progressive thickening of the artery in patients with type 2 diabetes mellitus.
48

 Persistent 

platelet activation, as reflected by enhanced excretion of thromboxane metabolites, has been 

reported in association with major cardiovascular risk factors that accelerate atherogenesis.
49 

 

PLATELETS AND ARTERIAL THROMBOSIS 

 

Atherosclerosis without flow-limiting thrombosis is a slowly progressive disease. The usual 

mechanism responsible for the sudden transition from a stable, often clinically silent, disease to a 

symptomatic life-threatening condition is the denudation and erosion of the endothelial surface or 

plaque disruption followed by thrombosis. 

 A break in the endothelial permeability barrier facilitates the recruitment of circulating 

monocytes and plasma lipids into the arterial wall as well as platelet deposition at the sites of 

endothelial denudation. Damaged endothelial cells, monocytes, and aggregated platelets, through 

the release of mitogenic factors, potentiate the migration and proliferation of smooth muscele cells 

(SMCs), which, together with increased receptor mediated lipid accumulation and increased 

connective tissue synthesis, shape the typical atheromatous plaque. Repeated cycles of this 

process result in hyperplasia of the intima–media layer of the vessel wall and the development of 

an atherosclerotic plaque. 
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FIGURE 16 : DYSFUNCTIONAL ENDOTHELIUM AND SUBSEQUENT 

ATHEROSCLEROTIC LESION 

 

In some instances a much faster development is observed; thrombosis associated with vulnerable 

disrupted plaques seems to be responsible for the accelerated process of clinical syndrome 

presentation. Although the exact triggering factors of the vulnerable plaque rupture are unknown, 

inflammation is accepted to be a pivotal chronic event. Culprit coronary plaques are characterized 

by greater lipid content, macrophage count, apoptosis, angiogenesis, and internal elastic lamina 

dilatation. 
50,51,52 

 Human atherectomy specimens and necropsy studies have revealed that the main intrinsic 

features that characterize plaques as “vulnerable” are: 

(1) A large necrotic lipid core occupying more than 40% of the total plaque volume; 

(2) A thin fibrous cap;  
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(3) An increased macrophage, foam cell, and T-lymphocyte content at the margins or so-called 

shoulders of the plaque;  

(4) Reduced amounts of collagen and SMCs; 

(5) Thrombotic material with the deposition of platelets and fibrin. 

 

 EVALUATION OF PLATELET INDICES: 

Traditionally, platelet function and size correlate because larger platelets, produced from activated 

megakaryocytes in the bone marrow, as explained are likely to be more reactive than normal 

platelets. Consequently, larger and hyperactive platelets play a pivotal role in accelerating the 

formation and propagation of intracoronary thrombus, leading to the occurrence of acute 

thrombotic events. These observations led to the hypothesis that increased consumptions of 

platelets thereby reducing the platelet count and increased MPV, which is an index of platelet size 

that acts as a reliable index of platelet activation, may be a potentially useful marker in 

cardiovascular risk stratification. 
54

 

The frequently described inverse relationship between platelet count and MPV in physiological 

and some pathological conditions reflects the tendency to maintain hemostasis by preserving a 

constant platelet mass.  This inverse relationship is often seen in inflammatory disorders, where 

enhanced thrombopoiesis increases the quantity of circulating platelets, and  large amount of 

highly reactive large-sized platelets migrate to inflammatory sites, where they are intensely 

consumed. Importantly, defective thrombopoiesis and enhanced destruction and swelling of 

circulating platelets in an environment rich in activating agents can affect the relationship between 

platelet count and MPV. Circulating platelets contain matrix ribonucleic acid, mitochondria, 

alpha- and dense granules which provide mechanisms of self regulation by shape-change and 

release of biologically active substances . Rapid (minutes-hours) shifts in platelet indices, 

including an increase of MPV, may take place as a result of the synthesis of prothrombotic and 
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pro-inflammatory agents in platelets, degranulation of alpha-granules, and release of highly 

reactive platelets from stores (the spleen).
55

 

MPV is measured by cell counters employing impedance an optical effects . The discordance 

between the results of different and even the same cell counters limits the interchangeable use of 

MPV. This can explain, at least partly, why haematological laboratories sometimes do not display 

the MPV and some other indices of platelet function. 

Inaccurate measurement of platelet indices may be due to inappropriate blood sampling and 

storing. The platelet indices have been shown to be sensitive to the differences in blood sample 

anticoagulation, storage temperature and delays in processing. In particular, the time-dependent 

swelling of platelets in samples anticoagulated with ethylenediaminetetraacetic acid (EDTA) can 

result in an artefactual increase of MPV and misinterpretation of prethrombotic changes . Storage-

dependent changes are also characteristic for other simultaneously measured indices, such as 

mean platelet component (MPC; reflects density and platelet degranulation) and platelet 

distribution width (PDW; relates to the platelet pseudopodia and shape change). One recent study 

suggested recording both MPV and PDW to provide more reliable information.
56

 

Understanding of the role of platelets in a variety of thrombotic and inflammatory disorders has 

substantially improved, owing to the recent advances in the quantification of laboratory markers 

of platelet function. MPV has emerged as a relatively reliable marker of thrombopoiesis and 

platelet function. PDW and Plateletcrit are yet to be explored fully with respect to its significance.  

Established cardiovascular risk factors, such as smoking, hypertension, diabetes, as well as age, 

sex, and possibly ethnicity can modify shifts of MPV, affecting the expected inverse relationship 

between MPV and platelet count seen in inflammatory thrombocytosis.  

But  A few studies which investigated the effects of therapeutic interventions on MPV in various 

clinical conditions showed that  Aspirin, with its specific action on the arachidonic acid cascade in 



38 
 

 

megakaryocytes and platelets, exerted little, if any, effect on MPV . The failure to affect platelet 

size was also reported in the case of dual (aspirin + clopidogrel) therapy 
57, 58 

 

MATERIALS AND METHODS: 

 

 SOURCE OF DATA (SAMPLE): 

 

 A hospital based study  carried out over a period of one and half year comprising of  420 cases 

beginning from October 2010 at R.L.Jalappa Hospital and Research Centre attached to Sri 

Devaraj Urs Academy of Higher Education and Research, Tamaka, Kolar. 

 

 METHOD OF DATA COLLECTION:          

It is a study conducted in the Department of Pathology, of Sri Devaraj Urs Medical College, from 

October 2010. 

- Blood (2ml) was collected in dipotassium EDTA tubes from all the patients by a clean puncture 

avoiding froth or bubbles after obtaining  informed consent.  

- The sample collected was run within 2 hours of venepuncture using Beckman Coulter Act 5Diff  

automated cell counter. 

- Platelet count, Mean platelet volume (MPV), Plateletcrit (Pct), Platelet distribution width (PDW) 

and Plateletcrit was calculated. 

- Clinical data was obtained from each case with respect to name, age, clinical history, associated 

co-morbidities like Diabetes mellitus, hypertension, smoking alcohol intake and history of any 

drug intake. 

Strips manufactured by Roche for specific detection of cardiac TnT through quantitative 

imunological tests were used. This test contains two monoclonal antibodies specific for cardiac 
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TnT: one gold-labelled, the other biotinylated. Test strips were analyzed by using optical system 

of cardiac reader provided by Roche. The quantitative range for cardiac TnT detection extends 

from 0.1ng/ml to 2ng/ml. The reader interprets TnT concentration below or above this range 

qualitatively (low or high respectively). The cutoff used in our study for positive TnT assay was 

0.1ng/ml. 

- Internal and external quality control will be strictly followed. 

    

STATISTICAL ANALYSIS: 

Statistical analysis will be carried out using descriptive measures like Mean Standard Deviation 

and proportion. ANOVA test will be used to test the variation of mean in three groups and its 

significance. 

      

     INCLUSION CRITERIA:    

1. Patients admitted for intensive care with unstable angina or acute 

         myocardial infarction. 

2. Patients with stable coronary artery disease or with a history of previous  

         Ischemic event attending routine follow up. 

3. Age and sex matched control group who have no features of ischemic 

         cardiac disease, alcohol / smoking, diabetes mellitus, hypertension, anemia.  

      EXCLUSION CRITERIA: 

1. Patients with musculoskeletal chest pain, acid peptic disease with no 

     evidence of ischemic  heart disease by ECG. 

2. Patients with other thrombotic diseases like stroke, vasculitis. 
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                                         RESULTS: 
 
The total number of cases that were studied: 420. 

The total number of patients with cardiac Troponin-T positive acute myocardial infarction and 

grouped as MI: 140. 

The total number of patients with cardiac Troponin-T negative acute coronary syndrome other 

than acute MI and grouped as non- MI: 140. 

The total number of age and sex matched healthy controls with no history or symptoms of 

ischemic heart disease and grouped as controls: 140. 
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    TABLE 2 : DISTRIBUTION OF RISK FACTORS IN ALL PATIENTS 
 

 

GROUPS 

(n=140) 

 

MI GROUP 

 (%) 

 

NON-MI GROUP 

 (%) 

 

HEALTHY 

CONTROLS 
 (%) 

 

AGE,YEARS 

MEAN (SD) 

 
54.47 (12.9) 

 
60.43 (12.33) 

 
51.37 (12.66) 

 

 

MALES 

 

116 (82.85) 

 

91 (65) 

 

115 (82.14) 

 

FEMALES 

 

24 (17.14) 

 

49 (35) 

 

25 (17.85) 

 

DIABETES 

MELLITUS 

 
44 (31.42) 

 
48 (34.28) 

 
0 (0) 

 

HYPERTENSION 
 

50 (35.71) 
 

57 (41) 
 

0 (0) 

 

SMOKERS 
 

 

59 (42.14) 

 

37 (26.42) 

 

0 (0) 

 

ALCOHOLICS 

 

09 (06.42) 

 

07 (05) 

 

0 (0) 

 

H/O IHD 
 

 

05 (03.57) 

 

06 (04.28) 

 

0 (0) 

 

H/O PREVIOUS 

MI 

 
09 (06.42) 

 
12 (08.57) 

 
0 (0) 

 

Patients with MI had a higher male preponderance with 82.85% and more smokers (42.14%) than 

non-MI patients.  

The non-MI patients showed a higher prevalence of Diabetes Mellitus and Hypertension than MI 

patients. 
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AGE: 

In the present study, the ages ranged from 23 to 95 years. Mean age was 55.44 ± 13.13 years. 

Majority of patients belonged to the 6
th
 decade of life (29.04%), followed by 7

th
 decade (24.28%) 

and 5
th
 decade (23.09%) of life. 

 

                        TABLE 3 : AGE DISTRIBUTION AMONG ALL PATIENTS 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
                       CHART 1 : AGE DISTRIBUTION AMONG ALL PATIENTS 

 

                      

AGE GROUPS 

(Years) 

  NUMBER PERCENT 

(%) 

20-29 09 2.14 

30-39 25 5.95 

40-49 97 23.09 

50-59 122 29.04 

60-69 102 24.28 

70 AND ABOVE 65 15.47 

TOTAL 420 100 
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The mean age among patients in the MI group was 54.47 (+ 12.9) years. 

The mean age among patients in the non- MI group was 60.43 (  +  12.3) years. 

The mean age among patients in the healthy control group was 51.37 (+ 12.66) years. 

 

CHART 2 : MEAN AGE AMONG DIFFERENT GROUPS 

 

          
 
 

Between the MI and NON MI patients, the mean age was higher in the non-MI patients. 

 

 

GENDER: 

In the present study, number of males was 322 (76.66%) and number of females was 98 (23.33%).  

Male: female ratio was 3.28.                          
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                CHART 3 : GENDER DISTRIBUTION AMONG ALL PATIENTS     
   

                 

 

The number of males in the MI group was 116 (82.85%) and the number of females were 24 

(17.14%)      

CHART 4 : GENDER DISTRIBUTION IN MI GROUP 

                  

        

 

 

 

GENDER DISTRIBUTION 

MALES

FEMALES

23.33% 

76.66% 

322 

98 

 82.85% 

17.14% 

GENDER DISTRIBUTION  IN  
MI  GROUP 

MALES= 116  

FEMALES = 24 
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The number of males in the Non - MI group was 91 (65%) and the number of females was 49 

(35%)                           

                       CHART 5 : GENDER DISTRIBUTION IN NON-MI GROUP 

                   

              

 

   The number of males in the healthy control group were 115 (82.14%) and the number of   

female were 25 (17.85%).                     

                         CHART 6 : GENDER DISTRIBUTION IN CONTROL GROUP   

                 

                 

65% 

35% 

GENDER DISTRIBUTION  IN  
NON-MI   GROUP 

 MALES= 91  

FEMALES = 49 

82.85% 

17.14% 

GENDER DISTRIBUTION  IN  
CONTROL  GROUP 

    MALES= 115  

FEMALES= 25 
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                    GENDER DISTRIBUTION AMONG ALL GROUPS 

       In the study males were more in number than females among the patients of  both  MI and non 

MI groups.    

 

                     CHART 7: COMPARISON OF GENDER DISTRIBUTION AMONG    

                                                            INDIVIDUAL GROUPS                   
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RISK FACTORS ASSESSMENT AMONG PATIENTS  

 
    SMOKING : 

 

  Among the patients of the study, total number of smokers were 96 (22.85%) and 324 (77.14%) 

non-smokers. 

59(42.14%) smokers belonged to the MI group and 37(26.42%) to the non-MI group. 

 

                  CHART 8 : SMOKING PREVALENCE AMONG ALL PATIENTS 

 

         

      

   CHART 9 : COMPARISON OF SMOKING PREVALENCE AMONG  INDIVIDUAL GROUPS        
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ALCOHOL  : 

There were only 16 (3.80%) patients with history of alcohol intake.  

09 of them were patients of MI and 07 belonged to the non-MI group. 

 

CHART 10 : ALCOHOL INTAKE AMONG ALL PATIENTS 

 

            

CHART 11 : COMPARISON OF ALCOHOL INTAKE AMONG INDIVIDUAL GROUPS 
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DIABETES MELLITUS: 

Of all the 420 patients 92(21.9%) were diabetic with 66(71.73%) males and 26(28.26%) females 

among them.  

CHART 12 : PREVALENCE OF DIABETES MELLITUS AMONG ALL PATIENTS 

 

        
 
 

CHART 13 : GENDER DISTRIBUTION AMONG DIABETIC AND NON-DIABETIC 

PATIENTS           
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CHART 14 : COMPARISON OF DIABETES MELLITUS PREVALENCE AMONG 

INDIVIDUAL GROUPS 

 

         

Non-MI group had more diabetics 48(34.28%) than MI patients 44(31.42%). 
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HYPERTENSION : 

Hypertension was overall seen in 107(25.47%) patients and 313(74.52%) patients were non-

hypertensive. Among the hypertensives, 67(62.61%) were males and 40(37.38%) were females. 

 

        CHART 15 : PREVALENCE OF HYPERTENSION AMONG ALL PATIENTS 

            

                

CHART 16 : COMPARISON OF HYPERTENSION PREVALENCE AMONG 

INDIVIDUAL GROUPS         

 

 
 

     Non-MI group showed more hypertensives 57 (41%) than MI group 50 (35.71%) 
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FAMILY HISTORY OF ISCHEMIC HEART DISEASE (IHD) : 

 

Family history of IHD was noted only among 11(2.61%) patients.  

CHART 17 : INCIDENCE OF FAMILY HISTORY OF IHD AMONG PATIENTS      

 

           

 

       CHART 18 :GENDER DISTRIBUTION IN PATIENTS WITH FAMILY H/O IHD             
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CHART 19 :  COMPARISON OF FAMILY HISTORY OF IHD AMONG INDIVIDUAL 

GROUPS 

              

         

                 06 belonged to the non-MI category and 05 were patients with MI. 

 

PREVIOUS HISTORY OF MYOCARDIAL INFARCTION : 

Among the MI patients under study 21(15%) had previous history of myocardial infarction. 15 of 

them were males and 06 were female patients.  

 

     CHART 20 : INCIDENCE OF PREVIOUS HISTORY OF MI AMONG PATIENTS    
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NUMBER OF AFFECTED VESSELS ON CORONARY ANGIOGRAM IN 

MI PATIENTS : 

 

Among the 140 patients who had MI, 101 (72.14%) patients underwent a coronary angiogram 

which evaluated the number of vessels affected. 

Single vessel disease (SVD) was observed in 60 (59.4%) patients, double vessel disease (DVD) 

was noted in 26 (25.74%) patients and 15(14.85%) patients had triple vessel disease (TVD). 

 

CHART 21 : TYPE OF VESSEL DISEASE AMONG PATIENTS WITH M 
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NUMBER OF AFFECTED VESSELS ON CORONARY ANGIOGRAM IN NON - MI 

PATIENTS : 

 

 In the patients among the non-MI group, 55(39.28%) underwent angiogram and 28(50.90%) had 

SVD, 18 (32.72%) of them had DVD and 09 (16.36%) patients had TVD. 

 

CHART 22 : TYPE OF VESSEL DISEASE AMONG PATIENTS IN NON-MI GROUP 
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PRIMARY TRANSCUTANEOUS CORONARY ANGIOPLASTY IN MI PATIENTS 

 

Among the 140 patients of the MI group 55(39.28%) patients underwent primary transcutaneous 

coronary angioplasty (PTCA) to various arteries as shown below.   

Most common vessel was Left Anterior Descending (LAD) artery. 

 

CHART 23 : PTCA TO VARIOUS VESSELS IN PATIENTS WITH MI  

               

 
 

 

 The most common artery involved was LAD among 25(45.45%) patients. 
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TABLE 4 : COMPARISON OF HEMATOLOGICAL PARAMETERS IN ALL PATIENTS: 
 

 
 

VARIABLE 

(SD) 

 
 

MI GROUP 

 

NON-MI GROUP 

 

HEALTHY 

CONTROLS 

 
 

TOTAL 

 

RBC COUNT 

(x 10
6
/micL) 

 

4.74(0.763) 

 

4.42(0.807) 

 

4.75(0.565) 

 

4.64(0.734) 

 

WBC COUNT 

(x 10
3
/micL) 

 

12.76(4.32) 

 

10.85(4.477) 

 

8.45(2.677) 

 

10.69(4.28) 

 

PLATELET COUNT 

(x 10
3
/micL) 

 

287.92(95.66) 

 

279.57(94.44) 

 

284.90(85.10) 

 

284.13(91.703) 

 

HEMOGLOBIN 

(g/dl) 

 

14.68(10.852) 

 

12.66(2.632) 

 

14.08(1.361) 

 

13.81(6.534) 

MEAN 
CORPUSCULAR 

VOLUME (fL) 

 

85.07(10.42) 

 

89.97(45.45) 

 

88.50(6.043) 

 

87.85(27.164) 

 

Mean RBC count was 4.64 x 10
6
/micL with MI patients showing higher count among the 3 groups 

with 4.74 x 10
6
/micL. 

 Mean WBC count was 10.69  x 10
3
/micL and patients with MI had higher WBC count with 12.76 

x 10
3
/micL. 

Mean platelet count was 284.13 x 10
3
/micL with MI patients showing a higher count of 287.92 x 

10
3
/micL. 

Mean haemoglobin was 13.81 g/dl and MI patients had higher haemoglobin of 14.68 g/dl. 

Mean corpuscular volume was 87.85f L and non-MI patients had higher MCV of 89.97f L than 

the MI and control population. 
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TABLE 5 : COMPARISON OF PLATELET INDICES IN ALL PATIENTS 
 

 

 

VARIABLE 

(SD) 

 

 

MI GROUP 

 

 

NON-MI 

GROUP 

 

 

HEALTHY 

CONTROLS 

 

 

TOTAL 

 

PLATELET 

COUNT 

(X 10
3 
/ micL) 

 

 

287.92 

(95.66) 

 

 

279.57 

(94.44) 

 

 

284.90 

(85.10) 

 

 

284.13 

(91.703) 

 

 

MPV  

(fL) 

 

 

 

8.22 

(0.762) 

 

 

7.84 

(0.735) 

 

 

7.65 

(0.554) 

 

 

7.90 

(0.728) 

 

 

PDW 

(fL) 

 

 

13.22 

(2.40) 

 

 

12.33 

(2.456) 

 

 

11.66 

(1.87) 

 

 

12.40 

(2.341) 

 

 

PCT 

(%) 

 

 

0.233 

(0.071) 

 

 

0.82 

(7.25) 

 

 

0.21 

(0.061) 

 

 

0.42 

(4.186) 

 

 

 Higher platelet count of 287.92 X 10
3 

/ micL, MPV OF 8.22f L and PDW of 13.22f L was 

observed among the patients with MI than the non-MI and control groups. 

  Plateletcrit was found to be higher among non-MI patients with 0.233%   
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TABLE 6: ANOVA F-TEST TO CHECK THE SIGNIFICANCE OF HEMATOLOGICAL 

PARAMETERS 

 
PARAMETERS 

 
CONSTANT (F) 

 
SIGNIFICANCE 

 

RBC COUNT 
(x 10

6
/micL) 

 

9.487 

 

< 0.001 

 

WBC COUNT 
(x 10

3
/micL) 

 

42.520 

 

< 0.001 

 

HEMOGLOBIN 

(g/dl/) 

 

3.569 

 

0.029 

 

MEAN CORPUSCULAR 

VOLUME (f L) 

 

1.204 

 

0.301 

 
PLATELET COUNT 

(x 10
3
/micL) 

 
0.296 

 
0.744 

 
MEAN PLATELET VOLUME 

(f L) 

 
24.726 

 
< 0.001 

PLATELET DISTRIBUTION 

WIDTH   
(f L) 

 

16.879 

 

< 0.001 

 

PLATELETCRIT (%) 

 

0.967 

 

0.381 

 

ANOVA F-Test to check for the significance of hematological parameters shows a p<0.05 

significance for RBC count, WBC count, Hemoglobin, Mean Platelet Volume and Platelet 

Distribution Width. 

MCV, Platelet count and Plateletcrit show no statistical significance with p>0.05 

 

       

 

 

 



62 
 

 

TABLE 7 :MULTIPLE COMPARISONS OF THE PARAMETERS USING 

BONFERRONI   ADHOC TEST 
 

DEPENDENT 
VARIABLE 

 
(I) GROUP 

 
(J) GROUP 

 
STD ERROR 

 
SIGNIFICANCE 

PLATELET 

COUNT 

 

MI GROUP 

NON-MI GROUP 10.979 1.000 

  CONTROLS 10.979 1.000 

 NON-MI GROUP MI GROUP 10.979 1.000 

  CONTROLS 10.979 1.000 

    CONTROLS MI GROUP 10.979 1.000 

  NON-MI GROUP 10.979 1.000 

         MPV MI GROUP NON-MI GROUP 0.082 0.001 

  CONTROLS 0.082 0.001 

 NON-MI GROUP MI GROUP 0.082 0.001 

  CONTROLS 0.082 0.057 

 CONTROLS MI GROUP 0.082 0.001 

  NON-MI GROUP 0.082 0.057 

PCT MI GROUP NON-MI GROUP 0.500 0.707 

  CONTROLS 0.500 1.000 

 NON-MI GROUP MI GROUP 0.500 0.707 

  CONTROLS 0.500 0.670 

 CONTROLS MI GROUP 0.500 1.000 

  NON-MI GROUP 0.500 0.670 

PDW MI GROUP NON-MI GROUP 0.270 0.003 

  CONTROLS 0.269 0.001 

 NON-MI GROUP MI GROUP 0.270 0.003 

  CONTROLS 0.270 0.039 

 CONTROLS MI GROUP 0.269 0.001 

  NON-MI GROUP 0.270 0.039 

   

Bonferroni adhoc test showing for multiple comparisons shows significance of  p<0.05 in MPV and 

PDW between the 3 groups. 
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DISCUSSION : 

 

AGE : 

The average age of onset of CVD is younger (below 55 years) among Indians than in other 

populations around the world.
59,60,61

  

In the present study, the ages ranged from 23 to 95 years. The mean age in our study was 55.44 ± 

13.13 years. Majority of patients belonged to the 6
th
 decade of life (29.04%), followed by 7

th
 

decade (24.28%) and 5
th
 decade (23.09%) of life.  

According to  the INTERHEART study by Yusuf.S et al.
62 

 among regions, striking variations 

were noted in the age of first presentation of acute myocardial infarction, with the youngest 

patients in south Asia (median age 53 years) which was almost in accordance to the mean age of 

our study.  

 

GENDER : 

The prevalence of cardiovascular disease is higher in males than females though the mortality due 

to CVD is higher in females. The Framingham study showed that women have a lower incidence 

of coronary artery disease than men do up until age 75.In the present study, number of males was 

322 (76.66%) and number of females was 98 (23.33%). 
59,61,63 

The total number of males with ischemic heart disease in our study was 207 and females affected 

were 73. The male to female ratio was 2.83. 
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ASSESSMENT OF RISK FACTORS : 

SMOKING : 

Smoking has been identified as one on the important risk factor for all CVD. Current smokers 

have an approximately two-fold higher risk of cardiovascular disease compared with former and 

never smokers.
64, 65 

Nevertheless the risk of cardiovascular disease is roughly proportional to cigarette consumption 

and the risk persists even at low level of smoking, that is, one to two cigarettes per day and recent 

studies have shown that environmental tobacco smoke is a risk factor for ischemic heart disease. 

Passive smoking increases the coronary death rate among never smokers by 20% to 70%.
66

 

TABLE 8: COMPARISON OF PREVALENCE OF SMOKING WITH OTHER STUDIES 

 

 Khandekar MM 
et al. 

67 

J Clin Pathol 

2006 

Ranjith MP  
et al. 

68 

J Clin Pathol 

2009 

Gupta.R  
et al.

69 

World J Cardiol 

2012.   
 

 

PRESENT 

STUDY 

PREVALENCE 
SMOKING 

40.5% 60% 35.7% 22.85% 

 
A study done by Khandekar MM et al.

67   
showed smoking in 40.5% patients of whom smokers 

were more 14.8% in the acute coronary events patients than other patients with 14.2%. 

Ranjith M.P et al. 
68  

 study showed smoking in 60 % patients with relatively higher incidence of 

smoking 31.76% in the stable angina group than acute coronary syndrome patients who had 

28.23% smokers. 

Gupta et al 
69

 showed 35.7% smoking prevalence and increased relative risk of MI compared to 

stroke. 

In our study the prevalence of smoking was 96 patients (22.85%) with more smokers (42.14%) 

among patients with MI compared to those (26.42%) with non-MI conditions. 
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In comparison to other Indian studies, our study showed a lesser prevalence of smoking among 

patients. This may be due to the habit of arecanut and beetlenut chewing being more common 

among rural and semi urban population than the urban dwellers.  

 

ALCOHOL CONSUMPTION : 

Moderate alcohol consumption is known to be protective against coronary heart disease (CHD). 

However  a study of acute MI patients, revealed that alcohol consumption in South Asians was not 

protective against CHD.
4
 Other studies have shown that regular and moderate alcohol intake is 

associated with low risk of IHD and heavy or  binge drinking was associated with high risk of 

IHD.
70,71 

Alcohol consumption was observed only among 16 (3.80%) patients in our study.  As the exact 

amount of alcohol intake was not available we could not stratify the patients into moderate or 

heavy alcohol intake groups. 

 

DIABETES MELLITUS : 

 

 Of the risk factors, diabetes, and its predominant form, type 2 diabetes mellitus (T2DM), has a 

distinctive association with CHD. Those with diabetes have 2-4 fold higher risk of developing 

coronary disease than people without diabetes.
 
  

 The age and sex adjusted mortality risk in diabetic patients without pre-existing coronary artery 

disease has been found to be equal to that of non-diabetic individuals with prior MI.
  72, 73, 74 
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TABLE 9 : COMPARISON OF PREVALENCE OF DIABETES MELLITUS 

WITH OTHER STUDIES 

 

 Khandekar MM 

et al 
67

 

J Clin Pathol 
2006 

Ranjith MP  

et al.
68 

J Clin Pathol 
2009 

Assiri A.S  

et al. 
75

   

J Saudi Heart 
Assoc 2012. 

 

 

OUR STUDY 

DIABETES 
MELLITUS 

29% 60% 58.5% 21.9% 

 

Study by Ranjith et al.
68 

and Assiri A.S et al. 
75 

 showed a higher prevalence of Diabetes mellitus 

of 60% and 58.5% respectively  while another study done by  Khandekar MM et al.
67 

on Indian 

population showed 29% diabetics in their study. 

Our study had 92 (21.9%) diabetics.  

Male predilection was noted in our study with 66(71.73%) males and 26(28.26%) females being 

diabetic. This was in accordance to studies like Gupta R et al 
59 

who quoted ICMR survey which 

studied risk factor prevalence of Non-communicable Disease among men and women in 8 Indian 

states showing higher male predilection of DM than female. 

 Study
 
done by Kodiatte T.A et al.

76 
which studied platelets in Type-2 DM showed more male 

diabetics compared to females with 65% and 35% respectively in their study. 

HYPERTENSION : 

Hypertension was seen in 107(25.47%) patients, of which 67(62.61%) were males and 

40(37.38%)  were females. 

TABLE 10 : COMPARISON OF PREVALENCE OF HYPERTENSION WITH OTHER 

STUDIES 

 Khandekar MM et 

al.
67 

J Clin Pathol 2006 

Ranjith MP  

et al.
68 

J Clin Pathol 2009 

 

PRESENT STUDY 

PREVALENCE 
HYPERTENSION 

25.77% 60% 25.47% 
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Ranjith et al.
68

 study showed a higher prevalence of hypertension (60%) compared to Khandekar 

et al.
67

 showing (25.77%) and our study with (25.47%).  This variation can be attributed to the 

regional variation of hypertension as per Gupta et al.
69  

 which shows higher prevalence of 

hypertension in North Indian states compared to South India. 

In our study hypertension was seen more among the non- MI group (41%) in comparison to MI 

patients (35.71%) Similar finding was also noted in study by Khandekar et al. 
67

(28.5% in stable 

ACS versus 24.4% in acute MI)  

 

FAMILY HISTORY OF IHD: 

Premature coronary heart disease in a first-degree relative (male relative <55 years and female 

<65 years or <60 years in both genders) is associated with increased risk of coronary heart 

disease.
64  

Family history seemed to be slightly more important in young (PAR 14·8% [11·7–

18·5]) compared with old individuals (10·4% [8·3–13·0]).
4 

In our study family history of IHD was noted in only 11(2.61%) patients. Mild difference was 

seen with 05 MI patients having a family history compared to 06 patients without MI.  

 

 

HISTORY OF PREVIOUS MI : 

Any prior episode of MI adds on to the risk of having a subsequent episode of MI in a patient.
62

 

Among the patients of MI group 21 (15%) of them had a previous episode of MI and the rest 119 

(85%) presented with incident episode of MI.  
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NUMBER OF AFFECTED VESSELS ON CORONARY ANGIOGRAM : 

Only 101(72.14%) patients among the 140patients with MI in our study underwent coronary 

angiogram. Majority of them 60(59.4%) were found to have single vessel disease, 26(25.74%) 

patients had DVD and TVD was least noted in 15 (14.85%) patients.  

Among the 140 patients in the non-MI group,55 (39.28%) patients underwent angiography of 

whom, again majority of the patients 28 (50.9%) were found to have SVD, 18(32.72%)patients 

with DVD and TVD was seen in 9(16.36%) patients. 

Study conducted by Pizzuli et al.
77

 noted no significant difference in platelet count or size with 

regard to the degree of atherosclerosis or vessel involvement of 1, 2 or 3 vessel disease when 

compared with people with normal angiogram. 

 

 PTCA IN PATIENTS WITH MI : 

Among the 140 patients with MI, 55 (39.28%) patients underwent PTCA and the most common 

artery involved was  LAD among 25(45.45%) patients. 

 

HEMATOLOGICAL PARAMETERS : 

The various hematological parameters like red blood cell (RBC)  and white blood cell (WBC) 

counts along with hemoglobin (Hb) levels and mean corpuscular volume (MCV)  were evaluated 

with the platelet indices. 

 

RBC COUNTS : 

The mean RBC count was 4.64x10
6
/micL. The mean RBC count was higher among the MI 

patients (4.74 x10
6
/micL) compared to the non-MI patients (4.42 x10

6
/micL) and almost equal to 

the mean count of the control group (4.75 x10
6
/micL).  
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WBC COUNTS : 

The mean WBC count was 10.69x10
3
/micL. The mean WBC count was higher among the MI 

patients (12.76 x10
3
/micL) followed by the non-MI patients (10.85 x10

3
/micL) and  the control 

group (8.45 x10
3
/micL).  

 

HEMOGLOBIN LEVELS : 

The mean Hb level was 13.81g/dl. The mean Hb level was higher among the MI patients (14.68 

g/dl) than the non-MI patients (12.66 g/dl) and  the control group (14.08g/dl). The patients in the 

non-MI group with other ischemic heart conditions had a relatively lower Hb level.  On 

comparison with all groups, the hemoglobin value was found to be significant with p=0.02. 

 

 

MEAN CORPUSCULAR VOLUME : 

The mean MCV was 87.85%. The mean MCV among all the 3 groups were almost nearly equal 

with MI group patients having lower MCV (85.07%) followed by the control group (88.5%) and 

non-MI patients (89.97%)   

When all these parameters were compared statistically between the 3 groups of MI, non-MI and 

control patients using ANOVA test, the RBC count, WBC count and hemoglobin levels were 

found to be statistically significant with a p-value of < 0.05. 
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PLATELET INDICES : 

The platelet indices studied among patients with IHD and compare with healthy control group 

were platelet count, mean platelet volume (MPV), platelet distribution width (PDW) and 

Plateletcrit (Pct). 

 

PLATELET COUNT : 

The mean platelet count in our study was 284.13 ( + 91.7) x 10
3 

/micL . The mean platelet count 

was higher in the MI group (287.92 x 10
3 

/micL) than non-MI patients (279.57 x 10
3 

/micL) and 

also the control group (284.90 x 10
3 

/micL )  

 

TABLE 11 : COMPARISON OF PLATELET COUNT WITH OTHER STUDIES 

 

 

 

PLATELET 

COUNT 
 

(x 10
3
/micL) 

Linden MD et 

al. 
78

 

 J Thromb 
Haemostat 

2007 
(n=677) 

Lippi G  

et al. 
79 

Arch Pathol 
Lab Med 

2009 
(n=2304) 

Khandekar MM 

et al. 
67 

J Clin Pathol 
2006 

(n=210) 

Ranjith MP et 

al. 
68 

J Clin Pathol 
2009 

(n=180) 

 

OUR STUDY 

 
(n=420) 

 

MI GROUP 

 

224.5  

 (+1.49) 

 

238 

(120-455) 

 

232.84  

(+ 88.8) 

 

201 

(+13.07) 

 

287.92 

(+95.66) 

 

NON MI  
GROUP 

 

226.6  
(+3.0) 

 

247 
(140-389) 

 

240.79 
(+ 79.0) 

 

 

267 
(+7.91) 

 

279.57 
(+94.44) 

 
CONTROLS 

 
237.7 

 (+6.0) 

 
       --- 

 
270.77  

(+ 75.2) 

 
256.65 

(+25.49) 

 
284.90 

(+85.10) 

 

SIGNIFICANCE 
(p value) 

 

>0.05 

 

0.13 

 

<0.05 

 

<0.001 

 

0.744 

( ) = SD 
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In some of the other studies 
67, 68

conducted there was a gradual decline in the platelet count from 

the control group to the non-MI and the MI group. Least mean platelet count was observed in the 

MI group.  This was attributed to the platelet consumption in the acute phase of clot formation and 

subsequent thrombosis.
68  

However in studies conducted with a larger sample size by Linden M.D et al.
67

, Lippi G et 

al.
79

and Khode et al.
80

 no significant correlation was observed with platelet count between patients 

with IHD and controls.  

Study by Klovaite J et al.
81 

done on a sample size of 39,531 participants also did not show any 

association between platelet count and increased risk of MI. However on dividing the individuals 

into strata based on tertiles of platelet count and within the strata into quintiles of MPV 

association was seen in individuals with medium (248-302 x10
9
/L) and high (>302 x10

9
/L) 

platelet count and increasing MPV had increased risk of MI. 

Our study similarly showed platelet count did not significantly differ between patients with and 

without MI or between patients with MI and the control group. (p=1.00) 

 

MEAN PLATELET VOLUME : 

 

The MPV in our study was 7.90( ± 0.728) fL. The MPV was highest in the MI group 8.22 

( +0.76) fL  than non-MI patients  with 7.84(± 0.735)fL and  the control group  7.65(± 0.554) fL.   
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TABLE 12 : COMPARISON OF MEAN PLATELET VOLUME WITH OTHER 

STUDIES 

 
MEAN 

PLATELET 

VOLUME 
(fL) 

 
MI GROUP 

 
NON MI  

GROUP 

 
CONTROLS 

 
SIGNIFICANCE 

(p value) 

Lippi G 

et al.
79 

Arch Pathol Lab 
Med 2009 

 

8.0 

(6.7-10) 

 

7.4 

(6.5-9.5) 

 

 

--- 

 

 

<0.001 

Khandekar MM 

et al.
67 

J Clin Pathol 

2006 

 

10.43 
(1.03) 

 

9.37 
(0.99) 

 

9.20 
(0.91) 

 

<0.001 

Ranjith MP  
et al.

68 

J Clin Pathol 

2009 

 
10.97 

(0.58) 

 
10.03 

(0.23) 

 
9.12 

(0.63) 

 
<0.001 

Khode V  
et al.

80 

J Cardiovasc Dis 
Res 2012 

 
9.65  

(0.9) 

 
9.38  

(0.8) 

 
9.21  

(0.6) 

 
0.025 

 

PRESENT 

STUDY 

 

8.22 

(0.76) 
 

 

7.84 

(0.73) 

 

7.65 

(0.55) 

 

<0.001 

( ) = SD 

 

Most of the studies
 67,68,79,80

 conducted have found a relationship between MPV measured at the 

time of diagnosis of MI compared to patients without MI but other ischemic heart conditions and 

healthy controls. The table demonstrates the studies which showed that   MPV remained higher in  

MI group than in others.  
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TABLE 13 :  COMPARISON OF MEAN PLATELET VOLUME BETWEEN ACUTE    

                     MI GROUP AND NON-MI GROUP WITH OTHER STUDIES. 

 
 

PUBLICATION 

 

ACUTE MI 

 

NON-MI 

N MPV(f L) N MPV (f L) 

Yilmaz et al.
82 

(2008) 111 10.4 225 9.41 

Senaran et al.
83 

 (2001) 20 8.2 37 7.2 

Hendra et al.
84 

(1988) 147 10.0 150 9.45 

Towbridge et al.
85

 (1987) 103 7.3 72 6.56 

Kishk et al.
5
 (1985) 70 7.3 95 6.7 

Erne  et al.
86

(
 
1988) 55 10.9  526 9.69 

Khandekar et al.
67

 (2006) 94 10.43 70 9.37 

Khode et al.
80 

(2012) 39 9.65 24 9.38 

PRESENT STUDY 140 8.22 140 7.65 

 

Our results were in accordance to the studies 
5,67,80,82,83,84,85,86 

conducted as shown in the table with 

varying sample size observing that MPV was raised in patients who had suffered an acute MI 

when compared with patients without MI (r= ,p<0.001). 
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TABLE 14 : COMPARISON OF MEAN PLATELET VOLUME BETWEEN ACUTE 

                MI GROUP AND HEALTHY CONTROL GROUP WITH OTHER STUDIES 

 
 

PUBLICATION 

 

ACUTE MI 

 

CONTROLS 

 

p VALUE 

N MPV(f L) N MPV(f L) 

O’Brien et al.
87 

(1973) 

23 8.1 36 7.01 < 0.001 

Cameron et al.
88

 
(1983) 

100 9.07 200 8.32 < 0.001 

Martin et al.
89

 (1983) 15 7.3 22 6.32 0.05 

Martin et al.
54

 (1991) 126 10.09 1590 9.72 < 0.001 

Smyth et al.
90 

(1993) 24 8.54 23 8.1 0.04 

Pizulli et al.
91 

(1998) 108 9.4 97 8.2 < 0.001 

Khandekar et al.
67 

(2006) 

94 10.43 30 9.2 < 0.001 

Assiri et al.
75

 (2011) 80 8.99 49 8.38 < 0.001 

Khode et al.
80

 (2012) 39 9.65 65 9.21 0.018 

Present study 140 8.22 140 7.65 < 0.001 

 

The MPV was also significantly (p<0.001) raised in patients with MI in comparison to healthy 

control population in our study. This is in agreement with the results of similar studies by other  

workers. 
54,67,75,80,87,88,89,90,91

  In these studies increased MPV was found to be associated with 

coronary artery disease, acute MI, congestive heart failure and hypertensive patients with 

evidence of target organ damage
92 

and cerebrovascular disease,
93

 an important complication of 

atherosclerosis. Substantial evidence indicates that platelets and their interaction with the coronary 

arterial wall are of pathogenic importance in coronary atherosclerosis and its complications. After 

erosion or rupture of atherosclerotic plaques in coronary arteries, platelet activation plays a crucial 

role in the prothrombotic events leading to MI. Increased platelet reactivity are associated with 

increased platelet volume.
4,94

 As mentioned earlier large platelets that contain more dense 

granules are metabolically and enzymatically more active than small platelets and have higher 
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thrombotic potential. The size of platelets has been found to associate with an increased number 

of megakaryocytes. The increased ploidy of megakaryocytes correlated with megakaryocyte and 

platelet volume.
54,89,96,97

 Elevated levels of CD40 ligands, which are expressed by activated 

platelets, have been found in atheromatous plaques.
98  

Pizulli et al.
77 

suggested that because platelets stay in the circulation for 7–11 days, they might be 

detected days before symptoms appear. Similarly, Martin et al.
54 

have been shown a correlation 

between higher MPV and recurrence or death after the first MI in their prospective study.  

 

PLATELET DISTRIBUTION WIDTH : 

The PDW in our study was 12.40(2.341) fL.  

The PDW was significantly higher in the patients of MI group 13.22( + 2.4)f L  than non-MI 

patients  with 12.33(± 2.45)fL and  the control group  11.66(± 1.87) fL.   

 

TABLE 15 : COMPARISON OF PLATELET DISTRIBUTION WIDTH WITH OTHER 

STUDIES 

 
 

PLATELET 
DISTRIBUTN 

WIDTH 

(fl) (SD) 

Nandwani  

et al.
95 

JIACG 2011 

Khode V  

et al.
80 

J Cardiovasc 

Dis Res 2012 

Khandekar 

MM et al. 
67 

J Clin Pathol 

2006 

Ranjith MP  

et al. 6
8 

J Clin Pathol 

2009 

 

 
Present study 

 
 

MI GROUP 

 
10.17 

 (±1.30) 

 
10.84 

(± 2.2) 

 
10.43 

(±1.03) 

 
14.63 

(±0.64) 

 
13.22 

(±2.40) 

 
NON MI  

GROUP 

 
10.22 

(±0.14) 

  
10.65 

(± 1.7) 

 
9.37 

(±0.99) 

 
12.43 

(±0.62) 

 
12.33 

(±2.45) 

 
CONTROLS 

 
7.76 

(±1.25) 

 
10.35 

(± 1.3) 

 
9.20 

(±0.91) 

 
12.01 

(±0.55) 

 
11.66 

(±1.87) 

 
SIGNIFICANCE 

(p value) 

 
<0.001 

 
0.376 

 
<0.001 

 
<0.001 

 
<0.001 
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The role of PDW specifically in patients with CAD and acute coronary events is yet to be 

explored .
67  

Nevertheless our observations were the significantly elevated PDW among the 

patients with MI followed by the non-MI patients and then the healthy control group.  

Similar results were noted by other studies like Khandekar et al.
67 

Ranjith et al.
68 

Khode, et al.
80 

with higher PDW levels among MI patients but this levels were significant only in few studies 
67, 

68 
 Nandwani et al.

 95 
observed that patients with non-MI had a significantly higher PDW 

compared to MI patients but yet on comparison with the controls PDW of both MI and non-MI 

group was significantly (p<0.001) higher .  

Vagdatli E et al.
56 

in their study on puerperas in different trimesters, MI, patients and those with 

phlebothrombosis and healthy people concluded that PDW seemed to be more specific indicator 

of platelet activation than MPV, since it was not elevated during single platelet distention caused 

by platelet swelling. And the combined use of MPV and PDW could predict activation of 

coagulation more efficiently. 

 

PLATELETCRIT : 

TABLE 16 : COMPARISON OF PLATELETCRIT WITH OTHER STUDIES 

 

PLATELETCRIT 
(%) 

 

Khode V et al.
80 

J Cardiovasc Dis Res 2012 
 

 

OUR STUDY 

 

MI GROUP 

 

O.28 (+ 0.09) 

 

0.23 (+ 0.071) 

 

NON MI  GROUP 

 

0.27 (+ 0.08) 

 

 0.82 (+ 7.25) 

 

CONTROLS 

 

0.26 (+ 0.07) 

 

 0.21 (+ 0.061) 

 

SIGNIFICANCE 
(p value) 

 

0.695 

 

0.381  
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Plateletcrit is equivalent to hematocrit of the red blood cells and equal to the sum of platelet 

impulses which are individually detected by the cell counter.  

Our study showed mean Plateletcrit of 0.42% ( + 4.186) The Plateletcrit among non-MI patients 

[0.82% (+ 7.25)] in our study was higher than the patients who suffered MI [0.23 % (+ 0.071)]and 

the healthy control group [0.21% (+ 0.061)] No significant correlation was observed between 

these values (p=0.381)  The Plateletcrit of non MI group and MI group, non-MI and controls and 

MI and controls  showed no significant correlation  with p value of 0.707, 0.670 and 1.0 

respectively.  

Only one other study by Khode et al.
80   

studied Plateletcrit which showed a gradual decline in the 

values from MI group to non-MI group and the controls. But there was no significant correlation 

of the values (p=0.694) However this variable needs more detailed study in larger sample and in 

patients with different prethrombotic condition to understand its significance.  

 

LIMITATIONS OF THE STUDY  : 

 Follow up of the patients was not possible to examine the prognostic value of our findings.  

 Patients with qualitative disorders and causes of reactive platelets were not assessed.  

 Confounding factors for platelets like diabetes mellitus, hypertension, smoking, anemia 

could not be eliminated in all patients. 

 History of anti-platelet therapy in all patients was not available to include in the study. But 

studies have shown that most of these drugs do not have a significant impact on platelet 

size or volume.  

 Platelet function tests could not be conducted on the sample to substantiate our findings 

further. 
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SUMMARY 

 This is a study undertaken in Sri Devaraj Urs Medical College, Kolar, Karnataka to 

determine whether an association exists between platelet indices - mean platelet volume 

(MPV), platelet distribution width (PDW), Plateletcrit (PCt) in acute myocardial infarction 

and other ischemic cardiac events in a predominantly rural population.. 

 A total of 420 cases were studied and were divided further into 3 groups of 140 patients 

each who were MI group, non-MI group and age and sex matched healthy controls.   

 Majority of patients belonged to the 6
th
 decade of life (29.04%), followed by 7

th
 decade 

(24.28%) and 5
th
 decade (23.09%) of life. 

 Out of 420 cases in this study number of males was 322 (76.66%) and number of females 

was 98 (23.33%). 

 Between the MI and non-MI patients, the mean age was higher in the non-MI patients 

(60.43 yrs versus 54.47yrs.) 

 The number of males in the MI group were 115 (82.14%) compared to non - MI group 

were 91 (65%) 

 The total number of smokers were 96 (22.85%) with more smokers were seen in the MI 

group. 

 Alcohol consumption was observed only among 16 (3.80%) patients in our study. MI 

group had more alcoholics 09 (6.42%) than non-MI group 07 (5%). 

 Our study had 92 (21.9%) diabetics showing a male predilection with 66(71.73%) male 

diabetics. The non-MI group had more number of diabetics 48 (34.28%) than MI group 

with 44(31.42%) 

 Hypertension was seen in 107(38.21%) patients, of which 67(62.61%) were males and 

40(37.38%) were females.  Hypertension was more prevalent among non-MI [57(40.71%)] 

than MI patients [50(35.71%)] 
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 In our study family history of IHD was noted in only 11(2.61%) patients and 21 (15%)  

patients in MI group had a previous episode of MI. 

 Single vessel disease (SVD) was observed in 60 (59.4%) patients, double vessel disease 

(DVD) was noted in 26 (25.74%) patients and 15(14.85%) patients had triple vessel 

disease (TVD). 

 The mean platelet count was 284.13 ± 91.7 x 10
3 

/micL and was  higher in the MI group 

(287.92 x 10
3 

/micL) than non-MI patients (279.57 x 10
3 

/micL) and also the control group 

(284.90 x 10
3 
/micL ). 

 The MPV was 7.9 ± 0.728 fL,  highest in the MI group 8.22( +0.76)f L  than non-MI 

patients  with 7.84(± 0.735)fL and control group7.65(± 0.554) fL, was statistically 

significant (p<0.001) 

 The PDW was12.40 ± 2.34 Fl and was significantly higher in the patients of MI group 

13.22( + 2.4)f L  than non-MI patients  with 12.33(± 2.45)fL and  the control group  

11.66(± 1.87) fL.   

 Our study showed mean Plateletcrit of 0.42% ( + 4.186) The Plateletcrit among non-MI 

patients [0.82% (+ 7.25)] in our study was higher than the patients who suffered MI [0.23 

% (+ 0.071)]and the healthy control group [0.21% (+ 0.061)] No significant correlation 

was observed between these values (p=0.381)   
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                             CONCLUSION 

The study was started to determine whether an association exists between platelet indices - mean 

platelet volume (MPV), platelet distribution width (PDW), Plateletcrit (PCt) in acute myocardial 

infarction and other ischemic cardiac events in a predominantly rural population. 

These indices are useful means of identifying larger and more active platelets which are a risk 

factor for developing coronary thrombus. 

Such patients can easily be identified during routine hematological analysis and possibly benefit 

from preventive and anti-platelet treatment. 

Our study concluded that among the platelet indices, mainly Mean Platelet Volume (MPV) and 

Platelet Distribution Width (PDW) are readily available, relatively inexpensive useful markers 

which were significantly raised among patients admitted with MI in our hospital. Platelet count 

and Plateletcrit did not show any significant association among the patients and healthy 

population. Thus these should be utilized with other investigative tools to screen patients 

suspected to have acute coronary syndrome. 
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                                        PROFORMA  

 Name of the patient :                                                   OP/IP: 

  Age:                                                                              Sex:              

  Clinical diagnosis: 

  H/O: Smoking: Y/N                                                   Alcohol intake: Y/N    

  Family history of IHD: Y/N  

  H/O previous MI: 

  H/O Diabetes mellitus / Hypertension: Y/N   

  H/O Hypercholesterolemia/  Hypertriglyceridaemia: Y/N  

  H/O anti coagulant intake: Y/N  

  H/O oral hypoglycaemic agents: 

  H/O Anti lipidaemics : 

  BP: 

  ECG: ST elevation/Non ST elevation/Others 

  ECHO: 

  Angiogram: 

  CK-MB=                 *Troponin-T= 

  Haemogram: RBC:           WBC:              Hb:             MCV: 

-Platelet count:            -Mean platelet volume: 

           -Platelet distribution width:        -Plateletcrit : 
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INFORMED CONSENT FORM 

 

TITLE OF THE PROJECT:  SIGNIFICANCE OF PLATELET INDICES IN  

                                                   ISCHEMIC HEART DISEASE. 

 

The blood contains red blood cells, white blood cells and platelets.  

This study is being conducted in the Department of Pathology, Sri Devaraj Urs Medical College 

to determine if there is any association between the size and volume of platelets in patients who 

suffer from heart disease involving reduced supply of blood to the heart (Ischemic heart disease). 

 

You are being contacted to request you to give consent for using your blood sample for this study. 

Participation in this study is purely voluntary and does not involve any cost for you. No additional 

blood sample will be taken from you for this study. 

Confidentiality will be maintained and any data collected will be used only for academic purpose. 

 

For any further clarification or information you are free to contact: 

Dr. Suraksha Rao. B   

 

                             CONSENT TO PARTICIPATE IN THE STUDY 

I have read / had read to me the purpose of this study. I understand that no additional blood 

sample will be collected from me apart from that collected for my treatment.  

I agree to participate in this study. 

 

Name (Patient):                                     Signature:                                         Date: 

 

Name (Witness):                                   Signature:                                         Date: 

  

Name and signature of the Principal investigator:                                         Date:            

 

 

 

 



97 
 

 

 

                         KEY TO MASTER CHART  

IP / OP No. = Inpatient/ outpatient  number 

MI = Myocardial infarction 

DM = Diabetes Mellitus 

HTN = Hypertension 

H/O IHD = History of Ischemic Heart Disease 

Prev  MI= Previous episode of Myocardial Infarction 

Angio = Angiogram result 

WBC = White Blood Cell count 

RBC = Red Blood Cell count 

Hb = Haemoglobin 

MCV = Mean Corpuscular Volume 

Plt = Platelet count 

MPV =  Mean Platelet Volume 

PDW = Platelet Distribution Width 

Pct = Plateletcrit 

 


