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Diabetes is a major 21st century health and development challenge to which no region or country in the whole world is immune. The epidemiologic evidence suggests that unless effective preventive measures are implemented, the prevalence of this disease will continue to rise globally. Diabetes prevention is of particular importance in Egypt due to the high burden of diabetes there. The burden of diabetes in Egypt has two arms: epidemiologic and economic Almdal , et al, (2008).
It is estimated that Egypt (among developing countries in Africa & Asia and in the Middle East) will have the largest increases in the prevalence of diabetes by 2030 Wild, et al; (2004). Economic development and urbanization have changed the lifestyle of the people and have led to reduced levels of physical activity, increased intake of refined carbohydrates, rise in obesity and ageing of these populations. These factors have led to an increase in risk factors for type 2 diabetes and a rapid increase in its prevalence. Consequently, diabetes has become a major public health problem in the region Borrell, et al; (2006).
     
The prevalence of diabetes in Egypt is high and the gradient in risk factors and disease from rural to urban areas and in urban areas from lower to higher socio-economic state suggests that diabetes is a major, emerging clinical and public health problem in Egypt Arab; (1992).

A clustering of features, such as high plasma glucose, obesity, and dyslipidemia (high triglyceride, total cholesterol levels, and low high density lipoprotein). Cholesterol levels and hypertension, referred to as insulin resistance or the metabolic syndrome, is a marker of increased risk for the development of type 2 diabetes as well as for CVD Tavil, et al;(2007).
  
Environmental and lifestyle factors are the main causes of the dramatic increase in type 2 diabetes prevalence Genetic factors probably identify those most vulnerable to these changes. Furthermore, studies have shown certain ethnic groups to be more susceptible to developing diabetes than others Shimodaira, et al; (2014). 

Diabetes mellitus is a complex disease characterized by chronic hyperglycemia responsible for complications affecting the kidneys, eyes, peripheral nerves, and micro and macro vascular systems Z Hekimsoya, et al., (2004).
Platelet hyperactivity is accompanied by an increased synthesis of thromboxane
and/or a decreased prostacyclin production Rollini, et al., (2013).
Larger platelets are more reactive and able to aggregate. They contain denser granules, secrete more serotonin and b-thromboglobulin, and produce more thromboxane A2 than smaller platelets E.Y. Lee, et al., (2013). 
This indicates that changes in the platelet count and MPV reflect the state of thrombogenesis. 

This suggests a relationship between platelet function and diabetic complications (Srivastava, et al., 1994; Kim, et al., 1995; Bath & Butterworth, 1996; Mazzanfi & Mutus, 1997).

Platelet volume is a marker of platelet function and activation. It is measured as mean platelet volume (MPV) by clinical hematology analyzers Bath & Butterworth, (1996). The increase of MPV in the late phase of myocardial infarction is an independent predictor for recurrent myocardial infarction Tavil, et al., (2007).

Many previous researches studied the mean platelet volume (MPV) in diabetics compared to non-diabetics, to see if there is a difference in MPV between diabetics with and without macro- and micro vascular complications and non-diabetics, and to determine the correlation between MPV and fasting blood glucose, glycosylated hemoglobin (HbA1c), patient age, and duration of diabetes, respectively Giuseppe Lippia, et al., (2015). 
Altered platelet morphology and function have been reported in patients with diabetes (Srivastava, et al, 1994; Kim, et al, 1995; Mazzanfi & Mutus, 1997; T.A. Kodiatte, et al, 2012).They are likely to be associated with the pathological processes and increased risk of vascular disease seen in these patients. Increased MPV has been demonstrated in diabetes in some studies on animals and humans but not in all such studies (Z Hekimsoya, et al, 2004; Giuseppe Lippia, et al, 2015).
                                        Aim of the work
In this study, the aim of the work is
(1) To compare the MPV in diabetics with that in age- and sex-matched non diabetic healthy controls.
 (2) To see whether there is a difference in MPV between diabetic patients with and without macro and micro vascular complications.
 (3) To determine the correlation between MPV and glycemic control. 
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Chapter 1
Diabetic Burden 






               




Diabetes Mellitus

Diabetes mellitus (DM) refers to a group of common metabolic disorders that share the phenotype of hyperglycemia. Several distinct types of DM exist and are caused by a complex interaction of genetics and environmental factors. Depending on the etiology of the DM, factors contributing to hyperglycemia include reduced insulin secretion, decreased glucose utilization, and increased glucose production. The metabolic deregulation associated with DM causes secondary pathophysiologic changes in multiple organ systems that impose a tremendous burden on the individual with diabetes and on the health care system. 

In 2014, 9% of adults 18 years and older had diabetes. In 2012 diabetes was the direct cause of 1.5 million deaths. More than 80% of diabetes deaths occur in low- and middle-income countries( WHO; 2012, 2014).

In the United States, DM is the leading cause of end-stage renal disease (ESRD), non-traumatic lower extremity amputations, and adult blindness. It also predisposes to cardiovascular diseases American Diabetes Association, Jan (2012).
 
ETIOLOGIC TYPES

The etiologic classification of diabetes mellitus currently recommended by World Health Organization (WHO) and the American Diabetes Association (ADA) is presented in the table (1). This classification differs considerably from the previously recommended classification, which used the terms insulin-dependent diabetes and non-insulin-dependent diabetes American Diabetes Association, Jan (2014). 

These terms, however, were frequently misused and at best classified patients based on treatment needs rather than on etiologic characteristics. The terms type 1, and type 2 diabetes (with Arabic numerals) have been adopted for the most common forms of diabetes mellitus (WHO; 2012, 2014).

	

	 Table (1) etiologic classification of disorders of glycaemia

	1) Type1 (β-cell destruction, usually leading to absolute insulin deficiency)
       A. Autoimmune                                B. Idiopathic

	2) Type2(may range from predominantly insulin resistance with relative insulin deficiency to a predominantly secretors defect with or without insulin resistance)

	3) Gestational diabetes (GDM) (diagnosed during pregnancy) 

	      4) Other specific types
· Genetic defects of β-cell function
· Genetic defects in insulin action
· Other genetic syndromes sometimes associated with diabetes
· Uncommon forms of immune-mediated diabetes
· Diseases of the exocrine pancreas
· Endocrinopathies
· Drug- or chemical-induced
· Infections	


American Diabetes Association, Jan (2014)
· Type 1 Diabetes Mellitus
It is a form of diabetes mellitus in which not enough insulin is produced. This results in high blood sugar levels in the body. The classical symptoms are polyuria, polydipsia and polyphagia with weight loss. Additional symptoms may include blurry vision, feeling tired and poor healing. Symptoms typically develop over a short period of time Chiang, et al., (2014).

The cause of type 1 diabetes is unknown. However, it is believed to involve a combination of genetic and environmental factors. Risk factors include having a family member with the condition. The underlying mechanism involves an autoimmune destruction of the insulin-producing beta cells in the pancreas. Diabetes is diagnosed by testing the level of sugar or HbA1c in the blood. Type 1 diabetes can be distinguished from type 2 by testing for the presence of autoantibodies Elfström , et al., (2014).

There is no known way to prevent type 1 diabetes. Treatment with insulin is typically required for survival. Insulin therapy is usually given by injection just under the skin but can also be delivered by an insulin pump. Untreated, diabetes can cause many complications. Complications of relatively rapid onset include diabetic ketoacidosis and nonketotic hyperosmolar coma. Long-term complications include heart disease, stroke, kidney failure, foot ulcers and damage to the eyes. Furthermore, complications may arise from low blood sugar caused by excessive dosing of insulin Fineberg, et al, (2007).

Type 1 diabetes makes up an estimated 5–10% of all diabetes cases. The number of people affected globally is unknown, although it is estimated that about 80,000 children develop the disease each year Pociot, et al., (2016).

· Type 2 Diabetes Mellitus 

It is the most common form of diabetes. It is characterized by disorders of insulin action and insulin secretion, either of which may be the predominant feature. Usually, both are present at the time diabetes becomes clinically manifest. Although the specific etiology of this form of diabetes is not known, autoimmune destruction of the β-cell does not occur. Patients with type 2 diabetes usually have insulin resistance and relative, rather than absolute, insulin deficiency Turner, et al; (2002).

At the time of diagnosis of diabetes, and often throughout their lifetimes, these patients do not need insulin treatment to survive, although ultimately many require it for glycemic control Turner, et al; (2002). This form of diabetes is associated with progressive cell failure with increasing duration of diabetes.

Ketoacidosis seldom occurs spontaneously but can arise with stress associated with another illness such as infection Turner, et al; (2002).

Most patients with type 2 diabetes are obese when they develop diabetes, and obesity aggravates the insulin resistance. Type 2 diabetes frequently goes undiagnosed for many years because the hyperglycemia develops gradually and in the earlier stages is not severe enough to produce the classic symptoms of diabetes; however, such patients are at increased risk of developing macrovascular and microvascular complications. Their circulating insulin levels may be normal or elevated yet insufficient to control blood glucose levels within the normal range because of their insulin resistance. Thus, they have relative, rather than absolute insulin deficiency. Insulin resistance may improve with weight reduction or pharmacologic treatment and results in normalization of their glycaemia Fagot-Campagna, et al; (2000).

Type 2 diabetes is seen frequently in women who have a previous history of gestational diabetes and in individuals with other characteristics of the insulin resistance syndrome, such as hypertension or dyslipidemia Cavender, et al, (2015). 

The risk of developing type 2 diabetes increases with age, obesity, and physical inactivity. Type 2 diabetes shows strong familial aggregation, so that persons with a parent or sibling with the disease are at increased risk, as are individuals with obesity, hypertension, or dyslipidemia and women with a history of gestational diabetes Almind, et al; (2001).

Although the disease is most commonly seen in adults, the age of onset tends to be earlier in persons of non-European origin. The disease can occur at any age and is now seen in children and adolescents( Kaufman, 2002; Turner, et al, 2002).

DIAGNOSTIC CRITERIA FOR DIABETES MELLITUS
 
Three ways to diagnose diabetes are possible, and each, in the absence of unequivocal hyperglycemia, must be confirmed, on a subsequent day, by any one of the three methods given in the Table.
     
	Table (2) criteria for diagnosis of diabetes mellitus 

	1. HbA1C > 6.5%. The test should be performed in a laboratory using a method that is NGSP certified and standardized to the DCCT assay.

	  OR   

	2. Fasting blood glucose > 126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.

	 OR  

	3. Two-hour post prandial > 200 mg/dL (11.1 mmol/L) during an Oral Glucose Tolerance Test (OGTT). The test should be performed as described by the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.

	OR	

	4. Patient with classic symptoms of hyperglycemia (polyuria, polydipsia and polyphagia with weight loss) or hyperglycemic crisis with random blood glucose > 200 mg/dL (11.1 mmol/L). Random is defined as any time of day without regard to time since last meal.


American Diabetes Association: diabetes care, Jan (2015).


GLOBAL PREVALENCE OF DIABETES MELLITUS:
Type HYPERLINK "http://ndep.nih.gov/i-have-diabetes/LearnAboutDiabetes.aspx"2 diabetes accounts for 90 to 95 percent of all diagnosed cases of diabetes in adults. Type 2 diabetes is increasingly being diagnosed in children and adolescents. 25.8 million Americans have diabetes 8.3 percent of the U.S. population. Of these, 7 million do not know they have the disease. 27% of diabetes is undiagnosed, in 2010, about 1.9 million people ages 20 or older were diagnosed with diabetes age 20 years or older: 25.6 million, or 11.3% of all people in this age group, have diabetes, age 65 years or older, 10.9 million, or 26.9% of all people in this age group have diabetes, and the economic cost of diagnosed diabetes in the U.S. is $245 billion per year American Diabetes Association; (2013).

As regard the prevalence estimates of diabetes mellitus at the MENA region, there is about 79.3% of 2010 Population (20-79 years) has DM. The 10 countries estimated to have the highest numbers of people with diabetes in 2000 and 2030 are listed in the Table. The "top three" countries, (India, China, and U.S.) are the same at those identified by King H et al (1995). Bangladesh, Brazil, Indonesia, Japan, and Pakistan also appear in the lists for both 2000 and 2030. The Russian Federation and Italy appear in the list for 2000 but are replaced by the Philippines and Egypt 2030, reflecting anticipated changes in the population size and structure in these countries between the two time periods King, et al; (2005).




                    Table (3) Wild, et al, (2004)

  Figure (1) worldwide prevalence of diabetes mellitus.

The prevalence of diabetes in 2000 and the projected prevalence in 2030 are shown by geographical region. (Used with permission from Diabetes Action Now: An Initiative of the World Health Organization and the International Diabetes Federation, 2004, as adapted from Wild S et al: Diabetes Care 27:1047, 2004.).
Realistic estimates for the year 2000 Diabetes is a serious illness with multiple complications and premature mortality, accounting for at least 10% of total health care expenditure in many countries. The routinely reported statistics based on death certification seriously underestimate mortality from diabetes. That occurs because individuals with diabetes most often die of cardiovascular and renal disease and not from a cause uniquely related to diabetes, such as ketoacidosis or hypoglycemia ( Fuller, et al.; 1983, Morrish, et al.; 2001).

Most international mortality statistics, including those published by (WHO), are based solely on the “underlying cause of death” as recorded on the death certificate, even in the presence of other information. Complex methods have been developed for estimating cause-specific mortality for some conditions (AIDS, 

tuberculosis) but not for diabetes. Based on routine statistics, recent World Health Reports estimated mortality from diabetes in the world as 987,000 deaths for the year 2002, which was 1.7% of total world mortality Diabetes Atlas; (2003).

There were estimated to be at least 170 million people with diabetes in the world in the year 2000; therefore, mortality attributable to diabetes could be expected to be much higher, since diabetes is a serious and chronic condition (Moraes, et al; 1997, WHO; 2002, Wild, et al.; 2004).The excess global mortality attributable to diabetes in the year 2000 was estimated to be 2.9 million deaths, equivalent to 5.2% of all deaths. Excess mortality attributable to diabetes accounted for 2–3% of deaths in poorest countries and over 8% in the U.S., Canada, and the Middle East. In people 35–64 years old, 6–27% of deaths were attributable to diabetes Roglic, et al; (2005).

DIABETES MELLITUS IN EGYPT

A series of surveys of diabetes mellitus have been performed in Egypt, using a common protocol and WHO criteria for diagnosis and classification. Average prevalence for the country as a whole for people above the age of 10 years was (4.3%), with distinct geographical differences: (5.7 %) in urban areas (4.1 %) in rural agricultural areas, and 1.5 % in rural desert areas. In some secluded villages, DM was almost completely absent. Surveys among younger ages indicate prevalence of (0.01 %), (0.06 %), and (0.14 %) among children at preparatory, primary and secondary school respectively. A high risk of DM is associated with family history of the disease, obesity, premature atherosclerosis and hypertension Arab M; (1992).

The cost of ambulatory outpatient care for DM in Egypt is one of the lowest for Mediterranean countries. However, the cost of treatment of the various complications of diabetes is higher. The total direct cost of diabetes in Egypt in 1990 has been estimated at US$ 74.3 million, with indirect costs due to absenteeism from work adding a further US$ 11.8 million Arab M, (1992).






COMPLICATIONS OF DIABETES MELLITUS

Diabetes is a severe disease. If it is not diagnosed and treated properly it can lead to serious and costly complications such as cardiovascular disease, diabetic neuropathy, and diabetic foot syndrome with amputations, renal failure and blindness. The longer the duration of the disease, the more likely it is that there will be costly complications. In Egypt the cost of ambulatory outpatient care for DM in is one of the lowest for Mediterranean countries. However, the cost of treatment of the various complications of diabetes is higher.

· ACUTE COMPLICATIONS OF DM

The acute metabolic complications of diabetes consist of diabetic ketoacidosis (DKA), hyperosmolar non-ketotic coma (HNC), lactic acidosis (LA), and hypoglycemia. DKA and HNC are related to insulin deficiency. Hypoglycemia results from the treatment of diabetes, either with oral agents or insulin. Although hypoglycemia may occur in conjunction with oral hypoglycemic therapy, it is more common in patients treated with insulin. LA is usually associated with other factors that may be related to diabetes, such as cardiovascular disease (acute myocardial infarction) associated with hypoxia and excess lactic acid production Siperstein,  (1992).

DKA is more common in young diabetic people and may be more common in women than men. It may be the initial manifestation of diabetes in 20%-30% of cases. Incidence rates for HNC, LA, and hypoglycemia are not available from population-based studies. Hypoglycemic events varied in the Diabetes Control and Complications Trial (DCCT) between the treatment groups. These events were associated with the degree of normalization of glycaemia DCCT; (1993).

Precipitating factors for DKA, HNC, and LA include acute illness or co-morbidity such as cardiovascular disease, injury or infection, medications, and poor compliance or errors in compliance with treatment. Precipitating factors for hypoglycemia include dosage of oral hypoglycemic agent or insulin; errors in dosage administered; timing of the medication, particularly insulin; delay in meals; and co-morbidity such as renal insufficiency, adrenal insufficiency, and pituitary insufficiency. Prevention of these acute complications remains an important element in their management. Recognition of precipitating factors and appropriate instruction, awareness, and self-care will decrease the occurrence of these complications. Siperstein (1992).

Significant morbidity and mortality is associated with DKA, HNC, and LA. Prompt recognition and management of these disorders and their associated morbidity results in improvement. Mortality rates are ~9%-14% for DKA and 10%-50% for HNC. The mortality rate for LA is >50% with serum concentrations of lactic acid >5 mmol/L when associated with circulatory failure or septic shock. Hypoglycemia is usually associated with symptoms that are reversible with prompt treatment. Severe and profound hypoglycemia may be associated with long-term neurologic impairment Holman, et al; (1983).

· CHRONIC COMPLICATIONS OF DM

The chronic complications of DM affect many organ systems and are responsible for the majority of morbidity and mortality associated with the disease. Chronic complications can be divided into vascular and nonvascular complications.
The vascular complications of DM are further subdivided into micro vascular (retinopathy, neuropathy, and nephropathy) and macro vascular complications (coronary artery disease, peripheral arterial disease, cerebrovascular disease). Nonvascular complications include problems such as gastro paresis, infections, and skin changes Harrison's Principles of Internal Medicine, 16th ed. c.; (2005).

	Micro vascular:
· Retinopathy 
· Neuropathy
1. Sensory
2. Motor
3. Autonomic
· nephropathy
	Macro vascular:
· Coronary artery disease
· Peripheral vascular disease
· Cerebrovascular disease

	Other:
· Gastrointestinal (gastro paresis, diarrhea)
· Genitourinary (uropathy/sexual dysfunction)
· Dermatologic
· Infectious        
· Cataracts               
· Glaucoma   


Table (4) showing chronic complications of diabetes mellitus



Estimating the Risk of Developing Type 2 Diabetes (Risk Scores):

Type 2 diabetes is a serious disease with increasing prevalence. This disease remains asymptomatic for years, being discovered only at a stage with preexisting complications American Diabetes Association; (2009).

Many studies as Knowler, et al; (2005) have shown that lifestyle or medication intervention could prevent the incidence of type 2 diabetes. Hence, screening tools are needed to identify participants with undiagnosed diabetes or those who are at risk for developing diabetes in the future. For this purpose, numerous risk scores recently have been proposed Kahn, et al; (2006).

Participants at high risk of developing type 2 diabetes, according to the risk score threshold, are thus amenable to preventive measures. A good diabetes risk score ideally should be easily completed by the physician and rely on easily and routinely accessible clinical and biological parameters, such as age, family history, hypertension, anthropometry, or lifestyle habits. Moreover, the risk score has to be accurate enough to provide targeted warnings for the patients Balkau, et al; (2008).

Some scores have been validated in selected populations, prompting their use in other countries Ferro-Luzzi, et al, (2002). Nevertheless, recent studies Mann, et al; (2004) have shown that risk scores that are developed in the same country can lead to different results. Likewise, one equation validated in one country might not provide adequate estimates in another.
The prevalence of participants at risk for developing type 2 diabetes varies considerably according to the scoring system used. To adequately prevent type 2 diabetes, risk-scoring systems must be validated for each population considered.

· The Dutch score diabetes care including:  (age –sex-BMI -family history of diabetes – use of antihypertensive medication –physical activity).
· The Cambridge risk score including :( Age, sex, BMI, family history of diabetes, use of antihypertensive or steroid medication, smoking).
· The Danish risks core Diabetes including: (Age, sex, BMI, family history of diabetes, known hypertension, physical activity).
· The Finnish diabetes risk score FINDRISK. It covers eight items: (Age, BMI, waist circumference, and use of antihypertensive therapy, history of high blood glucose, physical activity, and consumption of fruit, vegetables and berries, family history of diabetes). 
· The ADA risk score Diabetes including:  (Age, sex, delivery of macrosomic infant, race, education, obesity, sedentary lifestyle, family history of diabetes).
· University of Nottingham QDScore which include: (Age, sex, ethnicity, body mass index, smoking status, family history of diabetes, social deprivation, treated high blood pressure, heart disease and use of corticosteroids).

Among those, Finnish risk score (FINDRISK) was found to be applicable in our community. Population at risk by this scoring system are candidates for further investigations as lipogram, HbA1c,.etc to identify those with impaired glucose tolerance or frank diabetes. 

It was developed in 1987 by Lindström and Tuomilehto for a population sample in Finland comprised of persons who answered a questionnaire and were followed for ten years. The scale was found useful for predicting type 2 DM and it has been the one most widely disseminated and used for this purpose internationally.  Lindström J, et al; (2003).

The Finnish Diabetes Risk Score (FINDRISK) was the first lifestyle and clinical parameter predictive scale to identify individuals at risk for type 2 DM.   Lindström,  et al; (2003).

Each item was given a score, and the total scale for each subject was calculated. Subjects who have score <7 are of low risk,(7-11) are of mild  risk, (11-14)  are of intermediate  risk ,  (15-20)   are of high risk, and (>20) are of very high risk, Finnish risk score (FINDRISK) was found to be. Population at risk is better to be included in prevention program to delay the onset of frank diabetes.                                                           




HBA1c as an indicator of diabetes control

Diabetes mellitus is a chronic disorder associated with disturbances in carbohydrate, fat, and protein metabolism characterized by hyperglycemia. It is one of the most prevalent diseases, affecting approximately 24 million individuals in the United States. Long-term treatment of the disease emphasizes control of blood glucose levels to prevent the acute complications of ketosis and hyperglycemia. In addition, long-term complications such as retinopathy, neuropathy, nephropathy, and cardiovascular disease can be minimized if blood glucose levels are effectively controlled Chiasson, et al, (2012).

Hemoglobin A1C (HbA1c) is a result of the non- enzymatic attachment of a hexose molecule to the N-terminal amino acid of the hemoglobin molecule. The attachment of the hexose molecule occurs continually over the entire life span of the erythrocyte and is dependent on blood glucose concentration and the duration of exposure of the erythrocyte to blood glucose. Therefore, the HbA1c level reflects the mean glucose concentration over the previous period (approximately 8-12 weeks, depending on the individual) and provides a much better indication of long-term glycemic control than blood and urinary glucose determinations. Diabetic patients with very high blood concentrations of glucose have from 2 to 3 times more HbA1c than normal individual Comess, et al, (2009).

Diagnosis of diabetes includes 1 of the following:
· Fasting plasma glucose > or =126 mg/dL.
· Symptoms of hyperglycemia and random plasma glucose >or =200 mg/dL
· Two-hour glucose > or =200 mg/dL during oral glucose tolerance test unless there is unequivocal hyperglycemia, confirmatory testing should be repeated on a different day.

In addition, recommendations from the American Diabetes Association (ADA) include the use of HbA1c to diagnose diabetes, using a cut point of 6.5%. The cut point was based upon sensitivity and specificity data from several studies American Diabetes Association Web site (2015).





Advantages of using HbA1c for diagnosis include:

· HbA1c provides an assessment of chronic hyperglycemia.
· Assay standardization efforts from the National Glycohemoglobin Standardization Program have been largely successful and the accuracy of HbA1c is closely monitored by manufacturers and laboratories.
· No fasting is necessary.
· Intra individual variability is very low (critical value of <2%).
· A single test could be used for both diagnosing and monitoring diabetes.
 
When using HbA1c to diagnose diabetes, an elevated HbA1c should be confirmed with a repeat measurement, except in those individuals who are symptomatic and also have an increased plasma glucose >200 mg/dL. Patients who have an HbA1c between 5.7 and 6.4 are considered at an increased risk for developing diabetes in the future Dagnelie, et al; (2008). 
 
The ADA recommends measurement of HbA1c (typically 3-4 times per year for type 1 and poorly controlled type 2 diabetic patients, and 2 times per year for well-controlled type 2 diabetic patients) to determine whether a patient's metabolic control has remained continuously within the target range American Diabetes Association Web site, (2013).





















Chapter 2
Risk Factors for Diabetes
















There are modifiable and non-modifiable risk factors for diabetes:

· MODIFIABLE RISK FACTORS: are useful in the identification of individuals who would benefit from making lifestyle changes. Most important are (Dietary pattern, lipids, physical inactivity, obesity, hypertension, smoking, socioeconomic factors) Lyssenko, et al, (2011).

· NON-MODIFIABLE RISK FACTORS: are linked to higher diabetes risk. These are the factors where you should aim to support change to prevent diabetes. Most important are (Age, gender, ethnicity, genetic risk factors, family history of diabetes).

I. Cardio metabolic risk factors

· Dyslipidemia 
Unfavorable blood lipids has been reported as a risk factor for type 2 diabetes by several prospective studies Almdal, et al, (2008).
An inverse relationship between HDL and risk of type 2 diabetes have been documented in several of these Meisinger, et al, (2006).
Some prospective studies found low HDL cholesterol to be a stronger risk factor for type 2 diabetes in women only Ismail-Beigi, et al, (2010).Only one previous study measuring non-fasting triglycerides found an independent risk of type 2 diabetes connected to elevated triglyceride levels Almdal, et al, (2008).
High plasma triglycerides and low plasma HDL cholesterol levels are both seen in the insulin resistance syndrome, which is a prediabetic state. Taylor, Lilly Lecture (2003) suggesting that non fasting triglycerides and HDL cholesterol levels reflect the degree of insulin resistance. 
The mechanisms suggested are increased circulating levels of free fatty acids due to increased insulin levels and increased chylomicron-assembly and secretion in the gut, the latter process being a result of localized insulin resistance in the intestine. Cross sectional studies have shown that high BMI is associated with a higher level of total cholesterol and unfavorable lipids pattern, with low concentrations of HDL cholesterol and high triglycerides concentrations Wild, et al; (2004).
Longitudinal studies have shown BMI change over time to be positively associated with changes in total cholesterol, triglycerides, and low density lipoprotein (LDL) cholesterol and negatively associated with HDL cholesterol change Czernichow, et al.;(2002). Apart from triglycerides, all these lipids have been shown to convey diabetes risk independently of BMI, but how they interact have been little studied.
Insulin resistance and type 2 diabetes are associated with a clustering of interrelated plasma lipid and lipoprotein abnormalities, which include reduced HDL cholesterol, a predominance of small dense LDL particles, and elevated triglyceride levels. Each of these dyslipidemic features is associated with an increased risk of cardiovascular disease Czernichow, et al.; (2002).
Increased hepatic secretion of large triglyceride-rich VLDL and impaired clearance of VLDL appears to be of central importance in the pathophysiology of this dyslipidemia. Small dense LDL particles arise from the intravascular processing of specific larger VLDL precursors. Typically, reduced plasma HDL levels in type 2 diabetes are manifest as reductions in the HDL2bsubspecies and relative or absolute increases in smaller denser HDL3b and HDL3c. Although behavioral interventions such as diet and exercise can improve diabetic dyslipidemia, for most patients, pharmacological therapy is needed to reach treatment goals. There are several classes of medications that can be used to treat lipid and lipoprotein abnormalities associated with insulin resistance and type 2 diabetes, including statins, fibrates, niacin, and thiazolidinediones. Clinical trials have shown significant improvement in coronary artery disease after diabetic dyslipidemia treatment Ray, et al; (2009).

Type 2 diabetes is associated with a cluster of interrelated plasma lipid and lipoprotein abnormalities, including reduced HDL cholesterol, a predominance of small dense LDL particles, and elevated triglycerides American Diabetes Association: Management of dyslipidemia in adults with diabetes, (2003). These abnormalities occur in many patients despite normal LDL cholesterol levels. These changes are also a feature of the insulin resistance syndrome (also known as the metabolic syndrome), which underlies many cases of type 2 diabetes. In fact, pre-diabetic individuals often exhibit an atherogenic pattern of risk factors that includes higher levels of total cholesterol, LDL cholesterol, and triglycerides and lower levels of HDL cholesterol than individuals who do not develop diabetes. Insulin resistance has striking effects on lipoprotein size and subclass particle concentrations for VLDL, LDL, and HDL Ray, et al; (2009).
There is evidence that each of these dyslipidemic features is associated with increased risk of cardiovascular disease, the leading cause of death in patients with type 2 diabetes. Numerous studies have demonstrated an association between LDL size or density and coronary artery disease (CAD). Moreover, recent reports have indicated that LDL particle concentrations, and specifically levels of small dense LDL, are predictive of coronary events and that this is independent of other coronary disease risk factors Holt and Kumar; (2003). 
Although lowering LDL cholesterol is important in decreasing cardiovascular disease morbidity and mortality, there are a number of other factors contributing to the disease process that can be favorably affected by drug therapy. Among these factors are subspecies of the major lipoprotein classes, such as triglyceride-rich lipoprotein remnants and small dense LDL, that are not detected by standard lipid testing. It is therefore possible that at least part of the CAD benefits observed in CAD prevention trials can be attributed to pharmacological effects on specific types of lipoprotein particles Taylor, Lilly Lecture (2003).

· Hypertension
Previous prospective and case control studies have shown that hypertension progression is an independent predictor of type 2 diabetes Movahed, et al; (2010). Several possible factors are likely causes of the association between type 2 diabetes and hypertension. Endothelial dysfunction could be one of the common pathophysiological pathways explaining the strong association between blood pressure and incident type 2 diabetes. Studies have shown that markers of endothelial dysfunction are associated with new-onset of diabetes Meigs, et al, (2006), and endothelial dysfunction is closely related to blood pressure and hypertension Gokce, et al, (2001).
Markers of inflammation such as C-reactive protein have been consistently related to incident of type 2 diabetes Hu FB, et al.(2004), and to increasing blood pressure levels Blake, et al.;(2003), suggesting that inflammation might be another explanatory factor for the association between blood pressure, the metabolic syndrome, and incident type 2 diabetes Ridker, et al.;(2003).
Finally, insulin resistance could be another potential link between blood pressure levels and the incidence of type 2 diabetes Ferrannini, et al.;(1987). In addition evidence from cross sectional and cohort studies suggests a strong relation between blood pressure and BMI and risk of type 2 diabetes Wilsgaard, (2006).
Although studies show that blood pressure increases with increasing BMI, the risk of type 2 diabetes associated with hypertension is independent of BMI and BMI change. A causal relationship between hypertension and type 2 diabetes is further strengthened by a recent randomized clinical trial study showing a (14%) reduction of risk of diabetes in subjects with glucose intolerance by allocation to 5 year treatment with valsartan, an angiotensin II blocker with antihypertensive properties Mc Murray, et al; (2010).
ABCD trial is a trial that studied Effect of Blood Pressure Control on Diabetic Micro vascular Complications in Patients with Hypertension and Type 2 Diabetes and concluded that nearly 40% of patients diagnosed with type 2 diabetes have coexisting hypertension. In this regard, hypertension contributes to the presence of diabetic complications including nephropathy, retinopathy, neuropathy, and CVD Knowler, et al, (2005). 
Diabetes is the leading cause of end-stage renal disease in the U.S., with type 2 diabetes accounting for >65% of the cases of diabetic nephropathy National Institute of Diabetes and Digestive and Kidney Diseases, (2008). 
More recently, the UKPDS demonstrated that tight blood pressure control (mean 144/82 mmHg) versus less tight control (mean 154/87 mmHg) resulted in less diabetes-related deaths, cerebral vascular accidents, and combined micro vascular complications U.K. Prospective Diabetes Study Group, (1998). When evaluating the effects on renal function in the UKPDS, tight blood pressure control resulted in a lower urinary albumin concentration, but this difference was not apparent after year 6. The blood pressure levels attained in the ABCD Trial for moderate therapy (138/86 mmHg) were similar to the mean blood pressure in the tight blood pressure control group for the UKPDS. On the other hand, the intensive treatment group in the ABCD Trial evaluated blood pressures below those in the UKPDS. This intensive level of blood pressure control (mean 132/78 mmHg) appeared to be quite safe in hypertensive type 2 diabetic patients without any evidence of a "J curve." In the JNC-VI report, it was proposed that patients with diabetes should have a blood pressure goal <130/85 mmHg  Anonymous: The Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, (2007). The results of the intensive treatment group in the ABCD Trial are compatible with this recommendation and appear to stabilize renal function if initiated before the presence of overt albuminuria (>300 mg/24 h).
There was however no difference between intensive versus moderate blood pressure control. The absence of a difference between the intensive versus moderate blood pressure control group suggests that a level of blood pressure may have been reached in the moderate group, whereby a further reduction exerts no additional benefit. Alternatively, it cannot be excluded that a larger group of patients and/or a longer follow-up may demonstrate a more beneficial effect in the intensive therapy group Mc Murray, et al;.(2010).
Earlier studies have suggested that there is a positive relationship between hypertension and the incidence or progression of diabetic retinopathy Knowler, et al, (2005). In the present study, however, we did not demonstrate a significant difference on the progression of diabetic retinopathy between intensive and moderate blood pressure control or between the use of a CCB versus an ACE inhibitor over the 5-year follow-up. However, the larger UKPDS demonstrated that over a 9-year follow-up, average blood pressure control of 144/82 mmHg versus less control at 154/87 mmHg led to a decreased risk in the progression of retinopathy. In the ABCD Trial, poor glycemic control may have contributed to the progression of the retinopathy. It has been clearly demonstrated that tight glycemic control slows the progression of diabetic retinopathy in both type 1 and type 2 diabetic patients Zimmet, et al, (2001).

Of all the complications associated with diabetes, diabetic neuropathy is the most poorly defined, but may be the most common. Cross-sectional studies suggest a relationship between hypertension and the presence of neuropathy. Interventional studies with regard to progression of neuropathy have involved glycemic control, aldose reductase inhibitors, and -lipoic acid Zimmet, et al, (2001), but not antihypertensive therapy. In the present study, no differential effects on the progression of neuropathy were observed between intensive and moderate blood pressure therapy or between the CCB and ACE inhibitor. Intensive versus moderate blood pressure control, however, demonstrated a decrease in all-cause mortality; inadequate statistical power did not allow distinguishing between cardiovascular versus non cardiovascular causes.
· Obesity
Obesity is a major independent risk factor for diabetes; different anthropometric measures for obesity such as BMI, waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-stature ratio (WSR) have been proposed to define obesity. There is, however, controversy regarding which anthropometric indicator best defines obesity and conveys the highest risk for diabetes Folsom, et al, (2000).

BMI and central obesity indicators were equally well associated with DM in all individuals regardless of age and sex. The concept of central obesity was first introduced by Vague in the 1940s  and a few years later in 1956 he pointed out for the first time that central obesity (android) was more important than peripheral obesity in relation to diabetes, gout, atherosclerosis, and uric calculus diseases Pouliot, et al, (2008). Since the 1990s, interest in WC has increased in light of the findings that WC was more closely correlated with the abdominal visceral fat than either WHR or BMI. In recent years, the association of these obesity indicators with CVD risk factors such as diabetes, hypertension, or dyslipidemia has been studied in different ethnic groups Ho SY, et al, (2003).

Many longitudinal studies have reported that increased BMI is a strong risk factor for type 2 diabetes Almdal, et al; (2008). A strong positive association between obesity and type 2 diabetes is found both in men and women Meisinger, et al; (2006). Obesity is associated with increased risk of developing insulin resistance and type 2 diabetes. In obese individuals adipose tissue releases increased amounts of non-esterified fatty acids, glycerol, hormones, pro-inflammatory cytokines and other factors involved in the development of insulin resistance Almdal, et al; (2008).

When insulin resistance is accompanied by dysfunction of the beta cells, the following fall in insulin secretion results in failure to control blood glucose level leading to type 2 diabetes. Many genes interact with the environment leading to obesity and in some also to diabetes. Many genes have been shown to be involved in determining the whole range of BMI in a population, with each gene only explaining a few hundred grams difference in body weight Holt and Kumar (2003). Genes responsible for obesity and insulin resistance interact with environmental factors such as increased fat/ calorie intake and decreased physical activity resulting in the development of obesity and insulin resistance followed ultimately by the development of type 2 diabetes Kahn, et al; (2006).

· Smoking
Several prospective studies reported that current smoking is a risk factor for developing type 2 diabetes Holman, et al; (2008).A meta- analysis including 25 prospective studies showed that current smoking was associated with a 44% increased risk of diabetes Willi, et al, (2007). The association between smoking and type 2 diabetes was stronger for heavy smokers ≥ 20 cigarettes/day compared with light smokers or former smokers Nagaya, et al.; (2008).

In addition some studies found an increased risk of type 2 diabetes the first 2-3 years after smoking cessation with a risk in the ARIC study equaling the12 smokers first after 12 years Yeh HC, et al.; (2010).

Smoking leads to insulin resistance and inadequate compensatory insulin secretion response. This could be due to a direct effect of nicotinic or other components of cigarette smoke on beta cells of the pancreas as suggested by the association of cigarette smoking with chronic pancreatitis and pancreatic cancer Talamini, et al;(1999).

Also, some studies suggest that heavy smokers with evidence of increased systemic inflammation who gain substantial in weight after quitting, are at high risk of developing type 2 diabetes Duncan, et al.; (2003). However over longer follow up, smoking cessation is associated with a reduction in risk of developing type 2 diabetes Wannamethee, et al, (2001).

· The Effect of Smoking on Insulin Action.

The exact mechanism for why smoking increases the risk of diabetes and deteriorates glucose homeostasis has not been fully elucidated, but the available evidence shows that smoking increases insulin resistance.

In healthy young men, acute smoking showed an increased insulin resistance. Smokers had a significantly increased homeostatic model assessment insulin resistance index an hour after smoking Bril, et al. (2011).

The smoking reduced insulin mediated glucose uptake by 10% to 40% in men who smoked compared with non-smoking men .In type 2 diabetic subjects, insulin and C-peptide responses to oral glucose load were significantly higher in smokers than non-smokers and the insulin resistance, as determined by the euglycemic clamp technique, was positively correlated in a dose dependent manner . Thus smoking induced insulin resistance in patients with type 2 diabetes, as well as healthy subjects Almdal, et al; (2008).

In addition to increased insulin resistance, smoking also showed dyslipidemia prone to atherosclerosis. Smokers had higher fasting triglycerides and lower high density lipoprotein cholesterol levels, and an increased proportion of small dense low density lipoprotein particles. Fibrinogen levels and plasminogen activator inhibitor 1 activity were also elevated in smokers Bril, et al. (2011).

In terms of glucose homeostasis, smoking has a negative effect on glucose control. In a population-based prospective study, cigarette smoking was positively associated in a dose dependent manner with elevated HbA1c after adjustment for possible confounding by dietary variables. This finding was also reported in patients with diabetes in Sweden; smoking type 1 and type 2 patients had a higher mean HbA1c but a lower mean body mass index than non-smokers Bruttomesso, et al; (2009).




II. DEMOGRAPHIC RISK FACTORS
· AGE:
     In most populations, NIDDM incidence is low before age 30 years but increases rapidly with older age King, et al; (2005).

· ETHNICITY:
Worldwide inter population differences in NIDDM prevalence are truly dramatic King, et al; (2005). These geographic and ethnic differences can in large part, be explained by underlying differences in the prevalence of obesity and other behavioral risk factors. 

However, even meticulous adjustment for known demographic and behavioral risk factors leaves a significant part of the ethnic differences unexplained, pointing to the existence of important genetic or unknown non genetic NIDDM risk factors that differ by ethnicity. For example, in the San Luis Valley Diabetes Study in Colorado, Hispanics were twice as likely as non-Hispanic whites to have NIDDM, after adjusting for age, gender, obesity, family history of diabetes, education, and income Marshall,  et al;(2004).

· GENDER
There is little evidence that NIDDM risk differs between men and women when other factors are accounted for. Previously reported gender differences have been small and inconsistent Kumari, et al; (2004).

· SOCIOECONOMIC STATUS
In early studies, populations with greater affluence, education, and social standing (and usually greater access to food) had higher diabetes prevalence Wild, et al; (2004). Some of this may have been an artifact of access to medical care. More recent studies have found that lower income, education, and social class are associated with increased prevalence of T2DM Van Dam, et al. (2002).

· URBANIZATION
Urban residents have T2DM rates higher than rural dwellers Bennett, et al.; (1992). A number of lifestyle factors implicated in the etiology of T2DM (e.g., sedentary lifestyle, obesity, and greater level of stress) are associated with urban life. The role of stress as a possible NIDDM risk factor has some support in studies of the neuroendocrine system, especially the sympathetic nervous system.An effect of stress might be mediated through abdominal obesity or directly on glucose and/or insulin levels Landsberg; (1986).

· Low education
Previous prospective studies have examined the association between educational attainment and the incidence of diabetes and found that low education is significant predictor of type 2 diabetes Valdes, et al. (2007). In a cross sectional study of National Population Health Survey found that people with less than high school diploma were almost twice as likely to report having diabetes as those with a bachelor degree or more Tang, et al; (2003).

Another cross sectional study from the National Health Interview Survey found that women with low education had a higher prevalence of diabetes than the better educated. Furthermore, the association varied by race/ ethnicity and gender, with Whites, Hispanics and women exhibiting a stronger association between education and diabetes than blacks and men Borrell, et al.; (2006).

A recent cross sectional study found that type 2 diabetes risk was higher in the least educated who were obese and inactive compared to the more educated Dasgupta, et al.;(2013). These studies suggest that educational attainment promote an interest in own health and acquisition of knowledge that strongly influence people’s ability to reduce risk by successfully adopting a healthier life style.   

III. GENETIC RISK FACTORS
Several studies have found that genetic components plays an important role in pathogenesis of type 2 diabetes Amini Mand, et al; (2007).

Several prospective studies and cross sectional studies have reported that positive family history among first degree relatives confers an increased risk of type 2 diabetes and the risk is greater when both parents are affected. A study on twins have demonstrated that concordance estimate for type 2 diabetes is high in monozygotic compared to dizygotic and the rate increases with duration of follow up Medici, et al; (2010).

Also, diabetes prevalence varies substantially among different ethnic groups Diamond, et al; (2003), and this observation of substantial variation of disease prevalence across ethnic groups that share a similar environment, supports the idea that genetic factors contribute to disease predisposition. 

Data from multiple laboratories support that genetic factors predispose to development of type 2 diabetes by reducing insulin sensitivity and insulin secretion which deteriorate in parallel in most human type 2 diabetes cases Elbein, et al;(2000).

Recent studies have identified variants in 11 genes (TCF7L2, PPARG, FTO,KCNJ11, NOTCH2, WFS1 CDKAL1, IGF2BP2, SLC30A8, JAZF1, and HHEX) to be significantly associated with the risk of type 2 diabetes independently of other clinical risk factors and variants in 8 of these genes were associated with impaired beta-cell function Lyssenko, et al;(2011).

Among these genes expressed in pancreatic cells and involved in impairment of insulin secretion, the transcription factors-like 2 (TCF7L2), is the locus with the highest risk of type 2 diabetes (HR 1.5)  Cauchi, et al; (2008).

This corresponds to an attributable risk of (25 %,) due to an average single allele frequency 18-30% in Northern Europeans Cauchi, et al; (2008). Still the value of genetic information decreased by duration of follow up and eventually only increases the receiver operating characteristics (ROC ) achieved by clinical risk factors from 0.74 to 0.75 ( p <0.0001) Lyssenko, et al; (2011).
· FAMILY  HISTORY
Presence of NIDDM in a family member is an established risk factor for NIDDM. Peoples with at least one diabetic parent have a much higher incidence of NIDDM than those who are equally obese but do not have a diabetic parent Baird, et al; (2001). 

Numerous family studies were reviewed in the first edition of Diabetes in America, with the conclusion that they were limited in value for differentiating the genetic and environmental factors shared by family members Everhart, et al;(2005).


· TWINS
Studies of twins suggest that NIDDM is highly concordant among monozygous (MZ) twins and less so among dizygous (DZ) twins. A twin's study of U.S. veterans, with potentially little ascertainment bias, reported concordance rates of (58%) for MZ twins and (17%) for DZ twins. In addition, (65%) of the discordant no diabetic MZ twin brothers had elevated (although not diagnostic) 1-hour post challenge glucose levels Everhart, et al; (2005).

These twin studies indicate that genetic factors play a major role in the etiology of NIDDM. These studies also support a role for no genetic factors, since the concordance is much less than (100%). In addition, the estimates of concordance include some unknown component due to shared environments Baird, et al; (2001).

IV. BEHAVIORAL AND LIFESTYLE RISK FACTORS

· Dietary pattern
An important life style factor associated with the development of type 2 diabetes is dietary habits. Positive association have been reported between the risk of type 2 diabetes and different patterns of food intake Liese, et al; (2009).

Higher dietary glycemic index has been consistently associated with elevated risk of type 2 diabetes in prospective cohort studies Villegas, et al; (2007). The relative risk (RR) for type 2 diabetes highest to the lowest glycemic index was; for quintiles 1–5, respectively: 1, 1.15, 1.07, 1.27, and 1.59 (P for trend 0.001), whereas cereal fiber intake was associated with a decreased risk for quintiles 1–5, respectively: 1, 0.85, 0.87, 0.82, and 0.64 (P for trend 0.004), Schulze; (2004).

A prospective study found that regular consumption of white rice is associated with an increased risk of type 2 diabetes whereas replacement of white rice by brown rice or other whole grains was associated with a lower risk Sun, et al;(2010). A review which included 19 studies, “On diet and risk of type 2 diabetes: the role of fat and carbohydrate” concluded that a higher intake of polyunsaturated fat and long- chain n.3 fatty acid is beneficial, whereas higher intake of saturated fat and trans fat adversely affects glucose metabolism and insulin resistance Hu FB, et al;(2004). Another prospective study found higher consumption of butter, potatoes and whole milk to be associated with increased risk of type 2 diabetes. Higher consumption of fruits and vegetable was associated with reduced risk of type 2 diabetes Montonen, et al; (2005).

The possible mechanisms suggested are that insoluble fiber intake was consistently associated with improved insulin sensitivity and decreases risk of type 2 diabetes Meyer, et al;(2000). 
Furthermore large observational studies have suggested an association between low vitamin D status or low vitamin D intake and increased incidence of type 2 diabetes Knekt, et al;(2008).
The suggested mechanisms are that vitamin D deficiency may contribute to beta cell dysfunction, insulin resistance and inflammation that may result in type 2 diabetes. The effect of dietary habits has in all these studies been shown to be independent of BMI change.

· Physical inactivity
Longitudinal studies have found physical inactivity to be a strong risk factor for type 2 diabetes Almdal, et al; (2008). Prolonged television watching as a surrogate marker of sedentary lifestyle, was reported to be positively associated with diabetes risk in both men and women Krishnan, et al; (2009).

Moderate and vigorous physical activity was associated with a lower risk of type 2 diabetes Fretts, et al. (2009). Evidence from clinical trials which included physical activity as a integral part of life style interventions suggested that onset of type 2 diabetes can be prevented or delayed as a result of successful lifestyle interventions that included physical activity as a part of this interventions Ramachandran, et al. (2006).

Physical activity plays an important role in delaying or prevention of development of type 2 diabetes in those at risk both directly by improving insulin sensitivity and reducing insulin resistance, and indirectly by beneficial changes in body mass and body composition Kay, et al;(2006).
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Platelets, also called thrombocytes "blood clot cells", are a component of blood whose function (along with the coagulation factors) is to stop bleeding by clumping and clotting blood vessel injuries. Laki. Dec 8, (2000) Platelets have no cell nucleus: they are fragments of cytoplasm that are derived from the megakaryocytes Machlus, et al, (2014) of the bone marrow, and then enter the circulation. These inactivated platelets are biconvex discoid (lens-shaped) structures (Jain N.C.1999, Michelson, Platelets, 2013) 2–3 µm in greatest diameter. Paulus, (1990) Platelets are found only in mammals, whereas in other animals (e.g. birds, amphibians) thrombocytes circulate as intact mononuclear cells. Michelson, Platelets, (2013).

On a stained blood smear, platelets appear as dark purple spots, about 20% the diameter of red blood cells. The smear is used to examine platelets for size, shape, qualitative number, and clumping. The ratio of platelets to red blood cells in a healthy adult is 1:10 to 1:20 Laki. Dec 8, (2000).

Platelet concentration is measured either manually using a hemocytometer, or by placing blood in an automated platelet analyzer using electrical impedance, such as a Coulter counter. The normal range (99% of population analyzed) for platelets in healthy Caucasians is 150,000 to 450,000 per cubic millimeter (a mm3 equals a microliter) or 150–400 × 109 per litre. The normal range has been confirmed to be the same in the elderly and Spanish populations. 

Megakaryocyte and platelet production is regulated by thrombopoietin, a hormone produced in the kidneys and liver. Each megakaryocyte produces between 1,000 and 3,000 platelets during its lifetime. An average of 1011 platelets are produced daily in a healthy adult. Reserve platelets are stored in the spleen, and are released when needed by splenic contraction induced by the sympathetic nervous system. The average life span of circulating platelets is 8 to 9 days. Old platelets are destroyed by phagocytosis in the spleen and liver Laki. Dec 8, (2000).

Structure of platelet: structurally the platelet can be divided into four zones, from peripheral to innermost:
· Peripheral zone - is rich in glycoproteins required for platelet adhesion, activation, and aggregation. For example, GPIb/IX/X; GPVI; GPIIb/IIIa.
· Sol-gel zone - is rich in microtubules and microfilaments, allowing the platelets to maintain their discoid shape.
· Organelle zone - is rich in platelet granules. Alpha granules contain clotting mediators such as factor V, factor VIII, fibrinogen, fibronectin, platelet derived growth factor, and chemotactic agents. Delta granules or dense bodies contain ADP, calcium and serotonin which are platelet-activating mediators.
· Membranous zone - contains membranes derived from megakaryocytic smooth endoplasmic reticulum organized into a dense tubular system which is responsible for thromboxane A2 synthesis. This dense tubular system is connected to the surface platelet membrane to aid thromboxane A2 release Laki. Dec 8, (2000).
The main function of platelets is to contribute to hemostasis: the process of stopping bleeding at the site of interrupted endothelium. They gather at the site and unless the interruption is physically too large, they plug the hole. First, platelets attach to substances outside the interrupted endothelium: adhesion. Second, they change shape, turn on receptors and secrete chemical messengers: activation. Third, they connect to each other through receptor bridges: aggregation. Yip, et al, (2005). Formation of this platelet plug (primary hemostasis) is associated with activation of the coagulation cascade with resultant fibrin deposition and linking (secondary hemostasis). These processes may overlap: the spectrum is from a predominantly platelet plug, or "white clot" to a predominantly fibrin clot, or "red clot" or the more typical mixture. The final result is the clot. Some would add the subsequent clot retraction and platelet inhibition as fourth and fifth steps to the completion of the process Berridge, (2012). And still others a sixth step wound repair.

In addition to being the cellular effector of hemostasis, platelets are rapidly deployed to sites of injury or infection, and potentially modulate inflammatory processes by interacting with leukocytes and by secreting cytokines, chemokines, and other inflammatory mediators. Platelets also secrete platelet-derived growth factor (PDGF) Laki. Dec 8, (2000).

Low platelet concentration is thrombocytopenia and is due to either decreased production or increased destruction. Elevated platelet concentration is thrombocytosis and is either congenital, reactive (to cytokines), or due to unregulated production: one of the myeloproliferative neoplasms or certain other myeloid neoplasms. A disorder of platelet function is a thrombocytopathy Jain NC (1999).


Normal platelets can respond to an abnormality on the vessel wall rather than to hemorrhage, resulting in inappropriate platelet adhesion/activation and thrombosis: the formation of a clot within an intact vessel. This type of thrombosis arises by mechanisms different than those of a normal clot: namely, extending the fibrin clot of venous thrombosis; extending an unstable or ruptured arterial plaque, causing arterial thrombosis; and microcirculatory thrombosis. An arterial thrombus may partially obstruct blood flow, causing downstream ischemia, or may completely obstruct it, causing downstream tissue death Berridge, (2012).
· Dynamics
An overview summarizing platelet dynamics, the complex process of converting inactive platelets into a platelet plug, is essential. Complicating any verbal description is the fact that at least 193 proteins and 301 interactions are involved in platelet dynamics. The separation of platelet dynamics into three stages is useful in this regard, but it is artificial: in fact, each stage is initiated in rapid succession, and each continues until the trigger for that stage is no longer present, so there is overlap Yip, et al, (2005).
1. Adhesion
Thrombus formation on an intact endothelium is prevented by nitric oxide, prostacyclin and CD39. Endothelial cells are attached to the sub endothelial collagen by von Willebrand factor (VWF) which these cells produce. VWF is also stored in the Weibel-Palade bodies of the endothelial cells and secreted constitutively into the blood. Platelets store VWF in their alpha granules. When the endothelial layer is disrupted, collagen and VWF anchor platelets to the sub endothelium. Platelet GP1b-IX-V receptor binds with VWF; and GPVI receptor and integrin alpha 2 beta1 bind with collagen Berridge, (2012).
2. Activation 
· Inhibition
The intact endothelial lining inhibits platelet activation by producing nitric oxide, endothelial-ADPase, and PGI2 (Prostacyclin). Endothelial-ADPase degrades the platelet activator ADP.
Resting platelets maintain active calcium efflux via a cyclic AMP activated calcium pump. Intracellular calcium concentration determines platelet activation status, as it is the second messenger that drives platelet conformational change and degranulation. Endothelial prostacyclin binds to prostanoid receptors on the surface of resting platelets. This event stimulates the coupled Gs protein to increase adenylate cyclase activity and increases the production of cAMP, further promoting the efflux of calcium and reducing intracellular calcium availability for platelet activation Yip, et al, (2005).
ADP on the other hand binds to purinergic receptors on platelet surface. Since the thrombocytic purinergic receptor P2Y12 is coupled to GI proteins, ADP reduces platelet adenylate cyclase activity and cAMP production, leading to accumulation of calcium inside the platelet by inactivating the cAMP calcium efflux pump. The other ADP-receptor P2Y1 couples to Gq that activates phospholipase C-beta 2 PLCB2, resulting in inositol 1, 4, 5-trisphosphate (IP3) generation and intracellular release of more calcium. This together induces platelet activation. Endothelial ADPase degrades ADP and prevents this from happening. Clopidogrel and related antiplatelet medications also work as purinergic receptor P2Y12 antagonists Berridge, (2012).
· Trigger (induction)
Platelet activation begins seconds after adhesion occurs. It is triggered when collagen from the sub endothelium binds with its receptors on the platelet. GPVI is associated with the Fc receptor gamma chain and leads via the activation of a tyrosine kinase cascade finally to the activation of PLC-gamma2 PLCG2 and more calcium release. Tissue factor also binds to factor VII in the blood, which initiates the extrinsic coagulation cascade to increase thrombin production. Thrombin is a potent platelet activator, acting through Gq and G12. These are G protein coupled receptors and they turn on calcium mediated signaling pathways within the platelet, overcoming the baseline calcium efflux. Families of three G proteins (Gq, Gi, G12) operate together for full activation. Thrombin also promotes secondary fibrin-reinforcement of the platelet plug. Platelet activation in turn degranulates and releases factor V and fibrinogen, potentiating the coagulation cascade. So in reality the process of platelet plugging and coagulation are occurring simultaneously rather than sequentially, with each inducing the other to form the final clot Laki. Dec 8, (2000).

· Components (consequences)
Collagen-mediated GPVI signaling increases the platelet production of thromboxane A2 (TXA2) and decreases the production of prostacyclin. This occurs by altering the metabolic flux of platelet's eicosanoid synthesis pathway, which involves enzymes phospholipase A2, cyclooxygenase 1, and thromboxane-A synthase. Platelets secrete thromboxane A2, which acts on the platelet's own thromboxane receptors on the platelet surface (hence the so-called "out-in" mechanism), and those of other platelets. These receptors trigger intra platelet signaling, which converts GPIIb/IIIa receptors to their active form to initiate aggregation Berridge, (2012). 
Platelets contain dense granules, lambda granules and alpha granules. Activated platelets secrete the contents of these granules through their canalicular systems to the exterior. Bound and activated platelets degranulate to release platelet chemotactic agents to attract more platelets to the site of endothelial injury. Granule characteristics:
· α granules (alpha granules) – containing P-selectin, platelet factor 4, transforming growth factor-β1, platelet-derived growth factor, fibronectin, B-thromboglobulin, vWF, fibrinogen, and coagulation factors V and XIII.
· δ granules (delta or dense granules) – containing ADP or ATP, calcium, and serotonin.
· γ granules (gamma granules) – similar to lysosomes and contain several hydrolytic enzymes.
· λ granules (lambda granules) – contents involved in clot resorption during later stages of vessel repair.
· Morphology change
Mitochondria hyperpolarization is a key event in initiating changes in morphology. 
Intra platelet calcium concentration increases, stimulating the interplay between microtubule/actin filament complexes. The continuous changes in shape from the inactivated to the fully activated platelet are best seen on scanning electron microscopy. Three steps along this path are named early dendritic, early spread and spread. The surface of the inactivated platelet looks very similar to the surface of the brain, with a wrinkled appearance from numerous shallow folds to increase the surface area; early dendritic, an octopus with multiple arms and legs; early spread, an uncooked frying egg in a pan, the "yolk" being the central body; and the spread, a cooked fried egg with a denser central body. These changes are all brought about by the interaction of the microtubule/actin complex with the platelet cell membrane and open canalicular system (OCS), which is an extension and invagination of that membrane. This complex runs just beneath these membranes, and is the chemical motor which literally pulls the invaginated OCS out of the interior of the platelet like turning pants pockets inside out, creating the dendrites. And then spreads each dendrite until the entire OCS becomes indistinguishable from the initial platelet membrane as it forms the "fried egg". This dramatic increase in surface area comes about with neither stretching nor adding phospholipids to the platelet membrane Yip, et al, (2005).
· Coagulation facilitation
Platelet activation causes its membrane surface to become negatively charged. One of the signaling pathways turns on scramblase, which moves negatively charged phospholipids from the inner to the outer platelet membrane surface. These phospholipids then bind the tenase and prothrombinase complexes, two of the sites of interplay between platelets and the coagulation cascade. Calcium ions are essential for the binding of these coagulation factors Laki. Dec 8, (2000).
3. Aggregation
Aggregation begins minutes after activation, and occurs as a result of turning on the GPIIb/IIIa receptor, allowing these receptors to bind with vWF or fibrinogen. There are around 60 000 of these receptors per platelet. When any one or more of at least nine different platelet surface receptors are turned on during activation, intraplatelet signaling pathways cause existing GpIIb/IIIa receptors to change shape – curled to straight – and thus become capable of binding Yip, et al,( 2005).
Since fibrinogen is a rod-like protein with nodules on either end capable of binding GPIIb/IIIa, activated platelets with exposed GPIIb/IIIa can bind fibrinogen to aggregate. GPIIb/IIIa may also further anchor the platelets to sub endothelial vWF for additional clot structural stabilization Berridge, (2012).

Classically it was thought that this was the only mechanism involved in aggregation, but three new mechanisms have been identified which can initiate aggregation, depending on the velocity of blood flow (i.e. shear range). 
4. Wound repair
The blood clot is only a temporary solution to stop bleeding; tissue repair is needed. Small interruptions in the endothelium are handled by physiological mechanisms; large interruptions by the trauma surgeon. The fibrin is slowly dissolved by the fibrinolytic enzyme (plasmin) and the platelets are cleared by phagocytosis Laki. Dec 8, (2000).
Symptoms of platelet disorders: 
Spontaneous and excessive bleeding can occur because of platelet disorders. This bleeding can be caused by deficient numbers of platelets, dysfunctional platelets, or very excessive numbers of platelets: over 1.0 million/microliter. (The excessive numbers create a relative von Willebrand factor deficiency due to sequestration). 
One can get a clue as to whether bleeding is due to a platelet disorder or a coagulation factor disorder by the characteristics and location of the bleeding. All of the following suggest platelet bleeding, not coagulation bleeding: the bleeding from a skin cut such as a razor nick is prompt and excessive, but can be controlled by pressure; spontaneous bleeding into the skin which causes a purplish stain named by its size: petechiae, purpura, ecchymosis; bleeding into mucous membranes causing bleeding gums, epistaxis, and gastrointestinal bleeding; menorrhagia; and intra-retinal and intracranial bleeding Fabregat-Andres, et al, (2013).
Excessive numbers of platelets, and/or normal platelets responding to abnormal vessel walls, can result in venous thrombosis and arterial thrombosis. The symptoms depend on the site of thrombosis.






· Tests of platelet function
1. Bleeding time
Developed by Duke in 1910 and bearing his name, it measured the time for bleeding to stop from a standardized wound in the ear lobe which is blotted each 30 seconds. Normal was less than 3 minutes. More modern techniques are now used. A normal bleeding time reflects sufficient platelet numbers and function plus normal microvasculature.
2. Multiplate multiple electrode aggregometry
In the Multiplate analyzer, anticoagulated whole blood is mixed with saline and a platelet agonist in a single use cuvette with two pairs of electrodes. The increase in impedance between the electrodes as platelets aggregate onto them is measured and visualized as a curve.
3. PFA-100
The PFA-100 (Platelet Function Assay-100) is a system for analyzing platelet function in which citrated whole blood is aspirated through a disposable cartridge containing an aperture within a membrane coated with either collagen and epinephrine or collagen and ADP. These agonists induce platelet adhesion, activation and aggregation leading to rapid occlusion of the aperture and cessation of blood flow termed the closure time (CT). An elevated CT with epinephrine and collagen can indicate intrinsic defects such as von Willebrand disease, uremia, or circulating platelet inhibitors. The follow up test involving collagen and ADP is used to indicate if the abnormal CT with collagen and epinephrine was caused by the effects of acetyl salicylic acid (aspirin) or medications containing inhibitors Rollini, et al, (2013).




Mean platelet volume
In medicine, mean platelet volume (MPV) is a measurement that describes the average size of platelets in the blood. Platelets are not true cells, although they are often referred to as such. Like red blood cells, they are formed in the bone marrow, but are much smaller, and are involved in the clotting of blood, helping to stop bleeding in event of injury. An MPV may be carried out as part of a complete blood count (CBC). The importance of mean platelet volume lies in the fact that it provides an indicator as to whether the bone marrow is manufacturing them normally. Rollini F, et al, 2013. 

The Importance of MPV
A platelet count — often referred to as PLT — shows whether a person is producing normal amounts of these cell fragments. If the count is lower or higher than normal, this may be a sign of a blood or bone marrow disorder. An MPV test measures the sizes of platelets in a blood sample to determine the average; a patient’s MPV may enable a doctor to detect a problem before it shows up in a PLT test. The two tests in combination are used to detect a variety of conditions, many of them serious. A high MPV indicates increased production of platelets, and a low MPV, decreased production. N.Papanas, et al; (2004). 
Normal measurement for MPV is typically in the range of 7.0 – 11.0 femtoliters — a femtoliter is one quadrillionth of a liter. The measurement, however, normally needs to be assessed in conjunction with several other factors in order to determine what a satisfactory range is for a specific patient. Research suggests that the average healthy size of platelets may differ in people from different parts of the world. Individuals of Mediterranean descent, for example, are believed to have a higher than average platelet size. Demirin, et al. (2011).
Conditions Associated with High MPV
Elevated mean platelet volume is common in patients with certain forms of diabetes. If combined with a low PLT result, this indicates a condition that results in destruction of platelets. These include immune thrombocytopenia, where the patient’s immune system destroys platelets; pre-eclampsia, a complication during pregnancy that elevates blood pressure; sepsis, an inflammatory response to an infection; or various hereditary conditions. High MPV with a normal PLT test result may be a sign of chronic myeloid leukemia, a condition in which too many of a type of white blood cell are produced; or hyperthyroidism. Accompanied by a high PLT result, it may indicate a bone marrow disorder that causes excessive cell production Fabregat-Andres, et al, (2013).
Conditions Associated with Low MPV
In association with a low PLT value, this can indicate a form of anemia, or may result from therapy involving treatment with drugs that are toxic to cells, for example, in chemotherapy used to treat cancer. If combined with a normal PLT, it may indicate chronic kidney failure. Accompanied by a high PLT, it can indicate an infection, inflammation or some form of cancer Zaccardi, et al.(2014).
Problems Caused by Abnormal MPV
As well as indicating underlying conditions that require investigation, an abnormal MPV can itself put a patient at risk. An elevated MPV means that the blood has a greater tendency to clot, which can increase the risk of thrombosis, stroke and cardiovascular disease. Aspirin is sometimes prescribed for this condition, as it makes it more difficult for platelets to clump together and form clots. A person with low MPV may bleed more easily; aspirin should be avoided in this case. Chu SG, et al, (2010).

Previous studies indicated that patients with an increased MPV (≥11.01 fL) are at higher risk of death due to ischemic heart disease, with hazard ratios comparable to those reported for obesity or smoking.
Platelets are known to have a major effect on the formation of atherosclerotic plaques and therefore play an essential role in the pathogenesis of atherothrombosis. Larger and hyper reactive platelets accelerate the formation of an intracoronary thrombus, leading to a cascade of clinical events, such as acute coronary syndrome. An increase in platelet agreeability is associated with unstable angina and myocardial infarction. Platelet size and activity are correlated, and mean platelet volume (MPV) was found to be increased before acute myocardial infarction Rollini, et al, (2013).
Also, patients with a severe stroke significantly more often have higher MPV levels on admission to the hospital. There is evidence that causal occlusion of the coronary artery in unstable angina is mediated by a platelet-rich thrombus. In stable conditions, it has been shown that MPV, which is the most accurate measure of the size of platelets, is inversely associated with platelet count, indicating the establishment of constant hemostasis. MPV is a simple and accurate marker of the functional status of platelets. As described previously, larger platelets are more reactive. Platelet size is determined at the level of the progenitor cell (ie, the megakaryocyte), and studies have reported that 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 Zaccardi, et al. (2014).
An increased MPV, as an indicator of larger, more reactive platelets resulting from an increased platelet turnover, may therefore represent a risk factor for overall vascular mortality, including myocardial infarction Demirin, et al. (2011).
































Patients and methods







Place of the study: study was carried out in Sohag University Hospital. Cases were collected from Internal Medicine Department & diabetes mellitus outpatient clinic over 6 months period from October 2016 to April 2017.
Type of the study: this study is a cross-sectional one, involved 100 patients who were already diagnosed to be diabetic & 50 non diabetic as controls. Diabetic patients were subdivided into 2 groups according HbA1c level as following:
· Group 1: HbA1c below 7% “controlled diabetics”
· Group 2: HbA1c more than 7% “uncontrolled diabetics”
We aimed to study difference of MPV among diabetics and non-diabetics, relationship among MPV and glycemic control and chronic complications of DM, relationship among MPV and other cardiovascular risk factors as age, gender, smoking, HTN and type of treatment of DM (insulin versus OHG).
Each group will undergo the following:
(1) Detailed history will be taken including:
· Age.
· Sex.
· Residence.
· Smoking.
· Duration of diabetes and type of treatment used.
· HTN or other current illness.
· Any evidence of macro or micro vascular complications.
(2) Examination:
· Blood pressure, Weight and height will be measured.
	Classification
	Systolic BP (mm Hg)
	Diastolic BP    (mm Hg)

	Normal
	<120
	And <80

	Pre hypertension
	120-139
	Or 80-89

	Hypertensive
	≥140
	≥ 90


Table(5) show classification of persons according to BP measurement
· Full clinical examination to search for:
1. Macro-vascular complications Harrison's Principles of Internal Medicine, 16th ed. c.; (2005) as: 
· Peripheral vascular diseases "chronic limb ischemia" patient with intermittent claudication pain, pulse and arterial wall state assessment and ankle brachial index.
·  Coronary artery diseases patient with chest pain, ECG ischemic changes, Echocardiography or coronary angiography findings and ischemic heart failure.
· Cerebrovascular diseases as ischemic stroke or transient ischemic attack.
2. Micro-vascular complications Harrison's Principles of Internal Medicine, 16th ed. c.; (2005) as: 
· Diabetic nephropathy uremic manifestations, generalized edema and increased serum creatinine or albuminuria.
· Peripheral neuropathy sensory loss (distal), motor weakness (proximal) and peripheral neuropathic pain.
· Autonomic neuropathy postural hypotension, gastroparesis and altered bowel habit.
· Diabetic foot ulceration and arthropathy.
· Diabetic retinopathy by fundus examination show proliferative or non-proliferative retinopathy and macular edema.  
(3) Laboratory investigations:
The aim of investigation to search for complications and asses the glycemic state of patient and detect MPV which is our golden variable we seeking behind it.
These investigations include the following:
· Hemoglobin A1c: normal reference range 4-6%, prediabetes 6-6.5%, diabetes > 6.5%, poor diabetic control > 7%. 
· Fasting blood glucose level normal 65-109 mg/dl, impaired FBG 110-125 mg/dl, diabetes > 126 mg/dl.
· Complete blood count with mean platelet volume normal MPV 7-11 fl, increased MPV > 11 fl.
· Serum creatinine: normal reference range 0.6-1.3 mg/dl and renal impairment >1.3 mg/dl.
· ALB/CREAT ratio: normal < 30 mg/mmol, micro-albuminuria 30-300 mg/mmol, macro-albuminuria > 300 mg/mmol. 
Reference range from American Diabetes Association: diabetes care, Jan (2015).
· Abdominal US to exclude chronic liver disease and splenomegaly.

* Inclusion Criteria
1. Above 18 years
1. Controlled & uncontrolled type 2 DM.
1. Uncomplicated & Complicated DM " micro & macro vascular complications as nephropathy, neuropathy, ischemic heart disease……….etc."
1. Patients on insulin therapy and/or oral hypoglycemic.  
* Exclusion Criteria
1. Below 18 years.
1. Type 1 diabetes mellitus.
1. Pregnant females.
1. Patient with hematological diseases.
1. Patient on anti-coagulant drugs.
1. Sever comorbidities as cancer, chronic obstructive pulmonary disease, acute coronary syndrome……..etc.
1. Chronic liver disease and portal hypertension.
*Ethical consideration
The study will be assessed by Scientific and Ethical committees of Sohag Faculty of Medicine. An informed written consent will be obtained from all patients. 

*Statistical analysis 
Data was analyzed using STATA intercooled version 12.1. Quantitative data was represented as mean, standard deviation, median and range. Data was analyzed using student t-test to compare means of two groups and ANOVA for comparison of the means of three groups or more. When the data was not normally distributed Kruskal Wallis test for comparison of three or more groups and Mann-Whitney test was used to compare two groups.  Qualitative data was presented as number and percentage and compared using either Chi square test or fisher exact test. Pearson’s correlation analysis to determine the correlation between MPV and other parameters. Graphs were produced by using Excel or STATA program. P value was considered significant if it was less than 0.05. 

The methods used were:
· Mean ± SD; results were expressed as mean ± standard deviation to measure the degree of dispersion of data around their mean.
· P-value; statistically significant results are considered when P-value were < 0.05, and non-significant when it were > 0.05.

























Results






















The study group included 100 consecutive Type 2 diabetic patients (49 females and 51 males); mean age was 49 ± 14 years (range 23–77 years). The mean duration of diabetes was 8 ± 4.8 years (range 1-21 years). Diabetic patients were evaluated clinically and laboratory as accepted in protocol of the study. There were 42 patients on insulin versus 58 patients on OHG. There were 46 patients hypertensive versus 54 patients not hypertensive. There were 28 patients smokers versus 72 patients non-smokers. The age and sex-matched control group consisted of 50 healthy non diabetic subjects (19 females, 31 males; age 44.68 ± 12.68 years; range 25–75 years). None of the diabetic patients and controls had any thrombotic or hematological diseases. None of them had received anticoagulant medications.
Table (6) age and gender of studied populations 
	Variable 
	Controlled DM
	Uncontrolled DM
	Controls

	Age/years
 Mean ± SD
 Median (range)
	
48.12±13.75
50 (25-70)
	
49.62±14.85
51.5 (23-77)
	
44.68±12.68
40.5 (25-75)

	P=0.19, P1=1.00, P2=0.64, P3=0.23

	Gender
 Females
 Males
	
24 (48.00%)
26 (52.00%)
	
25 (50.00%)
25 (50.00%)
	
19 (38.00%)
31 (62.00%)

	P=0.43, P1=0.84, P2=0.31, P3=0.23


P compared the 3 groups, p1 compared controlled DM with uncontrolled DM, p2 compared controlled DM with controls  , p3 compared uncontrolled DM with controls.
Table(6) shows no significant difference among diabetic patients and normal controls according to age (p=0.19) and gender (p=0.43).
Total population (diabetics & non-diabetics) included in the study almost in the same range of age and number of males almost equal to number of females.



Diag. (1) comparison of the three groups as regard age
[image: ]
Diag. (2) comparison of the three groups as regard gender 



Table (7) medical history of studied populations 
	Variable 
	Controlled DM
	Uncontrolled DM
	Controls

	Duration of DM/years
 Mean ± SD
 Median (range)
	
8.08±4.90
7 (1-20)
	
7.42±4.60
6 (2-21)
	

	P1=0.46

	[bookmark: _Hlk483482353]Treatment of DM
 Insulin
 OHG
	
21 (42.00%)
29 (58.00%)
	
21 (42.00%)
29 (58.00%)
	


	P1=1.00

	Hypertension 
 No
 Yes  
	
27 (54.00%)
23 (46.00%)
	
27 (54.00%)
23 (46.00%)
	
35 (70.00%)
15 (30.00%)

	P=0.17 , P1=1.00, P2=0.10, P3=0.10

	Smoking 
 No
 Yes  
	
38 (76.00%)
12 (24.00%)
	
34 (68.00%)
16 (32.00%)
	
32 (64.00%)
18 (36.00%)

	P=0.42, P1=0.37, P2=0.19, P3=0.67


P compared the 3 groups, p1 compared controlled DM with uncontrolled DM, p2 compared controlled DM with controls, p3 compared uncontrolled DM with controls.
Table(7) shows almost the same range of duration of DM in both groups (controlled & uncontrolled DM)(p=0.46), and almost equal number of patients on insulin therapy or OHG therapy in both groups (p=1), and no significant difference among diabetics and non-diabetics as regard HTN (p=0.17) and smoking (p=0.42). 
Diag. (3) comparison of the two groups as regard duration of DM 
[image: ]
Diag. (4) comparison of the two groups as regard Treatment of DM
  


Diag. (5) comparison of the three groups as regard Hypertension
  

Diag. (6) comparison of the three groups as regard Smoking 
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Table (8) complications in studied DM patients
	Complications  
	Controlled DM
	Uncontrolled DM
	Controls

	 No
Yes
	15 (30.00%)
35 (70.00%)
	5 (10.00%)
45 (90.00%)
	50 (100%)
0

	P<0.0001, P1=0.01, P2<0.001, P3<0.001


P compared the 3 groups, p1 compared controlled DM with uncontrolled DM, p2 compared controlled DM with controls, p3compared  uncontrolled  DM with controls.

Table(8) shows significant increase in chronic diabetic vascular complications among diabetic patients versus non diabetics (p<0.0001) and also significant increase in complications with poor glycemic control versus good glycemic control (p=0.01). 

Diag. (7) comparison of the two groups as regard complications



Table (9) MPV of studied populations
	MPV(fl)
	Controlled DM
	Uncontrolled DM
	Controls

	 Mean ± SD
 Median (range)
	12.62±1.38
12.5 (10-15)
	14.08±1.16
14 (12-16)
	9.04±1.35
9 (7-11)

	P<0.0001, P1<0.0001, P2<0.0001, P3<0.0001


P compared the 3 groups, p1 compared controlled DM with uncontrolled DM, p2 compared controlled DM with controls , p3 compared uncontrolled DM with controls.

Table(9) shows significant increase in MPV among diabetic patients versus non diabetics (p<0.0001) and also significant increase in MPV with poor glycemic control versus good glycemic control (p<0.0001).    

Diag. (8) comparison of the three groups as regard MPV
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Table (10) comparison between patients with and without vascular complications as regard medical history 
	Variable 
	Complication
	No complications
	P value

	Duration of DM/years
 Mean ± SD
 Median (range)
	
8.21±4.86
7 (1-21)
	
5.31±3.18
4.5 (1-11)
	
0.02

	Treatment of DM
 Insulin
 OHG
	
30 (35.71%)
54 (64.9%)
	
12 (75.00%)
4 (25.00%)
	
0.004

	[bookmark: _Hlk483507904]Hypertension 
 No
 Yes  
	
40 (47.62%)
44 (52.38%)
	
14 (87.50%)
2 (12.50%)
	
0.003

	[bookmark: _Hlk483507914]Smoking 
 No
 Yes  
	
58 (69.05%)
26 (30.95%)
	
14 (87.50%)
2 (12.50%)
	
0.13



Table(10) shows significant relationship among incidence of chronic vascular complications of DM and duration of diabetes, type of treatment and HTN.

1. Complications significantly increased with increase in duration of DM (p=0.02).
2. Complications significantly increased with presence of HTN (p=0.003).
3. Complications significantly increased with OHG therapy versus insulin therapy (p=0.004) as mean that insulin has a protective role against incidence of chronic diabetic vascular complications.
4. Complications increased with smoking (p=0.13) but not significant.


Table (11) comparison between patients with and without vascular complications as regard Fasting Blood Glucose FBG and HbA1c 
	Variable 
	Complication
	No complications
	P value

	FBG(mg/dl)
 Mean ± SD
 Median (range)
	
132.36±23.41
130 (93-210)
	
111.63±16.74
108.5 (93-142)
	
0.001

	HBA1C%
 Mean ± SD
 Median (range)
	
8.05±1.90
7.5 (5-11.6)
	
6.53±1.29
5.95 (5.2-9)
	
0.003


Table(11) shows significant increase in incidence of vascular complications with increased FBG (p=0.001) and increased HBA1c (p=0.003) as mean complications significantly increased with poor glycemic control versus good glycemic control.

Diag.(9) comparison between patients with and without vascular complications as regard Fasting Blood Glucose (FBG) 
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Diag. (10) comparison between patients with and without vascular complications as regard HbA1c 
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Table (12) comparison between patients with and without vascular complications as regard MPV 
	MPV(fl)
	Complication
	No complications
	P value

	 Mean ± SD
 Median (range)
	13.58±1.36
14 (11-16)
	12.13±1.41
12 (10-15)
	0.0002




Table(12) shows significant increase in incidence of vascular complications with increase in MPV (p=0.0002).

Diag. (11) comparison between patients with and without vascular complications as regard MPV
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Table (13) shows significant relationship between MPV and type of treatment of DM (p=0.0071) as mean MPV with insulin therapy significantly lower than OHG therapy, also shows significant relationship between MPV and HTN (p=0.002) as mean significantly increased MPV with presence of HTN.
Also shows MPV with males higher than females but not significant (p=0.57).
Also shows MPV with smokers higher than non-smokers but not significant (p=0.53).

Table (13) MPV level in different subgroups in diabetic patients

	Variable 
	Mean ± SD
	P value

	Gender
 Females
 Males 
	
13.27±1.48
13.43±1.46
	
0.57

	Treatment of DM
 Insulin
 OHG
	
12.29±1.50
13.40±1.45
	
0.0071

	Hypertension
 No
 Yes 
	
12.94±1.39
13.83±1.42
	
0.002

	Smoking
 No
 Yes  
	
13.29±1.43
13.5±1.58
	
0.53




 

Table (14) correlation between MPV and different parameters in DM

	Variable 
	Correlation co-efficient (r)
	P value

	Age/years
	0.20
	0.04

	Duration of DM
	0.15
	0.13

	FBG
	0.55
	<0.0001

	HBA1c
	0.63
	<0.0001



Table(14) shows
· Significant increase in MPV with aging (p=0.04).
· No significant increase in MPV with prolongation of duration of DM (p=0.13).
· Significant increase in MPV with increased FBG & HBA1c as mean poor glycemic control (p<0.0001).

Diag. (12) correlation between MPV and age
[image: ]

Diag. (13) correlation between MPV and FBG
[image: ]
Diag. (14) correlation between MPV and HBA1C[image: ]




Discussion



















Diabetes mellitus is a complex disease characterized by chronic hyperglycemia responsible for complications affecting the kidneys, eyes, peripheral nerves, and micro and macro vascular systems. Altered platelet morphology and function have been reported in patients with diabetes. Patients with diabetes have increased platelet activation compared to non-diabetic subjects. Platelet hyperactivity was accompanied by an increased synthesis of thromboxane and/or a decreased prostacyclin production. MPV is a marker of platelet function and activation. Larger platelets are more reactive and aggregable. They contain denser granules, secrete more serotonin and b-thromboglobulin, and produce more thromboxane A2 than smaller platelets. This suggests a relationship between platelet function and diabetic complications (Srivastava, et al, 1994; Kim, et al, 1995; Bath & Butterworth, 1996; Mazzanfi  & Mutus 1997).
	
Platelet hyperactivity in DM may be one factor in the severe and profound vasculopathies that are so often associated with this disorder. There are studies that have shown increased platelet aggregation in diabetes mellitus, and this may have a role in its vascular complications (Heath, et al, 1971; Halushka, et al, 1977). Activated platelets respond to activated leukocytes and endothelial cells via adhesion molecules linking inflammation and thrombosis.

The first evidence of a significant, positive association between MPV and diabetes was published by P.C Sharpe and Trinick (1993), who described that MPV was increased in persons with diabetes compared with non-diabetic subjects. In a following investigation, Z. Hekimsoy, et al. (2004) measured MPV in 145 consecutive patients with type 2 diabetes and 100 non-diabetic controls, and found that MPV was higher and the mean platelet count was lower among those with diabetes than among non-diabetic healthy controls. Similarly, two small case-control studies have confirmed that MPV was significantly higher in patients with diabetes than in those without this condition (N. Papanas, et al. 2004; E. Coban, et al. 2006). More recently, T.A.Kodiatte, et al. (2012) assessed MPV and platelet count in 300 type 2 diabetic patients and 300 non-diabetic subjects, and found that there were significant positive associations of MPV with levels of fasting glucose, postprandial glucose and HbA1c. Finally, in a small case-control study involving 366 diabetic patients and 54 healthy controls, E.Y.Lee, et al. (2013) confirmed that both MPV and immature platelet fraction were significantly elevated in persons with diabetes compared with control subjects.

To date, relationship of MPV with DM never previously studied in Sohag University hospital and our community. 

Our study included 100 consecutive Type 2 diabetic patients (49 females and 51 males); mean age was 49 ± 14 years. Diabetic patients were evaluated clinically and laboratory as accepted in protocol of the study. There were 42 patients on insulin versus 58 patients on OHG. There were 46 patients hypertensive versus 54 patients not hypertensive. There were 28 patients smokers versus 72 patients not smokers. The age and sex-matched control group consisted of 50 healthy non diabetic subjects. None of the diabetic patients and controls had any thrombotic and hematological diseases. None of them had received anticoagulant medications.

The study showed the following
· Significant increase in MPV with diabetes mellitus.
· Significant increase in MPV with poor glycemic control.
· Significant increase in vascular complications of DM with higher MPV.
· Variable degrees of relationship among MPV and different cardiovascular risk factors as age, gender, smoking, hypertension.
· Significant relationship between MPV and type of treatment of DM (insulin versus OHG), MPV higher with OHG therapy versus insulin therapy.

In our study, diabetic patients had significantly larger MPV than non-diabetic controls. Almost all previous studies agreed with this result (P.C. Sharpe and Trınıck 1993; Z. Hekimsoy, et al. 2004; Giuseppe Lippi, et al. 2015; Nakarin Sansanayudh, et al. 2016).

The mechanism of increased platelet size in DM is osmotic swelling due to raised blood glucose and due to raised levels of some glucose metabolites Martyn, et al., (1986). There was another possible explanation for the increased platelet size. Some studies have shown a shorter life span for platelets in diabetics (Jones, et al., 1981; Tindall, et al, 1981). But now there is a consensus that platelet size is not related to platelet age and platelet size is determined at the time of production from the megakaryocyte Martin, (1989).

In our study, we found a significant relationship between glycemic control and vascular complications of DM and MPV (poor glycemic control as mean high FBG and HbA1C           higher MPV         more macro – micro vascular complications). 

Older studies disagreed with this result as (P.C. Sharpe and Trınıck 1993, Z. Hekimsoy, et al. 2004), these studies see that there is no correlation between MPV and HbA1c, fasting blood glucose, patient age, and duration of diabetes. This suggests that the increase in MPV may be due to the diabetic state alone. But recent studies approved that there is a strong relationship between the previous three variables (Giuseppe Lippi, et al. 2015; Nakarin Sansanayudh, et al. 2016).

We found almost no association between MPV and age of patient which was in agreement with some previous studies (Demirin, et al. 2011, Maluf, et al. 2014). However, one large study reported the association between age and MPV only in men, but not in women Santimone, et al, (2011). The large study of MPV and age, adjusting for other variables and including a wide range of ages, should be encouraged to confirm the association between MPV and age.

Gender influence on MPV is another topic for debate. Shimodaira, et al. (2014), reported larger MPV in male, whereas most previous studies found no difference in MPV between male and female Butkiewicz, et al. (2006). Conversely in our study, MPV was higher in males than females but not significant. One possible explanation might be the racial difference in population studied. Maluf, et al. (2014), reported substantial difference in MPV among races .The different studies of association between MPV and risk factors such as sex and age were conducted in different ethnic groups. The future study of reference interval and influence of other risk factors on MPV in different ethnicity is required.

The association between MPV and smoking was detected in univariate analysis but disappeared after adjusting with other variables in some previous studies. Despite a report of an increase in MPV over time in passive smoker who were exposed to moderate to high intensity of cigarette smoke in one small experimental study Yarlioglues , et al. (2012), most evidence form observation studies Biljak, et al, (2011) showed no association between smoking status and MPV which is consistent with the results from our study.

Our study suggested similar effects of hypertension on MPV as diabetes, i.e., subjects with hypertension had approximately 0.9 fL larger MPV than normotensive subjects. This corresponded with previous publications Ntaios, et al. (2011).

Our study suggested no significant relationship between MPV and duration of DM as mean that the increase in MPV occurs at the beginning of the disease and persists for its duration. So the increase in incidence of diabetic vascular complications with longer duration due to other risk factors as HTN, smoking, obesity, dyslipidemia, poor glycemic control but this not exclude the very important role of MPV as indicator and risk stratification factor of macro–micro vascular complications of DM, (Z. Hekimsoy, et al, 2004; Tavil, et al, 2007).

In our study, MPV was higher in diabetics with oral hypoglycemic treatment than in diabetics with insulin therapy. There was also a significant association between insulin therapy and MPV. This study showed that in DM, MPV is increased and it is indicative of worsening glycemic control. Insulin by achieving good glycemic control and thereby keeping MPV low is playing some role in preventing vascular complications Vernekar, et al. (2013).

The prevalence of diabetic micro and macro vascular complications is higher in people with poor glycemic control, longer duration of DM. A large proportion of patients with Type 2 DM suffer from preventable vascular complications. There is a need to develop risk factor modification interventions to reduce the impact of long-term complications. MPV could be a useful prognostic biomarker of cardio-vascular complications in diabetes. The increased platelet size may be one of the factors in the increased risk of atherosclerosis associated with DM and associated micro and macro vascular complications.

Vernekar, et al, (2013) and our results showed that early initiation of insulin treatment in confirmed cases of Type 2 diabetics not only may help in controlling blood glucose level but also may help in keeping MPV low and thereby preventing possibility of impending acute vascular events.


















Conclusion
In type 2 diabetes mellitus MPV is increased and it is indicative of worsening glycemic control. Increased platelet size may be one factor in the increased risk of atherosclerosis associated with diabetes mellitus and associated vascular complications. Hence, MPV would be a useful prognostic marker of macro-micro vascular complications in diabetes. There are relationships among MPV and other cardiovascular risk factors as age, gender, HTN and smoking as described above. Early initiation of insulin treatment in confirmed cases of Type 2 diabetics not only helps in controlling blood glucose level but also helps in keeping MPV low and thereby preventing possibility of impending vascular events.


























Summary

Platelet hyperactivity in DM may be one factor in the severe and profound vasculopathies that are so often associated with this disorder. There are studies that have shown increased platelet aggregation in diabetes mellitus, and this may have a role in its vascular complications. Activated platelets respond to activated leukocytes and endothelial cells via adhesion molecules linking inflammation and thrombosis.
Platelet volume is a marker of platelet function and activation. It is measured as mean platelet volume (MPV) by clinical hematology analyzers.
In this study, the aim of the work is
(1) To compare the MPV in diabetics with that in age- and sex-matched non diabetic healthy controls.
 (2) To see whether there is a difference in MPV between diabetic patients with and without macro and micro vascular complications.
 (3) To determine the correlation between MPV and glycemic control. 
Our study included 100 consecutive Type 2 diabetic patients (49 females and 51 males); mean age was 49 ± 14 years. Diabetic patients were evaluated clinically and laboratory as accepted in protocol of the study. There were 42 patients on insulin versus 58 patients on OHG. There were 46 patients hypertensive versus 54 patients not hypertensive. There were 28 patients smokers versus 72 patients not smokers. The age and sex-matched control group consisted of 50 healthy non diabetic subjects. None of the diabetic patients and controls had any thrombotic and hematological diseases. None of them had received anticoagulant medications.
Total population (diabetics & non-diabetics) included in the study almost in the same range of age and number of males almost equal to number of females.
Both groups (controlled & uncontrolled DM) have almost the same range of duration of DM and almost equal number of patients on insulin therapy versus OHG therapy in both groups, and no significant difference among diabetics and non-diabetics as regard HTN and smoking.
The study showed the following
· Significant increase in MPV with diabetes mellitus.
· Significant increase in MPV with poor glycemic control.
· Significant increase in vascular complications of DM with higher MPV.
· Variable degrees of relationship among MPV and different cardiovascular risk factors as age, gender, smoking, hypertension.
· Significant relationship between MPV and type of treatment of DM (insulin versus OHG), MPV higher with OHG therapy versus insulin therapy as mean that insulin has protective role against chronic vascular complications of DM.
So, in type 2 diabetes mellitus MPV is increased and it is indicative of worsening glycemic control. Increased platelet size may be one factor in the increased risk of atherosclerosis associated with diabetes mellitus and associated vascular complications. Hence, MPV would be a useful prognostic marker of macro-micro vascular complications in diabetes. There are relationships among MPV and other cardiovascular risk factors as age, gender, HTN and smoking as described above. Early initiation of insulin treatment in confirmed cases of Type 2 diabetics not only helps in controlling blood glucose level but also helps in keeping MPV low and thereby preventing possibility of impending vascular events.
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الملخص العربي للدراسة

مرض السكري هو التحدي الرئيسي للصحة والتنمية في القرن الحادي والعشرين والذي لا توجد منطقة أو بلد في العالم كله لا يعاني منه. وتشير الأدلة الوبائية إلى أنه ما لم تنفذ تدابير وقائية فعالة، فإن انتشار هذا المرض سيستمر في الارتفاع على الصعيد العالمي.
 إن الوقاية من السكري لها أهمية خاصة في مصر بسبب العبء المرتفع منه وهذا العبء له ذراعين: الوبائي والاقتصادي. وتشير التقديرات إلى أن مصر (بين البلدان النامية في أفريقيا وآسيا والشرق الأوسط) ستحصل على أكبر الزيادات في انتشار مرض السكري بحلول عام 2030 وقد أدت التنمية الاقتصادية والتحضر إلى تغيير نمط حياة السكان وأدت إلى انخفاض مستويات النشاط البدني وزيادة تناول الكربوهيدرات المكررة وزيادة السمنة والشيخوخة لدى هؤلاء السكان وقد أدت هذه العوامل إلى زيادة عوامل الخطر للاصابة بداء السكري من النوع الثاني والزيادة السريعة في انتشاره ونتيجة لذلك، أصبح مرض السكري مشكلة صحية عامة و رئيسية في المنطقة.
ان تغير العوامل البيئية ونمط الحياة هي الأسباب الرئيسية للزيادة الكبيرة في انتشار مرض السكري من النوع الثاني و العوامل الجينية ربما تحدد أولئك الأكثر عرضة لهذه التغيرات. وعلاوة على ذلك، أظهرت الدراسات أن بعض المجموعات العرقية أكثر عرضة لتطور مرض السكري من غيرهم.
مرض السكري هو مرض معقد يتميز بارتفاع السكر المزمن في الدم و هو المسؤول عن المضاعفات التي تؤثر على الكلى والعينين والأعصاب الطرفية، وأنظمة الأوعية الدموية الدقيقة.
ان الصفائح الدموية الأكبر من الحجم الطبيعي هي أكثر تفاعلا و قدرة علي التجلط حيث أنها تحتوي على حبيبات أكثر كثافة، وتفرز المزيد من السيروتونين و بي ثرومبوجلوبيولين والمزيد من الثرموبوكسان A2 اكثر من الصفائح الدموية الأصغر.
لذلك فان هدفنا هو تحديد متوسط ​​حجم الصفائح الدموية في مرضى السكري لمعرفة ما إذا كان هناك فرق فى حجم الصفائح الدموية مع مرض السكرى و ما اذا كان هنالك علاقة بينه و بين حدوث مضاعفات مرض السكري.
ودراسة العلاقة بين متوسط حجم الصفائح الدموية ومدي تنظيم نسبة السكر بالدم لدي مرضي السكري.
ودراسة العلاقة بين متوسط حجم الصفائح الدموية وعوامل الخطورة الاخري لامراض القلب و الاوعية الدموية مثل ارتفاع ضغط الدم و التدخين و نوع الجنس و تقدم السن وكذلك اختلاف تاثير نوع علاج السكرى المستخدم من انسولين او اقراص علي متوسط حجم الصفائح الدموية.




مكان الدراسة: أجريت الدراسة في مستشفى سوهاج الجامعي و تم جمع الحالات من قسم الباطنة العامة وعيادات داء السكري الخارجية.

نوع الدراسة: هذه الدراسة هي دراسة مقطعية مستعرضة، تضمنت 100 مريض تم تشخيصهم بالفعل بأنهم مصابون بالسكري و 50 مريض غير مصاب بالسكري. و قد تم تقسيم مرضى السكري إلى مجموعتين وفقا لمستوى HbA1c كما يلي:
· المجموعة الاولي: HbA1c أقل من 7٪ 
· المجموعة الثانية: HbA1c أكثر من 7٪ 

وستخضع كل مجموعة لما يلي:

(1) سيتم اخذ تاريخ مرضي مفصل بما في ذلك:
· العمر.
· الجنس.
· [bookmark: _GoBack]الإقامة.
· التدخين.
· مدة مرض السكري ونوع العلاج المستخدم.
· ارتفاع ضغط الدم.
· تقصي اي مضاعفات لمرض السكري.

(2) الفحص الاكلينيكي:
· سيتم قياس ضغط الدم والوزن والطول.
· الفحص السريري الكامل للبحث عن مضاعفات الأوعية الدموية مثل أمراض الأوعية الدموية الطرفية وأمراض الشريان التاجي والأمراض الدماغية الوعائية والتهابات الاعصاب الطرفية وأمراض الكلى المزمنة.

معايير الاشتمال
1. المرضي فوق 18 سنة.
2. مرضي السكري المنضبط وغير المنضبط.
3. المرضى اللذين يعانون من مضاعفات واللذين لا يعانون منها.
4. المرضى على علاج الأنسولين و المرضي علي العلاج بالاقراص.

 
معايير الاستبعاد
1. المرضي أقل من 18 عاما.
2. مرضي السكري من النوع الأول .
3. الإناث الحوامل.
4. مرضي أمراض الدم.
5. المرضي الذين يتناولون الأدوية المضادة للتخثر.
6. الأمراض المصاحبة الشديدة مثل السرطان، مرض الانسداد الرئوي المزمن، متلازمة الشريان التاجي الحادة ...... .. الخ.
7. مرض الكبد وارتفاع ضغط دم الوريد البابي.

الإعتبار أخلاقي
سيتم تقييم الدراسة من قبل اللجان العلمية والأخلاقية في كلية طب سوهاج. وسيتم الحصول على موافقة خطية مستنيرة من جميع المرضى.

النتائج و الاستنتاجات
شملت دراستنا 100 مريض مصاب بمرض السكري من النوع الثاني (49 أنثى و 51 ذكر). متوسط ​​العمر 49 ± 14 سنة. تم تقييم مرضى السكري سريريا ومختبريا كالمتفق عليه في بروتوكول الدراسة. كان هناك 42 مريضا على الأنسولين مقابل 58 مريضا على الاقراص. وكان هناك 46 مريضا يعاني من ارتفاع ضغط الدم مقابل 54 مريضا لا يعانون منه. وكان هناك 28 مريضا من المدخنين مقابل 72 مريضا ليسوا مدخنين. لم يكن لدى أي من مرضى السكري أي أمراض تخثرية أو دموية. ولم يتلق أي منهم أدوية مضادة للتخثر.

وقد أظهرت الدراسة ما يلي :
· علاقة وطيدة بين متوسط حجم الصفائح وداء السكري من النوع الثاني حيث ان متوسط حجم الصفائح الدموية يزداد مع مرض السكري.
· علاقة وطيدة بين متوسط حجم الصفائح ومدي انتظام نسبة السكر في الدم حيث ان متوسط حجم الصفائح الدموية يزداد مع عدم انتظام نسبة السكر في الدم و ارتفاع نسبة السكر الصائم و نسبة HBA1c في الدم.
· علاقة وطيدة بين متوسط حجم الصفائح ومضاعفات الاوعية الدموية المصاحبة لمرض السكري حيث ان مضاعفات الاوعية الدموية تزداد مع زيادة متوسط حجم الصفائح.
· درجة متباينة من العلاقة بين متوسط حجم الصفائح وعوامل الخطورة المختلفة لامراض القلب والأوعية الدموية مثل العمر ونوع الجنس والتدخين وارتفاع ضغط الدم.
· علاقة وطيدة بين متوسط حجم الصفائح ونوع العلاج المستخدم ما اذا كان الأنسولين ام الاقراص حيث ان متوسط حجم الصفائح الدموية يزداد مع العلاج بالأقراص اكثر من العلاج بالأنسولين. 

ونهاية القول فان داء السكري من النوع الثاني يمتاز بزيادة حجم الصفائح الدموية وهذا قد يكون عاملا اساسيا في زيادة خطر تصلب الشرايين المرتبط بداء السكري وباقي المضاعفات الوعائية المرتبطة به. وبالتالي فان متوسط حجم الصفائح الدموية سيكون علامة النذير لهذه المضاعفات. كما ان البدء المبكر باستخدام الأنسولين في الحالات المؤكدة من مرضى السكري من النوع الثاني لا يساعد فقط في السيطرة على مستوى السكر في الدم ولكن يساعد أيضا في الحفاظ على متوسط حجم الصفائح الدموية منخفض، وبالتالي زيادة الوقاية من المضاعفات الوعائية المحتملة.

 


Controlled DM	
 Females	 Males	48	52	Uncontrolled DM	
 Females	 Males	50	50	Controls	
 Females	 Males	38	62	
Percentage



Controlled DM	
 Insulin	 OHG	42	58	Uncontrolled DM	
 Insulin	 OHG	42	58	
Percentage



Controlled DM	
 No	 Yes 	54	46	Uncontrolled DM	
 No	 Yes 	54	46	Controls	
 No	 Yes 	70	30	
Percentage



Controlled DM	
 No	 Yes 	76	24	Uncontrolled DM	
 No	 Yes 	68	32	Controls	
 No	 Yes 	64	36	
Percentage



Controlled DM	30
70

 No	 Yes 	22	78	Uncontrolled DM	
 No	 Yes 	10	90	
Percentage
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Table 5 - Top 10 countries for numbers of people aged 20-79 years with diabetes in 2010 and 2030.

2010 2030

Country No. of adults with Country No. of adults with

diabetes (millions) diabetes (millions)
1 India 508 India 870
2 China 432 China 626
3 usA 238 UsA 360
4 Russian Federation 96 Pakistan 138
5 Brazil 76 Brazil 127
6 Germany 75 Indonesia 120
7 Pakistan 73 Mexico 119
8 Japan 71 Bangladesh 104
9 Indonesia 70 Russian Federation 103

10 Mexico 68 Egypt 86
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