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ABSTRACT 

 

 
Background and Objectives 

Diabetes mellitus is a global burden in this present era, leading to morbidity 

physically and economically. The prevalence of dm was 2.8% in 2000 now increased 

to 4.4% in 2030.Type 2 diabetes mellitus is a chronic inflammatory state with tendency 

to form thrombosis and leading to vascular diseases, recently inexpensive novel 

markers easily accessible hematological indices are being evaluated. Measuring the 

carotid intima media thickness using carotid Doppler has been appeared as a non- 

invasive and quantitative modality to detect these early macro-vascular changes to 

assess hematological parameters in type 2 diabetes mellitus, and to correlate with 

carotid intimal thickness in predicting macro-vascular complications. 

 

Methods 

This study was conducted in Rajiv Gandhi Government General Hospital from 

June2022 to November 2022. A total 100 case were studied. The Hematological 

indices, HBA1c and CIMT parameter were included and assessed. Data was entered 

in MS excel sheet and analyzed using SPSS version 21.0. Chi square test and Fisher’ s 

exact test was used for finding association. 

 

Results 

Among 100 participants, both male and females are equally represented with 50 

each and both are comparable with respect to age. (p>0.05). The age group of the study 
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participants varies from 31 to 70 years. Maximum number of study participants were at 

41 to 50 years age group. Mean age of the study participants was 45.38 ± 7.60 years. 

Among 100 participants, both male and females are equally represented with 50 each 

and both are comparable with respect to age. (p>0.05). HAEMOTOLOGICAL 

INDICES; 62% had neutrophil lymphocyte ratio of >2. All those with >2 (100%) NLR 

was found to have increased carotid intimal thickness of >2 compared to 2.6% of those 

with NLR <2. (p<0.001).Among those with RDW >15, 88.7% showed carotid 

intimal thickness of >0.8 compared to 21.1% in those with RDW 11-15.The Mean 

Platelet volume was found to be >12 in 58 diabetes mellitus patients in the study. 

Among them 91.4% had increased carotid intimal thickness of >0.8. However, among 

those with Mean platelet volume between 7 to 12, the carotid intimal thickness was 

found to be increased (>0.8) in only 23.8%. 

Conclusion 

In this study showed among diabetics with poor glycemic control have 

significant increase in CIMT. and there has been correlation between NLR , RDW , 

MPV in association with CIMT. 
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1. INTRODUCTION 

 
ASSOCIATION OF CAROTID INTIMAL THICKNESS 

WITH HEMATOLOGICAL INDICES IN 

PREDICTING MACRO-VASCULAR 

COMPLICATIONS IN TYPE 2 DIABETES MELLITUS 

 

 
Diabetes is a disease of metabolism clinically expressed by chronic 

hyperglycemia and blood lipid and protein disorders as the result of a defect in insulin 

secretion, insulin resistance or both.
[1]

 Chronic hyperglycemia of diabetes mellitus is 

associated with long term damage dysfunction, and failure of different organs, 

especially the eyes, kidneys, nerves, heart and blood vessels Insulin resistance is a key 

component of type2 diabetes mellitus .Obesity and its associated conditions including 

metabolic syndrome, hypertension and dyslipidemia, is positively associated with 

concentrations of inflammatory biomarkers, which are predictive of insulin resistance 

and the incidence of T2D and CVD. 

The primary cause of mortality in diabetic patients is cardiovascular diseases 

(CVD) while major cause of morbidity is microvascular complications. Microvascular 

complications (retinopathy, nephropathy and neuropathy) and macro vascular 

complications - (ischemic heart disease, peripheral vascular and cerebrovascular 

disease) are features of type 2 diabetes mellitus associated with hyperglycemia. 

Detection of markers for macro-vascular and microvascular disease could 

supply new data about pathogenesis of diabetic complications which may help early 

diagnosis and help to take decisions in terms of prevention and treatment HbA1c is a 
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clinical standard measure of blood sugar management. HbA1c is the best available 

biochemical parameter that provides a long-term trend of how high blood glucose levels 

have been for the period of the last 6-8 weeks (about 2 months). It is closely associated 

with the risk of developing complications and hence it is used as an evidence- based 

marker to assess the chances of developing diabetic complications. It is predicted that 

for every 1% increase in HbA1c is associated with a 30% increase in all-cause mortality 

and a 0% increase in CVD mortality in T2DM patients. Patients with type 2 diabetes 

mellitus (T2DM) have an increased risk of coagulation abnormalities and 

thromboembolic events. Hyperglycemia is thought to trigger vascular damage by 

creating imbalance between NO bioavailability and accumulation of ROS as well as 

reactive nitrogen species (RNS), resulting in endothelial dysfunction. 

Systematic inflammation, oxidative stress, impaired calcium metabolism, 

decreased bioavailability of nitric oxide, increased phosphorylation and glycosylation 

of cellular proteins are responsible for increased platelet activation and increased 

release of pro thrombotic and pro inflammatory agents in diabetes
[5,6]

. Platelets have a 

key role and increased adhesion, activation, and aggregation of platelets due to 

dysregulation of several signaling pathways and metabolic disturbances including 

insulin resistance, hyperglycemia, and dyslipidemia have been noted in diabetic 

patients. Larger platelets which can be demonstrated by increased MPV are more active 

because of elevated pro thrombotic contents, such as thromboxane A2, thromboxane 

B2, platelet factor 4, serotonin, and platelet-derived growth factor
[2,3,4]

. RDW is a 

quantitative measure of the heterogeneity circulating red blood cell size and is normally 
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assessed in the differential diagnosis of anemia. 

High RDW indicate the presence of anisocytosis which is related to impairment 

of erythropoiesis and degradation of erythrocytes. Reflecting chronic inflammation and 

increased level of oxidative stress. WBC, a marker of inflammation, predicts a 

worsening of insulin action, insulin secretory function, and the development of micro 

and macro-vascular complications.
[7,8]

 Activation of pro-inflammatory signaling 

pathways that promote the differentiation and maturation of WBCs are involved in the 

pathogenesis of insulin resistance, via various cytokines and signaling pathways. 

Elevated WBC is also associated with atherosclerotic changes which lead to 

cardiovascular complications.
[9,10]

 

Type 2 diabetes mellitus is a chronic inflammatory state with tendency to form 

thrombosis and leading to vascular diseases, recently inexpensive novel markers easily 

accessible hematological indices are being evaluated.
[11]
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2. RATIONALE OF THE STUDY 

 
Diabetes mellitus is a global burden in this present era, leading to morbidity 

physically and economically. The prevalence of dm was 2.8% in 2000 now increased 

to 4.4% in 2030. Diabetes mellitus is a metabolic disorder with chronic inflammatory 

state and pro thrombotic state as it is global burden, with various vascular complications 

leading to high mortality, simple and inexpensive tools has been under evaluation to 

assess vascular complications. The major long-term complications are macro-vascular 

includes peripheral artery disease, stroke, coronary artery disease and microvascular 

includes nephropathy, neuropathy, retinopathy. Glycemic control is the common factor 

that determines the death and complication from diabetes. As the most primary cause 

of mortality in diabetes mellitus is cardiovascular disease, early markers were identified 

to prevent mortality. 

As diabetes is inflammatory condition with pro thrombotic state several 

hematological parameters are used to predict early markers of macro-vascular 

complications. Hematological parameters such as neutrophil -lymphocyte ratio, red cell 

distribution width is used as inflammatory markers platelet indices are used in order to 

assess pro thrombotic features in type 2 diabetes mellitus. These parameters are used to 

assess macro-vascular complication by assessing the Intimal media thickness. As 

carotid Intimal media thickness is surrogate marker of atherosclerosis asses further 

vascular complications. 
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3. REVIEW OF LITERATURE 

 
Diabetes is one of the largest global health emergencies of this century, ranking 

among the 10 leading causes of mortality. Diabetes caused either by complex 

interaction of various genetic, environmental factors. 

A. CLASSIFICATION 

 
1. Etiologic Classification of Diabetes Mellitus:

[12]
 

 
♦ Type 1 Diabetes Mellitus: 

 
a) Immune-mediated. 

 
b) Idiopathic 

 
♦ Type 2 Diabetes Mellitus 

 
♦ Gestational diabetes mellitus. 

 
♦ Other specific types of diabetes: 

 
2. Genetic defects of beta cell development or function characterized by 

mutations of: 

♦ Hepatocyte nuclear transcription factor (HNF) 4α (MODY 1) 

 
♦ Glucokinase (MODY 2) 

 
♦ HNF-1α (MODY 3) 

 
♦ HNF-1β (MODY 5) 

 
♦ Insulin promoter factor-1 (IPF-1; MODY 4) 
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♦ NeuroD1 (MODY 6) 

 

♦ Subunits of ATP-sensitive potassium channel. 

 
♦ Mitochondrial DNA 

 
♦ Other pancreatic islet regulators/ proteins such as KLF11, BLK, PAX4, 

SLC2A2(GLUT2), GATA4, GATA6, RFX6, GLIS3 

3. Genetic defects in insulin action: 

 
♦ Type A insulin resistance 

 
♦ Rabson-Mendenhall syndrome 

 
♦ Leprechaunism 

 
♦ Syndromes of lipodystrophy. 

 
4. Diseases of exocrine pancreas —pancreatitis, cystic fibrosis, 

hemochromatosis, fibro calculous, pancreatectomy, pancreatopathy, neoplasia, 

Mutations in carboxyl ester lipase. 

5. Endocrinopathies - 

 
♦ Acromegaly, 

 
♦ Cushing’s syndrome 

 
♦ Glucagonoma, 

 
♦ Hyperthyroidism, 
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♦ Pheochromocytoma, 

 
♦ Somatostatinoma, 

 

6.  Drug or chemical-induced—glucocorticoids, nicotinic acid, vacor(a 

rodenticide), diazoxide β- adrenergic agonists, calcineurin and mTOR 

inhibitors, pentamidine, thiazides, protease inhibitors, epinephrine, 

hydantoins, asparaginase, α-interferon. 

7. Infections - coxsackievirus, cytomegalovirus, congenital rubella. 

 
8.  Uncommon forms of immune-mediated diabetes—stiff-person syndrome, 

anti-insulin receptor antibodies 

9. Other genetic syndromes sometimes associated with diabetes— 

 
♦ Friedreich’s ataxia, 

 
♦ Huntington’s chorea, 

 
♦ Klinefelter’s syndrome, 

 
♦ Myotonic dystrophy 

 
♦ Down’s syndrome, 

 
♦ Turner’s syndrome, 

 
♦ Wolfram’s syndrome, 

 
♦ Prader-Willi syndrome, 

 
♦ Laurence- MoonBiedl syndrome.” 
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The most common type of Diabetes Mellitus is Type 2 Diabetes Mellitus which 

accounts for around 90% of cases worldwide. Globally, the prevalence of Type 2 

Diabetes Mellitus is increasing across all the regions which is driven by increasing 

urbanization, aging, sedentary lifestyles, and greater consumption of unhealthy foods 

linked with Obesity
[13]

. According to the World Health Organization (WHO), 

noncommunicable diseases (NCDs) accounted for 74% of deaths globally in 2019, of 

which, diabetes resulted in 1.6 million deaths, thus becoming the ninth leading cause of 

death globally
[13,14]

. 

The International Diabetes Federation (IDF) estimates that worldwide, 415 

million people have diabetes, 91% of whom have type 2 diabetes mellitus. People with 

diabetes comprise 8.8% of the world’s population, and IDF predicts that the number of 

cases of diabetes will rise to 642 million by 2040.
[15]

 The most frequent type of CVD 

reported was CAD (21.2%) and lowest was stroke (7.6%). Males had higher rates of 

prevalent disease than females. Recently well accepted theory, that the accumulation of 

energy due to excessive calorie intake and the lack of physical activity that leads to fat 

accumulation in the subcutaneous tissue followed by other tissue compartments such as 

the liver, pancreas, muscles, perivascular and pericardium. This further increases 

tissues insulin resistance, thereby decreasing insulin sensitivity at tissue and cellular 

level. 
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B. INSULIN 

 
Insulin is a peptide hormone secreted by beta cells of pancreatic islets of Langer 

Hans and maintains normal blood glucose by facilitating cellular glucose uptake, 

regulating carbohydrate, lipid, protein metabolism. 

i. Insulin Secretion 

 
In normal healthy patients, beta cell secretes insulin in response to glucose, free 

fatty acids, others which is controlled by intrinsic rhythm of intracellular calcium influx 

leads to pulsatile release of insulin. This integration is mediated by autonomic nervous 

system and autocrine action of insulin on its own receptors leads to first insulin 

response, followed by negative feedback to prevent continuous insulin
[22]

. 

There are two major oscillatory secretion patterns[20,21] 

 
1. Ultradian oscillations, which have a period of 1-2 hours due to feedback loop 

between glucose and insulin secretion. 

2. Rapid oscillatory phase which has a period of 10-15 minutes. 

 
So that following glucose ingestion, increase in plasma glucose concentration 

stimulates insulin secretion from beta cells there by hyperinsulinemia increases glucose 

uptake in liver, skeletal muscle, adipose tissue, suppress hepatic glucose production and 

maintains euglycemic state. 

ii. Insulin Action 

 
Following glucose ingestion, the increase in plasma glucose concentration 

stimulates insulin secretion from the beta cell and the resultant hyperinsulinemia 
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suppresses lipolysis, leading to decline in plasma FFA concentration and subsequent 

decrease in the rate of lipid oxidation. Insulin stimulates glucose uptake in skeletal 

muscle, and the increased glucose flux into skeletal muscle, together with the activation 

of key enzymes in glucose metabolism by insulin, leads a marked increase in muscle 

glucose oxidation. 

Insulin receptor is a glycoprotein compromised of two alpha and beta subunits linked 

by disulphide bonds. The two alpha subunits are on extracellular surface of plasma 

membrane and has insulin binding domain and transmembrane domain beta subunit 

which has insulin receptor tyrosine kinase activity . On activation of insulin receptor , 

tyrosine undergoes phosphorylation , in skeletal muscle IRS-1 ( Insulin receptor 

substrate) serves as major protein and undergoes phosphorylation, which leads to 

activation PI3K ( phosphatidyl inositol 3 -kinase ) leads to activation of protein kinase 

, which is a central intermediate of many metabolic and growth actions of 

insulin.[33,34,35] 

 
 

 
Fig 3.1. Insulin signal transduction system in normal glucose tolerant subjects. 
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iii. Insulin Resistance 

 

INSULIN RESISTANCE is defined as a decreased tissue effect of insulin per 

unit delivered. 

Following glucose uptake, the balance is disrupted in order to maintain glucose 

homeostasis following mechanisms operate in a coordinated fashion[16~19] 

1. Insulin secretion by the beta cells of Pancreas. 

 
2. Stimulation of glucose uptake by splanchnic (liver and gut) and 

peripheral (primarily muscle) tissues in response to hyperinsulinemia 

plus hyperglycemia 

3. Suppression of hepatic glucose production. 

 
Glucose homeostasis is altered in type 2 diabetes mellitus as the main 

pathogenesis is defect in insulin secretion and insulin resistance contributing to glucose 

intolerance and overt hyperglycemia. 

Insulin secretion impaired due to beta cell dysfunction or decreased cell 

function, so that pulsatile secretion of insulin is lost, leads to hyperglycemia. Insulin 

resistance is the main component in development of type 2 diabetes mellitus. In order 

to maintain euglycemic state, demand on beta cells to secrete insulin increases, so that 

majority of people euglycemia is maintained by a compensatory hyperinsulinemia. 

However, in individuals who are susceptible to developing type 2 diabetes mellitus beta 

cells eventually fail to compensate resulting in glucose intolerance and gradually to 

overt diabetes. Liver and muscles have long been recognized as major contributors of 
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systemic insulin resistance.[26] 

Hepatic glucose production is responsible for endogenous glucose production 

and necessary for glucose homeostasis, mainly fasting hyperglycemias. In type 2 

diabetes mellitus, the rate of hepatic glucose production is increased under basal 

physiological conditions, and insulin dependent suppression of hepatic glucose 

production is impaired physiological as well as at supra-physiological plasma levels of 

insulin and leads to fasting hyperglycemia.[23-27] Skeletal muscle utilizes both glucose 

and free fatty acid (FFA) as a sources for energy production. During the post absorptive 

state, the plasma insulin concentration is low. Since the plasma insulin concentration is 

the principal factor that restrains lipolysis in adipocytes and stimulates glucose uptake 

in skeletal muscle, during the fasting state, muscle glucose uptake is low and the plasma 

FFA concentration is elevated. Thus, under fasting conditions, FFA serves as the 

principal fuel source for energy production in skeletal muscle, while the brain 

exclusively utilizes glucose. 

As insulin resistance glucose uptake is impaired in skeletal muscle leading to 

postprandial Hyperglycemia.[28,29] A defect in the insulin signaling cascade at the level 

of IRS-1 is l primary defect that leads to insulin resistance in skeletal muscle. Other 

defects in the insulin signaling pathway, for example, diminished insulin binding, when 

present, are modest and secondary to down regulation of the insulin receptor by chronic 

hyperinsulinemia.[35] 
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C. METABOLIC SYNDROME 

 
Nutritional status influences the incidence of Type 2 Diabetes mellitus. High 

BMI (Body Mass Index) has a 2 times greater risk of developing T2DM compared to 

low BMI. The results showed that general obesity had a risk of 2.24 times while 

abdominal obesity had a risk of 2.44 times for the occurrence of Diabetes mellitus. The 

metabolic derangements seen in patients with type2 diabetes mellitus are associated 

with high risk of cardiovascular diseases. These metabolic derangements are 

designated as Metabolic syndrome( Mets) or Syndrome X. 

 

 
Table 3.1. Diagnostic criteria of metabolic syndrome 
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i. Body Mass Index: 

Body mass index is a value derived from mass and height of a person. BMI is 

defined as the body mass divided by square of body height, which is expressed in units 

of kg/m2. 

Quetelet Index = body weight (kilograms) divided by height squared (meters) = BMI. 
 

 
 

 

Table 3.2. BMI Categorization 
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D. Obesity 

 
Adipose tissue is an essential organ for the regulation of energy homeostasis, as 

associated with storage of excess energy as triglycerides, adipocytes undergo 

hyperplasia to increase the number of adipocytes and hypertrophy to increase the size 

of each adipocyte, allowing adipose tissue to expand in times of nutrient excess so that 

can be utilized in states of fasting.[30] 

Obesity is characterized by dysfunctional adipose tissue, in which adipocytes 

initially become hypertrophic at the expense of excess calorie intake and secretes 

adipokines which causes recruitment of pre adipocytes in to mature adipocytes as 

compensatory protection against metabolic consequences of obesity.[31,32] 

i. Waist Circumference 

 

The body fat distribution was referred to as being !android” if it occurred in the 

upper body and !gynecoid” when it occurred in the lower segment of the body. 

This is because men tend to accumulate fat in the abdominal (upper body) area, 

whereas women tend to accumulate it in the peri pelvic (gluteal) area and the 

thighs.[35,36,37] 

 
Hence, the anatomic distribution of fat, determines risk for the metabolic 

syndrome, rather than the overall degree of obesity. The association between increased 

abdominal (upper body) fat and an increased risk of coronary heart disease is related to 

visceral fat. 
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Fig 3.2. Anatomic Distribution of Fat 

Increasing waist circumference with subsequent elevation in subcutaneous 

versus visceral adipose tissue in Asians and Indians may explain the greater prevalence 

of the syndrome in Asian and Indian populations compared to African- American 

population for whom there is predominance of subcutaneous fat. 

Waist circumference (WC) is a cheap and easy method of measurement. Waist 

circumference is considered a reasonable indicator of intra-abdominal or visceral fat. 

This fat is closely associated with increased risk of comorbidity. 

How to measure waist circumference 

 
To correctly measure waist circumference: 

 
♦ Stand and place a tape measure around your middle, just above your hipbones 

 
♦ Make sure tape is horizontal around the waist 
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♦ Keep the tape snug around the waist, but not compressing the skin 

♦ Measure your waist just after you breathe out 

 
At the end of a normal expiration the measurement is taken, while make sure 

that the participant does not contract the abdominal muscles. (Experimenter can engage 

in conversation with patient if he is suspected to contract the abdominal muscles)25. 

The measurement has been made twice and if the difference between the first two 

measurements is greater than 5% (+1 cm), a third measurement can be taken. The two 

closest measurements will be averaged. 

Detailed instructions 

 
1. Mark with a pencil bony landmarks of the right and left last rib margin. 

 
2. Mark with a pencil bony landmarks of the right and left iliac crest. 

 
3. Mark with a pencil the half way distance between the last rib margin and the top of 

the iliac crest of the two sides. 

4. Measure mid way between the two bony points 1 and 2. 

 
As visceral fat is associated with insulin resistance increases release of free fatty 

acids which accumulates in various tissues there by decreasing insulin sensitivity in 

peripheral tissues and mitochondrial fatty acid oxidation leads to overproduction of 

ROS. 

ii. Hepatic Lipid Accumulation: 
 

Visceral derived free fatty acids can directly affect liver via portal vein 

increasing lipid content in Hepatocytes. Free fatty acids derived triglycerides 
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accumulate in cytoplasm of hepatocytes as lipid droplets. These lipid droplets show no 

harm as the intermediate forms such as diacyl glycerol, ceramide shown to 

increase lipotoxicity and increase insulin resistance. As a result of accumulation of 

triglycerides in liver leading to hepatic steatosis.[38,39] 

In liver Kupffer cells act as resident macrophages, in healthy liver these cells 

phagocytose pathogens and toxins and, maintain tissue homeostasis. Adipokines 

imbalance leads from visceral adipose tissue fails to suppress hepatic inflammation and 

oxidative stress contributing to Kupffer cells activation which secretes pro 

inflammatory cytokines so that amplifies systemic inflammation[40,41] 

iii. Skeletal Muscle 
 

Skeletal muscle is a major site for disposal of ingested glucose, approximately 

one third of ingested glucose is taken by liver and rest by peripheral tissues, Ie. Skeletal 

muscle via insulin dependent mechanism through glucose transporter4 (Glut4). 

As in obesity accumulation of intramyocellular fat content and fatty acid 

metabolites, for example fatty acid coenzyme A and diacyl glycerol which impairs 

insulin activity in skeletal muscle leads to hyperglycemia.[43,44] 

As triglycerides accumulated impairs insulin signaling and multiple post 

receptor intracellular defects thus affects insulin mediated glucose uptake[45]. 

Increased intramyocellar fat content and fatty acid metabolites, for example , 

FACoA and DAG, are likely to play a pivotal role in the development of insulin 

resistance in skeletal muscle. Through activation of serine/threonine kinases and serine 
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phosphorylate the IRS-1, fatty acid metabolites impair IRS-1 phosphorylation by the 

insulin receptor and lead to the defect in insulin signaling in insulin resistant 

individuals.[45,46,47,48] 

 
 

Fig 3.3. Ectopic fat in muscle. 

iv. Epicardial fat: 
 

Epicardial adipose tissue (EAT) is the visceral fat unit localized between the 

myocardium and the inner pericardium, surrounding major coronary vessels Epicardial 

adipose tissue not only provides fat as a vital energy in periods of elevated energy 

requirement, but also an active endocrine organ with several vasocrine and paracrine 

effects. Under physiological circumstances, epicardial fat secretes plenty of beneficial 

cytokines, such as adiponectin, adrenomedullin and omen tin-1 which present  anti -

atherogenic ,  anti - inf lammatory  and anti- thrombotic properties[49,50,51] 
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insulin resistance, as excessive epicardial fat provokes imbalance in lipid and glucose 

metabolism. Redundant epicardial fat secretes a high amount of free fatty acids, which 

are then accumulated in coronary artery lumen promoting atheromatous plaque 

development.[53,54] 

v. Inflammatory response in obesity 

 
Inflammation is a protective tissue response to injury or destruction of tissues 

that serves to destroy or dilute both the injurious agent and the injured tissue. 

There are two types of inflammation: 

 
1. Acute inflammation that lasts for a short time and is characterized by oedema 

and migration of leukocytes. 

2. Chronic inflammation that lasts for a long time and is characterized by the 

presence of lymphocytes and macrophages and the proliferation of blood 

vessels and connective tissue. 

Adipose tissue is known to function as an endocrine organ which secretes 

chemokines, cytokines, adipokines and growth factors. [55] Omental fat produces 2-3- 

fold higher levels of IL-6 than subcutaneous fat, adipose tissue derived IL-6 promotes 

hepatic insulin resistance and impaired glucose intolerance. Adipokines includes 

adiponectin and leptin which are important mediators of various metabolic processes 

such as fatty acid oxidation, glucose uptake, denovo lipogenesis and gluconeogenesis. 

Adiponectin is an insulin sensitizing hormone which decreases hepatic 

gluconeogenesis, increased glucose uptake in skeletal muscle, liver, adipose tissue and 

fatty acid oxidation. [56,57] .On these organs receptors are highly expressed there by it 
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promotes glucose homeostasis, in addition it also exhibits anti-inflammatory action. 

Leptin is another peptide hormone that regulates food intake and energy regulation. 

Adipose tissue expansion in obesity is accompanied by inflammatory changes within 

adipose tissue contributes to chronic low-grade inflammation characterized by 

elevation of IL -6 and TNF-alpha, chemokine MCP-1, responsiblefor recruitment of 

inflammatory cells such as macrophage and decreased secretion of anti-inflammatory 

cytokines adiponectin. 

AT macrophages (ATMs) represent the largest subpopulation of AT immune 

cells, encompassing 4% of normal visceral fat with an increase to 12% in excessed 

adiposity Macrophages are divided into two subpopulation types: a classically activated 

M1 type and the alternatively activated M2 type. M2 occurs in lean subjects adipose 

tissue, while M1-type predominates in obese individuals. Activated M1 macrophages 

are characterized by increased production of pro inflammatory cytokines: interleukin 

(IL)-6, TNF-α, IL-12, IL-23, and reduced synthesis of anti- inflammatory IL-10. 

vi. Oxidative Stress 

 
Oxidative stress is defined by excess endogenous oxidative species, which both 

damage cells and manipulate signal pathways. Reactive species, especially reactive 

oxygen species (ROS) like superoxide, hydrogen peroxide, and hydroxyl radical ions 

are the agents of oxidative stress and are produced at low physiological levels mostly 

in the mitochondria and peroxisomes. ROS are produced endogenously and have 

physiological significance at low levels. [60,61,62] 

AS there is increased supply of glucose in view of insulin resistance, 
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mitochondria have more substrate available to make ATP. Thus, the mitochondria are 

hyperactive and produce more of their natural byproduct, ROS. This increased ROS 

damages the infrastructure of the cell, ROS directly stimulate stimulating pathways NF-

kB (Nuclear factor –kB), JNK and p38 MAPK resulting in mitochondria-induced stress 

responses., [63,64,65]. Increased ROS levels induce mitochondrial fission resulting in 

actions on both the insulin receptor pathway and stress proteins. Mitochondrial fission 

has been directly linked to insulin resistance in skeletal muscle as there is altered insulin 

signaling pathway, and down regulation of receptors. 

In obesity as the level of free fatty acids and glucose increased due to insulin 

resistance, increases electron transport chain (ETC) activity in mitochondria and active 

nicotinamide adenine dinucleotide phosphate oxidase (NADPH) causes an increased 

reactive oxygen species (ROS). BMI is closely related to oxidative stress and ROS 

content in adipocytes. Oxidative stress leads to an increased infiltration of macrophages 

into fat tissue. 
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Fig 3.4. PATHOGENESIS of Atherosclerosis 
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E. Vascular Response 

Atherosclerosis is a chronic vascular inflammatory disease associated to 

oxidative stress and endothelial dysfunction involving large and medium wall arteries 

such as aorta, carotid, coronary arteries. 

The World Health Organization redounds an estimated 16.7 million deaths to 

the atherosclerotic cardiovascular disease Inflammation is a crucial element in 

progression of atherosclerotic plaque, plaque rupture, and atherothrombosis. Oxidative 

stress and inflammation are interrelated; they form a vicious feed-forward cycle during 

atherogenic plaque progress. 

i. Layers of vessel: 

 

1. The tunica intima is the innermost and thinnest layer, consisting of a monolayer 

of endothelial cells on top of a basement membrane with minimal underlying 

extracellular matrix (ECM). 

2. The tunica media is the thickest layer of the arteries, and is composed 

predominantly of smooth muscle cells and ECM, surrounded by loose 

connective tissue, nerve fibers, and smaller vessels of the adventitia. 

3. The adventitia is the outermost layer of the artery and typically consists of a 

loose matrix of elastin, smooth muscle cells, fibroblasts, and collagen. Most of 

the neural input into blood vessels also traverses through the adventitia. 

The earliest visible lesion of atherosclerosis is the fatty streak, which is 

due to an accumulation of lipid-laden foam cells in the intimal layer of the 
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artery., that leads to thickening of artery. With time, the fatty streak evolves 

into a fibrous plaque, the hallmark of established atherosclerosis 

 

 
Atherosclerotic lesions are composed of three major components: 

 
The first is the cellular component comprised predominately of smooth muscle 

cells and macrophages. The second component is the connective tissue matrix and 

extracellular lipid. The third component is intracellular lipid that accumulates within 

macrophages, thereby converting them into foam cells 

MECHANISMS: 

 
ENDOTHELIAL DYSFUNCTION: 

The initial theories states endothelial dysfunction is the earliest abnormality to occur 

during the process of atherosclerosis (13,14). Endothelial dysfunction/ injury is said to 

alter these properties of vessel wall and predispose the arteries wall to atherosclerosis. 

Exposure to combination of following stimuli like 

 
• smoking, 

 
• hypertension and 

 
• hyperlipidemia, could lead to increased endothelial permeability, which 

 
enhance leukocyte adhesion and altered gene expression. Inflammatory cytokines (e.g. 

TNF) plays some role in the expression of pro- atherogenic genes. The following two 

causes are said to be most important in the process of endothelial dysfunction: Lipids: 
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hyperlipidemia and excess of altered lipoproteins are the cause of endothelial 

dysfunction which may lead to increased transudation of lipoproteins mainly LDL, 

chylomicrons into the arterial wall intima. 

Hemodynamic disturbances: Atheromatous Plaques have more tendency to occur at 

the sites of turbulent blood flow patterns like blood-vessel bifurcating points and ostias 

of the exiting blood vessels. Also, many studies demonstrated that, in regions with 

laminar blood flow, there is an expression of genes which are atheroprotective . 

However, the histopathological examination of vascular endothelium in various studies 

explains that the earliest atheromatous lesions occur in blood vessels whose 

endothelium is morphologically intact. Subsequently many studies which have 

demonstrated that the rate of lipoprotein entry into atherosclerosis- susceptible sites 

could be either increased or decreased which suggests a nonessential role for alterations 

in endothelial permeability . 

ii. Pathogenesis of atherosclerosis: 

 
Over the past 150 years numerous efforts had been there in order to explain 

complex events of atherosclerosis. Three different hypothesis had been under 

investigation currently as follows: 

 

1. The response-injury hypothesis: 

 
In this hypothesis atherosclerosis begins with endothelial injury or dysfunction 

which is characterized by increased endothelial permeability and low-density 

lipoprotein (LDL) deposition in the subendothelial space. This is followed by leukocyte 
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adhesion and transmigration across the endothelium. Later on, atherosclerosis is 

characterized by foam cell formation that is lips laden macrophages and an 

inflammatory response including T-cell activation, the adherence and aggregation of 

platelets, and further entry of leukocytes into the arterial wall. This recruited cell 

secretes cytokines and growth factors promotes an inflammatory response characterized 

by migration of smooth muscle into intima. Finally, advanced atherosclerosis (C) is 

characterized by continued macrophage accumulation, fibrous cap formation, and 

necrosis in the core of the lesion 
[66,67] 

 

2. The response to retention hypothesis: 

 
This hypothesis submits that the lipoprotein retention is the inciting event for 

atherosclerosis. Apolipoprotein B-100, the single protein associated with LDL, is 

retained within the arterial wall in close association with arterial proteoglycans .This 

interaction is mediated by specific residues that, when mutated, protect experimental 

animals against the development of atherosclerosis. [68, 69]The accumulation of 

apolipoprotein B-100-containing lipoproteins within the arterial wall further triggers a 

proinflammatory cascade. 

 

3. Oxidative modification hypothesis: 

 
LDL becomes entrapped in the subendothelial space where it is subject to 

oxidative modification by resident vascular cells such as smooth muscle cells, 

endothelial cells, and macrophages. Oxidized LDL stimulates monocyte chemotaxis, 
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and supports foam cell formation. Once formed, oxidized LDL also results in 

endothelial dysfunction and injury, and foam cells become necrotic due to the 

accumulation of oxidized LDL. CHD is the most common clinical manifestation of 

atherosclerosis and it is the major cause of death all over the world. As early stage of 

atherosclerosis due to chronic inflammation leads to increased Intima medial thickness, 

this can be used as surrogate marker
[70,71,72] 

MORPHOLOGY: 

 

FATTY STREAKS: 

 

This is the earliest lesions in atherosclerosis. It contains lipid-filled foamy cells (macrophages). 

Appear as flat yellow spots then coalesce to form elongated streaks. They do not usually cause 

any alteration in the flow. Not all the fatty steaks develop into advanced lesions. Fatty streaks 

usually begin to form in the coronary vasculature in adolescence, at the same anatomic sites 

where it later develop into matured plaques. 

 

FIBRO FATTY PLAQUE. 

 

These plaques have three main components: 

1) Cells comprising smooth muscle cells, macrophages, and T cells; 

2) Extra Cellular Matrix, such as collagen, elastin, and other proteoglycans; 

3) Intracellular and extracellular lipid- which form about 40 % of the plaque. 

 

There is a superficial cap made up of smooth muscle cells and dense collagen fibers . Below 

and to the side of the cap is a cellular area that contains macrophages. Deep to the cap is a 
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necrotic core, which contain lipid (cholesterol and cholesterolesters), cellular debris, foam cells 

and fibrin. There is peripheral neovascularization. 

 

These plaques impinge on the lumen of the artery. The order of involvement of blood vessels in 

humans are lower abdominal aorta, coronary arteries, popliteal arteries, internal carotid and then 

circle of Willis. 

ADVANCED or COMPLICATED PLAQUE 

 
1. Calcified plaque due to calcium deposition. 

2. Rupture, ulceration, or erosion: 

3. Bleeding into the plaque. 

4. Athero-embolism: due to dislodge of atherosclerotic debris into the blood stream following plaque 

rupture. 

5. Aneurysm formation due to increased pressure 

VULNERABLE PLAQUE: 

 

These are ones in which plaques have high probability of undergoing rapid progression & 

thrombotic complications 

These usually favor proximal arteries. They have a lipid- rich necrotic core and a thin fibrous 

cap which is infiltrated by macrophages. 

These plaques impinge on the lumen of the artery. The order of involvement of blood vessels in 

humans are lower abdominal aorta, coronary arteries, popliteal arteries, internal carotid and then 

circle of Willis. 

iii. Carotid Intima medial thickness: 

 
Intima–media thickness (IMT), also called intimal medial thickness, is a 
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measurement of the thickness of tunica intima and tunica media, the innermost two 

layers of the wall of an artery[73]. IMT can be measured using external ultrasound in 

large arteries relatively close to the skin (e.g. the carotid, brachial, radial, or femoral 

arteries ). Deeper internal arteries, such as the coronary special intravascular catheters 

employing ultrasound or optical coherence tomography to measure IMT. 

 

The carotid artery includes 4 segments, beginning with the CCA. This gives rise 

to the carotid bulb from which arise the external carotid artery and the internal carotid 

artery (ICA). 

 
In healthy adults, IMT ranges from 0.25 to 1.5 mm and values above 1.0 mm 

are often regarded as abnormal. IMT has been proposed as a quantitative index of 

atherosclerosis of value in monitoring disease progression and the effects of treatment 

and as a surrogate end point in clinical trials. 

 
To quantify the degree of thickening of the carotid artery walls, the many 

measures of IMT were summarized into two variables: one for the CCA and one for the 

ICA. The maximum wall thickness of the CCA was defined as the mean of the 

maximum wall thicknesses for near and far wall on both the left and right sides: 

(mLNW+mLFW+mRNW+mRFW)/4.maximum wall-thickness variable of the ICA 

was defined in the same way; the results from the three scans were averaged. The 

number of measurements available for averaging thus ranged from 1 to 4 for the CCA 

and 1 to 12 for the ICA. 
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METHOD : 

 

 
Patient is placed in supine position with neck minimally extended. 

 

Fig 3.5. Measure of CIMT 

 

Scanning of both side arteries was performed in anteroposterior projections. 

Scanning of external and common carotid or internal carotid arteries in neck is performed both sides 

according to evading edge of second echogenic line. The lumen and intimal interface is represented 

by the first line and the second line represents the tunica adventitia. At each longitudinal 

projections, three determinations of IMT are conducted. The first one at the site of greatest thickness and 

the other two at a point one centimetre downstream and one centimetre upstream from the site of greatest 

thickness respectively. The three values are then averaged. The normal intimal + medial thickness of common 
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carotid artery as evaluated by B-mode ultrasound imaging was 0.74 ± 0.14mm (53). 

Hematological parameters: 

 
In type 2 Diabetes mellitus, Dyslipidemia, insulin resistance, obesity contributes 

to low grade inflammation acts as a risk factor of cardiovascular diseases, leading cause 

of deaths all over the world. the major cause of mortality is cardiovascular diseases, 

which can be predicted early by hematological parameters. 

The chronic inflammatory and hypoxic nature causes a stimulus in the bone 

marrow and, depending on the intensity of this stimulus, there is a release of immature 

cells or increase of other cells in the bloodstream. Therefore, their presence in the 

circulation is an important variable used to diagnose, stratify and predict diseases[74,75,76] 

The hematological indices include- Red blood cells, White blood cells which 

includes granulocytes and agranulocytosis and Platelet, synthesized in the bone 

marrow, through a process called hematopoiesis. These cells originate from single 

progenitor cell called the stem cell. These pluripotent cells contribute to all cytological 

lineages. 
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Fig 3.6. Progenitors of blood cells. 

 

 
iv. Neutrophil - Lymphocyte ratio: 

 
Neutrophils are the most abundant leukocytes in human blood count and they 

account for 50-70 % of all white load cells in blood stream. Neutrophils are considered 

as primary effector cells of acute inflammation and first line responders to infection. 

Neutrophils are phagocytic cells, which engulf, destroys, degranulate and release lytic 

enzymes, strong oxidants. 

 

 

The neutrophil to lymphocyte ratio (NLR), a combination of two independent 

markers of inflammation, is considered a simple and non-specific marker of 

inflammation. The NLR reflects the relationship between innate (neutrophils) and 

adaptive (lymphocytes) immune responses in various pathological conditions. Because 

the NLR correlates with CRP concentrations, it becomes a simple cost- effective 

biomarker for the detection of subclinical inflammation. 

Neutrophils are increased in obesity, and there is a correlation between the level 
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of neutrophil blood counts and the higher BMI. In addition, neutrophil counts were 

significantly higher in individuals with metabolic syndrome than in lean individuals. In 

animal models, neutrophils have also been found to be elevated in blood vessels and 

infiltrating adipose tissue and the endothelium at atherosclerotic lesions. 

In obese individuals activated neutrophils are present which is indicated by 

elevated plasma concentrations of myeloperoxidase (MPO), neutrophil elastase (NE), 

as well as an increased expression of CD66b, a marker of neutrophil degranulation . 

Activation of neutrophils from obese individuals was also indicated by 

stimulation of the NF-κB signaling pathway and by a higher ROS generation and 

enhanced release of pro-inflammatory cytokines. Pro-inflammatory cytokines such as 

TNF-α, IL-1β, IL-6, and IL-8 increase bone marrow granulopoiesis, releasing 

neutrophils from the bone marrow to the peripheral circulation. Moreover, these 

inflammatory mediators induce de-margination of neutrophils from endothelial walls, 

resulting in neutrophilia. 

Neutrophil elastase (NE) and IL-6 contribute to the development of insulin 

resistance by impairing insulin signaling. IL-1β is an important activator of 

macrophages in multiple parts of the body. Furthermore, IL-1β, together with TNF-α 

in pancreatic islets, induces β cell dedifferentiation by down regulating transcription 

factor Fox01, that regulates β cell proliferation. Together, these events may result in 

type 2 diabetes mellitus. In addition, TNF-α can alter the adhesion function of 

endothelial cells by inducing increased low-density lipoprotein (LDL) uptake. These 

changes have been associated with the progression of atherosclerosis. 
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The NLR demonstrates role of two inevitable mechanisms necessary to 

maintain balance of the immune system one of which is neutrophils acting as the 

nonspecific inflammatory mediator, other one being lymphocytes playing the protective 

component of inflammation[79,80,81] 

In non-diabetic patients lymphocytes contribute to insulin sensitivity whereas 

neutrophil and lymphocyte contribute to sub clinical inflammation-but also an indicator 

of poor glycemic control in patients with type 2 diabetes. It can also guide the physician 

in the resource limited settings like PHC to evaluate a patient with type 2 diabetes for 

microvascular and macro-vascular complication. So, it can be used as a reliable marker 

for monitoring the morbidity 

NLR is an inexpensive laboratory index calculated by simple division of 

absolute neutrophil count by absolute lymphocyte count in hemogram. If you only have 

% count for neutrophils and lymphocytes along with total White blood cell count. 

Calculate absolute count- 

 
TOTAL WBC COUNT -*% count for neutrophil or lymphocytes / 100 
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v. Red cell distribution width: 

 
Red blood cell distribution width (RDW) is a numerical measure of the 

variability in size of circulating erythrocytes(anisocytosis). 

Two methods were used by counters to calculate this value. The first method is referred 

to as RDW-CV. The RDW- CV is the ratio of the width of the red blood cell 

distribution curve at 1 SD divided by the MCV (normal RDW-CV = 13 "# 1%). 

Since it is a ratio, changes in the MCV or the width of the curve would influence the 

result. Microcytosis would magnifies the change in the RDW-CV simply by reducing 

the denominator of the ratio. In contrary, macrocytosis will tend to counterbalance the 

change in the width of the curve and thereby minimizing the change in the RDW-CV. 

The RDW-SD is independent of the MCV. The RDW-SD ,a second method of 

measuring the RDW is a direct measurement of the red blood cell distribution width 

taken at the 20% frequency level (normal RDW- SD = 42 "#4fL). 

 
The normal values for RDW are given below[84,85,86] 

 
• RDW–SD–39-46fL 

 
• RDW – CV – 11.5-14.5% RDW-CV is calculated as follows 

 
• RDW-CV % = 1 standard deviation of RBC volume/MCV x 100% 

 
High RDW indicates the presence of anisocytosis which is related to impaired 

erythropoiesis and degradation of red blood cells. Chronic inflammation and increased 

levels of oxidative stress impairs erythropoiesis, resulting in size variation. Chronic 
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hyperglycaemia causes non enzymatic glycosylation of RBC membrane proteins and 

leads to accelerated aging of RBC’s.Loss of red cell deformability can also lead to 

impaired microvascular circulation and hypoxia as well as to micro thrombosis.Pro-

inflammatory cytokines have been reported to inhibit the maturation of erythrocytes, 

which is caused by erythropoietin. Thus, inflammation causes immature red blood cells 

to be released into the peripheral circulation, which may result in anisocytosis [82,83]. 

Platelets: 

 
Platelets are the anucleate, discoid shaped cells necessary to maintain 

homeostasis and thrombosis. They are created from megakaryocytes, and persist in 

blood stream for 5-7 days. Platelets contain at least three major types of granules— α- 

granules, dense granules, and lysosomes. In physiologic level , platelet adhesion to sub 

endothelial collagen is mediated by von Willebrand factor and possibly other adhesive 

proteins, which bind to a glycoprotein receptor (GPIb) on the platelet surface as well as 

to sub endothelial components. 

Platelets adhering to collagen undergo a shape change, secrete their granular 

contents, and aggregate. In diabetes platelets exhibit enhanced aggregation activity 

early in the disease course that may precede the development of cardiovascular disease. 

Among diabetic individuals, following biochemical abnormalities occurs[91] 

 
• Reduces membrane hydration, 

 
•  Altered Ca2+ and Mg2+ homeostasis (increased intracellular Ca2+ 

mobilization and decreased intracellular Mg2+), 
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• Increased arachidonic acid metabolism- increased thromboxane synthesis, 

decreased prostacyclin production, decreased NO production, decreased 

antioxidant levels. 

• Increased expression of activation-dependent adhesion molecules (e.g., GpIIb–

IIIa, P-select-in). 

In healthy individual insulin is natural antagonist for platelet hyperactivity and 

sensitises prostacyclin and nitric oxide. As there is defect in insulin action disordered 

platelet activity leads to microvascular and macro vascular complications. 

The large platelets having dense granules are more active biochemically, 

function- ally, and metabolically, have higher thromboxane A2 levels, express more 

glycoprotein Ib and IIb /IIIa receptors, and could be a risk factor for developing 

coronary thrombosis. 

Mean platelet volume (MPV) is a marker showing platelet function and activation. 

 
Platelets involve in atherosclerosis through secreting proinflammatory 

cytokines and its bounding to endothelial cells [87,88]. Platelets release the 

thromboxanes and other mediators, this may cause increased inflammation in patients 

with higher platelets. Small vascular bleeds due to rupture of a the thrombotic plaques 

leads to bone marrow stimulation and recruitment of larger hyperactive platelets. These 

platelets contain denser granules, secrete more serotonin and TXA2, and have a 

procoagulant effect. Also osmotic swelling of platelets, as a result of hyperglycaemia 

contributes to platelet size variation and increased MPV in T2DM patients. 
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HBA1C 

 
HbA1c is a clinical standard measure of blood sugar management. HbA1c is the 

best available biochemical parameter which provides a long-term trend of how high 

blood glucose levels have been for the period of the last 6-8 weeks. It is closely 

associated with the risk of developing complications and hence it is used as an evidence- 

based marker to assess the chances of developing diabetic complications [89] 

HBA1c is also a good predictor of lipid profile;[90] thus, monitoring of glycemic control 

using HbA1c could have additional benefits of identifying diabetes patients who are at 

a greater risk of cardiovascular complication. Target levels for HbA1c in type 2 diabetes 

are individual, but a general aim stated by the National Institute for Health and 

Excellence is 6.5–7.0% (48–53mmol/ mol). 

 

 

According to the National Glycohemoglobin Standardization Program (NGSP), which 

developed the A1C tests, the accuracy has continued to evolve and got more precise 

over time. The HbA1c is recommended to be performed at least twice a year in diabetes 

patients with stable blood glucose levels 
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4. AIM OF THE STUDY 

 
To assess hematological parameters in type 2 diabetes mellitus, and to 

correlate with carotid intimal thickness in predicting macro-vascular complications.
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5. MATERIALS AND METHODOLOGY 
 

 

 

 

STUDY CENTRE RGGGH 

STUDY DURATION 6 MONTHS FROM TIME OF 

APPROVAL FROM ETHICAl 

COMMITTEE 

STUDY DESIGN OBSERVATIONAL STUDY 

 

 
INCLUSION CRITERIA- 

 
1. All patients of age more than 18 Years diagnosed as type 2 diabetes mellitus 

according to ADA Guidelines at least 2 years on treatment 

2. Patients giving consent for the study. 

 

 

 
EXCLUSION CRITERIA- 

 
1. Known case of chronic diseases like chronic kidney disease, chronic liver 

disease, coronary artery disease. 

2. Type 1 Diabetes Mellitus 
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3. Known case of hematological malignancies, abnormalities. 

 
4. Presented with acute infection. 

 
5. Known case of hypertension. 

 
Sample size- 

 
Sample size calculated using the formula 

n= Z 2 PQ/ D2 

where, 

 
N is the required samples size 

 
Z- confidence interval: is the standard normal deviate corresponding to 95% confidence 

interval which is 1.96. 

P is the prevalence- 29.7% 

d-Absolute precision -10% 

Q=100-p 

Non-responders-10% 

 
Sample size = 1.96*. 1.96/ 29.7*100-29.7/10*10 

 
=88~100 approximately 

 
 

Sampling method: 

 
The study participants were selected from RGGGH who are diagnosed as 

diabetes mellitus based on inclusion and exclusion criteria. 
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All patients of type 2 diabetes mellitus are selected based on above exclusion 

and inclusion criteria and evaluated for further examination. 

Study variables: 

 
COMPLETE BLOOD COUNT, PERIPHERAL SMEAR: 

 
 

Total leucocyte 

count 

 Platelet 

distribution 

width 

 

Absolute 

neutrophil 

count 

  
Hemoglobin 

 

Absolute 

lymphocyte 

count 

 Red cell 

distribution 

width 

 

 
Platelet Count 

 
Peripheral 

smear 

 

Mean platelet 

volume 

   

 

 
LFT, SERUM ELECTROLYTES, ABG: 

 

 

 

 

Urea 
  

T.BIL 
 

 

Creatinine 
  

D.BIL 
 

Fasting blood 

sugar 

  

SGOT 
 

Post prandial 

blood sugar 

  

SGPT 
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COAGULATION PROFILE: 

 

Sodium 
  

Protein 
 

 

HbA1c 
  

Albumin 
 

 

Potassium 

  

ALP 

 

Fasting lipid 

profile 

  

ABG 
 

PT 
 

aPTT 
 

INR 
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COMPARISON OF PROFILE  

 
 

 
HAEMATOLO 

GICAL 

PARAMETER 

S 

CAROTID 

INTIMAL 

THICKNESS> 

0.8 

CAROTID 

INTIMAL 

THICKNESS< 

0.8 

1. NEUTROPHI 

L/ 

LYMPHOCYT 

E RATIO 

  

2. RED CELL 

DISTRIBUTI 

ON WIDTH 

  

3. MEAN 

PLATELET 

VOLUME 

  

4. HBA1c 

LEVELS 
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6. RESULTS 

 
The results of the study done on 100 participants to assess hematological 

parameters in type 2 diabetes mellitus, and to compare with carotid intimal thickness in 

predicting macro-vascular complications are as follows: 

Age group of the study participants: 
 

 

Age 

group 

(in 

years) 

 

 
Male 

 

 
Femal

e 

 

 
Total 

Fisc

he r 

exact 

t e s t 

value 

 

 
P 

value 

 

31-40 
12 

(24%) 

17 

(34%) 

29 

(29%) 

  

 

41-50 
18 

(36%) 

26 

(52%) 

44 

(44%) 

  

 

51-60 
20 

(40%) 

 

5 

(10%) 

25 

(25%) 

8.419 0.213 

61-70 0 2 (4%) 2 (2%)   

 

Total 
50 

(100

%) 

50 

(100%

) 

100 

(100%) 

  

 
 

Table 6.1. Age group of the study participants 

  
The age group of the study participants varies from 31 to 70 years. 

Maximum number of study participants were at 41 to 50 years age group. Mean age 

of the study participants was 45.38 ± 7.60 years. Among 100 participants, both 

male and females are equally represented with 50 each and both are comparable 

with respect to age. (p>0.05) 
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Fig 6.1. Age group of the study participants 
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HbA1C of the study participants: 
 

HbA1C Frequency Percentage (%) 

>7.5 59 59 

5.5-7.5 41 41 

Total 100 100 

 
 

Table 6.2. HbA1C of the study participants 

The Mean HbA1C of the 100 diabetes mellitus patients in the study was 

found to be 7.27 ± 0.77 with 59% had HBA1C more than 7.5. 

 

Fig 6.2. HbA1C of the study participants 

 
 

 

 

 

 

 

 

 

 

 

Neutrophil Lymphocyte ratio of the study participants: 
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Neutrophil/Lymphocyte ratio Frequency 

>2 62 

1-2 38 

Total 100 

 

 
Table 6.3. Neutrophil Lymphocyte ratio of the study participants 

Among the 100 study participants 62% had high Neutrophil lymphocyte 

ratio of more than 2. The overall mean Neutrophil Lymphocyte ratio was found to 

be 2.23 ± 0.37 

 

 

 
Fig 6.3. Neutrophil Lymphocyte ratio of the study participants 
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Red cell distribution width of the study participants: 

 

Red cell distribution 

width 

 

Frequency 
Percentage 

(in %) 

>15 62 62 

11 to 15 38 38 

Total 100 100 

 

 

Table 6.4. Red cell distribution width of the study participants 

The Mean red cell distribution width (RDW) of the study participants was 

found to be 16.93 ± 3.60 with 38% had RDW more than 15. 

 

 

Fig 6.4. Red cell distribution width of the study participants 
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Mean platelet volume of the study participants: 
 

Mean platelet volume Frequency Percentage (%) 

>12 58 58 

7 to 12 42 42 

Total 100 100 

 
 

Table 6.5. Mean platelet volume of the study participants 

The average mean platelet volume of study participants was 12.53 ± 2.46 

and 42% showed mean platelet volume of >12. 

                     

Fig 6.5. Mean platelet volume of the study participants 

  



52  

Comparison of gender and HbA1C among the study participants: 
 

 

 
Gender 

HbA1C  
Total 

Chi 

square 

value 

 
P value 

>7.5 5.5-7.5 

 

Male 
32 

64% 

18 

36% 

50 

100% 

  

 

Female 
27 

54% 

23 

46% 

50 

100% 

 

1.033 
 

0.309 

 

Total 
59 

59% 

41 

41% 

100 

100% 

  

 

 
Table 6.6. Comparison of gender and HbA1C among the study participants 

 

 
Among the males 32 males had HbA1c levels more than 7.5 and 18 males had 

HbA1c levels from 5.5-7.5. Among the females 27 females had HbA1c levels more 

than 7.5 and 23 females had HbA1c levels from 5.5-7.5. This difference was not 

statistically significant by Chi square test. 

 
 

Fig 6.6. Comparison of gender and HbA1C among the study participants 
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Comparison of gender and Neutrophil/Lymphocyte ratio among the study 

participants: 

 

 
 

 
Gender 

N/L ratio  
Total 

Chi 

square 

value 

 
P value 

>2 1-2 

 

Male 
33 

66% 

17 

34% 

50 

100% 

  

 

Female 
29 

58% 

21 

42% 

50 

100% 

 

0.679 
 

0.410 

 

Total 
62 

62% 

38 

38% 

100 

100% 

  

 
Table 6.7. Comparison of gender and N/L ratio among the study participants 

 
Among the males 33 males had N/L ratio more than 2 and 17 males had N/L 

ratio from 1-2. Among the females 29 females had N/L ratio more than 2 and 21 

females had N/L ratio from 1-2. This difference was not statistically significant by 

Chi square test. 

 

Fig 6.7. Comparison of gender and N/L ratio among the study participants 
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Comparison of gender and Red cell distribution width among the study 

participants: 
 

 

Gender 

Red cell 

distribution width 

 

Total 

Chi 

square 

value 

 

P value 

>15 11 to 

 

Male 
33 

66% 

17 

34% 

50 

100% 

  

 

Female 
29 

58% 

21 

42% 

50 

100% 

 

0.679 
 

0.410 

 

Total 
62 

62% 

38 

38% 

100 

100% 

  

Table 6.8. Comparison of gender and Red cell distribution width among the study 

participants. 

Among the males 33 males had Red cell distribution width more than 15 

and 17 males had Red cell distribution width from 11 to 15. Among the 

females29 females had Red cell distribution width more than 15 and 21 females 

had Red cell distribution width from 11 to 15. This difference was not statistically 

significant by Chi square test. 

 

Fig 6.8. Comparison of gender and Red cell distribution width among the study participants 
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Comparison of gender and Mean platelet volume among the study participants: 
 

 

 

 
Gender 

Mean platelet  
Total 

Chi 

square 

value 

 
P value 

>12 7 to 12 

 

Male 
31 

62% 

19 

38% 

50 

100% 

  

 

Female 
27 

54% 

23 

46% 

50 

100% 

 

0.657 
 

0.418 

 

Total 
58 

58% 

42 

42% 

100 

100% 

  

Table 6.9. Comparison of gender and Mean platelet volume among the study participants 

Among the males 31 males had Mean platelet volume more than 12 and 19 

males had Mean platelet volume from 7 to 12. Among the females 27 females had 

Mean platelet volume more than 12 and 23 females had Mean platelet volume 

from 7 to 12. This difference was not statistically significant by Chi square test. 

 
 

 

Fig 6.9. Comparison of gender and Mean platelet volume among the study participant 
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Comparison of HbA1C and carotid intimal thickness among the study participants: 
 

 
 

HbA1C 

Carotid intimal 

thickness 

 
 

Total 

 

Chi 

square 

value 

 
 

P value 

>0.8 <=0.8 

 

>7.5 
58 

(98.3%) 

1 

(1.7%) 

59 

(100%) 

  

5.5 to 

7.5 

5 

(12.1%) 

36 

(87.8%) 

41 

(100%) 

 

76.949 
 

<0.001* 

 

Total 
63 

(63%) 

37 

(37%) 

100 

(100%) 

  

Table 6.10. Comparison of HbA1C and carotid intimal thickness among the study participants 

*- statistically significant by Chi square test 

Among the 100 diabetic mellitus patients in the study, 63 showed carotid intimal 

thickness of more than 0.8 and 59 patients had HbA1C more than 7.5. Carotid Intima 

thickness was more among those with HbA1C more than 7.5 (98.3%) compared to 

12.1% in those with HbA1C. Hence there is a significant association between increased 

HbA1C level and Carotid intimal thickness in diabetes mellitus patients. 

 

 

Fig 6.10. Comparison of HbA1C and carotid intimal thickness among the study participants 

Comparison of Neutrophil/Lymphocyte ratio and carotid intimal thickness among 

the study participants: 
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Neutrophil/ 

Lymphocyte 

ratio 

Carotid intimal 

thickness 

 

 
Total 

 
Chi 

square 

value 

 

P value 

>0.8 <=0.8 
  

 

>2 
62 

(100 

 

0 
62 

(100% 

  

 

1 to 2 
1 

(2.6% 

37 

(97.4%) 

38 

(100% 

 
95.823 

<0. 

001 

* 
 

Total 
63 

(63%) 

37 

(37%) 

100 

(100% 
) 

 
 

 
 

Table 6.11. Comparison of N/L ratio and carotid intimal thickness among the study 

participants 

*- statistically significant by Chi square test 

Among the 100 diabetes mellitus patients in this study, 62% had neutrophil 

lymphocyte ratio of >2. All those with >2 (100%) NLR was found to have increased 

carotid intimal thickness of >2 compared to 2.6% of those with NLR <2. This difference 

shows highly significant association of increased Neutrophil Lymphocyte ratio with 

increased Carotid intima thickness among diabetic patients. 

 

 
Fig 6.11. Comparison of N/L ratio and carotid intimal thickness among the study participants 
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Comparison of Red cell distribution width and carotid intimal thickness among the study 

participants: 

 

Red cell 

distribution 

width 

Carotid intimal 

thickness 

 

 
Total 

 
Chi 

square 

value 

 

 
P value 

 

>0.8 

 

<=0.8 

 

>15 
55 

(88.7 

7 

(11.4 

62 

(100%) 

 

 

 
46.266 

 

 
 

<0.001 

* 

 

11 to 15 
8 

(21.1 

30 

(78.9 

38 

(100%) 

 

Total 
63 

(63%) 

37 

(37%) 

100 

(100%) 

Table 6.12. Comparison of Red cell distribution width and carotid intimal 

thickness among the study participants 

*- statistically significant by Chi square test 

The 62% of the study participants had Red Cell Distribution Width >15. Among 

those with RDW >15, 88.7% showed carotid intimal thickness of >0.8 compared to 

21.1% in those with RDW 11-15. This difference shows significant association of 

increased red cell distribution width with increased carotid intima thickness among 

diabetes mellitus patients. 

 

 
Fig 6.12. Comparison of Red cell distribution width and carotid intimal thickness among the 

study participants 
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Comparison of Mean platelet volume and carotid intimal thickness among the study participants: 
 

Mean 

platelet 

volume 

Carotid intimal 

thickness 

 

Total 

Chi 

square 

value 

 
P 

value 
>0.8 <=0.8 

 

>12 
53 

(91.4 

5 

(8.6%) 

58 

(100%) 

 

 

 
47.713 

 

 
 

<0.001 

* 

 

7 to 12 
10 

(23.8 

32 

(76.2%) 

42 

(100%) 

 

Total 
63 

(163% 

37 

(37%) 

100 

(100%) 

Table 6.13. Comparison of Mean platelet volume and carotid intimal thickness among the 

study participants 

*- statistically significant by Chi square test 

The Mean Platelet volume was found to be >12 in 58 diabetes mellitus patients 

in the study. Among them 91.4% had increased carotid intimal thickness of 

>0.8. However among those with Mean platelet volume between 7 to 12, the carotid 

intimal thickness was found to be increased (>0.8) in only 23.8%. This difference of 

carotid intimal thickness between those with MPV >12 and 7-12 was found to 

significant (p<0.05) 

 

 
Fig 6.13. Comparison of Mean platelet volume and carotid intimal thickness among the study 

participants 
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Correlation between carotid intimal thickness and HbA1C: 
 

 

Carotid 

intimal 

thickness 

Pearson 

correlation 

coefficient 

 

P value 

 

Interpretation 

 

HbA1C 

 

0.55 
 

<0.001* 
Positive 

correlation 

Table 6.14. Correlation between carotid intimal thickness and HbA1C 

 
*- statistically significant correlation 

Among the study participants, the increase in Carotid Intima thickness significantly 

correlates positively with increased HbA1C, showing that among diabetes mellitus 

patients, increase in HbA1C increases the chances of increased carotid intimal 

thickness. 

 

 

 
Fig 6.14. Correlation between carotid intimal thickness and HbA1C 
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Correlation between carotid intimal thickness and Neutrophil/Lymphocyte ratio: 
 

 

 

Carotid 

intimal 

thickness 

Pearson 

correlation 

coefficient 

 

P value 

 

Interpretation 

Neutrophil/ 

Lymphocyte 

ratio 

 
0.628 

 
<0.001* 

 

Positive 

correlation 

Table 6.15. Correlation between carotid intimal thickness and Neutrophil/ Lymphocyte ratio 

*- statistically significant correlation 

There is a significant positive correlation between increased neutrophil 

lymphocyte count and carotid intimal thickness. Increase in Neutrophil Lymphocyte 

ratio >2 in diabetes mellitus patients, increases the chances of increase in carotid intimal 

thickness. 

 

 
Fig 6.15. Correlation between carotid intimal thickness and Neutrophil/ Lymphocyte ratio 
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Correlation between carotid intimal thickness and Red cell distribution width: 
 

 

Carotid 

intimal 

thickness 

Pearson 

correlation 

coefficient 

 

P value 

 

Interpretation 

Red cell 

distribution 

width 

 
0.494 

 
<0.001* 

 

Positive 

correlation 

 

Table 6.16. Correlation between carotid intimal thickness and Red cell distribution width 

*- statistically significant correlation 

 

 
Significant positive corelation between Red cell distribution width and carotid 

intimal thickness in Figure shows that, increase in RDW, increases the risk of increase 

in Carotid intimal thickness among diabetes mellitus patients. 

 
 

 

 
Fig 6.16. Correlation between carotid intimal thickness and Red cell distribution width 
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Correlation between carotid intimal thickness and Mean platelet volume: 
 

 

Carotid 

intimal 

thickness 

Pearson 

correlation 

coefficient 

 

P value 

 

Interpretation 

Mean platelet 

volume 

 

0.596 

 

<0.001* 
Positive 

correlation 

Table 17. Correlation between carotid intimal thickness and Mean platelet volume 

*- statistically significant correlation 

There is a significant positive correlation between mean platelet volume and 

increased carotid intimal thickness (p<0.05), which shows that increase in mean platelet 

volume in diabetes mellitus patients increases the risk of increased carotid intimal 

thickness. 

 

 

 
Fig 6.17. Correlation between carotid intimal thickness and Mean platelet 

volume
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7. SUMMARY 

 

 
This study was conducted in Rajiv Gandhi Government General Hospital from 

June2022 to November 2022. A total 100 case were studied. The Hemotological 

indices, HBA1c and CIMT parameter were included and assessed. 

AGE OF THE PATIENTS: 

Among 100 participants, both male and females are equally represented with 50 

each and both are comparable with respect to age. (p>0.05). The age group of the study 

participants varies from 31 to 70 years. Maximum number of study participants were at 

41 to 50 years age group. Mean age of the study participants was 45.38 ± 7.60 years. 

Among 100 participants, both male and females are equally represented with 50 each 

and both are comparable with respect to age. (p>0.05) 

Among the 100 diabetic mellitus patients in the study, HBA1c 63 showed 

carotid intimal thickness of more than 0.8 and 59 patients had HbA1C more than 7.5. 

Carotid Intimal thickness was more among those with HbA1C more than 7.5 (98.3%) 

compared to 12.1% in those with HbA1C. HAEMOTOLOGICAL INDICES; 62% had 

neutrophil lymphocyte ratio of >2. All those with >2 (100%) NLR was found to have 

increased carotid intimal thickness of >2 compared to 2.6% of those with NLR 

<2. (p<0.001) 

 
Among those with RDW >15, 88.7% showed carotid intimal thickness of >0.8 

compared to 21.1% in those with RDW 11-15. 

The Mean Platelet volume was found to be >12 in 58 diabetes mellitus patients 
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in the study. Among them 91.4% had increased carotid intimal thickness of >0.8. 

However, among those with Mean platelet volume between 7 to 12, the carotid intimal 

thickness was found to be increased (>0.8) in only 23.8%. 

 

As Type2 Diabetes mellitus is chronic inflammation state with resulting in significant 

changes of hematological indices which is useful marker to asses complications by 

associating with CIMT, a surrogate marker of atherosclerosis. 



66  

8. DISCUSSION 

 
As cardiovascular diseases are the major causes of preventable health in patients 

of type2 diabetes mellitus , Use of inexpensive tools such as hematological parameters 

in order to identify the adverse outcomes in association with carotid intimal thickness 

to asses the macro vascular complications. As IMT considered as surrogate marker of 

atherosclerosis can be used as cardiovascular risk disease. 

Two studies conducted among persons of general population from the CHS and 

ARIC studies found that IMT markers along with the traditional risk factors such as hs-

CRP has shown that B-USG mode of carotid artery as another marker to predict risk 

CHD. In this study 13,145 ARIC participants followed for ~15 years, using C- IMT and 

plaque information can improve CHD [92,94] 

Cao et al identified an association using carotid IMT measurement, which is a 

composite measure that merges the maximum internal and common carotid wall 

thickness of the right and left carotid arteries, and explored the independent effects of 

carotid IMT and plaque.[93] 

Of the 5201 individuals enrolled in the CHS, 2946 (56.8%) were women and 

2255 (43.2%) were men. Maximum ICA and CCA wall thicknesses were greater in men 

than women Wall-thickness measurements of the ICA were consistently greater than 

those of the CCA. Both measurements were also greater in subjects with CHD when 

compared with those without. 

Red Cell distribution width , an automated measure of RBC size can be used as 
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marker for CVD. The cardiovascular risk factors of hypertension, 

hypercholesterolemia, and chronic kidney disease were also associated with higher 

RDW. Age of the patients, BMI and CRP had positive significant moderate correlation 

with RDW similar to our study, Vayá et al., mentioned a significant strong correlation 

between RDW and BMI[95]. 

Wan et al reported that a higher NLR level was associated with an increased prevalence 

of cardiovascular and cerebrovascular diseases, and diabetic kidney disease in diabetic 

adults. It is a cross-sectional survey of 4,813 diabetic adults was conducted in seven 

communities in China. [96]. Persons underwent several medical examinations, 

including the measurement of anthropometric factors, blood pressure, routinely 

analyzed leukocyte characteristics, glucose, lipid profiles, urine albumin/ creatinine 

ratio, and Fundus photographs. Only the NLR level was positively associated with both 

CVD and CCA plaque, which suggests that the elevated NLR level may be a more 

proper predictor of CVD events than leukocyte and neutrophil levels With reference to 

platelet indices between the control and the diabetic patients, we observed no signicant 

difference in platelet count, but MPV increased in Diabetics. 

 
Jabeen et al. did a study on 170 diabetic patients to determine the relationship 

of glycemic control on hematological parameters in diabetes mellitus patients and 

reported that among hematological parameters MPV were signicantly increased in 

diabetes patients as compared to non-diabetics 
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In a study by Swaminathan et al. [97] MPV was found to be higher in subjects 

with type 2 diabetes and significantly increased in diabet- ics with poor glycemic 

control and having a longer duration of diabetes. In this study compared between 

Diabetes and. Non diabetes of 100 individuals each and found increase in MPV in 

Diabetics. 

HbA1c levels and atherosclerotic macrovascular complication. In a study 

conducted on patients with diabetes mellitus by[99] Brohall G et al. they found 

significantly increased cIMT values in patients with diabetes mellitus compared to 

healthy subject . In this study 81 type 2 diabetic patients were enrolled in this study. 

Patients were divided into two groups according to cIMT values: cIMT < 0,9 mm group 

and cIMT ≥ 0,9 mm group. Increased cIMT values were accepted as ≥ 0,9 

mm. Then compared HbA1c between normal and increased cIMT groups. And found 

that, HbA1c could not be a marker for subclinical atherosclerosis in diabetic patients. 

In the studies conducted on on patients with diabetes mellitus by [100].Mukai 

N et al Huang Y et al Venkataraman et al and Ma X et al they found significant 

correlation between high HbA1c and increased cIMT. In a study conducted on patients 

with diabetes mellitus by Du HW et al. they found no significant relationship between 

HbA1c and cIMT values. As in this hospital based with prolonged periods in this as 

HBA1c is king term measure showed no significant changes. 
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9. CONCLUSION 

 

 
Poor Glycemic control causes alteration in various biochemical parameters as 

well as hematological indices. Hyperglycemia induces the production of ROS causing 

oxidative stress as well as lipid per-oxidation which may accelerate vascular 

complication in diabetics. The study indicates the clinical usefulness of NLR ,RDW 

and MPV,HBA1c levels and its association with carotid intimal thickness . As IMT is 

a surrogate marker of atherosclerosis, to identify complications earlier with inexpensive 

tools. 
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10. LIMITATIONS OF STUDY 

 

 
1. Single institution study where general population cannot be included. 

 
2. Only type2 diabetic individuals on going treatment were included 

 
3. Drugs that can cause hematological parameters changes were not addressed. 
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12. ANNEXURE 

 
INFORMATION SHEET 

 
We are conducting a study titled "ASSOCIATION OF CAROTID INTIMAL 

THICKNESS WITH HEMATOLOGICAL INDICES IN PREDICTING 

MACRO-VASCULAR  COMPLICATIONS  IN  TYPE  2  DIABETES 

MELLITUS” among patients admitted in Rajiv Gandhi Government General Hospital, 

Chennai. 

The purpose of this study is to examine patients in Type2 Diabetes mellitus to use 

hematological parameters to asses macro vascular complications. 

We are selecting certain cases and if you are found eligible, we may be using your blood 

samples to do certain tests. 

The privacy of the patients in the research will be maintained throughout the study. In 

the event of any publication or presentation resulting from the research, no personally 

identifiable information will be shared. 

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

this study or to withdraw at any time; your decision will not result in any loss of benefits 

to which you are otherwise entitled. 

The results of the special study may be intimated to you at the end of the study period 

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

treatment. 

 
Signature of Investigator Signature/ left thumb impression of 

Participant/attender 

Date: 

Place:
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PATIENT CONSENT FORM 

 

 

 
“ASSOCIATION OF CAROTID INTIMAL THICKNESS WITH 

HEMATOLOGICAL INDICES IN PREDICTING MACRO-VASCULAR 

COMPLICATIONS IN TYPE 2 DIABETES MELLITUS“ 

Participant Name : 

Age: 

Sex: 

 

I confirm that I have understood the purpose of procedure for the above study. I have 

the opportunity to ask the questions and all my questions and doubts have been 

answered to my satisfaction. 

 

I have been explained about the pitfall in the procedure. I have been explained about 

the safety , advantage and disadvantage of the technique. 

I understand that my participation in the study is voluntary and that I’m free to withdraw 

at anytime without giving any reason. 

 

I understand that investigator, regulatory authorities and the ethics committee will not 

need my permission to look at my health records both in respect to current study and 

any further research that may be conducted in relation to it, even if I withdraw from the 

study. 
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I understand that my identity will not be revealed in any information released to third 

parties or published, unless as required under the law. I agree not to restrict the use of 

any data or results that arise from the study.I hereby consent to undergo complete 

physical examination, pathological and radiological investigation pertaining to the 

study. 

 

 

 

 
Signature/Thumb Impression of Participant
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MASTER CHART 
 

 

 
 

AGE SEX NEUTROPHIL COUNT LYMPHOCYTE COUN N/L RATIO RED CELL DISTRIBUTION WID MEAN PLATLET VALUE HBA1c LEVELS CAROTID INTIMAL THICKNES 

45 M 91 40 2.3 19 15 7.6 1.2 

55 F 99 37 2.7 11 14 8 1.1 

38 M 99 40 2.5 16 14 7.7 0.9 

40 F 75 40 1.9 11 8 7.5 0.7 

50 M 91 40 2.3 17 14 7.7 1.1 

39 M 97 34 2.9 22 13 7.7 1.1 

45 M 73 31 2.4 18 14 7.6 1.2 

46 F 92 39 2 14 12 6.5 0.8 

53 M 78 37 2.1 22 13 7.8 1.1 

39 F 82 30 2.7 16 14 7.6 1 

40 M 94 33 2.8 16 14 7.9 0.9 

41 F 73 32 2.3 20 15 8 1 

43 F 62 30 2 14 11 6.5 0.8 

39 F 92 39 2.4 18 14 7.9 0.9 

37 M 85 31 2.7 19 14 7.7 0.9 

45 M 95 39 2.4 23 14 8 1 

54 M 60 32 1.9 16 12 5.7 0.8 

52 F 66 35 1.9 14 13 6 0.8 

43 M 84 34 2.5 16 15 7.6 0.9 

40 F 86 32 2.7 18 14 7.8 1.1 

47 F 64 38 1.7 15 11 6.2 0.7 

53 M 85 31 2.7 17 13 7.9 0.9 

37 F 92 38 2.4 22 14 7.7 1.2 

38 M 64 38 1.7 15 10 7.4 0.7 

59 M 94 36 2.6 17 14 7.6 0.9 

54 M 70 35 2 13 9 5.6 0.8 

47 F 76 35 2.2 20 15 7.7 1.2 

39 F 60 37 1.6 11 9 6.3 0.8 

32 M 81 38 2.1 19 16 7.6 1 
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AGE SEX NEUTROPHIL COUNT LYMPHOCYTE COUN N/L RATIO RED CELL DISTRIBUTION WID MEAN PLATLET VALUE HBA1c LEVELS CAROTID INTIMAL THICKNES 

34 F 75 34 2.2 18 13 8 0.9 

37 F 77 35 2.2 17 14 8 1 

46 F 64 31 1.7 13 15 7.3 0.8 

32 M 66 39 1.7 22 14 6 0.7 

39 M 75 39 1.9 19 8 7.1 0.8 

39 F 88 33 2.7 16 15 7.6 0.9 

45 M 92 38 2.4 18 13 7.8 1.2 

53 M 82 38 2.2 17 16 7.6 0.9 

49 F 87 31 2.8 16 15 7.9 0.9 

59 F 78 38 2 13 12 7.5 0.8 

56 M 84 39 2.2 19 14 7.7 1.2 

57 M 98 38 2.6 13 14 7.7 1.2 

48 F 82 37 2.2 18 14 7.8 1 

38 F 79 34 2.3 17 16 7.9 1.2 

54 M 64 33 1.9 13 11 6 0.8 

56 M 79 34 2.3 19 14 7.9 1 

48 M 66 34 1.9 13 9 6.3 0.8 

55 M 60 32 1.9 14 10 6.1 0.8 

44 M 81 35 2.3 22 14 8 1 

54 M 97 40 2.4 16 15 7.6 1.1 

56 M 93 37 2.5 23 14 7.9 1.2 

45 M 82 37 2.2 24 15 7.9 1.1 

46 F 61 40 1.5 14 8 6.4 0.6 

45 M 75 32 1.9 12 9 7.5 0.8 

35 F 70 33 2.1 18 10 5.8 1.1 

47 F 81 36 2.3 21 14 7.7 1.2 

32 F 62 39 1.6 14 10 7.4 0.8 

54 F 99 36 2.8 18 14 7.6 1.1 

43 M 88 39 2.3 19 15 7.9 1.1 

34 M 81 31 2.6 20 14 7.7 0.9 
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AGE SEX NEUTROPHIL COUNT LYMPHOCYTE COUN N/L RATIO RED CELL DISTRIBUTION WID MEAN PLATLET VALUE HBA1c LEVELS CAROTID INTIMAL THICKNES 

45 F 66 35 1.9 14 9 5.5 0.7 

32 F 62 39 1.7 13 11 8 0.7 

45 M 75 38 2 14 9 7.2 0.7 

56 F 89 38 1.8 11 9 7.4 0.8 

43 F 71 31 2.3 20 13 7.6 1.2 

42 F 61 32 1.9 18 12 5.8 0.8 

42 F 86 34 2.5 21 14 7.8 1 

34 M 99 32 3.1 23 15 7.8 1.2 

32 F 88 39 2.3 19 16 7.9 1.2 

42 F 97 33 2.9 25 14 7.9 1.2 

43 M 62 39 1.6 14 12 7.2 0.8 

54 M 70 33 2 11 9 6.1 0.8 

34 F 61 33 1.8 16 8 5.9 0.7 

54 M 61 33 1.8 14 13 5.6 0.8 

45 M 89 31 2.9 19 14 7.7 1.2 

37 F 68 35 1.9 14 12 6.3 0.8 

43 F 70 33 2 14 11 7.5 0.8 

65 F 96 39 2.5 25 15 7.6 1.2 

45 F 89 35 2.5 16 18 7.8 1.1 

43 F 85 37 2.3 21 15 7.9 0.9 

47 F 70 33 2 14 11 7 0.7 

48 F 92 34 2.7 17 15 8 1.2 

46 M 60 31 1.9 14 10 5.5 0.8 

47 M 64 40 1.6 15 8 5.7 0.8 

65 F 76 38 2 16 8 6.5 0.8 

37 M 79 40 2 23 12 7.4 0.7 

56 M 89 35 2.5 17 15 7.8 1.1 

43 F 70 37 1.9 14 12 6.4 0.8 

54 M 93 34 2.7 13 15 7.9 0.9 

40 M 98 34 2.9 14 14 7.9 0.9 
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AGE SEX NEUTROPHIL COUNT LYMPHOCYTE COUN N/L RATIO RED CELL DISTRIBUTION WID MEAN PLATLET VALUE HBA1c LEVELS CAROTID INTIMAL THICKNES 

53 M 98 36 2.7 20 8 7.6 1.1 

45 F 60 35 1.7 14 13 6.5 0.8 

46 F 81 37 2.2 13 16 8 1.2 

45 M 74 39 1.9 25 10 7.8 0.9 

43 F 86 35 2.5 16 8 7.1 0.9 

54 M 98 33 3 14 9 7.4 0.9 

43 M 71 33 2.2 13 12 7.9 1 

54 M 70 33 2.1 23 11 5.7 1.1 

46 F 78 32 2.4 12 11 8 1.2 

35 F 79 36 2.2 22 9 7.9 0.9 

45 F 84 32 2.65 17 10 6.5 0.9 
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