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                 CHAPTER ONE 

                      Introduction and Literature review 

1.1 Introduction 

1.1.1 Diabetes Mellitus 

1.1.1.1. Definition 

Diabetes mellitus is not a single disease entity, but rather a group of 

metabolic disorders sharing the common underlying feature of 

hyperglycemia (Mitchell et al., 2006). 

1.1.1.2 Incidence of Diabetes Mellitus 

Worldwide, over 140 million people suffer from diabetes making this one 

of the most common diseases. In the Western population the prevalence 

of DM has been estimated to be 3-5% and the incidence is rapidly 

growing up and will be more than doubled within 15 years. Type II DM 

accounts for more than 80 % cases of DM and is slow-onset, 

heterogeneous disorder, resulting from interactions between 

environmental factors and polygenetic inheritance (Ostenson et al., 

2001). 

1.1.1.3 Classifications of Diabetes Mellitus  

The World Health Organization guidelines recommend the following 

categories of diabetes: type 1, type 2, and gestational diabetes, and other 

specific types of diabetes. Type 1 or juvenile, diabetes mellitus mainly 

affects children and adolescents and is due to absolute or severe shortage 

of insulin. It is usually due autoimmune destruction of pancreatic beta 

cells which produce insulin. This makes it necessary for the patient to 

depend on insulin therapy- hence the name insulin dependent diabetes 

mellitus (IDDM). Type 2 or maturity onset, is caused by a combination of 

peripheral resistance to insulin action and inadequate compensatory 

response to insulin secretion" relative insulin deficiency". The patient 

may require insulin or may not need if the pancreas can be stimulated by 
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oral hypoglycemic agents- hence the name non-insulin dependent 

diabetes mellitus (NIDDM).Gestational diabetes mellitus is any degree of 

glucose intolerance with onset or first recognition during pregnancy. 

GDM is carbohydrate intolerance with onset or first recognition in 

pregnancy. Up to 70% of affected women will manifest type 2 diabetes 

mellitus within 10 years thereafter. The causes of GDM include 

metabolic and hormonal changes patients with GDM frequently return to 

normal postpartum. The other specific types associated with certain 

conditions (secondary) including    genetic defects of beta cell functions 

or insulin action, pancreatic disease, diseases of endocrine origin, drug or 

chemical induced insulin receptor abnormalities, and certain genetic 

syndromes (Bishop et al.,2000).  

1.1.1.4 Complications of diabetes mellitus 

Long-standing diabetes mellitus inevitably leads to the development of 

vascular, renal and other pathologies. Some common long-term effects of 

DM include vascular complications (such as atherosclerosis, ischemic 

heart disease, ischemia and gangrene of the foot and microangiopathy), 

diabetic nephropathy (glomerular damage and renal failure), eye change 

(diabetic retinopathy and cataract), and nervous defects (Schneider et al., 

2009).  

1.1.1.5 Diabetes Mellitus and Vascular Diseases 

Diabetes is associated with accelerated rates of thrombosis, circulatory 

dysfunction, and atherosclerosis. Most of the morbidity and mortality 

seen in patients with diabetes mellitus, especially in type II ('non-insulin 

dependent') diabetes, is the result of micro- and macro-vascular occlusive 

disease in which thrombosis plays an  important part (Colwell et 

al.,2003).  
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1.1.2 Platelet. 

1.1.2.1 Platelet Production (Megakaryopoiesis and Thrombopoiesis) 

Platelets are produced in the bone marrow by fragmentation of the 

cytoplasm of megakaryocytes.  The precursor of the megakaryocyte the 

megakaryoblast arises by a process of differentiation from haemopoietic 

stem cells. The megakaryocytes mature by endomitotic synchronous 

nuclear replication, enlarging cytoplasm volume as the number of nuclear 

lobes increases in multiples of two. At variable stages in development 

most commonly at eight nucleus stage the cytoplasm become granular 

and platelets are liberated. Platelet production follows formation of 

micro-vesicles in the cytoplasm of the cell which coalesce to form 

platelet demarcation membrane. Each megakaryocyte is responsible for 

the production of about 4000 platelets (Hoffbrand et al., 2001).  

1.1.2.2 Circulating platelets and their life span 

In steady state, when platelet production equals destruction, platelet 

turnover has been estimated at 1.2 to 1.5 × 1011 cells per day (Hartge et 

al., 2007). The sites for platelet removal appear to be the spleen, the liver, 

and the bone marrow.  The platelet count varies among the healthy 

population (1.5 to 3.5 X 105/μl) but remains within a fairly narrow range 

in any given individual (Zarbock et al., 2007).  

1.1.2.3 Platelet structural and Functional Anatomy  

In describing detailed platelet anatomy, most information is derived from 

transmission electron microscopy, and platelet structure is classified into 

four general areas: 

1. The platelet surface. 

2. The membranous structure. 

3. The cytoskeleton (sol-gel-zone). 

4. The granules (Greer et al., 2004).  
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1.1.2.4 Platelet Surface 

The platelet surface includes the plasma membrane that separates intra- 

from extra cellular regions, it is exceptionally complex in composition, 

distribution and function, incorporating a number of glycoproteins and 

lipids into is phospholipids bilayer and integrating a variety of extra- and 

intra-platelet events such as permeability, agonist stimulation, and platelet 

adhesion, activation\secretion, and aggregation; and the glycocolyx that is 

a fuzzy layer of lipids, sugars, and proteins, coats the outside surface of 

the platelet plasma membrane, including the surface-connected tubular 

system, and interacts with both the plasma and the cellular components of 

the blood and blood vessels (Greer et al.,2004).  

Platelets possess different types of surface molecules which interact with 

corresponding molecules on platelets and other cells such as intercellular 

adhesion molecule (ICAM), Von Willebrand factor (vWF), fibrinogen 

(FG), lymphocyte function-associated antigen-1 (LFA-1), and P-selectin 

glycoprotein ligand-1 (PSGL-1).The Glycoprotein IIb/IIIa integrin 

constitutes the most abundant platelet adhesion receptor. The GIIb/IIIa 

receptor is an important molecule for the aggregation of platelets and 

platelet-neutrophil-interaction. Upon activation, platelet GPIIb/IIIa binds 

soluble extracellular adhesion molecules, such as vWF, fibrinogen, 

fibronectin, and thrombospondin. The absence of GPIIa/IIIb in 

Glanzmannthrombasthenia is associated with a severe bleeding due to 

defective platelet aggregation and clot retraction (Zarbock et al., 2007). 
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Table 1.1 Contents of the three different granule subpopulations (Zarbock 

et al., 2007) 

 

Dense granules    
 

Nucleotides (ATP, ADP, GTP, GDP) 

Amines (Serotonin, Histamine) 

Bivalent cations 

 

a-granules           
 

Adhesion molecules 

P-selectin (CD62P) 

   Platelet endothelial cell adhesion molecule- (PECAM 1) 

    Glycoprotein IIb/IIIa (GPIIb/IIIa, aIIbß3 integrin) 

    von Willebrand factor (vWF) 

     Thrombospondin-1 (TSP1) 

Mitogenic factors 

   Platelet-derived growth factor (PDGF) 

   Vascular endothelial growth factor (VEGF) 

Coagulation factors 

  Fibrinogen, Kininogens, Factors V, VII, XI, XIII 

Protease inhibitors 

 C1 inhibitor 

 Plasminogen activator inhibitor-1 (PAI-1) 

 Tissue factor pathway inhibitor (TFPI)
 

Lysosomes
 Glycosidases, Proteases, Cationic proteins 

 

 

1.1.2.5 Platelet Granules 

Considering platelet granules and organelles, platelet process secretary 

granules and mechanisms that serve these purpose by releasing additional 

stimulatory materials previously sequestered within the resting platelet, 

into the environment for developing a haemostatic or thrombotic mass. 

Two main secretary granules, the alpha granules and dense bodies, appear 

to be the main effectors with their highly reactive and readily available 

contents. The role of these other platelet granules (lysosomes, 
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peroxisomes) and organelles such as mitochondria is less dramatic than 

those of the alpha granules and dense bodies (Greer et al., 2004). 

1.1.2.6 Platelet Structure  

Under light microscopy, platelets appear as small, a nucleated fragments 

with occasional reddish granules, measuring approximately 2μm in 

diameter with a volume of approximately 8 fl. By scanning electron 

microscopy, circulating platelets appear as flat discs with smooth 

contours, rare spiny filopodia, and random openings of a channel system, 

the surface-connected canalicular system (SCCS), which invaginates 

throughout the platelet and is the conduit by which granule contents 

exocytose after stimulation. Platelets are roughly discoid shape and 

contain cytoplasmic organelles, cytoskeletal elements, invaginating open-

canalicular membrane systems, and platelet-specific granules called alpha 

and dense granules. Platelets have numerous intrinsic glycoproteins 

attached to the outer surface of their plasma membrane that are receptors 

for such ligands as fibrinogen, collagen, thrombin, and thrombospondin 

to von Willebrand factor and fibronectin (Randriamboavonjy and 

Fleming 2010). 

1.1.2.7 Platelet function  

The main function of platelets is the formation of mechanical plugs 

during the normal haemostatic response to vascular injury. In the absence 

of platelets spontaneous leakage of blood through small vessels may 

occur. Central to their function are platelets activation, adhesion, 

secretion, aggregation, fusion and procoagulant activity. Other functions 

for platelets are also known: stimulation of leucocytes to accumulate 

around the platelet plug; that is, they may release chemotactic substances, 

release of some vasoactive aminesand transportation of serotonin from 

sites of synthesis to other sites of function (Wekseler and Coupal 1973). 
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Fig. 1.1 Platelet picture (Zarbock; 2007) 

1.1.2.8 Platelet activation  

Physiologic stimuli that can activate platelets both in vivo and in vitro are 

amazingly diverse. Substances shown to produce this reaction include 

materials as diverse as proteolytic and structural proteins (such as 

thrombin and collagen), vasoactive material (such as serotonin and 

epinephrine), nucleotides (such as ADP), polypeptides hormones (such as 

vasopressin), and non-biologic surfaces (such as glass and latex 

particles). Other stimuli arise under pathologic conditions. Among these 

are antigen-antibody complexes or aggregated gamma globulins that react 

with an Fc receptor on human platelets and a complement receptor on 

rabbit platelets. The responses to these stimuli are initiated when the 

agonists bind to specific receptors on the plasma membrane (Randri 

amboavonjy and Fleming 2010).  

Platelets respond to a variety of substances by changing their shape, and 

then become sticky so that they aggregate if brought into contact by 

stirring, and finally secrete the contents (Holmsen et al., 2002). 

1.1.2.9 Platelet shape change 

Most stimuli cause a change in shape and this change involves first the 

formation of very fine pseudopodia (i.e., filopodia) from the rim of the 

disc, followed by a general "rounding up" of the platelet so that it 
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becomes a spiny sphere, often with much broader pseudopodia 

(Majumder B et al., 2012).Platelet shape change can be measured in vitro 

by flowcytometry or electron microscopy. Shape change with or without 

secretion causes the microtubule bundle that lies beneath the rim of the 

disk to become centralized and surround the platelet granules, which are 

consequently concentrated toward the center of the platelet 

(Randriamboavonjy and Fleming 2010).  

1.1.2.10 Platelet Adhesion  

The adhesion of platelets to the collagen exposed on endothelial cell 

surfaces is mediated by Von Willebrand factor (Tracy et al., 2001). 

The function of vWF is to act as a bridge between a specific glycoprotein 

on the surface of platelets (GPIb/IX) and collagen fibrils. In addition to 

its role as a bridge between platelets and exposed collagen on endothelial 

surfaces. Adhesion to this surface is associated with loss of granules (i.e., 

secretion), which is not inhibited by non-steroidal anti-inflammatory 

(NSAI) agents (Michiels et al., 2005). 

1.1.2.11 Platelet release reaction  

Collagen exposure or thrombin action results in the secretion of platelet 

granule content. The initial activation of platelets is induced by thrombin 

binding to specific receptors on the surface of platelets, thereby initiating 

a signal transduction cascade. The thrombin receptor is coupled to a G-

protein that, in turn, activates phospholipase C-g (PLC-g). PLC-g 

hydrolyzes phosphatidylinositol-4, 5-bisphosphate (PIP2) leading to the 

formation of inositol trisphosphate (IP3) and diacylglycerol (DAG). IP3 

induces the release of intracellular Ca2+ stores, and DAG activates protein 

kinase C (PKC) (Majumder B et al., 2012).The collagen to which 

platelets adhere as well as the release of intracellular Ca2+ leads to the 

activation of phospholipase A2 (PLA2), which then hydrolyzes membrane 

phospholipids, leading to liberation of Arachidonic acid (Theroux et al. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
http://www3.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=138720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
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2000). Arachidonic acid release leads to an increase in the production and 

subsequent release of thromboxane A2 (TXA2). TXA2 is a potent 

vasoconstrictor and inducer of platelet aggregation by lowering platelet 

cAMP. The release reaction is inhibited by substances which increase the 

levels of cAMP. One such substances, is the prostaglandin prostacyclin 

(PGI2) which is synthesized by vascular endothelial cells. It is a potent 

inhibitor of platelet aggregation and prevents their deposition on normal 

vascular endothelium (Newby et al., 2001).  

1.1.2.12 Platelet aggregation 

ADP, thrombin, serotonin, vasopressin, and epinephrine initiate 

aggregation within a few seconds. Fluid-phase calcium or magnesium is 

necessary for aggregation. In addition, fibrinogen is also required. With 

ADP or epinephrine, this protein must be present in the suspension 

medium, whereas with thrombin or collagen it is secreted from the alpha 

granules (Hou et al. 2015).  

Another enzyme activated by the released intracellular Ca2+ stores is 

myosin light chain kinase (MLCK). Activated MLCK phosphorylates the 

light chain of myosin which then interacts with actin, resulting in altered 

platelet morphology and motility. One of the many effects of PKC is the 

phosphorylation and activation of a specific 47,000-Dalton platelet 

protein. This activated protein induces the release of platelet granule 

contents; one of which is ADP. ADP further stimulates platelets 

increasing the overall activation cascade; it also modifies the platelet 

membrane in such a way as to allow fibrinogen to adhere to two platelet 

surface glycoproteins, GPIIb and GPIIIa, resulting in fibrinogen-induced 

platelet aggregation (Newby et al., 2001). 

 

 

 

http://www3.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=273800
http://www3.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=173470
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1.1.2.13 Platelet procoagulant activity  

Once platelet aggregates are formed, there is a tendency for the fibrin 

threads to be laid on them to form a clot. This process is facilitated by the 

platelets, possibly via more than one mechanism (Kamath et al., 2001). 

Phospholipids on the platelet membrane support the intrinsic pathway of 

coagulation, which results in the formation of thrombin from prothrombin 

by activated factor X. The platelet surface also prevents active 

coagulation factors from inactivation by their natural inhibitors. 

Considering platelet release reactions, platelet factor 4 looks to possess 

anti heparin activity, and fibrinogen that is released from platelet granules 

may potentially contribute further to the formation of the thrombus. Also, 

P-selectin expression could result in platelet–leukocyte interaction 

making fibrin deposition by the leukocytes to form thrombus (Palabrica et 

al., 1992). In summary the procoagualt activity of platelet called by 

platelets; the coagulation process is a complex series of enzymatic 

reactions involving the proteolytic activation of circulating coagulation 

factors (zymogens) and activity of cofactors (V, VIII), leading to 

production of thrombin which converts soluble plasma fibrinogen into 

fibrin. The fibrin enmeshes the platelet plug, forming a stable thrombus 

which prevents further blood loss from the damaged vessel (Cheesbrough 

et al., 2000).  

1.1.3 Platelet Indices 

Circulating platelets are very different in size, metabolism, and functional 

activity. Automated counters provide platelet counts and generate the 

MPV and a measure of their size variability (PDW). The great dispersion 

of platelet volumes (log-normal distribution) depends on the process of 

platelet production, by fragmentation of cytoplasm of megakaryocytes 

and pro platelet formation (Buttarello et al., 2008). Several investigators 

have used a series of platelet indices measured by hematology analyzers, 
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given the fact that platelet activation causes morphologic changes of 

platelets. Recently, platelet indices; MPV and PDW have been 

investigated as prospective platelet activation markers (Boos et al. ,2007). 

The present effort for finding simple and widely used platelet activation 

indices focused on the fact that platelet activation causes morphologic 

changes of platelets, including both the spherical shape and pseudopodia 

formation. Platelets with increased number and size of pseudopodia differ 

in size, possibly affecting PDW. MPV and especially PDW increase 

during platelet activation, as depicted by automated hematology 

analyzers. PDW seems to be a more specific indicator of platelet 

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

distention caused by platelet swelling. The combined use of MPV and 

PDW could predict activation of coagulation more efficiently (Vagdatl et 

al., 2010). 

1.1.3.1 Mean Platelet Volume (MPV) 

1.1.3.1.1Difinition 

The mean platelet volume is an indication of platelet size. Normal MPV 

ranges are approximately 7 to 11 fl (Corcoran and Marchant 2002).  

1.1.3.1.2 Clinical Value of MPV 

Thromboembolic diseases are among the major cause of mortality in 

developed countries. Early diagnosis of progressive activation of 

coagulation can help manage these diseases successfully. A significant 

list of reliable markers have been investigated recently, concerning 

activation of coagulation, such as prothrombin fragment, thrombin-

antithrombin complex (TAT), and platelet activation, such as β-

thromboglobulin (β-TG) or soluble platelet P-selectin1. However, 

laboratory measurement of these indices is laborious and expensive. 

Additionally, the above mentioned indices cannot be included in routine 

laboratory tests (Vagdatli et al., 2010). 
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The MPV can be an indication of platelet turnover because younger 

platelets tend to be larger. A spectrum of platelet sizes is seen in patients 

with rapid turnover (Corcoran and Marchant 2002). 

The Largest platelets are more reactive and release a greater quantity of 

thrombogenic factors as they contain more dense granules and produce 

more thromboxane A2.Increased MPV has been associated with greater 

in vitro aggregation in response to ADP and collagen. Platelet volume 

seems to be correlated with megakaryocyte ploidy as, the increase of 

MPV in conditions with increased platelet turnover is probably mediated 

by several cytokines (interleukins 6 and 11 and thrombopoietin) that 

affect megakaryocyte ploidy and result in the production of larger and 

more reactive platelets (Hou et al. 2015). Several experimental and 

clinical studies have demonstrated that platelet size and function correlate 

since large platelets are hemostatically more reactive than platelets of 

normal size. Elevated MPV levels have been identified as an independent 

risk factor for thrombotic diseases (Buttarello et al., 2007).  

1.1.3.1.3 Causes of raised MPV 

 MPV is significantly increased in: 

1. Idiopathic thrombocytopenic purpura.  

2. Bernard- Soulier disease.  

3.  May-Hegglin anomaly.  

1.1.3.1.4 Causes of low MPV 

      MPV is significantly decreased in:  

1. Aplastic anemia. 

2. Wiskott-Aldrich syndrome. 

3. Thrombocytopenia-absent radii (TAR).  

4. Storage Pool disease (Hou et al. 2015) 
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1.1.3.1.5 Influences of drugs on MPV 

Little is known about effects of various drugs on platelet size. Previous in 

vitro studies found no effect of aspirin on platelet size. Clinical data on a 

possible association of MPV with various platelet inhibitors in patients do 

not exist (Greisenegge et al., 2004). 

1.1.3.2 Platelet distribution width (PDW) 

The PDW can also be useful in differentiating reactive thrombocytosis 

from the essential type, especially when it is combined mathematically 

with the MPV and platelet count to obtain a discriminate function 

(Osselaer et al.,1997).PDW is also potentially useful marker for the early 

diagnosis of thromboembolic diseases and an increase in PDW due to 

platelet activation, resulting from platelet swelling and pseudopodia 

formation was hypothesized, however PDW is reported to be a more 

specific marker of platelet activation than MPV, since it does not increase 

during simple platelet swelling (Vagdatli et al.,2010). 

1.1.3.3 Platelet indices measurement 

The widespread availability of particle counters in the clinical laboratory 

now permits the accurate measurements of MPV, on a routine practice.  

MPV is included among other haematological parameters in some 

automated blood counters in which the blood cells are counted in systems 

based on either Aperture impedance(voltage –pulse) or light –scattering 

technology (electro–optical counting).The aperture impedance technology 

depends on the fact that red cells are poor conductors of electricity while 

certain diluents are good conductors, this difference form the basis of the 

counting system used in Beckman –coulter, Sysmex, Abbott, Roche and a 

number of other instruments (Greer et al.,2004). 
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1.1.3.3.1 Detection principle  

Blood sample is aspirated, measured to a predetermine volume, diluted at 

the specified ratio, then fed into each transducer. The transducer chamber 

has a minute hole called the aperture. On both side of the aperture, there 

are the electrodes between which flows direct current. Blood cells 

suspended in the diluted sample pass through the aperture, causing direct 

current resistance to change between the electrodes. As direct current 

resistance changes, the blood cell size is detected as electric pulses. Blood 

cell count is calculated by counting the pulses, and a histogram of blood 

cell sizes is plotted by determining the pulse sizes. Also, analysing a 

histogram makes it possible to obtain various analysis data (Greer et al., 

2004).  

1.1.3.3.2 Platelets discriminator 

As to platelet lower discriminator and upper discriminator, the optimum 

position 2 -6 fl and 12-30 fl, respectively, are automatically determined by 

microcomputer. Platelets are calculated from the particle counts between 

this lower discriminator and upper discriminator (approximately 2-30 fl) 

(Majumder B et al., 2012) 

1.1.3.3.3Platelet Histogram 

Platelet histogram is analysed using three discriminators: two 

discriminators (LD) and (UD) – determined automatically between 2 – 6 

fL and between 12 – 30 fL, respectively and fixed discriminator at 12 fL. 

Regarding platelet histogram, check is made to see that there are no 

relative frequency errors at discriminators (LD) and (UD), distribution 

width error, and there is a single peak. (Majumder B et al., 2012) 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
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1.1.3.3.2.2 Platelet distribution width DW  

PDW is the distribution width on 20% frequency level with the peak taken 

as 100%. The unit applied is fL (femto-liter = 10-15).  

 

 

 

 

 

 

 

Figure 1.2 Histogram of platelet size distribution and the definition of 

platelet size deviation width (PDW), and platelet-large cell ratio (P-

LCR). (Sysmex, 1998)1.1.3.3.2.3 Mean Platelet Volume   

     MPV is calculated by the following formula: 

MPV (fL) = PCT (%)         X 1000 

                 PLT(X103/µL) 

Where PCT (%) represents the value weighted with PLT frequency and is 

called platelet-crit or platelet volume ratio. It is calculated by PLT pulse 

height detection method.  

1.1.4 Normal Values of Platelets Indices  

Reference intervals (normal population reference ranges) were developed 

for the KX- 21N using normal individuals the ranges for each parameter -

-- PDW, MPV, P- LCR were determined and displayed in Table 

1.2(Sysmex 1998). 
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Table 1.2: Normal Population Reference Ranges (Sysmex 1998) 

Parameter Range for females Range for males   

PDW (fL) 9.4 – 18.1 9.8 – 18.0 

MPV (fL) 8.5 – 12.4 8.1 – 12.4 

Plts (X 103 /µL) 150-450 150-450 

1.1.5 Platelets as accelerators of atherothrombosis 

Abundant recent data support the concept of atherosclerosis as a chronic 

inflammatory disease. Vascular lesions leading to the exposure of ECM 

proteins such as vWF and collagen to the blood and platelet adhesion to 

the exposed matrix is considered to be the initial step in thrombus 

formation. Platelets adhere to vWF via the membrane adhesion receptor 

glycoprotein Ib/IX/V (GPIb/IX/V) and to collagen via GPVI (Nieswandt 

and Watson 2003).  

Platelets contribution to the process of atherosclerosis is explained by:  

 Platelets adhere to the arterial wall in vivo even in the 

absence of EC denudation.  

 Platelets adhere to predilection sites of atherosclerosis before 

lesions are detectable.  

Circulating activated platelets and platelet–leukocyte/monocyte 

aggregates promote formation of atherosclerotic lesions (Huo et al., 

2003).  

Platelet activation has been reported for a variety of atherosclerotic 

diseases; such as coronary artery disease and transplant vasculopathy. 

Enhanced systemic platelet activation correlates with progression of 

intima media thickness of the carotid artery in type 2 diabetes (Fateh et 

al., 2005). 
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1.1.6 -Endothelial dysfunction mediates CVD in type II DM 

In patients with type II DM, the major cause of mortality and morbidity is 

CVD and in the increased CVD risk found in persons with diabetes, 

dysfunction of the vascular endothelium plays an important role. 

Alterations in the vascular endothelium linked to diabetes that contribute 

to endothelial dysfunction include elevated expression and plasma levels 

of vasoconstrictors such as angiotensin II and endothelin-1, increased 

expression of adhesion molecules and associated enhanced adhesion of 

platelets and monocytes to vascular endothelium, plus impairment of NO 

release and reduced NO responsiveness (Sowers et al.,2001). 

1.1.7 Platelet alterations in diabetes mellitus 

The abnormal metabolic state that accompanies diabetes renders arteries 

susceptible to atherosclerosis by altering the functional properties of 

multiple cell types, including endothelium and platelets (Eibl et al., 

2004).  

1.1.7.1 Increased reactivity and adhesion 

Increased platelet reactivity and adhesion are reported in DM and 

induction of hyperglycemia and hyper-insulinemia in healthy subjects 

without diabetes increases platelet reactivity. Also, improved glycemic 

control has been associated with decreased platelet reactivity (Eibl et al., 

2004).  

Hyperglycemia can increase platelet reactivity by inducing non enzymatic 

glycation of proteins on the surface of the platelet and such glycation 

decreases membrane fluidity and increases the propensity of platelets to 

activation (Schneider et al., 2009).  

Osmotic effect of glucose is a second mechanism by which 

hyperglycemia can increase platelet reactivity. People with diabetes 

exhibit increased expression of the surface glycoproteins Ib and IIb/IIIa 

(Schneider et al., 2009). 

http://hyper.ahajournals.org/search?author1=James+R.+Sowers&sortspec=date&submit=Submit
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1.1.7.2 Amplified agonist-receptor coupling 

 “Primed” diabetic platelets respond more frequently even to sub 

threshold stimuli, sooner become exhausted, and thus contributing to 

accelerated thrombopoiesis and release of 'fresh' hyperactive platelets. In 

diabetes disturbed carbohydrate and lipid metabolism may lead to 

physicochemical changes in cell membrane dynamics, and consequently 

result in altered exposure of surface membrane receptors. Also, 

spontaneous aggregation (i.e., the formation of small-sized aggregates in 

the absence of agonist stimulation) occurs at a high rate in platelets from 

NIDDM patients (Schneider et al., 2009).  

1.1.7.3 Increased capacity for prostanoid generation 

Platelets obtained from diabetic patients possess increased activity of the 

prostaglandin syntheses system, and this characteristic may be related to 

the increased platelet aggregation associated with the disease (Kiritoshi et 

al. 2003). 

1.1.7.4 Decreased capacity for nitric oxide (NO-) generation 

Nitric oxide (NO) has been shown to have important anti-platelet actions 

as well as vascular mediator,  By activating guanylyl cyclase, inhibiting 

phosphoinositide 3-kinase, impairing capacitive calcium influx, and 

inhibiting cyclooxygenase-1, endothelial NO limits platelet activation, 

adhesion, and aggregation. Platelets are also an important source of NO, 

and this platelet-derived NO pool limits recruitment of platelets to the 

platelet-rich thrombus. A deficiency of bioactive NO is associated with 

arterial thrombosis in animal models, individuals with endothelial 

dysfunction, and patients with a deficiency of the extracellular 

antioxidant enzyme glutathione peroxidase-3. This enzyme catalyzes the 

reduction of hydrogen and lipid peroxides, which limits the availability of 

these reactive oxygen species to react with and inactivate NO. The 

complex biochemical reactions that underlie the function and inactivation 

https://www.google.ae/search?espv=2&biw=1920&bih=896&q=prostaglandin+synthase&sa=X&ved=0ahUKEwj9jpXS4MfOAhXMCsAKHRrdCm0Q7xYIFygA
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of NO in the vasculature represent an important set of targets for 

therapeutic intervention for the prevention and treatment of arterial 

thrombotic disorders (Bitar et al., 2005). 

1.1.7.5 Enhanced generation of reactive oxygen species 

Reactive oxygen species (ROS) influence many physiological processes 

including host defense, hormone biosynthesis, fertilization, and cellular 

signaling. Increased ROS production (termed “oxidative stress”) has been 

implicated in various pathologies, such as diabetes. ROS plays a 

physiological role in the regulation of endothelial function and vascular 

tone and a pathophysiological role in endothelial dysfunction, 

inflammation, hypertrophy, apoptosis, migration, fibrosis, angiogenesis, 

and rarefaction, important processes underlying cardiovascular and renal 

remodeling in hypertension and diabetes(Kiritoshi et al. 2003).  

1.1.7.6 Resistance to NO- and prostacyclin 

Loss of sensitivity to the normal restraints exercised by prostacyclin 

(PGI2) and nitric oxide (NO) generated by the vascular endothelium 

presents as the major defect in platelet function. Insulin is a natural 

antagonist of platelet hyperactivity. It sensitizes the platelet to PGI2 and 

enhances endothelial generation of PGI2 and NO. Thus, the defects in 

insulin action in diabetes create a milieu of disordered platelet activity 

conducive to macrovascular and microvascular events (Gödecke et al., 

2002). 

1.1.7.7 Increased cytosolic calcium mobilization 

Diabetes and is associated with abnormal platelet calcium homeostasis 

and this may be due to an attenuated negative direct or indirect feedback 

control by nitric oxide, due to its reduced production in DM (Bitar et 

al.,2005). 
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1.1.7.8 Increased α-granule content with concomitantly increased 

release 

Both platelet factor 4 and beta-thromboglobulin are elevated in DM and 

this deviation could be regarded as indicator of an additional risk for the 

development of vascular complications in DM (Suslova et al.2014). 

1.1.7.9 Increased platelet volume 

Increased functional properties of diabetic platelets might be already 

conditioned during thrombopoiesis in the stem cell system as a consistent, 

significant shift of the volume distribution to larger platelets was found in 

diabetics (Suslova et al.2014). 

1.1.7.10 Increased numbers of glycoprotein receptors GPIb and 

GPIIb/IIIa 

The number of glycoprotein (GP) GPIB and GPIIB/IIIA molecules that 

could be determined on resting, peripheral platelets by means of 

flowcytometry after immune-staining with monoclonal antibodies are 

elevated in diabetic patients (Suslova et al.2014). 

1.1.7.11 Increased membrane protein glycation 

Hyperglycemia contributes to greater platelet reactivity through direct 

effects and by promoting glycation of platelet proteins. The relationship 

of non-enzymaticglycation of platelet proteins to altered platelet function 

was shown in diabetic patients. Platelets isolated from diabetic patients 

were glycated to a greater extent than those isolated from non-diabetic 

controls (Schneider et al., 2009).  

1.1.7.12 Altered membrane fluidity 

Platelets from diabetic patients showed an increased fluidity and micro 

heterogeneity of the platelet membrane, a higher Ca2+-ATPase activity, 

and a reduced Na+-K+-ATPase activity in comparison with platelets from 

healthy subjects(Bitar et al.,2005).  
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1.1.7.13 Increased binding of adhesive RGD-protein ligands (e.g. 

fibrinogen) 

Platelets from diabetics are known to be more sensitive to aggregating 

agents and to produce more prostaglandins and thromboxane than 

platelets from normal subjects. The increased fibrinogen binding and 

aggregation of platelets from diabetic subjects in response to ADP or 

collagen is mediated by increased formation of prostaglandin Endo-

peroxide or thromboxane A2, or both (Kiritoshi et al. 2003). 

1.1.7.14 Increased content and release of plasminogen activator 

inhibitor-1 

Platelet plasminogen activator inhibitor 1 (PAI-1) concentration is higher 

in type II diabetic patients and it may contribute to enhanced thrombosis 

in type II diabetes (Schneider et al., 2009).  
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1.2. Previous Studies 

(Kodiatte et al.,2012) determined the MPV in diabetics compared to non-

diabetics, to see if there is a difference in MPV between diabetics with 

and without vascular complications, and to determine the correlation of 

MPV with glycosylated hemoglobin (HbA1c) and duration of diabetes in 

the diabetic patients. They found that the mean platelet counts and MPV 

were higher in diabetics compared to the non-diabetic subjects [277.46 ± 

81 X 109/l vs. 269.79 ± 78 X 109/l (P= 0.256)], 8.29 ± 0.74 fl versus 

7.47 ± 0.73 fl (P= 0.001), respectively. MPV showed a strong positive 

correlation with fasting blood glucose (FBG) and HbA1C levels 

(P=0.001).They concluded that elevated MPV could be either the cause 

for or due to the effect of the vascular complications. Hence, platelets 

may play a role and MPV can be used as a simple parameter to assess the 

vascular events in diabetes. 

(Papanas et al.,2004) investigated MPV in type 2 DM and evaluated its 

associations to diabetic complications. They found that MPV was 

significantly higher (P = 0.01) in diabetics (14.2 +/- 2.2 fl) than in non-

diabetics (7.1 +/- 1.2 fl). Among diabetic they found that no association 

was found between MPV and age, gender, duration of diabetes and 

HbA1c.  Among type 2 diabetic patients MPV is higher in those who 

have micro-vascular complications. 

(Akinsegun et al., 2014) in Nigeria conducted an unmatched case-control 

study involving 200 participants consisting of 100 diabetics and 100 non-

diabetic controls. Four and half milliliters of blood were collected from 

diabetics and non-diabetic controls into EDTA anticoagulant tubes. Full 

blood count was performed using the Sysmex KN-21N, (manufactured by 

Sysmex corporation Kobe, Japan) a three- part auto analyzer able to run 

19 parameters per sample including platelet counts and mean platelet 

volume. The mean fasting blood sugar for the diabetics was 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kodiatte%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Papanas%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
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147.85±72.54 mg/dl and the controls 95.20±30.10 mg/dl. The mean 

platelet count for the diabetics was 235.29±76.81 X 109/L and controls, 

211.32±66.44 X 109/L. The mean platelet volume, for the diabetics was 

8.69±0.67 fl and the controls, 8.91±0.80 fl. There was a statistically 

significant difference in platelet counts of diabetics and healthy controls 

(p=0.038) while none existed between the mean platelet volume in 

diabetics and healthy controls (p = 0.593). This study revealed a higher 

mean platelet count for diabetics on treatment than for non-diabetic 

controls while mean platelet volume was lower in cases than controls. 

However, both parameters in diabetics on treatment were within the 

normal reference range for healthy individuals. 

Sharpe and Trinick, (1993) measured MPV in patients with diabetes 

mellitus, compared with MPV in non-diabetic control subjects. Mean 

MPV was significantly increased in the diabetic subjects (8.9 +/- 0.07 fL, 

mean +/- SEM) compared with non-diabetic subjects (8.0 +/- 0.05) (p < 

0.001). They reported that since platelet size is a determinant of platelet 

function, with larger platelets being more reactive per unit volume, they 

believe platelets may play a part in the micro- and macro-vascular 

complications of diabetes mellitus. 

In Sudan Hamza et al.,(2013) determine plasma fibrinogen level, 

platelet count and mean platelet volume (MPV) of diabetic patients (type 

2) with retinopathy, 32 were males and 18 were females 150 were 

enrolled in the study with age ranged between 40-69 years, 50 of them 

were diabetic patients with retinopathy, mean age 52.7 ± 7.5 years, 50 

were type 2 diabetes mellitus patients with mean age of 54.8 ± 8.5 years 

and 50 were non diabetic apparently healthy subjects with mean age was 

and 53.3 ± 7.9 years. Five ml venous blood was collected from each 

participant. They found that Plasma fibrinogen level and MPV were 

elevated in diabetic patients with retinopathy compared to diabetic 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sharpe%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=8265775
http://www.ncbi.nlm.nih.gov/pubmed?term=Trinick%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8265775
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patients and control subjects. Elevated fibrinogen plasma level and MPV 

reflects hypercoagulability associated with diabetic retinopathy 

irrespective of diabetes mellitus onset. Further studies are needed to 

confirm the current 
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1.3 Justification 

Type 2 Diabetes mellitus is a global public health crisis that threatens the 

economies of all nations, particularly developing countries. CVDs are the 

major causes of mortality in persons with diabetes. Platelets hyper 

activation in type II DM is believed to play an important role in the 

development of CVD in Type 2 Diabetes mellitus. Recent advances in 

diagnostics have established MPV and PDW are considered as platelet 

activation markers. In this study we aimed to study platelets status in 

Type 2 Diabetes mellitus using platelet indices as markers of activation. 

The study correlates of platelets activation with the duration of Type 2 

Diabetes mellitus, diabetes control status and the presence of CVD. The 

results may have practical clinical applications in risk stratification and 

targeting of prevention and management therapy for patients with Type 2 

Diabetes mellitus. 
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1.4 Objectives of the study  

 

1.4.1 General objective  

To assess Platelet Indices of Sudanese Patients with Type II Diabetes 

Mellitus 

 

1.4.2 Specific objectives 

1. To correlate platelet indices (platelet count, MPV and PDW)in type II 

diabetic patients according to the  duration of type II DM compared to 

control  

2. To determinate possible association between platelet indices with 

presence of CVD and Diabetic duration 

3. To correlate platelet indices with the control status in type II diabetic 

patients 

4. To correlate platelet indices of diabetic patients with age and gender. 
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CHAPTER TWO 

Materials and Methods 

2.1 Study design   

This was a prospective and analytical case-control study.  

2.2 Study area  

This study was conducted in Khartoum Sudan, during the period from 

May to November 2015, in Fedail Specialized hospital.  

2.3 Study population 

100 Sudanese patients with Type2 DM diagnosed according to WHO 

criteria, 50 of them have cardiovascular complications (neuropathy, 

myopathy and nephropathy) their age ranged between 40 and 70 and 

gender- matched 100 healthy individuals were included in this study. 

2.3.1 Inclusion criteria: 

Sudanese patients with Type2 DM. Both males and females were 

enrolled. 

Age ranged between 40 and 70 years. 

2.3.2 Exclusion criteria 

 Subjects below 40 years and those above 70 years old. 

 Patients with autoimmune disorders. Patients on medication that 

affect platelet functions 

 . None of the patients of was diagnosed as type 1 DM and 

participant with no history for a drug interfering with platelet 

activation. 
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2.4 Sampling 

2.4.1 Data collection 

The data was collected using a direct interviewing questionnaire. Medical 

information was collected from the patients with help of the physicians. 

The questionnaire was used to collect data regarding name, age, gender, 

residence, duration of diabetes, presence of CVD complications, history 

of systemic diseases and medication (Appendix I). 

2.4.2 Collection of blood sample 

Five ml venous blood was collected from each enrolled subject each 

blood sample was divided into three parts: one part was collected in 

EDTA anti-coagulated container for full blood count parameters and 

HbA1c. 

Gentle mixing of the anti-coagulated specimens was achieved to avoid 

hemolysis, clotting or platelet aggregation. A thin blood film was made 

immediately from EDTA container after collection. 

2.5 Tests Applied 

2.5.1 Measurement of platelet indices and platelet count 

MPV and platelet count were measured using a Sysmex KX N21 

autoanalyzer that uses aperture-impedance technology to size platelets on 

the red blood cell/platelet channel that produces the following 

parameters: PLT (109/L), MPV (fL), and PDW [calculated as (σ × 100) 

(fL)/MPV (fL) after log transformation of the MPV]. In addition to this, 

cells are hydrodynamically focused through a small aperture, and a 

voltage pulse is generated that is proportional in size to the volume of the 

cell. Mobile "auto discriminators" distinguishes between machine noise at 

the lower end and red blood cells at the upper end of each individual 

platelet volume distribution. MPV is calculated by the following formula: 

MPV (fL) =platelet crit (Pct) (%) x1000÷Plt (x103/µL), where platelet is 

the platelet count and is the number of particles between the upper and 
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lower discriminators, Pct is calculated electronically from the raw 

histogram data. 

Complete blood count including platelet indices was measured within 1 

hour of collection to minimize variations due to sample aging. The 

complete blood count including platelet indices was performed following 

manufacturer instructions as follow:  

The whole blood mode (WB) was selected to analyze the whole blood 

sample without pre-dilution. The sample number was entered before each 

sample. This procedure was followed: 

 A well-mixed anti-coagulated sample was set to the sample probe, 

and the start switch was pressed till the aspirating process was 

finished. (Volume aspirated approx. 50mL). 

 The sample was removed straight down and the sample probe was 

automatically cleaned. 

 The aspirated sample was then automatically suspended into the 

different detector blocks and different parameters were measured. 

 The results of parameters were then viewed on the screen and 

subsequently printed out. 

2.5.2 Microscopic Examination of Thin Blood Film  

The well spread thin blood films that were made immediately after 

collection was stained as follows: 

- Films were left to dry. 

- After drying well they were covered by Leishman stain for 3 minutes. 

- Then double volume of Leishman buffer (pH = 6.8) was add and left for 

further 7 minutes. 

- The slides were washed under tap water. 

- The films were then wiped clean on the other side, and left to dry. 

- Lastly the well –spread, stained and dried blood films were examined 

microscopically using X 100 objective lens. Any specimen showed 
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fragment of RBCs or other blood cells or aggregated platelet was 

excluded.  

2.5.3 HbA1c:  

HbA1c was measured using chromatography methods (Appendix IV).The 

diabetic patients was divided into two groups according to the HbA1c 

levels into well controlled group (HbA1c< 6.5%) and insufficiently 

controlled group (HbA1c> 6.5%) (Appendix IV): 

 20 µl of well mixed blood was added to 1 ml of hemolysis solution. 

 Then the test was programmed and performed by automated 

procedure in Hitachi (Roche-Germany). 

2.6 Ethical clearance  

 This study was ethically approved by the committee of the College 

of Medical Laboratory Sciences, Sudan University of Science and 

Technology. Verbal consent was obtained from each participant 

before blood sample collection.   

2.6 Statistical analysis 

The statistical analysis of the results was performed by using the 

Statistical Package for Social Sciences (SPSS) version 15.0 (SPSS Inc., 

Chicago, IL, USA) for windows version 10 using T-test for testing 

difference significance and Pearson correlation test (r value as the 

coefficient). P value < 0.05 was considered statistically significant. 
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Chapter three 

Results 

3.1 The baseline characteristics of study subjects  

This study included 100 patients with type II DM and 100 control 

subjects.   

The diabetic group was composed of 52 (52%) males and 48 (48%) 

females and the control group was composed of 55 (55%) males and 45 

(45%) females. The mean age of diabetic patients was 52.9 ± 11.2 (years) 

and the mean age of the control group was 48.3 ± 13.3 (years).This study 

showed that 50 (50%) diabetic patients had CVD. Diabetic patients were 

divided into three groups according to the duration of DM > 10 years: 30 

(30%), 10-20 years: 38 (38%) and > 20: 32 (32%). According to control 

status according to HbA1c values, 57 (57%) were well controlled patients 

while 43(43 %) were controlled poorly controlled (Table 3.1) 

Table 3.1 Demographic data of cases and control  

Parameter Study Group (n=200) P. Value 

Cases (n =100) 

Mean ± SD 

Control (n =100) 

Mean ± SD 

Age (Years) 52.9 ± 11.2 48.3 ± 13.3 0.84 

gender Male 52, female 48 Male 55, female 45 0.79 

CVD 50% - - 

Well controlled 57% - - 
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Platelet indices were compared between diabetics and non-diabetics as 

well as between CVD complicated versus CVD non-complicated 

diabetics. The associations of Platelet indices with duration of DM and 

with control status judged by HbA1c were also studied.  

The platelet counts in diabetics were insignificant than in non-diabetics. 

This difference was statistically insignificant (were 292.0 X 103/µL and 

280 X 103/µL, P = 0.113).The mean values of MPV and PDW were 

significantly higher in diabetics compared to non-diabetics, (10.2 vs. 9.3 

(fl), P= 0.005) (11.9 vs. 10.5 (%), (P= 0.009), respectively. Table 3.2. 

Table 3.2 Comparison between Platelet Indices in case and control 

groups  

Parameter Study Group (n=200) P. value 

Cases (n =100) 

Mean ± SD 

Control (n =100) 

Mean ± SD 

MPV (fl) 10.2 ± SD 9.3± SD 0.005 

PDW (%) 11.9 ± SD 10.5± SD 0.009 

/µL)3Plts (X 10 292.0± SD 280± SD 0.113 

 

MPV and PDW values were significantly higher in patients with CVD 

complicated diabetics versus diabetics without CVD, (10.8 (fl) vs. 9.6 

(fl), P = 0.002) (12.1(%) vs. 11.5 (%), (P=0.020), respectively (Table 

3.3). 
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No significant difference was seen in values of platelet count in CVD 

complicated diabetics versus diabetics without CVD (mean 296.0 X103 

/µL vs. 288.0 X103 /µL, P = 0.119). The platelet indices values were 

significantly raised with longer duration of Type 2DM. 

Table 3.3 Associations of platelet indices with cardiovascular disease 

among the diabetic group.   

 Patients P value 

Parameters With CVD Without CVD  

MPV (fl) 10.8± SD 9.6± SD 0.002 

PDW (%) 12.1± SD 11.5± SD 0.020 

/µL)3Plts (X 10 296.0± SD 288.0± SD 0.119 

Control status of diabetes was not associated with platelet count (296.0 X 

103/ µL vs. 288.0 X 103/ µL, P = 1.21). There is no difference in mean 

values of MPV and PDW between patients with HbA1c< 6.5% and those 

with HbA1c> 6.5%, (10.0 (fl) vs.10.4 (fl), (P = 0.79) (11.7 (%) vs. 12.1 

(%), (P =0.51) respectively. Table 3.4 

Table 3.4 Associations of platelet indices with control status 

according to HbA1c among the diabetic group.  

 Patients P value 

 Well controlled 

(HbA1c< 6.5%) 

Poorly controlled 

(HbA1c> 6.5%) 

 

MPV (fl) 10.0± SD 10.4± SD 0.79 

PDW (%) 11.7± SD 12.1± SD 0.51 

/µL)3Plts (X 10 288.0 ± SD 296± SD 1.21 
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The platelets, MPV and PDW were significantly raised with longer 

duration of type II DM. The p. value for platelet count MPV and PDW, 

(P=0.070), (P=0.002) and (P=0.020) respectively, table 3.5 

Table 3.5 Associations of platelet indices with duration of type II DM 

among the case group 

 Patients P value 

Parameters < 10 years 10-20 years <20 years  

MPV (fl) 9.3± SD 10.3± SD 11± SD 0.002 

PDW (%) 10.7± SD 11.3± SD 12.7± SD 0.020 

Plts 278 ± SD 284± SD 294± SD 0.070 

 

There was no significant difference between platelet count, MPV and 

PDW count in all studied males compared to females. (P = 0.979) and (P 

= 0.882) respectively.  

Table 3.6 showed no association was between gender and platelet count 

(P = 1.11), MPV (P = 0.95) and PDW (P = 0.99).  

Table 3.6 Platelet Indices of type II diabetic patients according to 

gender 

Parameter Study Group (n=200) P. value 

Male Female 

MPV (fl) 9.8± SD 9.7± SD 0.95 

PDW (%) 11.0 ± SD 11.4± SD 0.99 

/µL)3Plts (X 10 286± SD 284± SD 1.11 
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CHAPTER FOUR 

Discussion, conclusion and recommendation 

4.1 Discussion 

In this study, higher significant levels of MPV and PDW but not platelet 

count were also associated with the presence of CVD in patients with 

type II DM. This finding is in agreement with previous by (Papanas et al., 

2004, Kodiatte et al., 2012).  

Significant higher levels of MPV and PDW but not for platelet count 

were found among diabetic patients with CVD compared to CVD non 

complicated diabetics and this is consistent with the previous studies 

(Sharpe and Trinick). MPV is positively associated with the indicators of 

platelet activity, thrombocyte aggregation, and the release of 

thromboxane A2, platelet factor 4, and b-Thromboglobulin (Sharp et al., 

1995) 

No association between platelet count, MPV or PDW with poor or 

sufficient diabetic controls. This is in agreement with a previous study 

(Papanas et al., 2004). Previous study found elevation of MPV with poor 

control (Demirtunc et al., 2009).  

Significant increase in MPV and PDW levels were found to be associated 

with Type 2DM; however there is no statistically significant difference 

between platelet count in diabetics and non-diabetic subjects. These 

results are in agreement with the results of previous studies (Jindal et 
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al.,2011, Citirik et al.,2015; Hekimsoy et al.,2004; Yilmaz and Yilmaz et 

al.,2016).  

In this study, the longer duration (those with duration more than 20 years 

have highest platelet count which is significant MPV and PDW, those 

between 20 and 10 years have higher values than those with duration 

below 10 years) of diabetes was also found to be a significant factor for 

platelet activation. Longer DM duration more than 10 year because of the 

effect of glycemic control and duration of diabetes on platelet parameter 

was associated with more elevation of platelet count, MPV and PDW. 

Longer DM duration gives more chance for CVD to occur. This is in 

agreement with the previous study (Kodiatte et al., 2012, Unubol et al., 

2012). 

No associations were found between age and gender with platelet indices 

and this is in accordance with previous study. This is in accordance with 

previous studies (Kodiatte et al., 2012; Papanas et al., 2004).  
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4.2 Conclusions 

1. CVD complicated type II DM is associated with platelet 

hyperactivity. This not related to reduced or sufficient glycemic 

control. 

2. Platelets in type II DM are activated as evidenced by platelet 

indices. 

3. Duration of type II DM was directly correlated to platelet hyper 

activation in type II DM. 

4. There was no association between gender and platelet indices in 

type II DM. 
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4.3Recommendations  

1. The values of platelet indices should be reviewed as routine to prevent 

development of CVD. 

2. Platelet function using standards methods should be used platelet 

induced aggregation tests and flocytometry method with platelet indices 

should be investigated among type II DM. 

3. Large studies needed to determine the contribution of platelet hyper 

activation to each type of CVD, e.g. nephropathy, retinopathy, and 

neuropathy is needed and using large sample size. 

 

 

 

 

 

 

 

 

 

 

 



43 

 

 

  

Reference 



44 

 

References 

Akinsegun A, Olusola D, Sarah J, Olajumoke O, Adewumi A, Majeed O, 

Anthonia O, Ebele U, Olaitan O, Olanrewaju A and Kingsley A (2014). 

Mean platelet volume and platelet counts in type 2 Diabetes: Mellitus on 

treatment and non-diabetic mellitus controls in Lagos, Nigeria. Pan Afr 

Med J, 18: 42. 

 

Bishop M.L, Duben-Engelkrik JL and Fody EP. (2000). Clinical 

Chemistry: Principles, Procedures, and Correlations. 4th edition. 

Lippincott Williams and Wiklins: Philadelphia, London, New York, 

Tokyo, Hong Kong, 220, 222, 223. 

  

Bitar MS, Wahid S, Mustafa S, Al-Saleh E, Dhaunsi GS and Al-MullaF 

(2005).Nitric oxide dynamics and endothelial dysfunction in type II 

model of genetic diabetes. Eur J Pharmacol, 511(1):53-64. 

 

Blair P and Flaumenhaft R (2009). Platelet α–granules. Basic biology 

and clinical correlates. Blood Rev, 23(4): 177–189. 

 

Boos CJ, Beevers GD and Lip GY (2007). Assessment of platelet 

activation indices using the ADVIATM 120 amongst ‘high-risk’ patients 

with hypertension. Ann Med, 39 (1): 72-78. 

 

Buttarello M and Plebani M (2008). Automated Blood Cell Counts. Am 

J ClinPathol, 130: 104-116. 

 

Buttarello M, Lapolla A and Temporin V (2007). Is the platelet size 

actually index of vascular complications in patients with type 2 diabetes. 

ClinChem Lab Med, 45: A148. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Bitar%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahid%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/pubmed?term=Mustafa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Saleh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/pubmed?term=Dhaunsi%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Mulla%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15777779
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Blair%2BP%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Flaumenhaft%2BR%5bauth%5d
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19450911


45 

 

Cheesbrough Monica (2000). District Laboratory Practice in Tropical 

Countries, Part 2. 4th? Edition, Cambridge, Cambridge University Press, 

341. 

 

Colwell JA and Nesto R.W (2003). Focus on prevention of ischemic 

events. Diabetes Care, 26: 2181–2188. 

 

Corcoran G and Marchant K K (2002) Chasing after the causes of 

platelet disorders. Archives of Pathology & Laboratory Medicine, 

126:133-146. 

 

Citirik M, Beyazyildiz E, Simsek M Beyazyildiz O and Haznedaroglu IC 

(2015). MPV may reflect subcinical platelet activation in diabetic patients 

with and without diabetic retinopathy.Eye (Lond), 29(3):376-9. 

 

Demirtunc R, Duman D, Basar M, Bilgi M, Teomete M and Garip 

T(2009). The relationship between glycemic control and platelet activity 

in type 2 diabetes mellitus.J Diabetes Complications, 23(2):89-94. 

 

Fateh-Moghadam S1, Li Z, Ersel S, Reuter T, Htun P, Plöckinger U, 

Bocksch W, Dietz R and Gawaz M (2005). Platelet degranulation is 

associated with progression of intima-media thickness of the common 

carotid artery in patients with diabetes mellitus type 2. Arterioscler. 

Thromb. Vasc. Biol, 25:1299–1303.  

 

 



46 

 

Gödecke A, Ziegler M, Ding Z and Schrader J (2002) .Endothelial 

dysfunction of coronary resistance vessels in apoE-/- mice involves NO 

but not prostacyclin-dependent mechanisms. Cardiovasc Res53 (1):253-62. 

 

Greer JP, Forester J, Lukens J N and Rodgers G. M (2004). Wintrobe s 

Clinical Haematology. 11th edition. Lippincott Williams and Wiklins: 

Philadelphia, London, New York, Tokyo, Hong Kong, 619,620.  

 

Gresele P, Guglielmini G, De Angelis M, Ciferri S, Ciofetta M, Falcinelli 

E, Lalli C, Ciabattoni G, Davì G and Bolli GB (2003). Acute, short-term 

hyperglycemia enhances shear stress-induced platelet activation in 

patients with type II diabetes mellitus. JACC, 41(6):1013-1020. 

 

Greisenegger S1, Endler G, Hsieh K, Tentschert S, Mannhalter C and 

Lalouschek W (2004). Is elevated mean platelet volume associated with a 

worse outcome in patients with acute ischemic cerebrovascular events? 

Stroke, 35:1688-1691. 

 

Hartge MM, Unger T and KintscherU (2007).The endothelium and 

vascular inflammation in diabetes. Diabetes Vasc Dis Res, 4:84–8 

 

Hekimsoy Z, Payzin B, Ornek T and KandoğanG(2004). Mean 

plateletvolume in Type 2 diabetic patients.J Diabetes Complications, 

18(3):173-6. 

Hoffbrand A, Petti J and Moss P (2001). Essential Haematology. 4th 

edition. Londan: Black well, 236-247 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B6decke%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11744035
http://www.ncbi.nlm.nih.gov/pubmed?term=Ziegler%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11744035
http://www.ncbi.nlm.nih.gov/pubmed?term=Ding%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11744035
http://www.ncbi.nlm.nih.gov/pubmed?term=Schrader%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11744035


47 

 

Huo Y, Schober A, Forlow SB, Smith DF, Hyman MC, Jung S, Littman 

DR, Weber C and Ley K (2003). Circulating activated platelets 

exacerbate atherosclerosis in mice deficient in apolipoprotein.E. Nat. 

Med, 9:61–67.  

 

 

Hou Y, Carrim N, Wang Y and Gallant RC (2015). Platelets in 

hemostasis and thrombosis: Novel mechanisms of fibrinogen-independent 

platelet aggregation and fibronectin-mediated protein wave of hemostasis. 

J Biomed Res, 29(6): 437–444 . 

 

Jindal S, Gupta S, Gupta R, Kakkar A, Singh HV, Gupta K and Singh 

S)2011).  Platelet indices in diabetes mellitus: indicators of diabetic 

microvascularComplications.H, 16(2):86-9. 

 

Kamath S, Blann A and Lip G (2001). Platelet activation: assessment 

and quantification.EHJ, 22, 1561–1571.  

 

Kiritoshi S, Nishikawa T, Sonoda K, Kukidome D, Senokuchi T, Matsuo 

T, Matsumura T, Tokunaga H, Brownlee M and Araki E (2003). Reactive 

oxygen species from mitochondria induce cyclooxygenase-2 gene 

expression in human mesangial cells: potential role in diabetic 

nephropathy.Diabetes, 52(10):2570-7. 

 

Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M, Lingaiah 

HK and Lakshmaiah V (2012). Mean platelet volume in Type 2 diabetes 

mellitus. J Lab Physicians, 4(1):5-9.  

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kodiatte%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Manikyam%20UK%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Jagadish%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Reddy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Lingaiah%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Lingaiah%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed?term=Lakshmaiah%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22923915
http://www.ncbi.nlm.nih.gov/pubmed/22923915


48 

 

Eibl N, Krugluger W, Streit G, Schrattbauer K, Hopmeier P and 

Schernthaner G (2004). Improved metabolic control decreases platelet 

activation markers in patients with type-2 diabetes. Eur J Clin Invest, 34: 

205–209. 

Majumder B, North J, Mavroudis C, Rakhit R and Lowdell MW(2012). 

Improved accuracy and reproducibility of enumeration of platelet-

monocyte complexes through use of doublet-discriminator 

strategy.Cytometry B ClinCytom, 82(6):353-9.  

 

Michiels J, Gadisseur A, Budde U, Berneman Z, van der Planken M, 

Schroyens W, van de Velde A and van Vliet H (2005). Characterization, 

classification, and treatment of von Willebrand diseases: a critical 

appraisal of the literature and personal experiences. PubMed, 31(5):577-

601. 

 

Mitchell R.N, Kumar V and Abbas A (2006). Pathologic Basis of 

Disease. 7th edition. Elsevier Inc, Philadelphia; 583. 

 

Nash G, Turner L, Scully M and Kakkar A (2002). Platelets and cancer. 

The Lancet Oncology, 3, (7):425-430. 

 

Peerschke EB (1992). Platelet membrane glycoproteins: functional 

characterization and clinical applications. Am J ClinPathol, 98:455- 463. 

 

Newby L, Ohman E, Christenson R, Moliterno D, Harrington R, White 

H, Armstrong P, Van De Werf F, Pfisterer M, Hasselblad V, Califf RM 

and Topol EJ (2001). Benefit of glycoprotein IIb/IIIa inhibition in 

patients with acute coronary syndromes and troponin T–positive status: 

the PARAGON-B troponin T substudy. Circulation, 103, 2891–2896 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/?term=North%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mavroudis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rakhit%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lowdell%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=22915375
https://www.ncbi.nlm.nih.gov/pubmed/22915375


49 

 

Nieswandt B and Watson S (2003). Platelet-collagen interaction: is GPVI 

the central receptor? Blood, 102:449–461. 

 

Ostenson C (2001). The pathophysiology of type II diabetes mellitus: An 

over view. ActaPhysiolScand, 171:241-247  

 

Palabrica T, Lobb R, Furie BC, Aronovitz M, Benjamin C, Hsu YM, 

Sajer SA and Furie B (1992). Leukocyte accumulation promoting fibrin 

deposition is mediated in vivo by P-selectin on adherent platelets. Nature, 

359: 848–51. 

 

Papanas N, Symeonidis G, Maltezos E, Mavridis G, Karavageli E, 

Vosnakidis T and Lakasas G (2004). Mean platelet volume in patients 

with type 2 diabetes mellitus. Platelets, 15(8):475-8. 

 

Randriamboavonjy V and Fleming I. (2010). The role of calpain in 

diabetes-associated platelet hyperactivation.AdvPharmacol, 59:235-57.  

 

Shah B, Sha D, Xie D, Mohler ER and Berger J (2012). The relationship 

between diabetes, metabolic syndrome, and platelet activity as measured 

by mean platelet volume: the National Health and Nutrition Examination 

Survey, 1999-2004. DC, 35(5):1074-8 

 

Sharpe PC and Trinick T (1993). Mean platelet volume in diabetes 

mellitus. Q J Med, 86(11):739-42. 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Papanas%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Symeonidis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Maltezos%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Mavridis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Karavageli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Vosnakidis%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Lakasas%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15763888
http://www.ncbi.nlm.nih.gov/pubmed/15763888
http://www.ncbi.nlm.nih.gov/pubmed?term=Shah%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22410814
http://www.ncbi.nlm.nih.gov/pubmed?term=Sha%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22410814
http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22410814
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohler%20ER%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=22410814
http://www.ncbi.nlm.nih.gov/pubmed?term=Berger%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=22410814
http://www.ncbi.nlm.nih.gov/pubmed?term=Sharpe%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=8265775
http://www.ncbi.nlm.nih.gov/pubmed?term=Trinick%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8265775
http://www.ncbi.nlm.nih.gov/pubmed/8265775


51 

 

Schneider DJ (2009). Factors Contributing to Increased Platelet 

Reactivity in People with Diabetes. DC, 32(4): 525–527 . 

 

Sowers JR, Epstein M and Frohlich E (2001). Diabetes, Hypertension, 

and Cardiovascular Disease. HT, 37: 1053-1059. 

Suslova TE, Sitozhevskii AV, Ogurkova ON and Kravchenko ES.(2014).  

Platelet hemostasis in patients with metabolic syndrome and type 2 

diabetes mellitus: cGMP- and NO-dependent mechanisms in the insulin-

mediated platelet aggregation.  Front Physiol, 5: 501.  

 

Theroux P, Alexander J and PharandC(2000), et al. Glycoprotein IIb/IIIa 

receptor blockade improves outcomes in diabetic patients presenting with 

unstable angina/non–ST-elevation myocardial infarction: results from the 

Platelet Receptor Inhibition in Ischemic Syndrome Management in 

Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS) 

study. Circulation. 102: 2466–2472 

 

Tracy PR (2001). Role of platelets and leukocytes in coagulation. 

Hemostasis and Thrombosis, 575-596. 

 

Unubol M, Ayhan M and Güney E (2012). The relationship between 

mean platelet volume with microalbuminuria and glycemic control in 

patients with type II diabetes mellitus.Platelets, 23(6):475-80.  

Vagdatli E, Gounari E, Lazaridou E, Katsibourlia E, Tsikopoulou F and 

Labrianou I (2010). Platelet distribution width: a simple, practical and 

specific marker of activation of coagulation. Hippokratia, 14(1): 28-32.  

 

http://hyper.ahajournals.org/search?author1=James+R.+Sowers&sortspec=date&submit=Submit
http://hyper.ahajournals.org/search?author1=Murray+Epstein&sortspec=date&submit=Submit
http://hyper.ahajournals.org/search?author1=Edward+D.+Frohlich&sortspec=date&submit=Submit


51 

 

Yilmaz T, Yilmaz A (2016). Relationship between Altered Platelet 

Morphological Parameters and Retinopathy in Patients with Type 2 

Diabetes Mellitus. J Ophthalmol, 2016:9213623.  

 

Zarbock A, Polanowska R and Ley K (2007). Platelet-neutrophil-

interactions: Linking hemostasis and inflammation. BR, 21, 99–111.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 

 

 

 

 

 

 
Appendix 



53 

 

 م

Appendices  

Appendix I 

Questionnaire 

 

Date:……………………. 

 

1. Name:………………………………………………….. 

2. Number:……………………………………………….. 

3. Residence:……………………………………………... 

4. Tel:…………………………………………………….. 

 

5. Age: YY/MM   

6. Gender: 

7.1. Male                                    7.2. Female 

 

8. Medications……………………………………………….. 

 

9. Duration of DM type II: Years/Month 

 

10. Retinopathy complications: 

14.1 No 

14.2 Yes 

11. Nephropathy: 

14.1 No 

14.2 Yes 

12. Neuropathy: 

14.1 No 

14.2 Yes 

:)IHDIschemic heart disease( 13. 

14.1 No 

14.2 Yes 
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HbA1c Estimation 
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