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ABSTRACT 

 The area of the present research is the relationship between oxidative stress 

and type 2 diabetes mellitus with/without diabetic retinopathy. Oxidative stress is the 

imbalance between reactive oxygen species production and the antioxidant 

scavenging that may play a role in the etiology of type 2 diabetes mellitus and 

occurrence of diabetic retinopathy  resulting from increased activity of free radicals 

and accumulation of lipid peroxidation products. Subjects is 232 divided into 96 

control, 78 subjects have type 2 diabetes mellitus without diabetic retinopathy, and 

58 subjects have diabetic retinopathy. The age range of all subjects is more than 21 

years. They were recruited from urban  and rural areas of Al-Muthanna  governorate. 

Sociodemographic data was collected from the subjects. Anthropometric 

measurements including systolic and diastolic blood pressure, weight, and height. 

Blood samples were collected after 12 hours of overnight fasting for the analysis of 

glucose, HbA1c, lipids profile, oxidative stress indices and other biochemical 

parameters. In this study, it was found that plasma antioxidant levels were higher in 

the diabetic subjects than the patients with retinopathy while malondialdehyde levels 

were found to be higher in the retinopathy subjects as compared to the diabetic 

subjects. Smoking, BMI, blood pressure, and age play important impact on oxidative 

stress levels of  patients and its complications. Oxidative parameters values are not 

affected by residence. There is a strong correlation between the duration of the 

disease and disease progression to diabetic retinopathy incidence, where it was in 

diabetic retinopathy higher than diabetic patients without retinopathy. The present 

study recommend periodic medical checkup and suitable life style change, weight 

loss   also to control dyslipidemia and reduce type 2 diabetic complications. 
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Treatment with antioxidants such as vitamins which might support endogenous 

antioxidant capacity and reduce peroxidation rates to prevent complications. 
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1. Introduction and Literature Review 

1.1  Introduction  

       Diabetes mellitus (DM) describes a heterogeneous metabolic diseases of 

multiple a etiology  characterized by chronic  hyperglycemia resulting from flaws  in 

insulin secretion, insulin action, or both [1- 3]. The chronic hyperglycemia of 

diabetes mellitus is associated with long-term damage, dysfunction and insufficiency 

of different organs, especially the kidneys, eyes, heart, blood vessels  and nerves [2]. 

It may be present with characteristics symptoms include polydipsia, polyuria, 

polyphagia, blurred vision and weight loss. DM is one of the common non 

communicable diseases worldwide. DM was classified into following types: type 1 

diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), gestational diabetes 

mellitus (GDM)  [2, 3]. 

T1DM refers to a condition in which there is chronic progressive destruction of beta 

cell. T1DM is a chronic autoimmune disease that characterized increased blood 

glucose levels, due to the insulin deficiency that occurs as the result  of the loss of β-

cells islet [1, 4]. Type 1 is one of the most common endocrine and metabolic 

disorders occurring in children and adolescents. The loss of β-cells is the result 

T1DM related autoimmunity. This type has a strong genetic component [4, 5]. The 

most common type of diabetes mellitus is type 2 diabetes mellitus (non-insulin 

dependent diabetes). T2DM and obesity are associated with insulin resistance. 

T2DM is caused by  weak biological response to insulin.  In the early stages, β- cells 

respond to the insulin resistance by secreting increased amounts of insulin to 

maintaining normal levels of blood sugar. But gradually the β-cells start to fail and 

decrease the levels of insulin, which leads to rising of blood sugar levels  [1, 6]. 

GDM there is any degree of glucose intolerance with the onset during pregnancy 
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especially. Its diagnosis in the second or third trimester of pregnancy, which 

increases worldwide [3, 7]. 

The global number of individuals with diabetes in 2000 was estimated to be 171 

million (2.8% of the world’s population). The number of people with DM worldwide 

is projected to increase to 366 million by 2030,  298 million of whom will live in 

developing countries [3, 8]. There is a relationship between chronic hyperglycemia 

and long-term complications in diabetes. The long-term effects of diabetes include 

progressive evolution of  micro-vascular complications, particularly in the eye and 

the kidney and an increased frequency of macro-vascular disease such as peripheral 

vascular and coronary heart disease [3, 9]. Complications of micro-vascular and 

macro-vascular are the leading cause of morbidity and mortality in diabetics. 

However, diabetic patients often die from macro-vascular disease and main  

mortality is the coronary heart disease (CHD). Long-term complications of DM 

include retinopathy with potential vision loss [3, 9, 10].  

Diabetic retinopathy (DR) is the most common disease that caused by micro-vascular 

complication of diabetes, occurs  in both T1,T2 DM and is secondary to prolonged 

uncontrolled hyperglycemia and other risk factors. In adolescents and young adults 

with type 1 diabetes, over 80% have some form of  DR when the duration of diabetes 

is over 15 years. It is estimated that 90% of the blindness due to DR is preventable 

[4, 11]. Long term of  high blood glucose levels in uncontrolled diabetes  can be the 

cause of glucose auto-oxidation, nonenzymatic protein glycation and activation of 

the polyol pathway with increase oxidative stress. 

Oxidative stress is the result of an imbalance in  the pro-oxidant/antioxidant ratio in 

favor of the former, potentially leading to form macromolecules and dysfunction in 

the cell [12]. Improved  oxidative stress contributes to the damage of pancreatic β-
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cell progressively due to glucose toxicity, which leads to severe weakness of 

glucose-stimulated insulin secretion [13].  

In normal physiological conditions, there is a balance in the generation of reactive 

oxygen and nitrogen species (ROS, RNS) and antioxidant defense system to protects 

organisms against ROS, RNS toxicity. In diabetes, imbalance in the pro-

oxidant/antioxidant can damage cellular macromolecules, leading to protein 

modification and lipid peroxidation [14]. Lipid peroxidation is an autocatalytic free 

radical mediated destructive process where poly unsaturated fatty acids in cell 

membranes degraded to form lipid hydro peroxides. Through lipid peroxide products 

such as conjugated dienes and malondialdehyde (MDA) are increased in patients 

with T2DM. MDA is produced as a relatively stable end product from the oxidative 

degradation of polyunsaturated fatty acids (PUFA), and this free radical-driven lipid 

peroxidation has been causatively implicated in the aging process atherosclerosis, 

Alzheimer’s disease and cancer [2, 15]. Serum MDA used as a bio-marker of lipid 

peroxidation and  served as an indicator of free radical damage [16]. Hyperlipidemia 

has also been reported as one of the factors causing increased lipid peroxidation in 

diabetes mellitus. The lipid peroxidation pathways promote tissue degeneration and 

cause many complex syndromes in diabetics such as cataracts, renal failure, nerve 

damage and atherosclerosis [2, 12]. Although the mechanisms underlying the 

pathogenesis of  T2DM still under study, oxidative stress has been shown to be 

responsible, at least in part, for the development of  T2DM and its complications 

[17]. This supported by increased oxidative and weak antioxidants in these patients, 

as well as the use of some antioxidant nutrients as aid or supplements in the 

managing T2DM. Apart from lipid peroxidation used as a marker for oxidative 
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stress, there are variety of natural antioxidants to scavenge ROS and prevent 

oxidative damage to biological membranes [18]. 

An antioxidants defined as any substances, exogenous or endogenous delaying or 

preventing  oxidative damage to a target molecule and protecting  biologically 

important molecules such as DNA, proteins and lipids from oxidative damage and 

thus reduce the risk of many chronic diseases [19]. Hyperglycemia impairs the 

endogenous antioxidant defense mechanism in several ways during diabetes mellitus 

[2, 20]. People with diabetes do not have enough antioxidants defenses, but, in 

contrast, too much of the free radical induced damaged. One group of these 

antioxidants is intracellular enzymatic action , which include superoxide dismutase 

(SOD), antioxidant enzymes in blood cited as markers for vascular injury in T2DM 

[21]. Total antioxidant capacity (TAC) is a biomarker often used to investigate 

oxidative stress in several pathological conditions. (TAC) defined as the moles of 

oxidants neutralized by one liter of solution, is a biomarker measuring the 

antioxidant potential of body fluids [22]. 

The study of the oxidative stress status may be the knowledge base for understanding 

of the pathogenic mechanisms of complications in diabetes and may have important 

implications for antioxidant supplements in order to slow progress, choose optimal 

treatments, prevent complications and their consequences. 
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1.2  Literature Review 

1.2.1  Diabetes Mellitus 

      DM is the most common metabolic disorder , etiopathology being multi-factorial, 

is characterized by chronic hyperglycemia that results from defects in insulin 

secretion, insulin action or both along with decreased glucose utilization and 

increased glucose production  [1, 23, 24]. The chronic hyperglycemia of diabetes is 

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

especially the eyes, kidneys, nerves, heart and blood vessels [2]. 

 Several pathogenic processes are involved in the development of diabetes [24]. 

These range from autoimmune destruction of the ß-cells of the pancreas with 

consequent insulin deficiency to abnormalities that result in resistance to insulin 

action [25]. The basis of the abnormalities in carbohydrate, fat and protein 

metabolism in diabetes is deficient action of insulin on target tissues. Deficient 

insulin action results from inadequate insulin secretion and/or diminished tissue 

responses to insulin at one or more points in the complex pathways of hormone 

action [26]. Impairment of insulin secretion and defects in insulin action frequently 

coexist in the same patient, and it is often unclear which abnormality, if either alone, 

is the primary cause of the hyperglycemia [2, 23, 27].  

Acute, life threatening consequences of uncontrolled diabetes are hyperglycemia 

with ketoacidosis or the non- ketotic hyperosmolar syndrome. Diabetes mellitus is 

caused by the abnormality of carbohydrate metabolism which is linked to low blood 

insulin level or insensitivity of target organs to insulin [28]. 
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1.2.1.1 Classification of Diabetes Mellitus 

 DM has been classified based on diagnostic criteria into four types [8, 23, 30]. 

a) Type 1 Diabetes Mellitus (T1DM) (≤10%), 

b) Type 2 Diabetes Mellitus (T2DM) (90-95%) 

c) Gestational Diabetes Mellitus (GDM) and 

d) Other types of Diabetes Mellitus (<10%) 

1.2.1.1.1   Type 1 Diabetes Mellitus 

 Type 1 diabetes mellitus (T1DM) is one of the most common endocrine and 

metabolic conditions among children [8]. It is an autoimmune disease characterized 

by islet cell destruction and caused primarily by immune effector cells reacting 

against endogenous β-cell antigens. Pancreatic β-cell destruction ultimately causes 

absolute insulin deficiency. Genetic and environmental factors as well as disorder of 

immune mechanism are thought to be the cause of type 1 diabetes. [4, 24, 30]. 

Usually mediated by immune mechanisms LADA (latent autoimmune diabetes in 

adults) is classified as T1DM. T1DM includes 5-10% of diabetic patients. It 

classically occurs in juveniles and affected patients are dependent on insulin injection 

in their lifetime and are very prone to ketosis [1, 5, 25, 32].  

1.2.1.1.2  Type 2 Diabetes Mellitus 

This form of diabetes, which accounts for 90–95% of those with diabetes, 

previously referred to as non–insulin dependent diabetes or adult onset diabetes [8]. 

It is mainly due to insulin resistance or relative insulin deficiency rather than the 

absolute insulin deficiency seen in T1DM [1,6,32]. T2DM can range from 

predominant insulin resistance with relative insulin deficiency to prevailing defective 

secretion with insulin resistance.  
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It's frequently associated with other problems of the so-called metabolic 

syndrome [6, 33]. Patients with T2DM may be asymptomatic for-long period of time. 

Vascular complications such as nephropathy, neuropathy, retinopathy, cardiovascular 

disease and diabetic foot ulcer may develop in these patients [3, 34]. Encompasses 

individuals who have insulin resistance, usually have relative (rather than absolute) 

insulin deficiency at least initially, and often throughout their lifetime, those 

individuals do not need insulin treatment to survive.  

There are probably many different causes for this form of diabetes. Although the 

specific etiologies are not known, autoimmune destruction of β-cells does not occur 

[24, 35]. T2DM and obesity are associated with insulin resistance. Most obese 

individuals, despite being insulin resistant, do not develop hyperglycemia. Pancreatic 

β-cells of the islet of Langerhans release adequate amounts of insulin that are 

sufficient to overcome insulin level reductions under normal circumstances, thus 

maintaining normal glucose tolerance [1, 36], whereas patients with this form of 

diabetes may have insulin levels that appear normal or elevated, the higher blood 

glucose levels in these diabetic patients would be expected to result in even higher 

insulin values had their β-cells function been normal. Thus, insulin secretion is 

defective in these patients and insufficient to compensate for insulin resistance [6, 

37].  

The risk of developing this form of diabetes increases with age, obesity and lack of 

physical activity. Type-2 diabetes may developed most often in middle age and older 

people who are also increased body weight or obese [3, 38]. It occurs more 

frequently in women with prior GDM and in individuals with hypertension or 

dyslipidemia. 
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1.2.1.1.3  Gestational Diabetes Mellitus 

GDM defined as any degree of glucose intolerance with onset during 

pregnancy especially diagnosed in the second or third trimester of pregnancy, is 

increasing worldwide [7, 8]. The prevalence may range from (1 to 14)% in all 

pregnancies [7, 39]. GDM occurs when insulin receptors are not able to respond 

adequately to control blood sugar levels due to hormones produced in pregnancy, 

such as human placental lactogen, which impacts susceptible insulin receptors. 

Several risk factors are known for GDM;  advanced maternal age, obesity, physical 

inactivity, parity, ethnicity, family history of T2DM, history of  macrosomic babies 

and a previous history of GDM. GDM is associated with adverse maternal and fetal 

outcomes during pregnancy and long term health [3, 40]. 

1.2.1.1.4  Other Types of Diabetes Mellitus 

 American Diabetes Association (ADA) had recognized more than 56 other 

specific types of diabetes. Some of these are quite rare, whereas others are much 

more common. This type of diabetes is associated with insulin deficiency related to 

non-immune mediated injury to the β-cells or to the entire pancreas. Some of these 

disorders include cystic fibrosis, acute or chronic pancreatitis, trauma, partial or 

complete pancreatic resection, hemochromatosis. These disorders and several 

monogenetic defects in β-cell function collectively known as maturity-onset diabetes 

of the young (MODY) have impaired insulin secretion with relatively negligible or 

no defect in insulin action [1, 41].  

1.2.1.2  Diagnosis of Diabetes Mellitus 

 The diagnostic criteria of hyperglycemia for diabetes mellitus have recently 

been revised by comprehensive reviews of the world’s research findings by the 

expert committees of the ADA and the WHO. The reviews have led to a lowering of 



 

Chapter One                                       Introduction & Literature Review 

______________________________________________________________________________________________________  

9 
 

the fasting glucose diagnostic criteria from ≥7.8 mmol/l to ≥7.0 mmol/l. Criteria for 

the diagnosis of diabetes FPG  ≥ 126 mg/dL (7.0 mmol/L). Fasting is defined as no 

caloric intake for at least 8 h. A random plasma glucose ≥ 200 mg/dL (11.1 mmol/L). 

The 2-h PG criterion ≥ 200 mg/dL  (≥ 11.1  mmol/L) during oral glucose tolerance 

tests (OGTT). The test should be performed as described by the WHO, using a 

glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water 

[7]. HbA1c ≥ 6.5% (≥ 48 mmol/mol). level between 6.0 – 6.5% can be considered as 

high risk of developing diabetes mellitus [42]. 

1.2.1.3  Global Prevalence of Diabetes Mellitus 

The WHO estimated that there were 135 million diabetics in 1995, and the 

global number of individuals with diabetes in 2000 was estimated to be 171 million 

(2.8% of the world’s population), while in 2010 there were 285 million people with 

diabetes mellitus. An expected incidence of DM is 300 million by the year 2025. The 

number of people with DM worldwide is projected to increase to 366 million (4.4% 

of the world’s population). by 2030,  298 million of whom will live in developing 

countries [3, 8]. 

In 2007, 23.6 million people (7.8%) in United States had T2DM. T2DM reached 

epidemic proportions with explosive increase in incidence worldwide over the past 

few decades [43]. Although T2DM is more prevalent in developed countries, the 

increase in incidence seems to be more pronounced especially in populations that are 

experiencing rapid westernization. Apart from microvascular complications, 

cardiovascular disease, with its attendant morbidity and mortality, is on the rise in the 

developing countries. Current evidence suggests that environmental factors are major 

determinants of the increasing rates of diabetes. Overweight and obesity are 

increasing dramatically and contribute to the burden of diabetes mellitus and other 
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chronic health conditions. Indeed, the modern environment and sedentary lifestyles 

promotes the risk factors that cause diabetes [3, 43]. 

1.2.1.4  Complications of Diabetes Mellitus  

The disruption in the vascular system of the body is due to impaired 

metabolism of carbohydrates, fats, proteins and electrolytes associated with the 

hyperglycemic state. Under this state, many endothelial cells are damaged, including 

the retina, glomerulus, central and peripheral nerves due to excessive glucose 

accumulation in these cells. Impaired lipid metabolism, increased production of 

reactive oxygen species (ROS) and reduced protective antioxidant system leas to 

insulin resistance and more damage to beta cells in the pancreas [44]. Hyperglycemia 

is a major risk causative in the development of several complications in patients with 

diabetes. Long-term complications of diabetes include retinopathy with potential loss 

of vision, nephropathy leading to renal failure, peripheral neuropathy with risk of 

foot ulcers, amputations, Charcot joints, autonomic neuropathy causing 

gastrointestinal, genitourinary, cardiovascular symptoms and sexual dysfunction [2, 

3, 8, 45]. 

1.2.1.5   Pathogenesis Type 2 Diabetes Mellitus 

Under normal physiological conditions, the plasma glucose concentrations 

are maintained within a narrow range, despite the wide fluctuations in supply and 

demand, through a tightly regulated and dynamic interaction between tissue 

sensitivity to insulin (especially in the liver) and insulin secretion [1, 46]. The 

ingestion of carbohydrates causes a momentary increase in blood glucose 

concentration, resulting in a rapid release of insulin by the ß-cells within the islets of 

Langerhans. Insulin then binds to specific receptors in target peripheral tissues to 

produce its effects. Under normal conditions, insulin promotes the transport of 
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glucose into the skeletal muscle and adipose tissue. In the liver, insulin acts by 

suppressing glycogenolysis and gluconeogenesis and in adipose tissue, it inhibits 

lipolysis. Through the mechanism of decreasing hepatic and adipose glucose 

production and by accelerating the uptake of glucose into peripheral tissues. The net 

effect of insulin’s action is to lower blood glucose concentration [2, 46, 47]. 

People with T2DM, however there is a gradual change in glucose homeostasis 

manifested as glucose intolerance and inefficient uptake of glucose from the blood 

by the peripheral tissues. The glucose intolerance is caused, in part, by an attenuated 

biological response to normal concentrations of insulin, a condition known as insulin 

resistance. In addition, T2DM is often associated with a progressive decrease in the 

sensitivity of the pancreatic ß-cells to glucose stimulation, with a subsequent 

decrease in insulin secretion. In time, there may be an increased demand for insulin 

due to worsening of the insulin resistance. Eventually, the combined effects of 

increased insulin resistance and inadequate insulin secretion in response to a glucose 

challenge will result in hyperglycaemia, which is a significant and prolonged 

increase in blood glucose concentration [3, 48]. 

1.2.1.6   Etiological Factors Underlying Diabetes Mellitus 

T2DM is a heterogeneous syndrome that results from an interaction between 

a genetic predisposition (non-modifiable) and environmental (modifiable) factors. 

These interactions increase the risk for insulin resistance, β-cells dysfunction, obesity 

and ultimately lead to the development of diabetes mellitus. In genetically 

predisposed individuals, the development and progression of T2DM appears to be 

facilitated by factors such as obesity, lack of physical activity, cigarette smoking, 

high intake of calorie-rich diets and low intake of fruits and vegetables [46, 49]. 
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1.2.1.7   Most Significant Symptoms of Diabetes Mellitus 

The clinical diagnosis of diabetes frequently driven by unexplained weight 

loss and high level of glycosuria are usually present along with following symptoms;  

polyuria (frequent urination), nocturia (urination at night), polydipsia (increased 

thirst and excessive fluid intake) and dry mouth [2, 47,  50]. Hyperphagia (excessive 

eating or overeating). Other symptoms include  tiredness, fatigue, weight loss and 

blurring of vision. As far as T1DM is concerned, the affected people start developing 

symptoms very quickly within weeks or even days, but in the case of T2DM, the 

symptoms develop in a very slow manner,  usually over a period of months or even 

years. Another complication of this disease is diabetic ketoacidosis (DKA), a 

condition, wherein the person experiences polyuria, nausea, vomiting and abdominal 

pain [51]. 

1.2.2   Diabetic Retinopathy 

    DR is a serious microvascular complication of diabetes that involves blood–retinal 

barrier alteration, inflammation and neuronal dysfunction. DR  a leading cause of 

blindness among working adults worldwide.  The prevalence of DR increases with 

the duration of  DM, and nearly all T1DP and more than 60% T2DP suffer from 

some degree of retinopathy in the 20 years after the onset of DM [3, 45, 52].  

1.2.2.1   Diabetic Retinopathy Stages  

     DR  has four stages; [53]  

1. Mild Non-proliferative Retinopathy: the earliest stage of diabetic retinopathy, at 

this earliest stage, microvascular aneurysms occur. Early retinal non-perfusion in 

people with diabetes may cause ischemia and impaired oxygenation of retinal 

neurons. This microvascular changes are typically asymptomatic, even at advanced 

stages. 
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 2. Moderate non-proliferative retinopathy: As the disease progresses, some blood 

vessels that nourish the retina are blocked [45]. 

 3. Severe non-proliferative retinopathy. Many more blood vessels are blocked, 

depriving several areas of the retina of their blood supply. These areas of the retina 

send signals to the body to grow new blood vessels for nourishment. The people with 

non-proliferative retinopathy are at high risk of progressing to sight-threatening 

diabetic retinopathy remains a challenge. 

 4. Proliferative retinopathy. At this advanced stage, the signals sent by the retina for 

nourishment trigger the growth of new blood vessels. This condition is called 

proliferative retinopathy. These new blood vessels are abnormal and fragile. They 

grow along the retina and along the surface of the clear, vitreous gel that fills the 

inside of the eye [44]. 

 Macular edema is the major complication of diabetic retinopathy due to the leaking 

of fluid from blood vessels in the retina. The macula is swollen vision loss may be 

mild to severe [53]. 

1.2.2.2   Risk Factor for Diabetic Retinopathy 

DR represents the most common diabetes mellitus complication (DMC). 

There is a worldwide epidemic of diabetes, which has led to an outbreak of diabetic 

retinopathy [3, 45, 54]. The assessment of risk factors, as well as of other 

complications of diabetes, may help in both primary and secondary prevention of 

DR. According to several studies, the main risk factors associated both with an 

earlier onset and a more rapid progression of the disease are diabetes duration, high 

glycated hemoglobin (HbA1c) and hypertension, and hyperlipidemia  in patients with 

T2DM [45,55]. In particular, an optimized glycaemic control demonstrated effective 

in reducing both new-onset DR and its progression. As established by the most 
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recent literature of the last two decades, there is a correlation between DR and both 

the microangiopathic complications of DM (e.g., diabetic nephropathy and 

neuropathy) and diabetic macroangiopathies (e.g., the cardiovascular risk) [56]. 

Other factors, genetic and/or environmental, may explain  89% of the variation in 

retinopathy risk. Together, these observations suggest that genetic factors may play a 

role in the development and progression of DR [3, 4, 55]. 

1.2.2.3  Pathogenesis of Diabetic Retinopathy   

The increased level of glucose in retinal cells lead to  increase the risk of DR 

and accompanying blindness. In the pathogenesis of DR, oxidative stress is increased 

in the retina and its vasculature, mitochondria are damaged and have impaired 

homeostasis, gene transcription associated with oxidative stress are altered, and 

apoptosis of capillary cells is accelerated [45, 57]. Oxidative stress is considered as 

one of the crucial contributors in the pathogenesis of DR, but oxidative stress appears 

to be highly interrelated with other biochemical imbalances that lead to structural and 

functional changes and accelerated loss of capillary cells in the retinal 

microvasculature [58]. 

 The oxidative stress response is capable of participating in various secondary 

pathological responses like apoptosis and inflammation. The resulting pathological 

products including MDA and nitric oxide (NO) may lead to damage of tissue cells 

and are deemed to be involved in the pathological responses of DR [44, 56]. The 

earliest responses of the retinal blood vessels to hyperglycemia are dilatation of 

blood vessels and blood flow changes. These changes are considered to be a 

metabolic auto regulation to increase retinal metabolism in diabetic subjects. Pericyte 

loss is another hallmark of the early events of DR [45]. 
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1.2.3   Type 2 Diabetes and Oxidative Stress: 

1.2.3.1  Oxidative Stress  

Oxidative stress was defined as the lack of balance between the occurrence of 

reactive oxygen/nitrogen species (ROS/RNS) and the organism's capacity to 

counteract their action by the anti-oxidative protection systems. Its severity is 

associated with several pathologies like cardiovascular, cancer and aging [59]. 

Oxidative stress represents an increased level of production of free radicals or ROS. 

Free radical-induced damage in oxidative stress has been confirmed as a contributor 

to the pathogenesis and pathophysiology [60]. Oxidative stress can be broadly 

divided into exogenous and endogenous mechanisms. Although very different in 

origin, excessive oxidative stress may lead to damage to lipids, proteins and DNA. 

Conversely, ROS and RNS are essential for all aerobic organisms where free radicals 

and ROS are used for advantageous biological effects. The regulation of free radicals 

in maintaining redox stability is therefore essential for the physiological health of 

organisms [61]. 

1.2.3.2   Oxidative Stress in Type 2 Diabetes Mellitus  

Oxidative stress plays critical role in the pathogenesis of various diseases. In 

the diabetic condition, oxidative stress impairs glucose uptake in muscle and fat. 

Decreases insulin secretion from pancreatic β cells. Increased oxidative stress also 

underlies the pathophysiology of hypertension and atherosclerosis by directly 

affecting vascular wall cells [62]. Several accumulating evidence indicates that 

oxidative stress may play a role in the a etiology of T2DM, oxidative stress induced 

complications of diabetes may include stroke, neuropathy, retinopathy and 

nephropathy. Oxidative stress occurs due to a delicate imbalance between pro- 
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oxidant and antioxidant forces in our system. It is associated with many morbidities 

but its association with obesity and insulin resistance is still controversial. It is 

evident that with the fast progressing westernization of our society that is associated 

with a high intake of calorie-dense foods coupled with a low physical activity pattern 

many subjects in high-risk groups may be predisposed to a defective antioxidant 

status and  increased oxidative stress that may lead to the development of T2DM and 

its complications [63]. Several mechanisms seem to be involved in the generation of 

oxidative stress in the presence of elevated glucose concentrations. They include 

glucose auto-oxidation, enhanced glucose flux through the polyol pathway, and non- 

enzymatic and progressive glycation of proteins with subsequently increased 

formation of glucose derived advanced glycosylation end products [64]. Glucose 

metabolism prominently takes place via two  pathways: glycolysis and citric acid 

cycle. In both pathways, carbon dioxide and reduced forms of nicotinamide adenine 

dinucleotide (NAD
+
) and flavin adenine dinucleotide (FADH), such as NADH and 

FADH2, respectively, are formed as metabolic by-products. These reduced forms 

(NADH and FADH2) play a vital electron-donating role in the electron transport 

chain reaction, resulting in the generation of adenosine triphosphate, along with the 

reduction of oxygen to superoxide radical. The formation of free radicals during this 

reduction reaction occurs physiologically, every day. Nevertheless, they are 

produced in quite low amounts and are efficiently removed via various radical-

scavenging mechanisms and antioxidants. With increasing glucose concentration, a 

hallmark of diabetes mellitus, excess amounts of NADH and FADH2 are produced 

that, upon entering the electron transport chain, generate a surfeit of superoxide 

radicals, hence unbalancing the free radical homeostasis, ultimately resulting in 

oxidative stress [63, 65]. 
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1.2.3.3   Free Radicals  

Free radicals and other reactive species are continuously produced in the 

body and have important functions for the immune system, as our white blood cells 

produce oxidants such as hydrogene peroxide and superoxide to kill bacteria [66]. 

ROS and RNS have critical biological functions essential for normal physiology. 

Overproduction or deficiency of ROS and RNS may result in impaired homeostasis 

and associated pathology. In healthy organisms, oxidants are balanced by reductants 

(antioxidants). According to recent reports it is believed that almost all pathogenetic 

mechanisms involve a disequilibrium in the redox balance as "final common 

pathway" [66, 67]. Free radical-induced damage in oxidative stress has been 

confirmed as a contributor to the pathogenesis and pathophysiology [62],  when free 

radicals of an oxygen species attack a cell, they damage its membrane, its proteins, 

and even its DNA. The cell is then oxidized: it cannot function properly and dies. 

When its DNA is affected, the disrupted cell can even become a “mutant” cell, 

therefore potentially a cancerous cell [60, 65, 68].  

Free radicals can be classified into following three types [68, 69]: 

 1. Reactive oxygen species (ROS). 

 2. Reactive Nitrogen species (RNS)  

 3. Reactive chlorine species (RCS)  

Table  1.1 :  Main reactive oxygen species (ROS) [70]  

Free radicals Non-radicals 

Superoxide    O2
.- 

Hydrogen peroxide   H2O2 

Hydroxyl   ∙OH Singlet oxygen    
1
O2 
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Hydroperoxyl  HO2 Ozone  O3 

Peroxyl   ROO· Hypochlorous acid    HOCl 

Alkoxyl    RO· 
 

 

Table 1.2 :  Main reactive nitrogen species (RNS) [70].  

Free radicals Non-radicals 

Nitric oxide     NO· Nitrous acid    HNO2 

Nitric dioxide    NO
·
2 Nitrosonium cation     NO

+
 

Nitrate radical     NO3
.

 Nitroxyl anion      NO
–

 

  Peroxynitrite      ONOO
–

 

  Dinitrogen tetroxide      N2O4 

 Dinitrogen trioxide     N2O3 

 

The production of reactive oxygen species (ROS) is an unavoidable consequence of 

aerobic life. ROS is a collective term that includes both oxygen radicals, like 

superoxide (O2
.-
), hydroxyl (·OH), peroxyl (ROO·), etc. and other non-radicals such 

as hydrogen peroxide (H2O2), singlet oxygen (
1
O2) and ozone (O3) Table 1.1 . 

Reactive nitrogen species (RNS) is a similar collective term that includes radicals 

like nitric oxide (NO·) and nitric dioxide (NO2
.
), as well as non-radicals such as 

nitrous acid (HNO2) and dinitrogen tetroxide (N2O4) among to Table 1.2 [62, 22, 70]. 

1.2.3.4   Reactive Oxygen Species (ROS) 

ROS are continuously formed in small amounts by normal metabolic 

processes. The addition of one electron to O2 produces the O2
•
 whereas addition of 

two electrons results in formation of  H2O2 which can react with O2
•−

 and ferrous to 

produce the highly reactive HO
• 

[62]. High ROS concentration, formed under 
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pathological conditions, can overwhelm cellular defenses leading to cellular damage. 

ROS can act as both oxidizing and reducing agents. Although the initial free radical 

produce only local effects, secondary radicals, and degradation products can have 

biological effects at distant sites [60, 71]. 

Oxidants such as O2
•−

, H2O2, HO
•
 and lipid peroxides play important roles in 

biological processes such as phagocytosis, aging, inflammation, tissue repair and 

intracellular messenger pathways [68, 70].  

1.2.3.4.1   Mechanisms of Production of ROS 

           ROS can be generated by both exogenous and endogenous means [61, 66, 72]. 

Endogenous production of ROS: in vivo, ROS are produced both enzymatically 

and non-enzymatically. One of the main ROS sources under physiologic conditions 

is mitochondria. In the inner membrane, they contain an electron chain transfer 

system for ATP generation, permanently generating O2
•-
. It is estimated that some 1-

2% or even 4% of O2 consumption undergoes transformation to O2
•-
, The outer 

mitochondrial membrane carries monoamine oxidase, producing large amounts of 

H2O2 in the mitochondrial matrix as well as in the cytosol directly [66, 73]. 

Enzymatic sources include NADPH oxidases located on the cell membrane of poly 

morphonuclear cells, macrophages and endothelial cells. The enzyme NADPH 

oxidase catalyzes the one electron reduction of O2 to generate O2
•-  

, using NADPH as 

the source of electrons (NADPH oxidase inhibitor reduced ROS production) [62, 73]. 

The proteolytic conversion of xanthine dehydrogenase to xanthine oxidase provides 

another enzymatic source of O2
•-
 and H2O2 (therefore constitute a source of OH

.
) has 

been proposed to mediate deleterious processes in vivo [68, 74]. The non-enzymatic 

production of O2
•-
 occurs when a single electron is directly transferred to oxygen by 
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reduced coenzymes or prosthetic groups (for example, flavins or iron sulfur clusters) 

or by xenobiotics previously reduced by certain enzymes (for example, the 

anticancer agent adriamycin or the herbicide paraquat) [75]. The mitochondrial 

electron transport chain contains several redox centers that may leak electrons to 

oxygen, constituting the primary source of O2
•- 

in most tissues [71, 75].  

Exogenous production of ROS: in addition to being generated in the physiological 

processes, ROS can be produced as primary products under a variety of stress 

conditions [77]. For example; ROS is generated by UV irradiation, pollutants, toxins, 

etc. ROS generally causes DNA and protein oxidation that damages these 

macromolecules, resulting in cell death. Cigarette smoke contains many radicals [59, 

76]. In addition numerous toxic environmental chemicals such as xenobiotics, 

pesticides, herbicides, fungicides, heavy or transition metals ions (Cd, Hg, Pb, Fe, 

As) and radiation cause their harmful environmental effects via the generation of 

ROS [65, 66, 77]. 

1.2.3.4.2  Mechanisms of Generation of ROS in T2DM 

Chronic hyperglycemia can activate several well-characterized biochemical 

pathways that play a significant role in the development of diabetic complications. 

Activation of these pathways appears to be linked to a hyperglycemia-mediated rise 

in ROS production and a consequent increase in oxidative stress. Hyperglycemia 

induces activation of classical pathways like advanced glycation end products, polyol 

pathways [64], hexosamine, protein kinase C activation and increased flux via the 

hexosamine biosynthesis pathway and generation of the end product uridine 

diphosphate N-acetyl-glucosamine, a substrate used for protein glycosylation to 

mediate cellular damage [62, 78]. 
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AGE/RAGE pathway: advanced glycated end-products (AGEs) describe a 

heterogeneous group of combined carbohydrates, proteins, lipids and nucleic acids 

that are formed non-enzymatically [44]. The aldo or keto groups of reducing sugars 

react non-enzymatically with the free amino groups of proteins, lipids and nucleic 

acids leading to the formation of AGEs. Reducing sugars react non-enzymatically 

with free amino groups of proteins to form a Schiff’s base, which undergoes a series 

of irreversible reactions to form an Amadori product and finally yield AGEs [65]. 

Formation of AGEs occurs with normal aging however, their production accelerates 

during hyperglycemia. General mechanisms through which AGEs contribute to 

diabetic complications include the apoptotic effects of AGEs were shown to be 

mediated via mitochondrial electron transport chain inhibition as well as the NADPH 

oxidase mediated increase in ROS [65, 79].  

Polyol pathway: the polyol pathway consists of two reactions catalyzed by two 

respective enzymes. The first reaction is the reduction of glucose to sorbitol, which is 

catalyzed by aldose reductase (AR) [80]. In this pathway also converts NADPH to 

NADP
+
. The second reaction converts sorbitol to fructose and is catalyzed by 

sorbitol dehydrogenase, which makes NADH from NAD
+
. So the overall products of 

the polyol pathway is sorbitol, fructose and NADH [65, 66]. NADH production 

results from the consumption of  NADPH. Because nearly 30% of blood glucose can 

flux through the polyol pathway in diabetes. Increase NADH/NAD
+
 ratio leading to 

ROS production and oxidative stress in diabetes [44]. 

Hexosamine biosynthetic pathway: under normoglycemic conditions, most of the 

glucose is metabolized through the glycolysis pathway and only 2–5% enters the 

hexosamine pathway and a small amount of fructose-6-P is produced [66]. The HBP 

begins with the conversion of fructose-6-phosphate (F-6-P) and glutamine to Glc-6-P 
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by glutamine:fructose-6-P amidotransferase (GFA). It has been noted that Glc-6-P 

can inhibit glucose-6-P-dehydrogenase, the enzyme that promotes glucose 

metabolism via the pentose phosphate pathway (PPP) [78]. One important function 

of the PPP is the generation of NADPH, necessary for the regeneration of reduced 

glutathione (GSH), a critical and major cellular antioxidant. Thus, in the presence of 

elevated Glc-6-P and consequent PPP inhibition caused by exposure to Glc, there 

occurs an associated oxidative stress [81]. 

 The protein kinase C pathway: PKC is a family of serine- and threonine-specific 

protein kinases that can be activated by calcium and the second messenger 

diacylglycerol that have different functions and tissue distributions[82]. Excess 

glucose in the intracellular medium results in the accumulation of an intermediate of 

the glycolytic pathway, dihydroxyacetone phosphate [81]. This leads to the 

formation of glycerol-3-phosphate which upon conjugation with fatty acids yields 

diacylglycerol (DAG). DAG is the most important activator of  PKC although AGE-

RAGE interaction has also been shown to activate it [78].  High blood glucose levels 

in diabetes activate DAG formation, a physiological activator of PKC [65]. This 

phosphorylates the subunits of NADPH-oxidase, leading to the production of  ROS. 

The activation of PKC also induces the overproduction of ROS and AGEs by the 

NADPH oxidase system causing deleterious effects to the cell [83]. 

1.2.4   Antioxidants 

Antioxidants are described as any substance that, when present at low 

concentrations to compete with those of an oxidizable substrate, significantly delays 

or prevents the oxidation of that substrate. An oxidizable substrate might be a lipid, 

DNA, protein or any molecule found in vivo [63, 84]. The antioxidant can also be 

defined as any substance that delays, prevents, or removes oxidative damage to a 
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target molecule. However, defined antioxidant as any substance that directly 

scavenges ROS or indirectly acts to up-regulate antioxidant defenses or inhibit ROS 

production. An antioxidant may have an ability to convert free radicals to a new 

stable radical through intramolecular hydrogen bonding on further oxidation [59, 85]. 

Antioxidant functions imply lowering oxidative stress, DNA mutations, malignant 

transformations, as well as other parameters of cell damage. Epidemiological studies 

proved antioxidants' ability to contain the effects of reactive oxygen species activity 

and diminish the incidence of cancer and other degenerative diseases [86]. 

Antioxidants (either endogenously generated or externally supplied) are capable of 

scavenging ROS and reducing the oxidation of cellular molecules, thus alleviating 

oxidative stress [68, 84]. The possible mechanisms by which antioxidants may 

project against ROS toxicity are: 

1. Prevention of ROS formation 

2. Interception of ROS attacks by scavenging the reactive metabolites and converting 

them to less reaction molecules and/or by enhancing the resistivity of sensitive 

biological targets to ROS attacks. 

3. Facilitating the repair of damage caused by ROS. 

4. Providing (e.g. a cofactor or by acting to maintain a suitable redox status) a 

favourable environment for the effective functioning of other antioxidants [66, 87]. 

1.2.4.1  Classification of Antioxidants  

The antioxidant defense systems of the human body are complex and various 

classification systems exist. An antioxidant defense can be parted in two groups: the 

enzymatic and non enzymatic the first one include SOD, peroxidases such as catalase 

and glutathione peroxidase, glutaredoxins, thioredoxins and glutathione S-

transferases (GST) [61,66,68,88]. The second group typically consist of small 
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molecules which are soluble in an aqueous environment or in a lipid environment, 

which include glutathione, ascorbate (vitamin C), tocopherols (vitamin E), 

phytochelatins, polyamines, metallothioneins and other products [61, 89]. 

Antioxidants can be categorized by their mode of function  [90]:  

Preventive antioxidants: preventive antioxidants act by binding to and sequestering 

oxidation-enhancers and transition metal ions, such as iron and copper, which 

contain unpaired electrons and strongly accelerate free radical formation such as 

superoxide dismutase enzymes (1,2 and 3), catalase, glutathione peroxidase and 

DNA repair enzymes. 

Scavenging antioxidants: scavenging or chain-breaking antioxidants. These 

antioxidants act by presenting themselves for oxidation at an early stage in the free 

radical chain reaction, producing low-energy molecules that are unable to propagate 

the chain further. Scavenging antioxidants  are included  ascorbate, carotenoids, uric 

acid, α–tocopherol, polyphenols, bilirubin, albumin, ubiquinone, reduced glutathione 

and other thiols. 

And antioxidants can be categorized according to their origin: 

Exogenous antioxidants: carotenoids, ascorbic acid, tocopherols (a,b,c,d), 

polyphenols, folic acid cysteine [66, 91].  

Endogenous antioxidants: catalase, superoxide dismutase, glutathione peroxidase, 

glutathione-S-transferase, reduce glutathione, ceruloplasmin, transferrin, ferritin, 

glycosylases [66, 91]. 

1.2.5   Lipid Peroxidation 

In biological systems, the free radical oxidation of polyunsaturated fatty acid 

(PUFA) is known as lipid peroxidation. PUFA contains two or more double bonds  
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and the presence of an increasing number of double bonds in fatty acids makes it 

more susceptible to oxidative damage by free radicals and peroxidation [62, 92]. 

It is used as an indicator of oxidative stress in cells and tissues. Lipid peroxide is 

unstable and decompose to form a complex series of compounds. These include 

reactive carbonyl compounds, of which the most abundant is MDA [59, 66, 93]. 

MDA which is a highly reactive bifunctional molecule. Therefore, measurement of  

MDA is widely used as an end product and indicator of lipid peroxidation, which is a 

highly toxic by-product formed in part by lipid oxidation derived free radicals. its 

concentration is increased considerably in diabetes mellitus. At room temperature, 

MDA or 1,3- propanedial  (OHC-CH2-CHO); C3H4O2, MW; 72.06 g/mol. MDA 

measurement in biological samples and attempts to evaluate the significance of MDA 

as a biomarker of lipid peroxidation in health, disease and lifestyle in modern times 

[62, 63, 94].  

Every lipid peroxidation reaction is a complex process that consists of mainly three-

step processes, namely initiation, propagation and termination [95]. 

Initiation: in a peroxide free lipid system, the initiation of a peroxidation sequence 

refers to the attack of a ROS, Hydroxyl radical HO
• 

is one of the most efficient 

initiators with sufficient reactivity to substitute an allylic hydrogen atom from a 

reactive methylene group (-CH2) of PUFA, these hydrogens have very high mobility. 

This attack easily generates free radicals from PUFA. The presence of a double bond 

in the fatty acid weakens the (–CH) bonds in the carbon atom adjacent to the double 

bond and makes the 'H' removal easier. The (R
•
) radical level is stabilized by a 

molecular rearrangement to form conjugated diene. Under the aerobic condition, 

conjugated diene combines with oxygen to give peroxy radicals (ROO
• 
) [61, 62, 96]. 
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Propagation: ROO
•
 abstracts 'H' from another lipid molecule (adjacent fatty acid), 

especially in the presence of metals such as copper or iron and cause an autocatalytic 

chain reaction. ROO
•
  combines with 'H' to give a lipid hydroperoxide (ROOH) and a 

new alkyl radical (R
•
 ), ensuring the propagation of the reaction. This reaction 

characterizes the propagation stage [62, 95]. 

Termination: termination (formation of a hydroperoxide) is most often achieved by 

reaction of ROO
•
  with -tocopherol, which is the main lipophilic “chain-breaking 

molecule” in the cell membranes. Furthermore, any kind of alkyl radicals can react 

with a lipid peroxide LOO
•
 to give non-initiating and non-propagating species such 

as the relatively stable dimers LOOL or two peroxide molecules combining to form 

hydroxylated derivatives (LOH). 

During the termination stage ROO
•
 react with each other and cause self-destruction 

by forming non-radical products [97]. 

In DM abnormal increased levels of lipid, lipoprotein and lipid peroxides in plasma 

may be due to abnormal lipid metabolism [98]. 

1.2.6  Superoxide Dismutase (SOD)  

SOD is the first detoxification enzyme and most powerful antioxidant in the 

cell [61, 84]. It is an important endogenous antioxidant enzyme that acts as a 

component of first line defense system against ROS as a major defense system 

against oxidative stress. It catalyzes the conversion or  dismutation of two molecules 

of superoxide anion (O2 
.-
) to hydrogen peroxide (H2O2) and molecular oxygen (O2), 

consequently rendering the potentially harmful superoxide anion less hazardous. 

SOD is a metal-enzyme and hence, requires a metal cofactor for its activity [68, 71, 

99]. On the basis of the type of metal ion required as a cofactor by SOD, various 
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forms of the enzyme exist. The metal ions which are normally bound by SOD are 

iron (Fe), zinc (Zn) copper (Cu) and manganese (Mn) [100]. 

Association between SOD deficiency and a number of pathologies has been observed 

in both animals and humans. Hence, the enzyme is indispensable to cellular health, 

protecting body cells from excessive oxygen radicals, free radicals and other harmful 

agents that promote aging or cell death. The levels of SODs decline with age, 

whereas free radical formation increases.  It has been suggested that proper daily 

SOD supplementation will protect the immune system and significantly reduce 

diseases and ultimately slow down the aging process [100]. 

1.2.7   Total Antioxidant Capacity  

The concept of TAC originated from chemistry was applied to biology, 

medicine, further to nutrition and epidemiology [101]. 

Biological fluids contain numerous compounds with chain breaking antioxidant 

activity, including urate, ascorbate, bilirubin and thiols in the aqueous phase. Also á-

tocopherol, carotenoids and flavonoids in the lipid phase. A comprehensive 

assessment of oxidative stress would include the measurement of all of these 

antioxidants, although this would be time consuming, expensive. In addition, 

numerous other compounds are not normally measured as antioxidants have some 

antioxidant activity. The combined activity of all of these will be assessed in a TAC 

assay. In general, TAC is decreased in conditions associated with oxidative stress 

and the administration of chain breaking antioxidants increases antioxidant capacity 

[102]. TAC is an analyte frequently used to assess the antioxidant status of 

biological samples and can evaluate the antioxidant response against the free 

radicals produced in a given disease [103]. 
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1.2.8   Glycated Hemoglobin (HbA1c) 

Glucose reacts non-enzymatically with intracellular and extracellular proteins 

to form covalently modified proteins (also referred to as glycated proteins). This 

process termed non-enzymatic glycation (NEG), is a significant feature of diabetes 

mellitus, in which persistent hyperglycemia leads to the accumulation of AGE. NEG 

is associated with pathophysiological outcomes, as well as age-related chronic 

diseases such as micro-angiopathy, retinopathy and nephropathy [104, 105]. 

Measurement of glycated hemoglobin is effective in monitoring long glucose control 

in people with DM. it is  correlate nicely with mean plasma glucose values. HbA1c 

has been established as an index of long-term blood glucose concentrations as a 

measure of the risk of the development of micro and macrovascular complications in 

patients with diabetes mellitus and these are free of day to day glucose fluctuations 

and unaffected by exercise or recent food ingestion. This period of retrospective 

glucose estimation coincides with the lifespan of healthy red blood cells(RBCs), 

which is usually between two to three months  [105]. 
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Figure 1.1:  Glycation of  hemoglobin [106]. 

Hemoglobin molecule consists of protein globin and heme as a prosthetic group. 

Globin part is made of four polypeptide chains. The hemoglobin tetramer, referred to 

as hemoglobin A (HbA), is best described as a pair of identical αβ dimmers (α1β1) 

that associated to form the tetramer. Chromatographic analysis of HbA identifies 

several minor hemoglobin, namely HbA1a, HbA1b, HbA1c. 

The glycation occurs by the nonenzymatic reaction between the glucose and the N-

terminal valine residue of the β-chain, which forms an unstable Schiff base , aldimine 

or pre- HbA1c. During the rearrangement, the Schiff base is converted into form a 

more stable ketamine. Amadori products, of which the best known is HbA1c [104, 

106]. 

1.2.9   Dyslipidemia or Hyperlipidemia 

  Lipids are classified into two main forms. Simple lipids include cholesterol 

and fatty acids (FA), while complex lipids include triacylglycerol (TG) and 

cholesterol esters. Cholesterol ester and TG are nonpolar hydrophobic molecules that 
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are transported in the plasma complexed with proteins. They are transported bound to 

special proteins forming lipoprotein complexes, while FA is transported bound to 

albumin [107]. 

Lipoproteins vary according to their density, lipid content and APO composition. 

The main clinically important lipids include the TG, TC, low density lipoprotein 

cholesterol (LDLc), very low density lipoprotein cholesterol (VLDLc) and high 

density lipoprotein cholesterol (HDLc) [108]. Apo lipoproteins have four major 

functions including; 1) serving a structural role, 2) acting as ligands for lipoprotein 

receptors, 3) guiding the formation of lipoproteins, and 4) serving as activators or 

inhibitors of enzymes involved in the metabolism of lipoproteins [109]. LDLc carries 

up to 70% of serum total cholesterol clinical trials have shown that LDL lowering 

reduces the development and progression of macrovascular complications of DM. By 

contrast, HDLc,  also called "good" cholesterol accounts for roughly 30% of the total 

serum cholesterol [110]. 

Patients with DM have a significant increase in the risk of developing dyslipidemia. 

People with diabetes have increased FFA release from insulin-resistant fat cells. FFA 

stimulates TG production and causes the secretion of apoB and VLDLc. Also, 

insulin-resistance reduces HDLc levels, increases lipoproteins (particularly LDLc 

and VLDLc) glycosylation and oxidation, and decreases vascular compliance [111]. 

1.2.10  Uric Acid in Diabetes Mellitus   

Uric acid is the final breakdown product of the metabolism of endogenous 

purine nucleotides (typically DNA, RNA and ATP) through xanthine oxido reductase 

and exogenous food-derived purines. In the final phase of purine metabolism, the 

enzyme xanthine oxidase (XO) catalyzes formation of uric acid, firstly from 

hypoxanthine and then xanthine. The main function of uric acid to be either anti-



 

Chapter One                                       Introduction & Literature Review 

______________________________________________________________________________________________________  

31 
 

oxidant or pro-oxidant depends on variety of factors. The prooxidant effect of UA is 

associated with metabolic syndrome, cardiovascular disease and renal disease. 

glucose intake may affect both the production and excretion of uric acid by several 

mechanisms. An increased flux of glucose is thought to increase purine generation, 

while increased anaerobic glycolysis generates increased circulating lactate which 

leads to a reduction in renal excretion of uric acid [112].. Serum uric acid is the 

product of endogenous and exogenous purine metabolism and its derivatives. In the 

purine metabolic pathway, adenosine has vasoactive properties important to retinal 

blood flow. Adenosine produces superoxide nitric oxide, which affects retinal 

circulation by causing capillary obstruction, apoptosis and  basement membrane 

thickening [113]. 

High level of uric acid is reported to be associated with diabetic complications. Uric 

acid has some physiologic functions including activation of the rennin angiotensin 

system and direct actions on endothelial cells and vascular smooth muscle cells. 

These functions are all related to the occurrence and development of diabetic 

complications, uric acid was usually considered as a marker rather than a risk factor 

for the progression of disease. There is always a controversy that plasma uric acid 

concentration is a cause or a result of microvascular complications [113].  

1.3  Aims of the Study: The present study aimed to : 

 To Evaluate the most important biochemical parameters glycosylated 

hemoglobin and plasma glucose concentration (FBS,HbA1c) and its 

association with diabetic retinopathy. 

 To investigate lipid profile (TC, TG, HDLc, LDLc, VLDLc) and determine 

their relationship to diabetes complications. 



 

Chapter One                                       Introduction & Literature Review 

______________________________________________________________________________________________________  

32 
 

 To measure lipid peroxidation by the determination of plasma 

malondialdehyde (MDA) and serum uric acid (SUA). 

 To Evaluate antioxidant status total antioxidant capacity (TAC) and 

superoxide dismutase (SOD) in diabetic retinopathy, type 2 diabetic patients 

and healthy subjects.  

 To investigate any association between glycaemic control, lipid peroxidation 

and antioxidant status. 
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2.0 Materials and Method 

2.1 Subjects  

The current study was case - control study to comprised of 232 subjects into three 

groups, 58 patients (24 male and 34 female) have diabetic retinopathy, 78 patients 

(26 male and 52 female) have type 2 diabetes mellitus without retinopathy cases and 

96 subjects (52 male and 44 female) as healthy control groups. For the purpose of 

this study, 232 subjects and age and gender-matched control subjects were recruited. 

The study was managed throughout the period since from first December 2019 to 

18
th

 August 2020. The sample collected from Center for Endocrinology in the Al-

Hussein Teaching Hospital and the parameters was done worked in the laboratory of 

biochemistry unit.in the Al-Hussein Teaching Hospital in Al-Muthanna province.  

2.2  Inclusion Criteria 

1. Patient willing and able to give informed consent for participation in the 

study. 

2. Type 2 diabetes mellitus with/without diabetic retinopathy. 

3. Male or female, aged 21 years or above.  

2.3 Exclusion Criteria 

1. Type 1 diabetes mellitus.  

2. Pregnancy 

3. History of any other chronic conditions such as chronic hepatitis, 

neurodegenerative disease, cancer, thyroid disorders, liver, and kidney 

diseases. 

4. Regular antioxidant supplementation (vitamins and folic acid) for at least one 

month before starting of the study. 



 

Chapter Two                                                         Materials and Method 

______________________________________________________________________________________________________  

33 
 

5. Patients were had TG > 400 mg/dl. 

2.4  Instruments and Tools   

The instruments used in the current study were listed and detailed in Table 

2.1 and  Table 2.2, respectively. 

Table 2.1: Tools that were used in the current study. 

NO. Tools Company Origin 

1 Medical disposable syringe Rawabi Chinese 

2 EDTA tubes ALS Chinese 

3 Vacuum gel  tubes Plastiab Lebanese 

4 Plain tubes ALS Chinese 

5 Micropipette (5-100 µL)      ed ‏ German 

6 Micropipette (100-1000 µL)      ed ‏ German 

 

Table 2.2: Instruments that were used in the current study. 

NO. Instruments Company Origin 

1 Afinion 2 analyser Abbott UK 

2 Vortex Cypress Diagnostics Belgium 

3 Centrifuge KOKUSAN Japan 

4 Incubator Binder German 

5 UV/visibe Spectrophotometer Optima Italy  

6 Water bath Memmert German 

 

2.5 Materials 

All materials used in the current study were purchased from commercially 

available sources as detailed in Table 2.3. 
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Table 2.3: Materials that were used in the current study. 

NO. Solution and kits Company Origin 

1 Blood glucose kit Agappe Switzerland 

2 Glycosylated hemoglobin kit Abbott UK 

3 Total cholesterol kit Agappe Switzerland 

4 Triglyceride kit Agappe Switzerland 

5 

High density lipoprotein 

cholesterol kit 

Agappe Switzerland 

6 Uric acid kit Agappe Switzerland 

7 Superoxide dismutase assay kit Bioassay systems U.S.A 

8 Total antioxidant capacity kit Bioassay systems U.S.A 

9 TBARS Assay Kit Bioassay systems U.S.A 

 

2.6   Methods and Procedures 

2.6.1  Measurement of BMI  

Body Mass Index is a simple index of weight-for-height that is commonly 

used to classify underweight, overweight and obesity in adults. It is defined as the 

weight in kilograms divided by the square of the height in meters (kg/m
2
) [114]. 

Table 2.4:  Classification of body mass index [62]. 

Classification Additional cut of points (kg/m
2
) 

Normal range 
19.5 – 25 

 

Overweight 
25 – 30 

 

Obese 

>30 
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2.6.2 Measurement of Blood Pressure 

Blood pressure was measured by qualified nurses using a mercury 

sphygmomanometer and stethoscope. Measurements were taken from the left upper 

arm after at least 5 minutes rest in a sitting position. Duplicate measurements were 

taken with a 5 minutes rest interval between measurements and the mean value was 

recorded in mmHg [115].  

2.6.3  Blood Samples Collection 

 5-8 ml of blood samples were collected by the vein puncture after 10-12 

hours of overnight fast. Rubber tourniquet was applied for less than one minute and 

the site to be punctured cleaned with methylated spirit. Blood (two milliliters)   was 

dispensed into ethylene diamine tetra acetic acid (EDTA) tubes whiles the rest for 

analyzing HbA1c test. The remaining blood placed in gel tube. It was left fifteen 

minutes at room temperature for coagulation. Blood was centrifuged for 15 minutes 

at 3000 rpm  to obtain the serum which kept into white plane tubes and stored at -80 

°C until the analyses [113].    

2.7   Biochemical Markers  

2.7.1  Estimation of Fasting Plasma Glucose 

Method: by glucose oxidase/peroxidase method Trinder’s  ethod (Trinder, 

1969) [113, 116]. 

Principle: enzymatic colorimetric determination of glucose according to the 

following reactions : 

Glucose + O2 + H2O     
Glucose Oxidase 

                    Gluconate +  H2O2 

 

2H2O2 + 4 – Aminoantipyrene + phenol      
Peroxidase

         Quinonimine  +  4H2O 
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Table 2.5: Kit components of plasma sugar. 

Reagent/ Component Description 

 Glucose reagent R1 TRIS  Buffer (pH 7.40)                         92       mmol/L   

 Phenol                                                 0.3         mmol/L 

 GO                                                     15000             U/L  

4- AAP                                                2.6            mmol/L  

Glucose standard Glucose standard concentration         100            mg/dL 

 

Table 2.6: Assay procedure of plasma sugar 

 Blank Calibrator Sample 

Glucose reagent 1000 μL 1000 μL 1000 μL 

Standard - 10  μL - 

Sample - - 10  μL 

 

The amount of (1000 μL) of the g ucose re gent w s pipetted into   p  in 

tube,  nd 10 μL of the p  s   w s  dded. The content w s we    ixed  nd incub ted 

for ten minutes at 37°C. Finally, (read the absorbance of standard and sample against 

reagent blank ) color intensity was measured at 505 nm using a spectrophotometer.  

Calculation  

                                                          Absorbance of sample  

Glucose concentration (mmol/L) =                                         * standard concentration  

                                                         Absorbance of standard           (5.5  mmol/ L) 

  

 2.7.2  Determination of HbA1c  

  Afinion
2 

HbA1c analyser is a fully automated instrument for determination 

of  HbA1c in human whole blood. The Afinion
2
 HbA1c test cartridge contains all the 

reagents necessary for the determination of the HbA1c percentage. The blood sample 

put on the  test cartridge that placed in the Alere Afinion
TM

 Analyzer. Then the blood 

sample automatically diluted and mixed with a liquid that releases hemoglobin from 

the erythrocytes and hemoglobin precipitates. This sample mixture was transferred to 

blue boronic acid conjugate, which binds to the cis-diols of glycated hemoglobin. 
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This reaction mixture is soaked through a filter membrane and all precipitated 

hemoglobin, conjugate-bound and unbound (glycated and non glycated hemoglobin) 

remains on the membrane. Any excess of conjugate is removed with a washing 

reagent. 

The Afinion
2 

Analyzer evaluates the precipitate on the membrane. By measuring the 

reflectance, the blue (glycated hemoglobin) and the red (total hemoglobin) colour 

intensities are evaluated. The ratio between them being proportional to the 

percentage of HbA1c in the sample. In this study the HbA1C category was 

determined based on the American Diabetes Association, n  e y ≥6.5%: di betes 

and <6.5%: not diabetes [49].  

HbA1c measuring units [117]. 

mmol/mol: the HbA1c values were aligned to the International Federation of 

Clinical Chemistry (IFCC) reference method for measurements of HbA1c.  

Percentage (%): the HbA1c values were aligned to the assay used in the Diabetes 

Control and Complications Trial (DCCT) study, also known as National 

Glycohemoglobin Standardization Program (NGSP-HbA1c). 

NGSP-HbA1c (%) = 0.092 × IFCC-HbA1c (mmol/mol) + 2.15   

2.8.3  Measurement of Total  Cholesterol  

 Method: cholesterol esterase peroxidase or CHOD-POD Method [118]. 

Principle:  enzymatic colorimetric determination of total cholesterol. The method of 

analysis was first described by Trinder (1969). Cholesterol esters are broken down to 

cholesterol and fatty acids. The cholesterol is then oxidized to chole 4-en-3-one and 
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hydrogen peroxide. The hydrogen peroxide is then hydrolyzed by a peroxidase to a 

red dye (quinoneimine). According to the following reactions: 

Cholesterol Esters    
Cholesterol Esterase

         Cholesterol + Fatty acids 

Cholesterol + O2      
Cholesterol Oxidase

            Cholest-4-en-3-one + H2O2 

2H2O2 + phenol + 4-aminoantipyrine       
Peroxidase

          Quinoneimine + 4 H2O 

 

Table 2.7: Kit components of total  cholesterol 

Reagent/ Component Description 

Cholesterol Reagent PIPES    Buffer Reagent (pH 6.70)                50 mmol/L 

Phenol              24 mmol/L Sodium Cholate    0.5 mmol/L                            

4-AAP             0.5 mmol/L Cholesterol Esterase >180 U/L                     

Cholesterol Oxidase >200 U/L Peroxidase >1000 U/ 

 Cholesterol  standard  Cholesterol  standard conc.             200            mg/dL 

 

Table 2.8: Assay procedure of total  cholesterol 

 Blank Standard Sample 

Working reagent  1000 μL 1000 μL 1000 μL 

Standard - 10  μL - 

Sample - - 10  μL 

 

The amount of (1000 μL) of the  re gent w s pipetted into   p  in tube,  nd 

10 μL of the seru  w s  dded. The content w s we    ixed  nd incub ted for 5 

minutes at 37°C. Finally, (read the absorbance of standard and sample against 

reagent blank) color intensity was measured at 505 nm using a spectrophotometer. 

Calculation 

                                                             Absorbance of sample  

 Cholesterol  concentration (mg/dl) =                                      * standard concentration  

                                                            Absorbance of standard               (200 mg/dl) 
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2.7.4  Measurement of Triglycerides 

Method: lipoprotein lipase, Glycerol phosphate oxidase and Peroxidase.The 

method for the analysis was a modification of that of Nagaraju (2013). 

Principle: triglycerides in the sample were reacted on by lipoprotein lipase (LPL) to 

glycerol and fatty acids. The glycerol was then phosphorylated by adenosine-5-

triphosphate (ATP) to glycerol-3-phosphate (G -3-P) and adenosine-5diphosphate in 

a reaction catalyzed by glycerol kinase (GK). Glycerol-3-phosphate was then 

converted to dihydroxyacetone phosphate (DAP) and hydrogen peroxide by 

glycerophosphate oxidase (GPO). The hydrogen peroxide then reacted with 4-

aminoantipyrine (4-AAP) and N-Ethyl-N(Sulphopropyl)-3-Methyl Aniline (TOPS) 

in a reaction catalyzed by peroxidase (POD) to yield a violet coloured complex 

[118]. According the following reactions : 

Triglycerides + H2O          
LPL

                Glycerol + Fatty acids 

Glycerol + ATP     
GK / Mg++            

   Glycerol-3-phosphate + ADP 

Glycerol-3-phosphate + O2     
GPO                          

  dihydroxyacetone  + H2O2 

H2O2 + 4-aminoantipyrine  + TOPS     
POD

           violet coloured complex  

Table 2.9: Kit Components of Triglycerides. 

Reagent/ Component Description 

Triglycerides PIPES–buffer (pH7.00)             5 mmol/L  

TOPS                                        5.3 mmol/L  

Potassium ferrocynate               10 mmol/L  

Magnesium Salt                        17 mmol/L                 

 4-Aminoantipyrine                   0.9 mmol/L  

ATP                                          3.15mmol/L 

Lipoprotein Lipase                    > 1800 U/L 
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Glycerol Kinase                          > 450 U/L 

Glycerol–3- phosphate oxidase > 3500 U/L Peroxidase                                   

> 450 

Triglycerides standard  Triglycerides standard  concentration 200 mg/dL 

 

Table 2.10: Assay procedure of Triglycerides 

 Blank Standard Sample 

Working reagent  1000 μL 1000 μL 1000 μL 

Standard - 10  μL - 

Sample - - 10  μL 

 

  The amount of (1000 μL) of the  re gent w s pipetted into   p  in tube,  nd 

10 μL of the seru  w s  dded. The content w s we    ixed  nd incub ted for 5 

minutes at 37°C. Finally, (reading the absorbance of standard and sample against 

reagent blank) color intensity was measured at 546 nm using a spectrophotometer. 

 

Calculation 

                                                              Absorbance of sample  

 Triglycerides concentration (mg/dl) =                                       standard concentration  

                                                             Absorbance of standard               (200 mg/dl) 

  

2.7.5  Measurement of HDLc 

The method is based on phosphotungstate, a precipitating method. LDLc, 

VLDLc and chylomicrons are precipitated using phosphotungstic acid and 

magnesium ions. After centrifugation, HDLc are in the supernatant. HDLc content of 

supernatant is measured by an enzymatic method of measurement for cholesterol. 

[119].  
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Table 2.11: Kit components of HDLc 

 Reagent/ Component Description 

HDLc reagent Phosphotungstic acid                                         14 mmol/L  

Magnesium Chloride                                     1 mmol/L 

HDLc standard HDLc standard concentration 50 mg/dL 

 

Sample                300 μL 

HDLc reagent               300 μL 

Mix well, allow to stand for 10 min. at room temperature, mix again and centrifuge 

for 10 min, at 4000 rpm. After centrifugation, separate the clear supernatant from the 

precipitate within 1 hour and determine the HDLc concentration using the cholesterol 

reagent. 

Table 2.12: Assay procedure of HDLc 

 Blank Standard Sample 

Cholesterol reagent 1000 μL 1000 μL 1000 μL 

Standard - 50  μL - 

Sample - - 50  μL 

 

 The amount of (1000 μL) of the  re gent w s pipetted into   p  in tube, and 

50 μL of the seru  w s  dded. The content w s we    ixed  nd incub ted for 5 

minutes at 37°C. Finally, (reading the absorbance of standard and sample against 

reagent blank ) color intensity was measured at 505 nm using a spectrophotometer. 

Calculation 

                                                Absorbance of sample  

HDLc    (mg/dl)              =                                            × standard concentration ×2  

                                                 Absorbance of standard               (50 mg/dl) 

  



 

Chapter Two                                                         Materials and Method 

______________________________________________________________________________________________________  

33 
 

2.7.6  Very Low Density Lipoprotein (VLDLc) Estimation  

The value of VLDLc can be calculated as follows. If the value of 

triglycerides is known, VLDLc c n be c  cu  ted b sed on Friedw  d’s equ tion  

[119]. 

 VLDLc  (mg/dl) = Triglycerides / 5 

VLDLc  (mmol/l) = Triglycerides / 2.19 . 

2.7.7  Low Density Lipoprotein (LDLc) Estimation 

After estimating total cholesterol, triglycerides and HDLc, LDLc were 

calculated using Friedw  d’s   equation as given below. Results were expressed as 

mg/dl  [119].   

LDL cholesterol = [Total cholesterol – HDLc ] – Triglcerides / 5               

(mg/dl) 

LDL cholesterol = [Total cholesterol – HDLc ] – Triglcerides / 2.19          

  (mmol/l)  

2.7.8  Measurement of Uric Acid  

Method: uricase / TOPS method  [113,119]   

Principle: uricase transforms uric acid into allantoin, with formation of hydrogen 

peroxide. In the presence of peroxidase (POD) it reacts with ethyl-sulphopropyl 

toluidine (ESTP) and 4-aminophenazone to produce a colored complex color 

intensity is directly proportional to the uric acid concentration in the sample. 

Enzymatic determination of uric acid according to the following reactions: 
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Uric acid + 2H2O+ O2    
Uricase 

       Allantoin + CO2 + H2O2 

2H2O2 + 4 -Aminoantipyrine + TOPS    
Peroxidas

        Violet coloured complex. 

Table 2.13: Kit Components of uric acid 

Reagent/ Component Description 

 Uric acid  Reagent Phosphate Buffer (pH 7.0)                    180 mmol/L 

TOPS                                                    1.10mmol/L  

4- Aminoantipyrine                             0.25 mmol/L  

Uricase                                                        > 50 U/L 

 Peroxidase                                               > 100 U/L  

 Uric acid  Standard Uric acid standard  concentration               8 mg/dL 

 

Table 2.14: Assay procedure of uric acid 

 Blank Calibrator Sample 

Working reagent  1000 μL 1000 μL 1000 μL 

Standard - 25  μL - 

Sample - - 25  μL 

 

 The amount of (1000 μL) of the working re gent w s pipetted into   p  in 

tube,  nd 25 μL of the seru  w s  dded. The content w s we    ixed  nd incub ted 

for 5 minutes at 37°C. Finally  colour intensity was measured at 546 nm using a 

spectrophotometer. 

 

Calculation 

                                                Absorbance of sample  

Uric acid conc.   (mg/dl) =                                            × standard concentration    

                                                 Absorbance of standard               (8 mg/dl) 
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2.8  Measurement Oxidative Stress Markers for Investigation  

2.8.1  Measurement of Malondialdehyde  

Method: MDA is determined as Thiobarbituric acid reactive substances 

(TBARS) [62, 116, 120]. 

Principle: Auto-oxidation of unsaturated fatty acids involve the formation of semi 

stable peroxides, which then undergo a series of reactions to form short chain 

aldehydes like MDA. One molecule of MDA reacts with two molecules of 

thiobarbituric acid with the elimination of two molecules of water to yield pink 

crystalline pigment with absorbance maximum at 535 nm. 

Figure 2.1 : Reaction malondialdehyde with thiobarbituric acid 

Kit components  

1) 10% Trichloroacetic acid (TCA) : 25ml 

2) TBA reagent: 25ml 

3)  t nd rd : 50 μL 6  M MDA 

Assay procedure 

Sample preparation: The amount of 200 μL of  ice cold 10% TCA was added to the 

100 μL of e ch s  p e. The mix was incubated for 5 minutes on ice, than it was 

centrifuged for 5 min at 1400 rpm than was transferred 200 μL of e ch c e r 

supernatant into a new labeled tube. Dilution factor for these pretreated samples is n 

= 3. 
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Standard:  standard was formed from  ix 4 μL of the 6 M MDA with 2396 μL 

dH2O (final 10   mM MDA).  Next, it was prepared 30 μM MDA by  ixing 3 μL of 

the 10  M MDA with 997 μL dH2O. Dilute standards as shown in the Table 2.15. 

Table 2.15: Standard prepare of Malondialdehyde 

 

NO. 

 

30 μM MDA 

 

dH2O 

 

Vol (μL) 

  

MDA (μM) 

Standard 1 300 μL    0 μL 300 μL 30 

Standard 2 180 μL   120 μL 300 μL 18 

Standard  3 90 μL   210 μL 300 μL 9 

Standard 4 0 μL   300 μL 300 μL 0 

Each standard was put 200 μL into separate tube and 200 μL of e ch s  p e 

into separate tubes. Each of the standards and samples, TBA reagent was added 200 

μL and the tube was incubated at 100°C for 60 min. Tubes were cool down to room 

temperature and the tube was vortexed  and  briefly centrifuged at 1400 rpm  for 2 

minutes. And the optical density was read at 535 nm.  

Calculation 

MDA µM was calculated that equivalents the TBARS concentration of sample.  

                                                A Sample – A Blank  

                   TBARS    =                                              × n  

                                                 Slope (µM
-1

) 

A sample and A blank are the OD at 535nm. 

Blank is H2O (#4). 

If calculated TBARS concentration is higher than 30 dilute sample in dH2O and 

repeat assay. Multiply the results by the dilution factor (n). 
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Figure 2.2: The slope of the standard curve of MDA 

2.8.2 Measurement of Superoxide Dismutase 

Superoxide dismutase was measured by the method of Kuthan H, et al., 

(1986). SOD assay provides a convenient colorimetric means for the quantitative 

determination of SOD enzyme activity in biological samples. In the assay, 

superoxide (O2
-
) is provided by xanthine oxidase (XO) catalyzed reaction. O2

-
 reacts 

with a WST-1 dye to form a colored product. Superoxide dismutase  SOD scavenges 

the  the superoxide O2
-
 thus less the superoxide O2

-
 is available for the chromogenic 

reaction. The color intensity (440 nm) is used to determine the superoxide dismutase 

SOD activity in a sample. 

Kit components   

Assay Buffer:         20 mL  

Diluent:                  20 mL 

 OD Enzy e:       120 μL 

 XO Enzy e:         120 μL 
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Determine the slope of the standard curve 

Y = 0.0306X + 0.0236  
R2  = 0.9964 
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X nthine:               600 μL 

WST-1:                  600 μL 

 

 Figure 2.3: Reaction between superoxide with WST-1 dye.  

Assay procedure 

1- Standards: standard prepare from mix 8μL  OD Enzy e with 392 μL diluent 

to give 3 U/mL SOD standard. Standards were diluted as Table 2.16. 

Table 2.16: Standard dilution of SOD 

NO. 3U/mL SOD Diluent Vol (μL) Standard (U/mL) 

Standard 1 100 μL 0 μL 100 μL 3.0 

Standard 2 80 μL 20 μL 100 μL 2.4 

Standard  3 60 μL 40 μL 100 μL 1.8 

Standard 4 40 μL 60 μL 100 μL 1.2 

Standard 5 18 μL μL 28 100 μL 0.54 

Standard 6 μL 2 μL 28 100 μL 0.82 

Standard 7 μL2 μL 29 100 μL 0.28 

Standard 8 μL0 μL 200 100 μL 0 

2- Working reagent was prepared fro   ix 160 μL assay buffer, 5 μL xanthine 

and 5 μL W T-1. 
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Table 2.17: Work reagent of SOD 

 SOD standards Sample 

Working reagent 160 μL 160 μL 

Standard 20 μL - 

Sample - 20 μL 

The working reagent was transfered 160 μL to sep r te wells and it was added to 20 

μL  OD st nd rds  nd 20 μL s  p es to working reagent. 

Then optical density was read OD 440 nm (OD 420 – 460 nm) (ODo). the tubes were 

incubated for 60 min at room temperature (25°C) in the dark. Reading OD 440 nm 

again (OD60). 

 

Figure 2.4: Standard curve of superoxide dismutase. 

Calculation   

 For each standard and sample well, calculations were done as;, 

Change OD of sample      ODs  = OD60 – OD0.  

Change OD of standard       ODstd8  = OD60 – OD0.  
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Calculate          ODs =     ODstd8 -     ODs for each standard and sample where              

       ODstd8  is the     OD for Standard # 8 (the standard with no SOD activity and 

highest possible absorbance). Plot the standard curve          OD vs [SOD](U/mL). Use 

the          OD for sample to determine SOD activity of sample from the standard 

curve. 

2.8.3 Measurement of Total Antioxidant Capacity 

Measures total antioxidant capacity in which Cu
2+

 is reduced by antioxidant to 

Cu
+
. The resulting Cu

+
 specifically forms a colored complex with a dye reagent. The 

color intensity at  570 nm is proportional to TAC in the sample [103]. 

Kit components   

Reagent A: 12 mL  

Reagent B: 1 mL 

Tro ox  t nd rd: 100 μL 50  M  

Assay procedure 

The standard was mixed 5 μL of with 245 μL dH2O (final 1 mM Trolox). 

Standards dilution as shown in the Table 2.18. 

Table 2.18: Standard prepare  of total antioxidant capacity 

 

NO. 

  

1000 µM  Trolox 

Standard 

 

dH2O 

 

Vol (μL) 

 

Trolox 

Standard(µM) 

Standard 1 100 μL 0 μL 100 μL 1000 

Standard 2 60 μL 40 μL 100 μL 600 

Standard  3 30 μL 70 μL 100 μL 300 

Standard 4 0 μL 100 μL 100 μL 0 

 

To prep re  working re gent fro  100 μL re gent A  nd 8 μL reagent B were added 

100 μL working re gent to 20 μL of e ch s  p e  nd st nd rds.  
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Table 2.19: Prepare  working reagent of total antioxidant capacity 

  Trolox standards Sample 

Working reagent  100 μL 100 μL 

Standard 20 μL - 

Sample - 20 μL 

 

Incubating 10 min at room temperature. Optical density was read at 570 nm. 

Calculation 

TAC µM was calculated that equivalents the trolox  concentration of sample. 

 

                                                A Sample – A Blank  

                 [TAC] (µM)      =                                                 

                                                 Slope (µM
-1

) 

 

A sample and A blank are the OD 570 nm. 

Blank is dH2O  (#4). 

 

Figure 2.5: The slope of the standard curve of TAC 
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2.9   Statistical Analyses 

Completely randomized design (CRD) was used for this study in the analysis 

of variance for the means of studied parameters (sugar, lipid, oxidative stress, and 

antioxidants parameters) by using one-way ANOVA test, t-test, and Dennett's test at 

a 5% level of significance. Moreover, data were processed and analysis by using 

statistical program social science (SPSS 22) and the results were expressed as 

Mean±SD [63]. 
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3. Results and Discussion 

This study carried out a study of  232 subjects divided according to the 

following: 

1- (96) subjects (52 male and 44 female) as healthy control groups.  

2- (78) subjects  (26 male and 52 female) patients have type 2 diabetes mellitus 

without diabetic retinopathy. 

3- (58) subjects  (24 male and 34 female) of the patients have diabetic retinopathy. 

3.1 Anthropometric Parameters 

3.1.1 Some Anthropometric Parameters 

In this study, anthropometric parameters (age, BMI, SBP, DBP, and disease 

duration) were determined among three study groups (control, DM and DR) to 

identify the significant differences. The statistical analysis of these results showed a 

significant difference between the three studied groups, where p value was < 0.0001, 

(p ≤ 0.05), for all anthropometric parameters, except diastolic blood pressure (DBP), 

where p value was > 0.05. While the mean of the systolic blood pressure (SBP) was 

significantly higher in diabetic retinopathy group compared to the  diabetes mellitus 

group (p was 0.009) and higher than  control subjects (p ˂ 0.0001). The mean of the 

age was a significant difference between the three studied groups (p < 0.0001) and it 

was significantly higher in diabetic retinopathy group compared to the  diabetes 

mellitus group and control subjects (p ˂ 0.0001). T2DM subjects and DR have 

higher BMI than the healthy controls group (p < 0.05). In addition, the disease 

duration parameter showed higher significant in DR compared with  DM group, 

where p value was < 0.0001, as shown in Table 3.1. 
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* Represents a significant difference at P ≤ 0.05. letters (a, b, c, d) represent type of the statistical analysis: a- among the study 

groups (control, DM and retinopathy). b- between control group and DM group, c- between control group and retinopathy 

group, and d- between patient groups (DM and retinopathy). 

Regarding BMI, the results of the current study indicates that obesity is more 

frequent in T2DM patients. Obesity increases the risk of T2DM and its complications 

in the great vessels: cardiovascular disease, brain and peripheral vascular disease [62, 

49] and this contradicts a study conducted by Sarrafan - Chaharsoughi et al., (2018) 

[121], who found that there was no significant difference in BMI and diabetic 

retinopathy. In concerning, duration of disease, many epidemiological studies have 

already shown that the frequency of microvascular complications in diabetes is 

clearly correlated to duration of diabetes. Finding of current study go along with 

study of Garg et al. (2019) who reported that higher statistical significant between 

duration of disease and develop of  diabetic retinopathy at (p value < 0.001) [122]. 

Additionally, the study that conducted by Biadgo et al. (2017)  found that the result 

 

Parameters 

 

Control 

Mean±SD 

 

DM 

Mean±SD 

 

Retinopathy 

Mean±SD 

 

P value 

 

Age 

(years) 

 

49.7±13.7 

 

45±9.2 

 

55.8±9.7 
a- <0.0001* 

b- <0.016* 

c- <0.003* 

d- <0.0001* 

 

BMI 

(Kg/m
2
) 

 

 

28.2±4 

 

31.4±7.3 

 

30±5.8 
a- <0.0001* 

b- <0.0001* 

c- <0.052 

d- 0.311 

 

SBP 

(mmHg) 

 

101.7±14 

 

118.2±14.3 

 

125.1±17.6 
a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.009* 

 

DBP 

(mmHg) 

 

82±9.5 

 

79.1±8.8 

 

81.8±11.4 
a- 0.105 

b- 0.089 

c- 0.991 

d- 0.102 

Disease 

duration 

(years) 

 

- 

 

3.6±2.2 

 

9.8±3.3 

 

d-  <0.0001* 

Table 3.1: Comparison of  anthropometric parameters  means among  all study groups 
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showed that the mean levels of systolic blood pressure was significantly higher (P < 

0.05) in DR and T2DM compared to controls [43, 123].  

3.2 Biochemical parameters for all study groups 

3.2.1  FPG and HbA1c 

In this study, glucose parameters (FPG and HbA1c) were determined among 

three study groups (control, DM and DR) to identify the significant differences. The 

statistical analysis of these results showed a significant difference between the three 

studied groups, where p value was <0.0001, (p ≤ 0.05), for FPS and HbA1c 

parameters. In addition, there were significant difference in FPS and HbA1c means 

among DM and DR groups when they were compared control group, where p value 

was <0.0001 for both comparisons in both sugar parameters. This study compared 

FPG and HbA1c means between DM and DR groups and the results showed 

significant difference only in HbA1c parameters, where p value was 0.001, as shown 

in Table 3.2, Figure 3.1. 

 

 * Represents a significant difference at P ≤ 0.05. letters (a, b, c, d) represent type of the statistical analysis: a- among the study 

groups (control, DM and retinopathy). b- between control group and DM group, c- between control group and retinopathy 

group, and d- between patient groups (DM and retinopathy). 

The study showed that T2DM and DR  subjects  had significantly higher FPG 

and HbA1c levels compared with control subjects according to the reports of  the 

ADA and the WHO. 

 

Sugar 

Parameters 

 

Control 

Mean±SD 

 

DM 

Mean±SD 

 

Retinopathy 

Mean±SD 

 

P value 

 

FPG 

(mg/dl) 

 

91.7±16 

 

300±108 

 

328±92 
a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.110 

 

HbA1c % 

 

4.5±0.9 

 

9.8±1.9 

 

11±2 
a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.001* 

Table 3.2: Comparison of FPG and HbA1 means 
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 Figure 3.1: Comparison of  glucose and HbA1c  means among study groups. 

 

Furthermore, increased  HbA1c level was observed in DR  more than  T2DM. 

The results of the study under hand go along with study entitled (Total Antioxidant 

Status in Type 2 Diabetic Patients in Palestine) that carried out by Kharroubi et al., 

(2015) [124], who found that there was a significant relationship between HbA1c and 

different groups at (p = 0.002). 

Also, another study that carried out by Pieme et al. (2017) [125], who stated that the 

FPG and HbA1c levels were respectively 2.05 and 2.32 times higher in the group of 

patients with diabetes and complications compared to those of  healthy persons.  

HbA1c is a product of non-enzymatic addition of glucose to hemoglobin and the rate 

of this conjugation is directly proportional to the level of blood glucose. So, the high 

% of HbA1c level observed in this study denotes that the type 2 diabetic subjects are 

under poor glycemic control. 

3.2.2  Lipid Profile 

As explained in Table 3.3, this study compared the lipid parameters 

(cholesterol, TG, HDLc, VLDLc, LDLc) means among the study groups (control, 

DM and DR). The results showed a significant difference among the three studied 
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groups for cholesterol, TG, VLDLc, and LDLc variables, where p values were < 

0.0001, < 0.0001, < 0.0001, 0.007, respectively. While there was no significant 

difference, p value is 0.633  among the three studied groups for HDLc means. 

Moreover, other comparisons were  determined in this study with control group or 

between DM and  DR groups. The significant differences were varied in these 

comparisons as described in Table 3.3 and illustrated in Figure 3.2. 

 

 

* Represents a significant difference at P ≤ 0.05. letters (a, b, c, d) represent type of the statistical analysis: a- among the study 

groups (control, DM and retinopathy). b- between control group and DM group, c- between control group and retinopathy 

group, and d- between patient groups (DM and retinopathy). 

In this study, Table 3.3 shows significantly high levels of total cholesterol, 

triglyceride, LDLc and VLDLc in patients with T2DM and DR than control. 

However, no significant difference in the level of HDLc were identified among the 

three groups. These findings not harmonizing with the study that conducted by Cetin 

et al. (2013) who stated that mean total cholesterol, triglyceride, LDLc, HDLc and 

 

Lipid 

parameters 

 

Control 

Mean±SD 

 

DM 

Mean±SD 

 

Retinopathy 

Mean±SD 

 

p value 

 

Cholesterol 

(mg/dl) 

 

176±55 

 

203±41.9 

 

215±52 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.141 

 

TG 

(mg/dl) 

 

161±74 

 

257±126.6 

 

240±89 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.347 

 

HDLc 

(mg/dl) 

43±11 41±10 42±11.5 

a- 0.633 

b- 0.560 

c- 0.788 

d- 0.801 

VLDLc 

(mg/dl) 
32.6±14.6 51.5±25 48±17 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- 0.347 

LDLc 

(mg/dl) 
100±53 109.9±38 125±48.5 

a- 0.007* 

b- 0.316 

c- 0.003* 

d- 0.049* 

Table 3.3: Comparison of lipid profile parameters  means  
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VLDLc levels were not significantly different among the groups [126]. However, 

serum TG was significantly higher in the DR (240 mg/dl) group than in the healthy 

control group (161 mg/dl, p < 0.0001). The diabetic group without retinopathy did 

not show any significant differences when compared with DR group, it is going 

along with Ganjifrockwala et al. (2016) [127], who found that serum triglyceride 

(TG) (p = 0.004) showed significant differences among groups and no significant 

differences between patient groups. Moreover, study the proportions of lipid profile 

disorders were higher in DM patients compared to apparently healthy controls [49, 

123]. 

 

Figure (3.2): Comparison of lipid parameters means among study groups, concentration unite 

(mg/dl). 
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3.2.3  Oxidative Stress Parameters  

With regard to oxidative stress parameters (uric acid, MDA, SOD, TAC), 

these parameters were analyzed statistically among study groups (control, diabetes 

mellitus and diabetic retinopathy). The results showed clear significant differences, p 

< 0.05, among all study groups or between control an unhealthy group (DM and DR) 

or between unhealthy groups (DM and DR), except of  uric acid that showed no 

significant difference between DM and control groups, where p value 0.064, p > 

0.05. As shown in Table 3.4 and Figure 3.3. 

 

 

* Represents a significant difference at P ≤ 0.05. letters (a, b, c, d) represent type of the statistical analysis: a- among the study 

groups (control, DM and retinopathy). b- between control group and DM group, c- between control group and retinopathy 

group, and d- between patient groups (DM and retinopathy). 

The result of current study goes along with the study that conducted by 

Kassim (2011) [128] to investigate some oxidative stress related parameters in 

T2DM, who found that significant differences of oxidative stress between patients 

and control groups. While in regarding to uric acid, the current study shows no 

significant difference in the level of uric acid between T2DM and healthy controls. 

 

Oxidative 

parameters 

 

Control 

Mean±SD 

 

DM 

Mean±SD 

 

Retinopathy 

Mean±SD 

 

P value 

 

Uric acid 

(mg/dl) 

 

4.2±1.5 

 

4.9±1.3 

 

5.7±1.2 

a- <0.0001* 

b-   0.064 

c- <0.0001*                     

d-    0.0001* 

 

MDA 

(µM) 

 

2.3±0.7 

 

4.9±0.5 

 

5.2±0.6 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- <0.0001* 

SOD  

(U/ml) 
7.8±1.3 4.3±0.9 3.5±1.1 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- <0.0001* 

TAC  

(mM) 
1.3±0.6 1±0.3 0.7±0.3 

a- <0.0001* 

b- <0.0001* 

c- <0.0001* 

d- <0.0001* 

Table 3.4: Comparison of oxidative stress parameters  means  



Chapter Three                                                    Results and Discussion 

______________________________________________________________________________________________________ 

 

56 

 

Similar report was observed by Sudhindra R (2012) [129], and that consistent with 

study that carried out by Munilakshmi et al. (2015) [130], who found that there was a 

significant differences between uric acid and three different group of study  at p < 

0.001. Glucose intake may affect both the production and excretion of uric acid by 

several mechanisms. An increased flux of glucose is thought to increase purine 

generation, while increased anaerobic glycolysis generates increased circulating 

lactate which leads to a reduction in renal excretion of uric acid [112]. 

Moreover, in other study that carried out by Pieme et al. (2017) [125], who reported 

that a statistically higher level of MDA was observed in a group of patients with 

diabetes and complications compared to those without complications this finding 

compatible with the study under hand. The high concentration of serum lipids in the 

T2DM subjects is mainly as a results of increased mobilization of free fatty acids 

from peripheral depots, due to increased activity action of hormone sensitive lipase. 

Peroxidation of polyunsaturated fatty acids in blood produces MDA that leads to 

oxidative damage. T2DM has reported an increased levels of lipid peroxidation 

(MDA) and reduced antioxidant status may play a major role in diabetic 

complications  [125, 131]. Pavithra et al. reported higher levels of MDA in patients 

with DM compared with controls and in patients with DR versus those without DR, 

also suggesting that oxidative stress may play a significant role in the development of 

DR. As a result, levels of MDA are used as an index of LPO and in consequence of 

oxidative stress [2]. Hyperglycemia leads to overproduction of ROS through several 

pathways that may lead to destruction of various macromolecules in the body 

including lipids through the mechanism of oxidative stress [44].  
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Figure 3.3: Comparison of oxidative stress parameters means among study groups. 

Hyperlipidemia has  one of the causative factors for increased lipid 

peroxidation in diabetes mellitus. There   was  relationship between lipid 

peroxidation and complication of diabetes mellitus and to estimate the mutual 

relationship between serum lipoproteins levels and diabetes severity [98]. A 

statistically significant decrease SOD and TAC levels in the DR group compared to 

the control group and the DM. The diabetic group without retinopathy also showed a 

significant decrease in SOD and TAC levels as compared to the healthy control 

group (p <0.0001). This decrease could be attributed to increased oxidative stress 



Chapter Three                                                    Results and Discussion 

______________________________________________________________________________________________________ 

 

56 

 

and lipid peroxidation as evidenced by an increase in MDA. Lipid peroxidation 

might have resulted in the excess utilization of antioxidants against oxidative stress. 

Similar observations were reported by Ganjifrockwala et al. (2017) [127].   

3.3  Distribution Studied Groups According to Age. 

The age groups  divided into three groups: 

a. (60) persons of  22-40 years the number of  DR patients is (8), in T2DM is (28) 

and in control group is (24). 

b. (120) persons of 41-59 years the number of  DR patients is (22), in T2DM is (48) 

and in control group is (50). 

c. (52) persons of  ≥ 60 years the number of  DR patients is (28), in T2DM is (2) and 

in control group is (22). 

3.3.1 Comparison of Study Groups Among Age Groups for Biochemical  

Parameters  

3.3.1.1  FPG and HbA1c Means Among Age groups 

To study the impact of age on sugar parameters (FPS and HbA1c) for all 

studied groups, this study selected three age groups (22-40, 41-59,  ≥ 60) years. The 

results of this study showed no significant difference among age groups for FPG and 

HbA1c means of control group, where (p = 0.576 and 0.836) respectively. While 

there was significant difference among age groups in DM group only for FPG mean 

at p value 0.013.  

In contrast, FPG and HbA1c means in diabetic retinopathy group showed a 

significant difference among age groups, where p value is 0.002, 0.003 respectively,  

for FPG and HbA1c. As shown in Table 3.5. 
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* Represents a significant difference at P ≤ 0.05. 

 

These results in the same line with the study that conducted by Ma et al. 

(2016) [132], who reported that HbA1c levels gradually rose with increasing age. 

Therefore, HbA1c levels are associated with age in Chinese populations, and this 

should be considered when selecting HbA1c as a criterion for future diabetes 

screening. 

3.3.1.2  Lipid Parameters  Means Among Age Groups. 

To study the impact of age on lipid parameters (cholesterol, TG, HDLc, 

VLDLc, LDLc) for all studied groups, this study selected three  age groups. The 

results of this study showed no significant difference among age groups for 

cholesterol  parameters of all studied groups (control, diabetes mellitus and diabetic 

retinopathy), where p values were 0.248, 0.048, 0.832, respectively. HDLc parameter  

of all studied groups, where p values were 0.097, 0.126, 0.695, respectively. In 

contrast, the other lipid parameters (TG, VLDLc, LDLc) showed a variety in the 

significant differences among the studied groups. Where, there was significant 

difference among age groups in control group for TG and VLDLc parameters means 

at p value 0.034 and 0.013 respectively, and significant difference among age groups 

in DM group only for LDLc mean at p value 0.01, as mentioned in Table 3.5.   

 

Sugar 

parameters 
Study groups 

Age groups 
P value 

22-40 41-59 ≥60 

FPG 

mg/dl 

Control 88.8±12.4 93±17.6 91.9±16.6 0.576 

DM 347.7±119 275.6±96.7 256.5±16.7 0.013* 

Retinopathy 293±78.5 384.6±94 408.7±82.8 0.002* 

HbA1c 

% 

Control 4.4±0.79 4.5±0.9 4.4±1.1 0.836 

DM 8.8±2 9.9±2 9.8±1.7 0.538 

Retinopathy 11.5±1.6 10.2±1.9 12.1±1.9 0.003* 

Table 3.5: Comparison of FPG and HbA1c means among age 

 



Chapter Three                                                    Results and Discussion 

______________________________________________________________________________________________________ 

 

54 

 

 

* Represents a significant difference at  P ≤ 0.05. 

The finding of current study compatible  with cross sectional analytical study 

to see the effects of age, gender and diabetes on serum lipid levels, that carried out 

by Adnan et al. (2013) [133], who reported that no significant association was found 

between age and lipid parameters. 

3.3.1.3  Oxidative Stress Parameters Means Among Age Groups.  

To study the impact of age on oxidative stress parameters (uric acid, MDA, 

SOD, TAC) for all studied groups, this study selected three age groups. The results 

of this study showed the significant differences were varied among study groups for 

uric acid parameter. And it showed no significant difference among age groups for 

MDA parameter of studied groups (exception means in DR group), where p values 

(0.846, 0.213, 0.015), respectively. While the antioxidant  parameters (SOD, TAC) 

Lipid 

parameters 
Study groups 

Age groups 

P value 
22-40 41-59 ≥60 

Cholesterol 

(mg/dl) 

Control 164±46 185±60 168.9±50.9 0.248 

DM 190±51.8 208±34 237.5±7.5 0.048 

Retinopathy 226±81 213±38 214±52 0.832 

TG 

mg/dl)) 

Control 184±94.9 142.5±56.9 178.7±75 0.034* 

DM 247.6±161 269±105 192±46 0.446 

Retinopathy 270.7±67 248.6±121 226±65 0.404 

HDLc 

(mg/dl) 

Control 42.5±8 45±12.6 39±10.4 0.097 

DM 44±9 39.8±10.6 46.5±0.5 0.126 

Retinopathy 45±14 42.6±12 41±10.5 0.695 

VLDLc 

mg/dl)) 

Control 38±18 28.5±11 35.7±15 0.013* 

DM 49.5±32 53.8±21 38.4±9.2 0.446 

Retinopathy 54±13.4 49.7±24 45±13 0.404 

LDLc 

mg/dl)) 

Control 83±35 111±59.9 93.9±49.8 0.087 

DM 96.5±40 114±35 152.6±2.3 0.01* 

Retinopathy 126.8±81 120.9±29 127.7±49.6 0.890 

Table 3.6: Comparison of lipid parameters means among age 
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showed significant differences among age groups in all studied groups, as mentioned 

in Table 3.7. 

 

* Represents a significant difference at P ≤ 0.05. 

These findings go along with a study that carried out by Basaran et al. (2016) 

[134] to examined the association between uric acid and glycemic status by the 

aspects of age and sex, who stated that age effect on uric acid in type 2 diabetic 

patients at p-value p < 0.001). Oxidative stress has been implicated in many diseases 

associated with ageing and in the ageing process itself, recently demonstrated that 

advanced age, in the absence or presence of disease, is associated with decreased 

antioxidant defense and increased oxidative damage [127, 131].  

3.4  Distribution Studied Groups According to BMI 

The BMI groups  divided into three groups: 

a. (44) peoples to BMI < 25 the number of control group is (20), in T2DM is (14) 

and in DR group is (10). 

Oxidative 

parameters 
Study groups 

Age groups  

22-40 41-59  ≥60  P value 

Uric acid 

mg/dl)) 

Control 4±0.61 4.6±1.7  4.8±1.8  0.180 

DM 4.4±1.2 5.2±1.3  5.8±0.7  0.013* 

Retinopathy 5.4±0.7 5.4±1.5  6.1±0.6  0.143 

MDA 

 

µM)) 

Control 2.3±0.8 2.3±0.6  2.2±0.6  0.846 

DM 4.8±0.5 4.9±0.5  4.5±0.4  0.213 

Retinopathy 5.4±0.3 4.9±0.6  5.4±0.5  0.015* 

SOD 

(U/ml) 

Control 8.9±0.9 8.1±0.5  5.8±0.8  <0.0001* 

DM 5.4±0.3 3.8±0.6  2.7±0.3  <0.0001* 

Retinopathy 5.9±0.4 3.5±0.4  3±0.7  <0.0001* 

TAC 

mM)) 

Control 2.2±0.4 1.2±0.2  0.6±0.1  <0.0001* 

DM 1.3±0.3 0.9±0.1  0.5±0.05  <0.0001* 

Retinopathy 1.2±0.02 0.8±0.1  0.5±0.2  <0.0001* 

Table 3.7: Comparison of oxidative stress parameters means among age groups  
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b.  (86) peoples to BMI 25-29.9 the number of  control  group is (44), in T2DM is 

(20) and in DR group is (22). 

c. (102) peoples to BMI  ≥30 the number of control group is (32), in T2DM is (44) 

and in DR group is (26). 

3.4.1   Comparison of Biochemical  Parameters Among BMI Groups 

3.4.1.1  FPG and HbA1c Means Among BMI Groups 

To study the impact of BMI on sugar parameters (FPG and HbA1c) for all 

studied groups, this study selected three BMI groups. The results of this study 

showed no significant difference among body mass index (BMI) groups for sugar 

parameters (FPG and HbA1c) means of all studied groups, (exception FPG means in 

DM group and HbA1c means in DR group), where p values were 0.539, 0.631, for 

control and DR groups of FPG, and 0.495, 0.212, for control and DM groups of 

HbA1c. In contrast, FPG means in DM group showed a significant difference among 

BMI groups, where p value was < 0.0001, and HbA1c means in DR group showed a 

significant difference also among BMI groups, where p value was 0.006. As shown 

in Table 3.8.  

 

* Represents a significant difference at P ≤ 0.05. 

According to the study that carried out by Prema et al. (2016) [135] found 

that body mass index was directly related to fasting blood sugar. In regarding, 

Sugar 

parameters 
Study groups 

BMI groups 
P value 

< 25 25-29.9 ≥ 30 

FPG 

mg/dl)) 

Control 89.9±17 92±17 94.7±11 0.539 

DM 310±70 262±93 406.7±125 <0.0001* 

Retinopathy 315±87.6 331±91.7 349±111 0.631 

HbA1c % 

Control 4±0.9 4.5±1 4.7±0.9 0.495 

DM 9.2±1.8 9.9±1.8 10±2 0.212 

Retinopathy 10±1.5 10.8±2 12.9±1.5 0.006* 

Table 3.8: Comparison of  FPG and HbA1c  means among BMI groups   
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HbA1c the finding of present study in consistent the study that conducted by Babikr 

et al. (2016) [136], who stated that pearson correlation coefficient of HbA1c in 

diabetic patients with BMI was statistically significant at the 0.0001 level. 

3.4.1.2  Lipid Parameters Means Among BMI Groups 

           To study the impact of BMI on lipid parameters (cholesterol, TG, HDLc, 

VLDLc, LDLc) for all studied groups, this study selected three BMI groups. The 

results of this study showed a significant difference among body mass index (BMI) 

groups only in control group of HDLc parameter, where p value was 0.035. In 

contrast, the other study groups of HDLc and all other lipid parameters (cholesterol, 

TG, VLDLc, LDLc) in all studied groups showed no significant differences among 

BMI groups, p value > 0.05.  As mentioned in Table 3.9. 

  

* Represents a significant difference at P ≤ 0.05. 

These findings compatible with a study that carried out by Mohandoss and  

Jaiganesh (2017) [137], who found that BMI showed direct & significant correlation 

Lipid 

parameters 
Study groups 

BMI groups 
P value 

< 25 25-29.9 ≥ 30 

Cholesterol 

mg/dl)) 

Control 156±47.7 176±50 185±60.8 0.160 

DM 186.7±55 203.8±37 213±39.9 0.196 

Retinopathy 207±48 213.9±56 220±51 0.790 

TG 

(mg/dl) 

Control 164.9±81 152.5±79.5 170±61.5 0.554 

DM 249.7±216 248±64 284±149 0.556 

Retinopathy 220.7±72 248±89.8 262±118 0.402 

HDLc 

(mg/dl) 

Control 45.5±11.8 44.9±11.5 39±9.5 0.035* 

DM 43.5±10 42±10 38.8±9 0.311 

Retinopathy 46.4±16 42±11.5 40.5±9 0.402 

VLDLc 

(mg/dl) 

Control 34.7±15 30.5±15.9 34±12 0.432 

DM 49.9±43 49.6±13 56.8±29 0.566 

Retinopathy 44±14 49.6±17.9 52.4±23 0.402 

LDLc 

(mg/dl) 

Control 76.7±40 102.7±51.8 109±57 0.076 

DM 93.2±41 111.8±36.5 117±38.5 0.172 

Retinopathy 108±45.6 127.5±54 129.9±44.8 0.475 

Table 3.9: Comparison of lipid parameters means among BMI groups  . 
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with total cholesterol, TG, LDLc & VLDLc & inverse correlation with HDLc in 

diabetics patients.  

3.4.1.3  Oxidative Stress Parameters Means Among BMI Groups 

To study the impact of BMI on oxidative stress parameters (uric acid, MDA, 

SOD, TAC) for all studied groups, this study selected three BMI groups. The results 

of this study showed no significant difference among BMI groups for uric acid 

parameter of all studied groups, where p values were 0.995, 0.199, 0.279, 

respectively. In contrast. The significant differences were varied among study groups 

for MDA parameter. While the other oxidative stress parameters (SOD, TAC) 

showed significant differences among BMI groups in all studied groups, as 

mentioned in Table 3.10.  

 

Oxidative 

parameters 
Study groups 

BMI groups 

p value 
< 25 25-29.9 ≥ 30 

Uric acid 

mg/dl)) 

Control 4.5±0.6 4.5±1.6 4.5±1.8 0.995 

DM 5±1.4 4.5±1.3 5±1.3 0.199 

Retinopathy 5.9±1 5.9±0.7 5.4±1.4 0.279 

MDA 

µM)) 

Control 2±0.6 2.5±0.6 2±0.7 0.027* 

DM 4.8±0.5 4.8±0.6 5±0.5 0.366 

Retinopathy 5±0.7 5±0.5 5.3±0.3 0.830 

SOD 

U/ml)) 

Control 7.7±1.3 8.2±1 7.3±1 0.014* 

DM 5.4±0.4 4.2±1 4±0.9 <0.0001* 

Retinopathy 4.9±1 3±1 3.3±0.7 <0.0001* 

TAC 

mM)) 

Control 1.8±0.8 1.3±0.4 1±0.4 <0.0001* 

DM 1.3±0.2 1.2±0.4 0.9±0.2 <0.0001* 

Retinopathy 1±0.1 0.6±0.2 0.7±0.2 <0.0001* 

* Represents a significant difference at P≤0.05. 

The findings of the present study compatible with results of a study that 

conducted by Patrick (2013) [138] to evaluating lipid peroxidation and antioxidant 

status along with lipid profile T2DM patients and BMI - matched healthy subjects. 

Table 3.10: Comparison of oxidative stress parameters means among BMI groups  
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He reported that statistical significant differences between MDA, SOD and BMI at p-

value p < 0.0001. 

3.5  Study of Diabetic Groups Based on the Diabetic Duration 

The duration of diabetes  groups  divided into three groups: 

a. (64) patients  of 1-5 years the number of  DR patients is (6), in T2DM is (58). 

b.  (35) patients to 6-10 years the number of  DR patients is (23), in T2DM is (12). 

c.  (37) patients  >10 years  the number of DR patients is (29), in T2DM is (8). 

3.5.1  Comparison of Biochemical Parameters Among Diabetic Duration 

  3.5.1.1  FPG and HbA1c Means Among Diabetic Duration 

To study the impact of diabetic duration on sugar parameters (FPG and 

HbA1c) for two study groups (DM and DR), this study selected three diabetic 

duration groups. The results of this study showed no significant difference among 

diabetic duration groups for FPG means of both two studied groups, where p values 

were 0.376, 0.470, respectively. In contrast, the results of this study showed a 

significant difference among diabetic  duration groups for HbA1c means of both two 

studied groups, where p values were 0.0001, 0.008, respectively. As shown in Table 

3.11.  

 

* Represents a significant difference at P ≤ 0.05. 

Sugar 

parameter 
Study groups 

Duration of diabetes 
p value 

1-5 Years 6-10 Years >10 Years 

FPG 

mg/dl)) 

DM 306±113 263±78 348±7 0.376 

Retinopathy 289±68 341±98 318.6±89.7 0.470 

HbA1c % 
DM 9.5±1.5 10.8±2.6 14.8±0.2 <0.0001* 

Retinopathy 8.1±0.6 11.2±2.2 11.4±1.6 0.008* 

Table 3.11: Comparison of FPG and HbA1c means among diabetic duration groups  
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The finding of present study is incongruent with the study that conducted by Sinha 

and Garg (2019) [139], who found that there was no significant correlation between 

duration of diabetes with HbA1c levels. While in our study, HbA1c levels increased 

with increased duration of diabetes.  

3.5.1.2  Lipid Parameters Means Among Diabetic Duration 

To study the impact of diabetic duration on lipid parameters (cholesterol, TG, 

HDLc, VLDLc, LDLc) for both two studied patient groups (DM and DR),  this study 

selected three diabetic  duration groups. Regarding cholesterol, the results of this 

study shown a no significant difference among diabetic duration groups, while there 

was significant difference among diabetic duration groups in DR group, p values 

were 0.01, 0.005, 0.001 of the TG, HDLc, and VLDLc means respectively. While 

there were no significant differences in LDLc means among diabetic duration groups 

for both studied groups, p > 0.05. As mentioned in Table 3.12. 

 

* Represents a significant difference at P ≤ 0.05. 

Lipid  

parameters 
Study groups 

Duration of diabetes 
P value 

1-5 Years 6-10 Years >10 Years 

Cholesterol 

mg/dl)) 

DM 205.7±40.5 187±50.5 214±1.4 0.356 

Retinopathy 170±12.7 216.8±56.6 221.3±47.5 0.187 

TG 

mg/dl)) 

DM 252±111 291.5±200 227±1.4 0.585 

Retinopathy 170.5±20 212±90 286.9±71.9 0.01* 

HDLc 

mg/dl)) 

DM 42.5±10.9 36.8±9.7 46±1.4 0.169 

Retinopathy 58.5±2.8 42.7±12.8 38.7±7.8 0.005* 

VLDLc 

mg/dl)) 

DM 50.4±22 58±40 45±0.42 0.584 

Retinopathy 34.1±4 42.4±18 57.3±14.3 0.001* 

LDLc 

mg/dl)) 

DM 112.8±37 92±41.9 121.7±0.9 0.211 

Retinopathy 77.4±19.6 131.7±55.2 125.2±38.5 0.108 

Table 3.12: Comparison of lipid parameters means among diabetic duration. 
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These finding of study under hand in consistent with the study that carried out 

by Thagele et al. (2018) [140] to study the impact of disease duration on lipid profile 

in type 2 diabetes mellitus patients, who found that there was significantly positive 

correlation occurs between diabetic duration with triglycerides and VLDLc and 

HDLc at p-value 0.05. 

Moreover, in regarding, LDLc the finding of present  study not harmony with the 

result of a study that conducted by Biadgo et al. (2017) [123], who stated that  

duration of T2DM statistical significantly correlated with LDLc. 

3.5.1.3 Oxidative Stress Parameters  Means Among Diabetic Duration 

To study the impact of diabetic duration on oxidative stress parameters (uric 

acid, MDA, SOD, TAC) for two studied patient groups (DM and DR), this study 

selected three diabetic duration groups. The results of this study showed significant 

differences among diabetic duration groups for uric acid levels, where p < 0.05 that 

were 0.041 and 0.032  respectively for DM and DR  and it showed significant 

differences among diabetic duration groups MDA in DM group, where P value was 

0.0001.  

 

* Represents a significant difference at P ≤ 0.05. 

Oxidative 

parameters 
Study groups 

Duration of diabetes 
P value 

1-5 Years 6-10 Years >10 Years 

Uric acid 

(mg/dl) 

DM 4.9±1.3 5±1.4 7.4±0.5 0.041* 

Retinopathy 4.2±1.8 5.7±1.1 5.9±1.1 0.032* 

MDA 

µM)) 

DM 4.7±0.5 5.5±0.2 5.9±0.0 <0.0001* 

Retinopathy 5.3±0.4 5.2±0.6 5.3±0.5 0.639 

SOD 

(U/ml) 

DM 4.3±1 4.2±0.9 4.3±0.2 0.859 

Retinopathy 3.8±1 3.6±0.2 3.2±1.2 0.111 

TAC 

(mM) 

DM 1±0.3 1.1±0.3 0.9±0.01 0.568 

Retinopathy 0.8±0.2 0.7±0.3 0.6±0.02 0.326 

Table 3.13: Comparison of oxidative stress parameters means among diabetic duration. 
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In contrast, there was no significant difference in SOD and TAC means 

among diabetic duration groups in both studied groups, where p > 0.05. However, 

there were a decrease in SOD and TAC parameters  with increasing diabetic 

duration. As shown in as mentioned in Table 3.13. 

3.6 Distribution of the Studied Groups According to Smoking 

a. (52) subjects (22.4 %) Smoking the number of control patients is (23), in diabetes 

is (15) and in diabetic retinopathy group is (14). 

b. (180) subjects (77.6) Non-smoking the number of control patients is (73), in 

T2DM is (63) and in diabetic retinopathy group is (58). 

3.6.1  Effect of Smoking on Biochemical  Parameters 

3.6.1.1  Effect of Smoking on FPG and HbA1c means  

This study has tried to determine the impact of smoking behavior on sugar 

parameters (FPG and HbA1c) for all study groups (control, DM and DR). The results 

revealed that there were significant differences in control group for both FBS and 

HbA1c parameters, where p < 0.05, while there were no significant differences 

between smokers or non-smokers on both FPG and HbA1c parameters in DM and 

DR groups, where p > 0.05 Table 3.14. 

 

 

 

        

 

 

 

 

    

* Represents a significant difference at P≤0.05. 

Sugar 

parameters 
Study Groups 

Smoking 

P value Yes 

52 

No 

180 

FPG 

mg/dl)) 

Control 85.9±14.6 93.5±16 0.039* 

DM 345±140 289±97.5 0.163 

Retinopathy 353±89 320±93 0.235 

HbA1c % 

Control 4±0.7 4.6±1 0.023* 

DM 9.5±1.5 9.9±2 0.377 

Retinopathy 11.6±1.9 10.9±2 0.284 

Table 3.14: Effect of smoking on FPG and HbA1c means 
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The finding of current study identical with results of study that carried out by 

Sari et al. (2018) [141], who found that the no significant difference at (p < 0.05) 

among fasting blood glucose and HbA1c in smoking diabetic patients compared to 

non-smoking diabetic patients at  (p = 0.325), (p = 0.412) respectively.  

3.6.1.2  Effect of Smoking on Lipid Parameters 

This study has tried to determine the impact of smoking behavior on lipid 

parameters (cholesterol, TG, HDLc, VLDLc, and LDLc) for all study groups. The 

results revealed that there were significant differences in DM group for TG, HDLc, 

VLDLc parameters, where p < 0.05. Moreover, there were no significant differences 

between smokers or non-smokers for other lipid parameters in other study groups, 

where p > 0.05. As described in Table 3.15. 

 
 

 

 

 

 

 

 

 

 

 

     

 
 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
* Represents a significant difference at P ≤ 0.05. 

Lipid 

parameters 
Study groups 

Smoking 

p value No 

 

Yes 

 

Cholesterol 

mg/dl)) 

Control 166±67 179±51 0.398 

DM 198±32 204±44 0.559 

Retinopathy 201.8±64.6 219.8±47 0.350 

TG 

(mg/dl) 

Control 146.7±54.8 165.7±79 0.201 

DM 188.6±27 274±135 <0.001* 

Retinopathy 238.7±79 240.5±92 0.942 

HDLc 

(mg/dl) 

Control 44±12 40±7.8 0.08 

DM 47.7±8.9 40±9.8 0.009* 

Retinopathy 42.9±11.6 39.8±11.3 0.394 

VLDLc 

(mg/dl) 

Control 29.9±10.9 33.6±15.6 0.148 

DM 37.7±5.4 54.8±27 <0.0001* 

Retinopathy 47.7±15.8 48±18.5 0.942 

LDLc 

(mg/dl) 

Control 96±64.6 101±49.7 0.736 

DM 112.8±35 109±39 0.727 

Retinopathy 114±64 128.7±42.7 0.432 

Table 3.15: Effect of smoking on lipid parameters means 
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These findings of the study under hand in the same line with the study that conducted 

by  Athyros et al. (2013) [142] to demonstrated the adverse effects of smoking on the 

risk of microvascular complications of diabetic patients, who found that the smokers 

had higher levels of TG and VLDLc (p < 0.01), as well as lower levels of HDLc ( p 

< 0.01) than never smokers. 

3.6.1.3  Effect of Smoking on Oxidative Stress Parameters 

This study has tried to determine the impact of smoking behavior on 

oxidative stress parameters. Regarding TAC parameter, the results revealed that there 

were no significant differences in all study groups, where p > 0.05. In comparison, 

the other oxidative stress parameters (uric acid, MDA, SOD) shown significantly 

different results between smoking behavior groups in the studied groups. Uric acid 

parameter showed significant differences in control group, where p value was 0.026. 

So in same group has significant differences in MDA parameter. While SOD 

parameter recorded significant differences in DM group, as described in Table 3.16.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Represents a significant difference at P≤0.05. 

Oxidative 

parameters 
Study groups 

Smoking 
P value 

Yes No 

Uric acid 

(mg/dl) 

Control 4±0.8 4.6±1.7 0.026* 

DM 5±1.3 4.9±1.3 0.533 

Retinopathy 5.8±1.5 5.6±1 0.636 

MDA 

µM)) 

Control 3.2±0.28 2±0.53 <0.0001* 

DM 5±0.5 4.8±0.5 0.287 

Retinopathy 5.7±0.06 5.1±0.6 <0.0001* 

SOD 

U/ml)) 

Control 8±1 7.7±1.4 0.225 

DM 4.9±0.8 4.2±0.9 0.012* 

Retinopathy 4±1.3 3.4±1 0.094 

TAC 

mM)) 

Control 1.5±0.7 1.3±0.5 0.276 

DM 1.1±0.15 1±0.35 0.062 

Retinopathy 0.73±0.35 0.75±0.3 0.843 

Table 3.16: Effect of smoking on oxidative stress parameters   
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The finding of current study goes along with the study that carried out by 

(Mouhamed et al., 2011) [143], who stated that smoking was closely associated with 

serum uric acid. In regarding, MDA the findings of study under hand compatible 

with the study that carried out by Nsonwu-Anyanwu et al. (2018) [144], who 

reported that MDA significantly higher in smokers compared to nonsmokers. In 

concerning TAC , the finding of current study consistent with study that carried out 

by Nsonwu-Anyanwu et al. (2018) [144] who found non statistical different between 

smoking and nonsmoking with TAC at p value (0.458). 

Many studies have shown that the adverse effects of smoking on diabetes mellitus 

were not only diabetic macrovascular complications but the causal nature of its 

association with diabetes and the progression of diabetic microvascular 

complications [145]. 

Smoking also increases inflammation and oxidative stress, to directly damage β-cell 

function and to impair endothelial function. 

3.7  Distribution Studied Groups According to Residence  

a- (133) urban people (57.3%) of total that divided as control (47), diabetes 

mellitus (50), and diabetic retinopathy (36). 

b- (99) rural people (42.7%) of total that divided as control (49), diabetes 

mellitus (28), and diabetic retinopathy (22). 

3.7.1  Effect of Residence of Patient on Biochemical  Parameters 

3.7.1.1 Effect of Residence of Patient on FPS and HbA1c means  

This study has evaluated the impact of location of studied people on sugar 

parameters (FPG and HbA1c) for all study groups (control, DM and DR).  

With regard to FPS, there were significant differences between urban and rural 

groups of samples in control and retinopathy groups, where p < 0.05, while DM 
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group showed no significant difference between urban and rural groups of samples, 

where p value was 0.091. Interestingly, HbA1c parameter showed no significant 

difference between urban and rural groups of samples in all studied groups, where p 

values were 0.063, 0.363, 0.732, respectively. Table 3.17. 

 

          * Represents a significant difference at P ≤ 0.05. 

The finding of current study almost in the same line with the study that 

conducted by Veghari et al. (2010) [146] in Iran to the prevalence of DM and some 

related factors among adults in the Golestan province (north of Iran) in 2006., who 

found that significant difference between hyperglycemia and urban , and rural area at 

p-value < 0.003.  

3.7.1.2  Effect of Residence of Patient on Lipid Parameters 

This study has evaluated the impact of location of studied people on lipid 

parameter (cholesterol, TG, HDLc, VLDLc, LDLc) for all study groups (control, DM 

and DR). The results revealed that there were significant differences in control group 

for cholesterol, HDLc, LDLc parameters, where p < 0.05 that were 0.002, 0.0001 and 

0.036, respectively.  

The mean plasma for HDLc which was found to be higher in rural than in urban in 

control group. Moreover, there were no significant differences between urban and 

Sugar 

parameters 
Study groups 

Residence 
p value 

Rural Urban 

FPG 

mg/dl 

Control 95.5±13.8 87.8±17.6 0.02* 

DM 274.7±87.8 314.8±116 0.091 

Retinopathy 294.6±79 348.7±95 0.024* 

HbA1c % 

Control 4.3±0.96 4.7±0.92 0.063 

DM 10±2 9.6±1.6 0.363 

Retinopathy 11±1.9 11.2±2.3 0.732 

Table 3.17: Effect of residence of patient on FPG and HbA1c  
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rural groups of samples for other lipid parameters in other study groups, where p > 

0.05. As described in Table 3.18.  

 

 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

* Represents a significant difference at P ≤ 0.05. 

The finding of current study is incongruent with the study that carried out by 

Quartey (2012) [147] who found that significant difference between total cholesterol, 

HDL and LDLc in diabetic type 2 patients. 

3.7.1.3 Effect of Residence of Patients on Oxidative Stress Parameters 

This study has evaluated the impact of location of studied people on oxidative 

stress parameters (uric acid, MDA, SOD, TAC) for all study groups (control, DM 

and diabetic retinopathy).  

The results revealed that there were no significant differences between urban and 

rural groups of samples for all tested oxidative stress parameters in all studied 

groups, where p > 0.05. As described in Table 3.19. 

Lipid 

parameters 
Study groups 

Residence 
p value 

Urban Rural 

Cholesterol 

mg/dl 

Control 158.4±40 193±62 0.002* 

DM 199±44.6 209.7±33 0.275 

Retinopathy 214.6±51.7 216±53.9 0.882 

TG 

mg/dl 

Control 151±60 170±84 0.188 

DM 244±97 281.8±166 0.278 

Retinopathy 244.9±89.5 232±89.6 0.606 

HDLc 

mg/dl 

Control 38.7±8.9 47.6±11.7 <0.0001* 

DM 42±9.7 40.6±10.8 0.494 

Retinopathy 41±11 43.6±12 0.456 

VLDLc 

mg/dl 

Control 31±11.9 34±16.9 0.306 

DM 48.8±19 56±33 0.278 

Retinopathy 48.9±17.9 46.4±17.9 0.606 

LDLc 

mg/dl 

Control 88.6±41.5 111±61 0.036* 

DM 108±41 112.7±32 0.605 

Retinopathy 124±47 126.6±52 0.870 

Table 3.18: Effect of residence n of patient on lipid 

parameters   
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* Represents a significant difference at P≤0.05. 

The results of study under hand goes along with the study that conducted by 

Quartey (2012) [147],  who reported that there was no significant difference in the 

mean serum uric acid levels between the urban and rural diabetic patients at p-value 

> 0.05, while incontrast with same study according to MDA, whereas founding 

significant with location. 

3.8  Distribution According to Blood Pressure 

a. (56) subjects with high blood pressure (24.1%) of total that divided to control (12), 

diabetes mellitus (24), and diabetic retinopathy (20). 

b. (176) subjects with normal blood pressure  (75.9 %) of total that divided to control 

(84), diabetes mellitus (54), and diabetic retinopathy  (38). 

3.8.1  Effect of Blood Pressure of Patient on Biochemical Parameters 

3.8.1.1   Effect of Blood Pressure on FPG and HbA1c 

This study has evaluated the impact of the levels of  blood pressure on sugar 

parameters (FPG and HbA1c) for all study groups (control, DM and DR). The results 

Oxidative 

parameters 
Study groups 

Residence 
p value 

Urban Rural 

Uric acid 

mg/dl 

Control 4.7±1.7 4.3±1.3 0.186 

DM 4.8±1.4 5.2±1.2 0.197 

Retinopathy 5.6±1.13 5.8±1.3 0.545 

MDA 

µM 

Control 2.4±0.7 2.2±0.7 0.167 

DM 4.9±0.6 4.7±0.54 0.239 

Retinopathy 5.1±0.5 5.4±0.6 0.062 

 

SOD 

U/ml 

Control 8±1.3 7.6±1.3 0.146 

DM 4.4±0.9 4.2±1 0.316 

Retinopathy 3.7±1.3 3.4±0.7 0.293 

TAC 

mM 

Control 1.4±0.68 1.2±0.5 0.068 

DM 1±0.2 1.15±0.4 0.337 

Retinopathy 0.7±0.3 0.7±0.2 0.498 

Table 3.19: Effect of residence of patients on oxidative stress parameters  
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showed that there were no significant differences for both sugar parameters between  

high and normal blood pressure groups in all studied groups (except of  retinopathy 

group of HbA1c), where p < 0.05. The only significant difference was detected in 

diabetic retinopathy group of HbA1c, where p value was 0.006, As described in 

Table 3.20. 

 

 

 

       

 

 

 

 

* Represents a significant difference at P≤0.05. 

The finding of current study consistents with results of a study that carried out 

by Kaštelan et al. (2013) [148] to investigate whether body mass index (BMI) 

independently or in correlation with other risk factors is associated with DR 

progression, who found that there was statistical significant between systolic and 

diastolic blood pressure with HbA1c at p-value <0.01, where association with the 

progression of  DR in T2DM. 

3.8.1.2  Effect of Blood Pressure on Lipid Profile 

This study has evaluated the impact of the levels of  blood pressure on lipid 

parameter (cholesterol, TG, HDLc, VLDLc, LDLc) for all study groups (control, DM 

and DR). Regarding HDLc, the results showed that there were no significant 

differences between high and normal blood pressure groups for all three studied The 

groups, where p >0.05.  

Sugar 

parameters 
Study groups 

Blood pressure (mmHg) 
P value 

High Normal 

FPG 

mg/dl 

Control 90±10.5 91±16.8 0.655 

DM 293.7±78 303±119 0.674 

Retinopathy 302.5±84.7 341.7±95 0.115 

HbA1c % 

Control 4.9±1 4.4±0.9 0.158 

DM 10±2 9.6±1.8 0.155 

Retinopathy 11.5±2.1 10.16±1.5 0.006* 

Table 3.20: Effect of blood pressure of patient on FPG and HbA1c 
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The results of other lipid parameters (cholesterol, TG, VLDLc, LDLc) were different 

regarding each study group, as documented in Table 3.21. 

 

             * Represents a significant difference at P≤0.05. 

The results of present study is congruent with the study that carried out by 

Biadgo et al. (2018) [123] to aim to assess the correlation between serum lipid profile 

with anthropometric and clinical variables among T2DM patients, who found that 

there was correlation between systolic BP among various lipid profiles showed 

statistically significant correlation in T2DM and control groups. 

3.8.1.3  Effect of Blood Pressure on Oxidative Stress Parameters 

This study has evaluated the impact of the levels of blood pressure on 

oxidative stress parameters (uric acid, MDA, SOD, TAC) for all study groups 

(control, DM and DR). Regarding MDA, the results showed that there were no 

significant differences between high and normal blood pressure groups for all three 

Lipid 

parameters 
Study groups 

Blood pressure (mmHg) 
p value 

High Normal 

Cholesterol 

mg/dl 

Control 192.6±54.6 173.7±55 0.280 

DM 219.5±31 195.8±44 0.009* 

Retinopathy 233.7±58.7 205.8±46 0.075 

TG 

mg/dl 

Control 209.8±60 154±73 0.011* 

DM 248.5±46 261.6±149 0.559 

Retinopathy 262±89 228±87 0.181 

HDLc  

mg/dl 

Control 41±11.7 43.5±11 0.554 

DM 39.5±9 42.6±10 0.182 

Retinopathy 40.5±10.5 43±12 0.411 

VLDLc 

mg/dl 

Control 41.9±12 31±14.5 0.013* 

DM 49.7±9.2 52±29.8 0.559 

Retinopathy 52.4±17.8 45.7±17.5 0.181 

LDLc 

mg/dl 

Control 109±52 98.9±53.7 0.528 

DM 130±30 100.8±38 0.001* 

Retinopathy 140.8±52.5 117±44.8 0.096 

Table 3.21: Effect of blood pressure of patient on lipid parameters means  
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studied groups, where p >0.05.  The results of other oxidative stress parameters (uric 

acid, SOD, TAC) were different regarding each study group, as documented in Table 

3.22. 

 

   

            * Represents a significant difference at p ≤ 0.05. 

These finding of current study goes along with the study that carried out by 

Rao and Vanukuri (2016) [149]  who found that   statistically significant a strong 

positive association between hypertension and serum uric acid levels in T2DM. 

3.9   Distribution Based on the Gender 

The gander  groups  divided into two  groups:  

a. (102) male (44%) of total that divided to control (52), diabetes mellitus (26), and 

diabetic retinopathy (24). 

b.  (130) female (56%) of total that divided into control (44), diabetes mellitus (52), 

and diabetic retinopathy  (34). 

 

 

Oxidative 

parameters 
Study groups 

Blood pressure (mmHg) 
p value 

High Normal 

Uric acid 

mg/dl 

Control 4.7±1.8 4.4±1.5 0.599 

DM 6±0.9 4.4±1 <0.0001* 

Retinopathy 5.9±0.8 5.5±1.3 0.155 

MDA 

µM 

Control 2.2±0.9 2.3±0.6 0.743 

DM 5±0.6 4.8±0.5 0.093 

Retinopathy 5.3±0.6 5.2±0.5 0.642 

SOD 

U/ml 

Control 6.6±0.5 7.9±1.3 <0.0001* 

DM 3.6±0.8 4.6±0.9 <0.0001* 

Retinopathy 3.7±1.3 3.5±0.98 0.572 

TAC 

mM 

Control 0.8±0.19 1.4±0.6 <0.0001* 

DM 0.9±0.2 1.18±0.3 <0.0001* 

Retinopathy 0.72±0.3 0.76±0.2 0.696 

Table 3.22: Effect of blood pressure of patients on oxidative stress parameters 
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3.9.1 Comparison of Biochemical Parameters Between Male and Female 

3.9.1.1 FPG and HbA1c Means Between Male and Female 

This study has evaluated the impact of gender on sugar parameters (FPG and 

HbA1c) for all study groups (control, DM and DR). Regarding FPG, the results 

showed that there were a significant difference between male and female groups in 

control group, where p value  was 0.004. While there were no significant differences 

in DM and diabetic retinopathy groups. On the other hand,  HbA1c results showed a 

significant difference between male and female groups in DM group, p value was 

0.002, while there were no significant differences in control and DR groups, as 

documented in Table 3.23. 

 

 

             

 

 

 

 

 

 

* Represents a significant difference at P ≤ 0.05. 

Concerning to HbA1c, the finding of present study goes along with the study 

Ma et al. (2016) [132], who found that HbA1c levels of the male group were 

significantly higher than those of the female group (p < 0.0001). Therefore, HbA1c 

levels were associated with gender in Chinese populations, and this should be 

considered when selecting HbA1c as a criterion for future diabetes screening. The 

sugar parameters levels of diabetes is higher in men than women, but there are more 

Sugar 

parameters 
Study groups 

Gender 

p value Male 

 

Female 

 

FPG 

mg/dl 

Control 87.5±17 96.7±13 0.004* 

DM 314±140.9 293.5±88 0.496 

Retinopathy 337±85 321.8±98 0.525 

HbA1c % 

Control 4.4±0.9 4.6±0.9 0.254 

DM 10±1.9 8.9±1.6 0.002* 

Retinopathy 11±1.7 10.9±2.2 0.394 

Table 3.23: Comparison of FPG and HbA1c  means between male and female  
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women with diabetes than men, This fully corresponds to a study by George et al. 

(2019) [8]. 

3.9.1.2  Lipid Parameters Means Between Male and Female 

This study has evaluated the impact of gender on lipid parameter means 

(cholesterol, TG, HDLc, VLDLc, LDLc) for all study groups (control, DM and DR). 

This study determined the significant differences between male and female only in 

DM group of two lipid parameters TG and VLDLc, where p value was 0.008 for 

both.  In exception, there were no significant differences detected in other lipid 

parameters and other study groups, as illustrated in Table 3.24. 

 

          * Represents a significant difference at P≤0.05. 

The findings of study under hand is congruent with the study that carried out 

by Adnan et al. (2013) [133] to aim to see the effects of age, gender and diabetes on 

serum lipid levels, who reported that female gender had higher high density 

Lipid 

parameters 
Study groups 

Gender 
p value 

Male Female 

Cholesterol 

mg/dl 

Control 174.6±60 177.8±49 0.774 

DM 195.9±28 206±47 0.212 

Retinopathy 216±56.5 214.8±49.6 0.920 

TG 

mg/dl 

Control 158.6±82 164±64 0.706 

DM 215.6±57.9 287.6±145.7 0.008* 

Retinopathy 255.8±88.8 229±88.7 0.264 

HDLc 

mg/dl 

Control 42.9±10.6 43.5±12 0.790 

DM 40±9.5 44.9±10.5 0.055 

Retinopathy 42.9±11 41.6±12 0.679 

VLDLc 

mg/dl 

Control 32±16 32.7±12 0.921 

DM 43±11.5 55.7±29 0.008* 

Retinopathy 51±17.7 45.8±17.7 0.264 

LDLc 

mg/dl 

Control 99±58 101±48 0.832 

DM 107.8±31 110.9±41.6 0.718 

Retinopathy 122±52 127±46 0.699 

Table 3.24: Comparison of lipid parameters means between male and female 
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lipoprotein cholesterol and illustrated that men were significantly less prone to 

dyslipidemia than women.  

3.9.1.3  Oxidative Stress Parameters  Between Male and Female  

This study has evaluated the impact of gender on oxidative stress parameters 

(uric acid, MDA, SOD, TAC) for all study groups (control, DM and DR). This study 

determined the significant differences between male and female only in control and 

DM groups of MDA parameter, where p values were <0.0001 and 0.008, 

respectively.  In exception of that, there were no significant differences detected in 

oxidative stress parameters and in other study groups, as illustrated in Table 3.25.  

 

 

            * Represents a significant difference at P≤0.05. 

The finding of present study is inconsistent with results of a study that carried 

out by (Quartey, 2012) [147] who found that there was non-significant statistical 

different between men and women with MDA. While significant with uric acid in the 

same study. In other study that carried out by Morteza et al. (2012) [150] the aim of 

study the correlation of serum urea as an indicator of protein metabolism with MDA 

Oxidative 

parameters 
Study groups 

Gender 
p value 

Male Female 

Uric acid 

mg/dl 

Control 4.5±1.6 4.4±1.4 0.781 

DM 4.9±1.14 4.9±1.4 0.992 

Retinopathy 5.6±1.2 5.7±1.1 0.796 

MDA 

µM 

Control 2.8±0.5 1.7±0.4 <0.0001* 

DM 5.1±0.47 4.7±0.6 0.008* 

Retinopathy 5.4±0.5 5.1±0.6 0.103 

SOD 

U/ml 

Control 7.8±1.34 7.84±1.35 0.905 

DM 4.6±0.9 4.2±1 0.071 

Retinopathy 3.8±1.2 3.3±0.9 0.138 

TAC 

mM 

Control 1.4±0.6 1.34±0.5 0.639 

DM 1.1±0.18 1±0.3 0.654 

Retinopathy 0.74±0.3 0.76±0.2 0.812 

Table 3.25: Comparison of an oxidative stress parameters according to gender 
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and SOD, as indicators of oxidative stress in T2DM patients, who found that 

negative correlation of uric acid with MDA and SOD, only in men with T2DM. 
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4. Conclusion and Recommendation  

4.1 Conclusion 

Based on the findings of the current study, it is concluded that: 

1. Smoking, blood pressure, and duration of DM have been a great effect on 

lipid profile levels of T2DM and DR. 

2. Overweight type 2 diabetics patients are at high risk for diabetic 

complications as retinopathy. 

3. Hyperlipidemia and systolic blood pressure have been a great effect on DR, 

and T2DM.  

4. Sugar parameters values of DM and retinopathy patients more influenced by 

age, residence and DM duration. 

5. Smoking, BMI, blood pressure, and age play important role of impact on 

oxidative stress levels of DM patients and its complications. 

6. Duration of diabetes has very important effect on both MDA and uric acid 

levels for diabetic patients with/without retinopathy. 

7. Oxidative parameters value not influenced by residence as well as; body mass 

index not has any effect on uric acid level. 

4.2  Recommendation 

The current study suggests the following recommendation   

1. Periodic medical checkup and suitable life style change is recommended for 

seemingly healthy controls to improve the quality of interventions not only to 

accomplish weight loss aims but also to control dyslipidemia and reduce type2 

diabetic complications and regular retinal exams are essential.  

2. Dietary counseling and lifestyle modification should be emphasized and subjects 

with diabetes should be encouraged to see a dietician. 
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3. Subjects at high risk of developing hyperlipidemia may benefit from treatment 

with antioxidants such as vitamin which might assist endogenous antioxidant 

capacity and reduce peroxidation rates. Supplementation might possibly delay or 

even prevent complications provide health education for T2DM patients about 

regular follow-up and appropriate glycemic control to prevent and delay the 

progression of the disease. 

4. Further studies about other types of  antioxidant to determine its correlation with 

T2DM due to very effective on DR.  

5.  Study of the effect of antioxidants on T1DM with diabetic retinopathy; 

especially for those under the age of 18 to limit the incidence. 

6.  Study of the effect of antioxidants on T2DM and its effect on other diabetes 

mellitus complications such as; DFU or cardiovascular.   
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Appendix 1. QUESTIONNAIRE OF THE STUDY 

 

Name   

 

Signature  

 

PERSONAL DETAILS 

SEX:                          Male                                                           

                                   Female                                           Are you currently pregnant? 

 

Address:     

 

Date  of birth :                                                 or  age :         years 

  

Height (m)                                        Weight (Kg):                         

 

BMI:                                                  BP:   

 

LIFE STYLE 

Smoking: 

Smoker: has smoked cigarettes regularly for at least 6 months 

 

Ex-smoker: stopped for at least 1 year after regular smoking                                                      

 

Never 
 

  MEDICAL HISTORY 

Has a doctor ever told you that you have any of the following conditions? 

(If yes please specify date of diagnosis) 

  

Diabetes:                                      Yes                              No 

 

Diabetic retinopathy:                    Yes                              No 

 

High blood pressure (doctor gave pills):                           Yes                     No 

 

Do have any disease apart from the diabetes?                   Yes/                            No 

 

If yes what kind of disease is it? 
  

Family history 

Diabetes:                     Father                                  mother                         both  

 
Hypertension: Father                                  mother                         both 
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MEDICATIONS: 

List any medications that you are currently taking for diabetes 

 

 

   

Have you ever taken any antioxidant supplements for at least the past month? 

  

Yes                                               No 

 

(If yes please specify):  
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Appendix  2. 

  

 

Conversionvalue 

 

SI units Test 

 70-110         mg/dL 3.9-6.1 mmol/l Fasting (plasma or serum) Glucose 

> 35              mg/dL > 0.91 mmol/L High density lipoproteins (HDL) 

< 200            mg/dL < 5.2 mmol/L Cholesterol (serum) 

< 130            mg/dL < 3.4 mmol/L Low density lipoproteins (LDL) 

40-150          mg/dL 0.45-1.71 mmol/L Triglycerides 

2.0-7.0          mg/dL 120-420 μmol/L Uric acid (serum) 

Less than 6.5 % HbA1C  

Normal Values for Lab Tests 



 

 

 الخلاصة

 باا ُٗ/  ٍاا  2 اىْاا٘  ٍااِ اىساانزٛ ٗ اء اىخأمساا ٛ الإصٖاال  بااِٞ اىعلاقاات ٕاا٘ اىحاالىٜ اىبحااذ ضالهٍ

 الأمسااضِٞ أّاا٘ا  إّخاالس بااِٞ اىخاا٘اسُ اخااخلاه ٕاا٘ اىخأمساا ٛ الإصٖاال . اىساانزٛ اىشاابنٞت اعااخلاه

 ٗحا ٗد 2 اىْا٘  ٍاِ اىسانزٛ  اء ٍساببلث فاٜ  ٗرًا حيعا  قا  اىخٜ الأمس ة ٍٗضل اث اىخفلعيٞت

. اىا ُٕ٘ بٞزٗمسٞ  ٍْخضلث ٗحزامٌ اىحزة اىضذٗر ّشلط سٝل ة عِ اىْلحش اىسنزٛ اىشبنٞت اعخلاه

 ٍاِ اىسانزٛ  اء ٍاِ ٝعلُّ٘ شخصًل ;: ٗ ، ححنٌ ٍضَ٘عت 9> إىٚ 232 اىَ٘ض٘علث حقسٌٞ حٌ

 اىعَازٛ اىْطال . اىسنزٛ اىشبنٞت بلعخلاه ٍصلبلً ;8 ٗ ، اىسنزٛ اىشبنٞت اعخلاه ب ُٗ 2 اىْ٘ 

ل 22 ٍِ أمزز اى راسٞت اىَ٘ا  ىضَٞ  ًٍ  ٍحلفظت فٜ ٗاىزٝفٞت اىحضزٝت اىَْلطق ٍِ حضْٞ ٌٕ حٌ. عل

 بَال الأّززٗبٍ٘خزٝت اىقٞلسلث. اىَ٘ض٘علث ٍِ اى َٝ٘غزافٞت الاصخَلعٞت اىبٞلّلث صَ  حٌ. اىَزْٚ

 سالعت 22 بعا  اىا ً عْٞالث صَا  حاٌ. ٗاىط٘ه ٗاى٘سُ ٗالاّبسلطٜ الاّقبلضٜ اى ً ضغظ ذىل فٜ

 ، اى ُٕ٘ ّسبت ، اىسنزٛ اىَٖٞ٘صي٘بِٞ ّسبت ، اىضي٘م٘س ٍسخ٘ٝلث ىخحيٞو اىيٞو ط٘اه اىصٞلً ٍِ

 أُ ٗصا  ، اى راسات ٕاذٓ فاٜ اىحٞ٘ٝات اىنَٞٞلئٞات اىع٘اٍاو ٍاِ ٗغٞزٕال اىخأمس ٛ الإصٖل  ٍؤشزاث

 اىاذِٝ اىَزضاٚ ٍاِ اىسانزٛ ٍزضاٚ فاٜ أعياٚ ملّاج اىبلاسٍال فاٜ الأمسا ة ٍضال اث ٍساخ٘ٝلث

 ٍ٘ضا٘علث فاٜ أعياٚ ٍلىّ٘ ٝلى ٖٝٞا  ٍساخ٘ٝلث عياٚ اىعزا٘ر حاٌ بَْٞال اىشبنٞت اعخلاه ٍِ ٝعلُّ٘

 ٗاىعَاز اىا ً ٗضاغظ اىضسٌ مخيت ٍٗؤشز اىخ خِٞ ٝيع . اىسنزٛ بَزضٚ ٍقلرّت اىشبنٞت اعخلاه

ل حأرٞزًا ًَ  اىَعيَالث قاٌٞ حخاأرز لا. ٍٗضالعفلحٔ اىَزضاٚ ىا ٙ اىخأمسا ٛ الإصٖال  ٍسخ٘ٝلث عيٚ ٍٖ

 حا ٗد إىاٚ اىَاز  ٗحطا٘ر اىَاز  ٍا ة باِٞ ق٘ٝات ارحبلط علاقت ْٕلك. بَنلُ اىسنِ اىَؤمس ة

 غٞاز اىسانزٛ ٍزضٚ ٍِ أعيٚ اىسنزٛ اىشبنٞت اعخلاه فٜ ملُ حٞذ ، اىسنزٛ اىشبنٞت اعخلاه

 َّاظ ٗحغٞٞاز  ٗرٝات طبٞات فح٘صالث بائصزاء اىحلىٞات اى راست ح٘صٜ. اىشبنٞت بلعخلاه اىَصلبِٞ

 ٍضالعفلث ٗحقيٞاو اىا ً شاحَٞلث اضاطزا  عياٚ ىيساٞطزة أٝضًل اى٘سُ ٗفق اُ ، اىَْلس  اىحٞلة

 قاا رة حاا عٌ قاا  اىخااٜ اىفٞخلٍْٞاالث ٍزااو الأمساا ة بَضاال اث اىعاالاس 2 اىْاا٘  ٍااِ اىساانزٛ ٍااز 

 .ٍضلعفلث ح ٗد ىَْ  اىبٞزٗمسٞ  ٍع لاث ٗحقيٞو اىذاحٞت الأمس ة ٍضل اث
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