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                                 Abstract 

                                                                             

Background and aim of study: Lipid abnormalities in patients with type 2 

diabetes are a major problem and associated with the increased risk of cardiovascular 

disease (CVD). The study aims to estimate total cholesterol (TC), low density lipopro-

tein cholesterol (LDL-C), uric acid (UA) and HbA1c among type 2 DM. 

Materials and Methods: This was cross sectional hospital-based study con-

ducted from March to July 2022, at different diabetic centers(Sad Roshwan and Gab-

ber Abo aleis )in Khartoum state among 300 Sudanese patients with type 2 Diabetes 

mellitus. 5 ml of blood samples were collected from type 2 Diabetes mellitus patients, 

2ml put in EDTA container to estimate HbA1c level, and 3ml in heparin in order to 

estimate TC, LDL-C, UA level which measured by using enzymatic method and spec-

trophotometer device, and commercial reagent kits from Bio system company. The 

data obtained were analyzed by using SPSS version 26 computer program. 

Results: study showed 73% (n=219/300) of study group were poor glycaemic pa-

tients (HbA1c >7%). TC and LDL-C were significantly increased in poor glycemic 

type 2 DM, TC (245.1 ± 48.7 mg/dl vs 189.1± 23.9 mg/dl); LDL-C (158.4± 38mg/dl 

vs (110.5±21.5 mg/dl) when compared with good glycaemic. Moreover; HbA1c was 

significantly positive associated with TC (r=0.576; P=, 0.000). and LDL-C (r =0.552, 

P=0.000). Study revealed that there was insignificant difference in mean of UA in 

good glycemic control when compared with poor glycemic control. 

Conclusion: Sudanese with type 2 diabetic patients poor glycaemic control have 

increased plasma TC and LDL-C, HbA1c was significantly positive associated with 

TC and LDL-C. Study revealed that there was insignificant difference in mean of UA 

in good glycemic control when compared with poor glycemic control. 
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   صالمستخل                                                         

ْٙ يشكهّ كبٛشة 2انخهم فٙ يسخٕٖ انذٌْٕ فٙ يشظٗ انسكش٘ يٍ انُٕع  :الخلفية والهذف من الذراسة

بط انكٕنٛسخشٔل يٍ ْزِ انذساست ْٕ قٛ ٔانٓذف حشحبػ بضٚبدة خطش الاصببت بأيشاض انقهب ٔالأػٛت انذيٕٚت. 

 (.HbA1c ٔانسكش انخشاكًٙ)UA) )ٕسٚكحًط انٛ ,(LDL-C)انبشٔحٍٛ انذُْٙ يُخفط انكثبفت  ,(TC)ٙانكه

فٙ يخخهف يٍ يشاكض   2022 فٙ انفخشة يٍ يبسط انٗ ٕٚنٕٛ ػشظٛت  دساستحى اجشاء : المادة والطريقة

بذاء انسكش٘ يٍ  انًصببٍٛ سٕداَٙ يٍ  300ظًٍ  ٔلاٚت انخشغٕو )سؼذ سشٕاٌ ٔجببش ابٕ انؼض( فٙانسكش٘

 EDTAيم فٙ حبٔٚت  2, ٔٔظغ  2يشظٗ انسكش٘ يٍ انُٕع يم يٍ ػُٛبث انذو يٍ  5جًغ حى  .2انُٕع 

ببسخخذاو انطشٚقت  TC  ,LDL-C  ,UAنخقذٚش يسخٕٖ  انٓببسٍٚيم فٙ  HbA1c  ٔ ,3يسخٕٖ نخقذٚش 

. حى ححهٛم Bio systemالأَضًٚٛت ٔجٓبص يقٛبط انطٛف انعٕئٙ , ٔ يجًٕػبث انكٕاشف انخجبسٚت يٍ ششكت 

 .26الإصذاس  SPSSب ببسخخذاو بشَبيج انكًبٕٛحش انبٛبَبث انخٙ حى انحصٕل ػهٛٓ

(.كبٌ HbA1c>7ٕا يشظٗ غٛش يعبٕغٍٛ انسكش )%كبَ  (219/300% )ٌ=73أٌ انذساست أظٓشث نتائج:

يجى/دٚسٛهخش( ظذ 245.1±48.7) فٙ يشظٗ انسكش٘ غٛش يُعبطٍٛ انسكش (LDL-Cٔ) (TCكم يٍ )

ػُذ ػهٗ انخٕانٙ يجى/دٚسٛهخش( 110.5±21.5ظذ )يجى/دٚسٛهخش(158.4±38ٔ )(شيجى/دٚسٛهخ 23.9±189.1)

 .يقبسَخّ بًشظٗ انسكش٘ يُعبطٍٛ انسكش

 TC(76P=0.000 يغ كم يٍكبٌ يشحبطب اسحببغب اٚجببٛب يؼُٕٚب  انسكش انخشاكًٙ ٔجذ اٌ ببلإظبفت انٗ رنك

,r=5) ٔLDL-C(P=0.000 ,r=552)ٔكشفج انذساست ػٍ ٔجٕد فشق ظئٛم فٙ يخٕسػ حًط انٕٛسٚك ف. ٙ

 انًشظٗ يُعبطٍٛ انسكش يقبسَت ببنًشظٗ غٛش يُعبطٍٛ انسكش.

( كبٌ بًٓب صٚبدة نذٖ LDL-C( ٔانبشٔحٍٛ انذُْٙ يُخفط انكثبفت)TCبلاصيب انكٕنسخشٔل انكهٙ): لاصةالخ

ٔجذ اٌ انسكش  ببلإظبفت انٗ رنك فئت غٛش يُعبطت انسكش.انيٍ  2انسٕداٍَٛٛ انًصببٍٛ بذاء انسكش٘ يٍ انُٕع

ٔكشفج انذساست ػٍ ٔجٕد فشق ظئٛم  ,TC LDL-C يغ كم يٍكبٌ يشحبطب اسحببغب اٚجببٛب يؼُٕٚب  ًٙانخشاك

 فٙ يخٕسػ حًط انٕٛسٚك فٙ انًشظٗ يُعبطٍٛ انسكش يقبسَت ببنًشظٗ غٛش يُعبطٍٛ انسكش.
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      1. Introduction, Rationale and Objectives 

1.1 Introduction 

            Diabetes mellitus (DM) is a systemic metabolic disorder characterized by a 

tendency towards chronic hyperglycemia with disturbances in carbohydrates, fats 

and proteins metabolism that arise from a defect in insulin secretion or action, or 

both. It is defined clinically from plasma glucose concentrations above which pa-

tients are at increased risk of retinopathy, nephropathy, neuropathy and cardiovas-

cular disease. It is a common condition, with a prevalence rate of ∼8% in the de-

 (Marshal,2021). veloped World  

      The global prevalence of diabetes mellitus has risen in the adult population 

from 4.7% in 1980 to 8.5% in 2014. type 2 DM (T2D), encompasses patients who 

have relative rather than absolute insulin deficiency and have peripheral insulin 

resistance. These patients frequently do not initially require insulin treatment to 

survive and often do not require insulin treatment throughout their lifetime. The 

increase in the prevalence of diabetes is due to a significant increase in the popula-

tion being overweight or obese and to a lack of physical activity in these people 

[additional risk factors for coronary artery disease in patients with diabetes are in-

creased concentrations of low density lipoprotein Cholesterol, (LDL-C), decreased 

concentrations of high density lipoprotein(HDL),Total cholesterol, hypertension, 

smoking and physical inactivity . Inactive adults with diabetes have a 2.81 in-

creased risk of cardiovascular mortality as compared with inactive adults without 

diabetes (Henning,2018). 

1.2 Rationale 

        Lipid abnormalities in patients with type 2 diabetes are a major problem and 

associated with the increased risk of cardiovascular disease (CVD), In 2012  

among the world population, diabetes caused 1.5 million deaths and caused an ad-

ditional 2.2 million deaths in patients with higher-than-optimal blood glucose con-

centrations. 43% of these 3.7 million deaths occurred before the age of 70 years 
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and the majority of these deaths were due to cardiovascular disease. The rate of 

cardiovascular disease in adults with diabetes is two- to three-times greater than 

adults without diabetes. In addition, cardiovascular disease is the leading cause of 

premature death in adults with diabetes. patients with diabetes without a previous 

history of myocardial infarction have the same level of risk for acute coronary 

syndromes as no diabetic patients with previous myocardial infarctions. In addi-

tion, the risk of macro vascular disease, such as myocardial infarctions or transient 

ischemic attacks/strokes, increases in pre diabetic individuals well before the clin-

ical diagnosis of diabetes. The 5-year mortality rate for diabetic patients after my-

ocardial infarction is twice that of no diabetic individuals and can be as high as 

50% (Henning,2018). 

1.3 Objectives  

1.3.1 General Objectives: 

To assess the levels of plasma total cholesterol, low-density lipoprotein cholester-

ol and uric acid among T2 DM. 

1.3.2 Specific Objectives: 

1-To measure the concentrations of total cholesterol (TC), low density lipoprotein 

cholesterol (LDL-C), uric acid (UA) and percentage of glycated hemoglobin in 

study group. 

2- To measure  the weight and Height and calculate BMI among  T2 DM. 

3-To compare between  TC, LDL-C and UA based on glycemic control, sex, fami-

ly history, BMI, educational levels and smoking. 

4- To correlate between the glycated hemoglobin and TC, LDL-C, UA  and dura-

tion of disease. 
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                   2. Literature Review 

2.1 Diabetes Mellitus 

          Diabetes mellitus was defined by the World Health Organization in 2000 as 

a metabolic disorder of multiple etiology characterized by chronic hyperglycemia 

with disturbances of carbohydrate, fat, and protein metabolism resulting from de-

fects in insulin secretion, insulin action, or both.(White et al. 2017). 

Thus, although the diagnosis of diabetes depends upon demonstration of hyper-

glycemia, it is important to remember that other metabolic processes are also af-

fected. Diabetes mellitus is a chronic, non-communicable condition which, if un-

treated, proceeds to micro- and macro vascular disease. The trademark hypergly-

cemia of diabetes mellitus arises from an inability to clear glucose into insulin-

sensitive tissues, particularly skeletal muscle and adipose tissue, due to Either (i) 

decreased insulin production by the β cells of the pancreas (type 1; juvenile-onset, 

insulin-dependent diabetes mellitus) or (ii) decreased sensitivity of tissues to the 

prevailing insulin concentration (type 2; adult-onset, noninsulin-dependent diabe-

tes mellitus(White et al., 2017). 

Since the discovery of insulin by banting and best in Canada in the early 

1920s, early death from acute insulin deficiency has become avoidable, and 

insulin-dependent diabetic patients can lead relatively normal lives with daily in-

jections of the hormone. However, this increase in life-expectancy is associated 

with long-term complications of diabetes which have significant effects on the 

overall morbidity and mortality of the disease. Such complications, are also asso-

ciated with the later-onset type 2 form of the disease. This form accounts for about 

95% of patients presenting with diabetes in Western societies and is becoming an 

increasing problem in developing countries. Such patients present with variable 

combinations of insulin resistance and β-cell dysfunction leading to defects in in-

sulin secretion. It is now apparent that type 2 diabetes mellitus is a syndrome with 

many different causes including a more sedentary lifestyle, obesity, and dietary 

factors imposing upon an innate genetic  susceptibility(White et al., 2017). 
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2.1.1 Types of Diabetes mellitus  

Diabetes is classified into several types with the largest numbers of 

patients having either type 1 or type 2. about 90% of diabetes worldwide is type 2. 

diabetes of other types should not be overlooked but make up a very small fraction 

of cases, type1 insulin deficiency, type 2 Relative insulin deficiency/peripheral 

insulin resistance ,gestational diabetes Increased insulin resistance during preg-

nancy maturity-onset diabetes Single gene defect affecting glucose metabolism, 

Of the young   for example, glucokinase ,secondary diabetes due to: endocrine 

disease Increased concentration of hormones antagonistic to insulin pancreatic 

disease relative to absolute insulin deficiency ,malnutrition Relative to absolute 

insulin deficiency drugs Impaired insulin secretion or increased insulin resistanc 

(White et al., 2017). 

2.1.2 Pathophysiology and clinical features of Diabetes mellitus 

there are two aspects to the clinical manifestations of DM: those related directly to 

the metabolic disturbance and those related to the long-term complications of the 

condition. The hyperglycemia of diabetes is mainly a result of increased produc-

tion of glucose by the liver and, to a lesser extent, of decreased removal of glucose 

from the blood. In the kidneys, filtered glucose is normally completely reabsorbed 

in the proximal tubules, but at plasma glucose concentrations greater than ∼10 

mmol/L (the renal threshold) reabsorption becomes saturated and glucose appears 

in the urine. There is some variation in the threshold between individuals. It is 

higher in the elderly and lower during pregnancy. glycosuria results in an osmotic 

diuresis, ( Marshal,2021). 

increasing water excretion and raising the plasma osmolality, which in turn stimu-

lates the thirst center. osmotic diuresis and thirst cause the classic symptoms of 

polyuria and polydipsia. other causes of these symptoms include diabetes insipi-

dus, hypercalcaemia, chronic hypokalaemia ,and chronic kidney disease (CKD). 

Polyuria also follow excessive water intake for any reason. Untreated, the meta-

bolic disturbances may become profound, with the development of life-threatening 

ketoacidosis   or  hyperosmolar hyperglycemia  The long-term complications of 
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diabetes fall into two groups: microvascular complications (i.e. nephropathy, neu-

ropathy and retinopathy) and macrovascular disease caused by atherosclerosis. 

These occur in both type1 and type 2 DM. The prevalence of all these complica-

tions increases with the duration of the disease. The risk of microvascular compli-

cations is clearly greater if glycaemic control is poor, but other factors are un-

doubtedly involved: some patients never develop these complications, even after 

many years of having diabetes; others develop the mrapidly, even with seemingly 

good control. The development of microvascular disease appears to be directly re-

lated to hyperglycaemia, whereas that of macrovascular diseases more closely re-

lated to insulin resistance. The results of long-term prospective studies indicate 

that improved glycaemic control significantly reduces the risk of microvascular 

complications in both type 1 and type 2 DM. For macrovascular disease, there is 

evidence of benefit over the long term in type 1 DM, but the evidence is contradic-

tory and controversial in type 2 DM, even though the risk of macrovascular dis-

ease is greater in this type of diabetes. The common pathological feature in micro-

vascular disease is narrowing of the lumens of small blood vessels, and this ap-

pears to be directly related to prolonged exposure to high glucose concentrations. 

The processes involved are complex and still not fully understood; two appear to 

be particularly important. One is increased formation of sorbitol (an alcohol de-

rived from glucose) by the action of the enzyme aldose reductase, leading to ac-

cumulation of sorbitol in cells. This can cause osmotic damage, alter the redox 

state and reduce cellular my inositol concentrations. The other relates to the for-

mation of advanced glycation end products.  Glucose can react with amino groups 

in proteins to form glycated plasma and tissue proteins (glycated hemoglobin). 

These can undergo cross-linking and accumulate in vessel walls and Disorders of 

carbohydrate metabolism tissues, leading to structural and functional damage. 

Other mechanisms of tissue damage may include the generation of free radicals 

and activation of tissue injury responses secondary to intracellular hyperglycae-

mia.The increased predisposition to atherosclerosis in patients with diabetes is al-

so multifactorial. The abnormalities of lipids that occur as a direct result of diabe-

tes and glycation of lipoproteins leading to altered function are particularly im-
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portant. Other factors that are implicated include endothelial dysfunction and in-

creased oxidative stress. The long-term complications of diabetes are a significant 

source of morbidity and mortality. Their diagnosis, with the exception of nephrop-

athy, is largely clinical, although measurement of plasma lipids is important in as-

sessment of the risk of macrovascular disease. In contrast, the management of the 

acute metabolic disturbances seen in diabetes requires intensive biochemical mon-

itoring ( Marshal, 2021). 

The pathogenesis of grossly uncontrolled non-ketotic diabetes mellitus is shown 

in. In contrast to the situation described above for type 1 patients, hepatic function 

is relatively normal in non-insulin-dependent diabetic patients and this has marked 

consequences for the presentation and progression of the disease. For example, the 

synthesis of ketone bodies is extremely sensitive to insulin and even low levels of 

insulin in the portal circulation will inhibit ketogenesis and protect against ketoac-

idosis. Thus, type 2 diabetic patients do not develop ketosis. In these patients, the 

major metabolic consequences arise from effects on muscle and adipose tissue, 

particularly those resulting from insulin resistance and the increased action of cat-

abolic hormones. Decreased glucose uptake into both tissues leads to hyperglyce-

mia, and increased lipolysis in adipose tissue causes a raised plasma free fatty acid 

concentration. In the absence of ketogenesis , fatty acids arriving at the liver must 

be oxidizedor converted to triglyceride for export as very low density lipoprotein 

(VLDL) and contribute to the hyperlipidemia. The reduced peripheral response to 

the prevailing insulin concentration will also decrease the activity of lipoprotein 

lipase and slow the clearance of VLDL. The hyperglycemia in type 2 patients may 

go undetected for months or even years and, without intervention, plasma glucose 

concentrations in extremis can often reach very high levels of >40 mmol/L (>720 

mg/dL). even though such patients do not develop ketoacidosis, they are still at 

risk from severe dehydration and increased serum osmolarity and have a marked 

increase in the risk of developing a major vascular (arterial and venous) throm-

bosis. If untreated, these patients can enter a diabetic, hyperglycemic, hyperosmo-

lar, non-ketoticcoma and die. The clinical features of grossly uncontrolled diabetes 

mellitus are:  Patients are usually elderly and often not previously known to be di-
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abetic, It is often precipitated by inter current illness, especially infection,  It is of-

ten associated with arterial and venous thrombosis, the condition develops over 

several days, Features include polyuria, thirst, and dehydration; stupor progressing 

to coma; no air hunger  High mortality related to age of patient and arterial throm-

bosis, It may be diagnosed from glucose in cerebral spinal fluid(CSF)  and serum 

osmolality, There are occasionally trace of ketones in urine, The major therapeutic 

requirement for patients is rehydration ( Marshal, 2021). 

2.1.3 Diagnosis of Diabetes mellitus 

The diagnosis of diabetes depends on the demonstration of hyperglycaemia, using 

values defined by the world health organization (WHO). In a patient with classic 

symptoms and signs of thirst and polyuria, a random venous plasma 

glucose concentration ≥11.1 mmol/L is diagnostic of diabetes; so, too, is a fasting 

venous plasma glucose concentration ≥7.0 mmol/L.most patients presenting with 

type 1 DM, and some with type 2 DM clearly exceed these diagnostic limits and 

require no further tests to establish a diagnosis. In the absence of symptoms, these 

limits must be exceeded on more than one occasion for the diagnosis to be made. 

Even in symptomatic patients, diabetes is unlikely if a random venous plasma glu-

cose concentration ≤5.5 mmol/L. individuals who have fasting plasma glucose 

concentrations that are elevated but not in the diabetic range have impaired fasting 

glycaemia (IFG). The lower threshold for IFG defined by the WHO and used in 

the UK and much of the rest of the world is 6.1 mmol/L, although the american 

diabetes association (ADA) recommends a value of5.6 mmol/L. The WHO rec-

ommends that patients found to have IFG should undergo an oral glucose toler-

ance test (OGTT) to determine whether they have impaired glucose tolerance 

(IGT) or diabetes. However, many clinicians treat IFG simply as a state of inter-

mediate glucose intolerance, and the ADA does not endorse the use of the OGTT 

in this group Chronic hyperglycaemia can also be diagnosed using measurements 

of glycated hemoglobin (HbA1c), which is a marker of average plasma glucose 

concentration over many weeks. haemoglobin undergoes glycation in vivoat a rate 

proportional to the plasma glucose concentration; the reaction proceeds through a 

reversible stage but, once the major stable product (HbA1c) is formed, it persists 
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in that state for the lifetime of the red cell.HbA1c therefore provides a ‗time-

weighted‘ average of plasma glucose concentrations over the previous 2–3months. 

More glucose concentrations contribute to a greater extent to this average than 

more historical ones (50% of the HbA1c concentration is accounted for by the av-

erage plasma glucose concentration during the last 30 days). HbA1c concentration 

is expressed as aproportion of total haemoglobin. In the UK and manyother coun-

tries worldwide, it is reported as mmol/mol haemoglobin, although in some coun-

tries it is reported as percentage (%) Since HbA1c is a marker of long-term gly-

caemic status, it is a convenient and valid diagnostic test for type 2 DM, which is 

characterized by slowly developing chronic hyperglycaemia. However, it is not a 

valid diagnostic test for type 1 DM ,in which hyperglycaemia develops rapidly 

and is therefore unlikely to have been constant over the preceding 2–3 months. 

HbA1c is also widely used in the monitoring of patients with all types of diabetes 

Since HbA1c reflects average plasma glucose during the life span of the red cells, 

caution with interpretations required in patients with decreased red cell life spans 

,for example because of haemolytic anaemia, or increased life spans, for example 

in iron deficiency. Abnormal haemoglobins, for example HbS, prevent or interfere 

with the measurement of HbA1c or cause false results in certain analytical meth-

ods. If the abnormal haemoglobin also results in haemolysis, the HbA1c result will 

in any case underestimate the average plasma glucose concentration because of 

reduced red cell life spans .An HbA1c concentration ≥48 mmol/mol is diagnostic 

of diabetes. If symptoms of hyperglycaemia are not present and the HbA1c is ≥48 

mmol/mol, the test should be repeated to confirm the initial result: although 

HbA1c concentration varies very little from day to day, a second confirmatory test 

is important to avoid The risk of making an incorrect lifelong diagnosis as a result, 

for example, of sample mislabeling or analytical error. HbA1c concentrations in 

the range 42–47 mmol/molsignify an intermediate state of hyperglycaemia some-

times called impaired glycaemia or prediabetes. Such patients are at increased risk 

of developing diabetes in the future, so the test should be repeated in 1 year The 

OGTT assesses the capacity for postprandial metabolism of glucose under con-

trolled conditions. The protocol for the OGTT is given below. In the majority of 
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patients suspected of having diabetes, however, the simple diagnostic thresholds 

using either plasma glucose orHbA1c measurements as indicated earlier will es-

tablish the diagnosis, and formal glucose tolerance testing is unnecessary. The use 

of the OGTT is now largely limited to the investigation of possible gestational di-

abetes, but it is also sometimes used in the further investigation of patients who 

have a fasting plasma glucose concentration in the IFG range (6.1–6.9) mmol/L). 

A 2-h OGTT plasma glucose concentration that is below the diagnostic limit for 

diabetes but greater than normal is diagnostic of IGT. This is an intermediate state 

of hyperglycaemia where plasma glucose concentrations are higher than normal 

but not so high as to be associated with increased risk of diabetic microvascular 

disease. IGT is not are used as cutoffs for diagnosis, the existence of such varia-

tion can result in patients being misclassified if their results are close to cutoff 

values: this is why a confirmatory measurement is required before diabetes is di-

agnosed in the absence of clinical features. The results of glucose tolerance tests 

are additionally affected by factors such as the rate of gastric emptying and accu-

rate adherence to the test protocol. The OGTT is an essential test for the diagnosis 

of gestational diabetes (diabetes with onset during pregnancy, Women who are 

obese, have close relatives with diabetes, belong to an ethnic group with a high 

prevalence of diabetes, or who have had a large baby or gestational diabetes in a 

previous pregnancy are at increased risk. In the UK, a 75 g OGTT is offered to all 

women at high risk at 24–28 weeks of gestation (earlier if gestational diabetes was 

diagnosed in a previous pregnancy). Different authorities stipulate different diag-

nostic criteria; those recommended by the International Association of the Diabe-

tes and Pregnancy Study Groups and by the UK National Institute for Health and 

Care Excellence Women with gestational diabetes may revert to a normal glucose 

tolerance postpartum. However, they are at increased risk of developing gestation-

al diabetes again in future pregnancies and also of developing type 2 DM. The 

type of diabetes is usually apparent from the history and clinical presentation. It is 

only occasionally necessary to perform specific diagnostic tests. The growth in 

childhood obesity, however, has resulted in increasing prevalence of type 2 DM in 

children, a group which almost exclusively developed type 1 DM in previous dec-
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ades; and some 2% of paediatric diabetes patients have maturity onset diabetic of 

the young(MODY) Establishing the presence of early onset type 2 DM or MODY 

has implications for treatment and prognosis. The ongoing presence of C-peptide 

in the plasma or urine >3 years after the development of diabetes effectively rules 

out type 1 DM. Pancreatic islet cell autoantibodies (to islet antigen-2 [IA-2], GAD 

or zinc transporter-8 [ZnT-8]) are present in ∼90% of patients with type 1 DM  

and hyperglycemic crises due to short-term metabolic decompensating. The chron-

ic complications are manifestations of vascular disease and may be subdivided in-

to microvascular and macrovascular. microvascular complications are unique to 

diabetes and are caused to a large extent by hyperglycemia itself. the small vessels 

supplying blood to the retina, nerves, and kidney tissues are affected causing reti-

nopathy, neuropathy, and nephropathy, respectively. Diabetic nephropathy is the 

most common cause of renal failure. Tight control of blood glucose (as shown by 

low HbA1c) has been shown to reduce these complications significantly. Macro-

vascular complications are ischemic heart disease (angina and myocardial infarc-

tion), stroke, and peripheral vascular disease. These occur in the general popula-

tion as well as in diabetic patients, but hyperglycemia is an additional risk factor 

and these complications often affect younger individuals ( Marshal, 2021). 

2.2 Lipid  

Fatty acids, the major component of body and dietary lipids, constitute a family of 

molecules having the same basic properties. all mammalian fatty acids have an 

even number of carbons, the common saturated fatty acids being meristic (14:0), 

palmitic (16:0), and stearic (18:0), where the numbers indicate carbon chain length 

and number of double bonds, respectively. unsaturated fatty acids contain one or 

more double bonds in the alkyl chain; for example, oleic acid  (18:1) has one dou-

ble bond while the polyunsaturated fatty acids (PUFAs) linoleic (18:2), linolenic 

(18:3), and arachidonic (20:4) acids have two, three, and four double bonds, re-

spectively. In these molecules the double bonds are three carbons apart. (White et 

al. 2017). 
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2.2.1 Fatty acid synthesis  

The synthesis of fatty acids and their incorporation into triglycerides represents a 

mechanism for conserving the energy of dietary fat, carbohydrate, and the carbon 

skeletons of some amino acids which are in excess to the immediate requirements 

of the body. under anabolic conditions, where the insulin–glucagon ratio is raised, 

the liver and adipose tissue are able to synthesize fatty acids from blood-derived 

glucose via acetyl-CoA and to incorporate these fatty acids into triglyceride. Un-

der catabolic conditions, the liver can also make acetyl-CoA from non-

carbohydrate sources such as amino acids and lactate and this becomes relevant in 

stress situations. The rate-limiting enzyme of fatty acid synthesis is acetyl-CoA 

carboxylase, the product of which is malonyl-CoA acyl carrier protein (ACP) is an 

essential co-factor. Each round of the fatty acid synthetic cycle elongates the 

growing fatty acyl chain by two carbons donated by the three-carbon malonyl-

CoA with the release of CO2. chemically, the four reactions involved in convert-

ing the ketoacyl-ACP to acyl-ACP are the reverse malonyl-CoA itself has an in-

hibitory effect on β-oxidation and prevents this catabolic pathway from supplying 

acetyl-CoA to fatty acid synthesis, which is anabolic; it thereby prevents futile cy-

cling of acetyl-CoA. The activities of acetyl CoA carboxylase and fatty acid syn-

thase are high in liver, adipose tissue, and mammary gland(White  et al., 2017). 

2.2.2 Types of lipid 

The three primary types of lipids are phospholipids, sterols, and triglycerides. 

They each play a different role in the body (White et al., 2017). 

2.2.2.1 Phospholipids   

Phospholipids make up the outermost layer of cells in the bodies of both animals 

and humans. They create a protective layer around the cells to help maintain them 

.Most people never need to think much about phospholipids. However, there is a 

rare autoimmune disease called anti phospholipid syndrome (APS), in which pro-

teins on these lipids are attacked. The protective cell layers are damaged as a re-

sult. this disorder is seen more often in people with lupus, especially women. As 

APS attacks blood cells and vessels, it poses a risk of blood clots that can lead to 

https://www.verywellhealth.com/lupus-symptoms-and-causes-4014391
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heart attacks and strokes.
 
APS also may lead to pregnancy complications. Its 

common name, "sticky blood," is an apt description for what happens inside the 

body when things go awry with these key lipids (White et al., 2017). 

2.2.2.2 Sterols and cholesterol  

Sterols are a subset of steroids, a type of hormone. you may be familiar with plant 

sterol (phytosterols) found in foods that offer health benefits. They are very simi-

lar to the primary sterol in humans cholesterol, cholesterol is processed in the liver 

and contributes to many critical body functions. they include the making of hor-

mones and vitamin D, as well as bile salts that work on fats so they can be ab-

sorbed by the cells. there are two types of proteins that carry cholesterol through 

high density lipoprotein (HDL) and low density lipoprotein the bloodstream: 

(LDL). HDL is considered ―good‖ cholesterol, as it absorbs cholesterol and brings 

it back to the liver, whereas LDL is ―bad‖ cholesterol that builds up in the body 

(White et al., 2017). 

2.2.2.3 Triglycerides 

Triglycerides are the fats and oils that you are familiar with in foods. this type of 

lipid can be saturated and unsaturated  which is part of what makes them solid or 

omega fatty acidliquid, respectively, at room temperature.  are essential nutrients 

that come from certain foods you eat. tuna and salmon are excellent sources, as are 

some nuts, seeds, and leafy vegetables. These fats reduce inflammation, blood 

pressure, and triglyceride levels. They reduce the risk of sudden death by a heart 

attack and prevent blood clots from forming. Trans fats are fats that have been ar-

tificially hydrogenated so that they have a texture desired for processed foods. 

Eating foods that contain trans fats can lead to high levels of LDL 

cholesterol(White et al., 2017). 

2.2.2.4 lipoproteins 

Since lipids by their very nature are hydrophobic molecules, an efficient means of 

transport of both exogenously and endogenously derived lipid through the aqueous 

environment of the circulation is required. furthermore, a mechanism for targeting 

circulating lipids to specific tissues must also exist. These two requirements are 

fulfilled by lipoproteins, which provide a vehicle both for transport and recogni-



- 13 - 
 

tion by specific receptors on tissues. The generic shape of all lipoproteins is spher-

ical and they consist of an oily lipophilic core of cholesteryl ester and varying 

amounts of triglyceride surrounded by a monolayer of phospholipids containing 

apoproteins and free cholesterol . The families of apoproteins (also called apolipo-

proteins) . the lipoproteins have been named according to their density, which re-

flects the proportion of lipid in the core of the particle. The lipoproteins in order of 

increasing density are: chylomicrons (CM); very-low-density lipoproteins 

(VLDL); low-density lipoproteins (LDL); and high-density lipoproteins (HDL) A 

further subgroup, the short-lived intermediate-density lipoproteins (IDL), is 

formed from metabolism of VLDL and may be further metabolized to LDL. The 

difference in density is used in the isolation of lipoproteins by sequential flotation 

in media of increasing density. The properties of the major lipoproteins . It should 

be appreciated, however, that such a classification into four major groups is some-

thing of an oversimplification and that in the circulation lipoproteins are distribut-

ed along a density continuum from a density of 1.00 g/mL (CMs) to 1.2 g/mL 

(high-density lipoproteins). the differences in Apo lipoprotein composition give 

the lipoproteins different charges and thus differing electrophilic motilities )α-

HDL, pre-β-VLDL, and β-LDL), which may be of diagnostic value in qualitative 

analysis in patients with defects in lipoprotein metabolism. The properties of the 

major Apo lipoproteins, lipoproteins are highly dynamic structures whose particle 

size and composition are undergoing continual change, with both lipids and 

apolipoproteins moving within lipoprotein classes. In the following discussion of 

lipoprotein metabolism the following abbreviations are used. The two largest and 

least dense lipoproteins are responsible for the transport of exogenous diet-derived 

triglyceride (CM) and endogenous hepatically synthesized triglyceride (VLDL) in 

the circulation. The two cholesterol-rich lipoproteins are low-density and high-

density lipoproteins (LDL and HDL) which perform what might be simplistically 

described as opposing roles; LDL transports cholesterol to extrahepatic tissues, 

and HDL transports cholesterol from extra hepatic tissues to liver (White et al., 

2017). 
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2.2.2.4.1 Low-density lipoproteins  

Low-density lipoproteins arise from metabolism of LDL following the loss of apo 

E and lipid to HDL. The physical and chemical properties of LDL and its metabo-

lism .these particles are the primary cholesterol transport particles in the circula-

tion, with cholesteryl ester accounting for 35–45% and free cholesterol a further 

6–15% of the particle weight. LDL serves as a donor of cholesterol to both pe-

ripheral tissues and the liver, with the liver being responsible for 50% of the total 

LDL uptake. LDL circulates with a half-life of 2–3 days. the removal of LDL by 

both liver and extrahepatic tissues occurs via receptor-mediated endocytosis in-

volving the apoB100/E receptor (LDL receptor). This 839-amino-acid protein is 

anchored to the cell surface by a membrane-spanning region near its C-terminal. 

Part of the protein shows sequence homology with epidermal growth factor, and 

the LDL-binding region, consisting of eight repeat sequences enriched in nega-

tively charged amino acids (especially cysteine), is located at the N-terminus on 

the extracellular surface. This negatively charged region binds the positively 

charged region of the C-terminus of apoB100. Each LDL particle has only a single 

molecule of apoB100 such that binding of LDL to its receptor is monovalent; that 

is, one particle binds to only one receptor endocytosis of LDL results in the for-

mation of an endosome in the tissue with the LDL particle bound to its receptor 

inside the vesicle. acidification of the endosome causes dissociation of the lipopro-

tein from its receptor such that many receptors are recycled to the cell surface 

while the LDL is digested by lysosomal hydrolases. Amino acids derived from 

hydrolysis of apolipoprotein B100 enter the cellular amino acid pool and choles-

teryl ester is hydrolyzed by acholesteryl ester hydrolase to free cholesterol and fat-

ty acid. under normal conditions, the free concentration of cholesterol in the cell 

represents a balance between endogenous synthesis, exogenous LDL-derived 

cholesterol, and esterification by acyl coenzyme A:cholesterol acyl transfer-

ase(ACAT), raised concentrations of free cholesterol are toxic for the cell and the 

increase in free cholesterol concentration arising from endocytosis of LDL has 

important consequences for cellular cholesterol metabolism, each of which 

attempts to restore the homeostatic intracellular free cholesterol concentration: 



- 15 - 
 

 Inhibition of HMG-CoA reductase, thereby inhibiting endogenous 

cholesterol synthesis,  Activation of ACAT, which converts free cholesterol to 

cholesteryl ester,  down-regulation of LDL receptor expression on the cell surface, 

limiting the entry into the cell of exogenous cholesterol from LDL 

These effects are likely mediated by an oxy-metabolite of cholesterol. 

Thus in the liver, a major cholesterol-synthesizing tissue, the actions of 

LDL-derived cholesterol have an important role in controlling endogenous (White  

et al., 2017). 

2.3 Non-protein compounds of nitrogen 

Blood serum contains compounds of nitrogen other than proteins and peptides. 

Urea, creatinine, uric acid, ammonia and amino acids are the most important of 

them and have implications in clinical biochemistry. these nitrogen compounds 

remain dissolved even after precipitating the serum proteins with deproteinizing 

agents. Metabolism of some nitrogen compounds is tightly connected )Vejražka 

,2020). 

 

             proteolysis          transamination                   urea cycle 

                                                  oxidative deamination 

Proteins                         Amino acids                      Ammonia                   Ure 

 

2.3.1 Creatinine  

Creatinine (inner anhydride of creatine) is formed in muscles by irreversible non-

enzymatic dehydration and cleavage of phosphate from creatine phosphate, which 

serves in muscle as a source of energy for muscle contraction  

Rate of creatinine production in the body is relatively constant. It reflects amount 

of musclemass and under condition of physical rest and meat-free diet is stable. 

Creatinine is excretedin the kidney by glomerular filtration; an additional secretion 

by renal tubules becomes significant only at elevated serum creatinine levels. 

)Vejražka, 2020). 
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2.3.1.1 Creatinine in serum  

Concentration of creatinine in serum is directly proportional to the function of 

kidney glomerules and muscle mass of the body; for this reason it is usually some 

what higher in men than in women. estimation of creatinine in serum is a valuable 

indicator of glomerular filtration and is widely used mostly for monitoring of kid-

ney diseases, including dialysed patients. The relationship between serum creati-

nine and glomerular filtration is hyperbolic: creatinine excretion decreases with 

falling glomerular filtration, but its serum levels do not rise above reference limits 

until the glomerular filtration drops below 50 % . It is evident from this relation-

ship that for an early diagnosis of an initial stage of kidney damage estimation of 

serum creatinine is not very sensitive; rather, measurement of creatinine clearance 

should be used for this purpose. On the other hand, in an advanced stage of glo-

merular damage serum creatinine is a good measure of glomerular filtration. Cre-

atininemia can be elevated also as a result of release of creatinine from muscles 

due to acute destruction of skeletal muscles (rhabdomyolysis) )Vejražka, 2020). 

2.3.1.2 Creatinine in urine  

When compared to other endogenous substances, creatinine excretion into urine is 

rather constant during the day; in persons with normal glomerular filtration it re-

flects amount and activity of muscles. concentration of creatinine in urine can be 

used as a check of 24-hour urine collection used for measurements of daily output 

of some substances into urine. incorrect or incomplete urine collection often 

makes these measurements faulty; and simultaneous estimation of creatinine out-

put provides a simple way to check it. creatinine is estimated in a sample of urine 

from the 24-hour collection. The result in μmol/kg/day is compared with the refer-

ence values for urinary creatinine output in dependence on age and gender: If out-

put of creatinine is 30 % or more below the tabular value, it is almost certain the 

collection of urine was incomplete. next, urinary creatinine is used for standardisa-

tion of urinary output of other substances if information on the 24-hour volume of 

urine is entirely missing. concentration of the substance of interest is expressed 

per 1 mmol of creatinine. )Vejražka, 2020). 
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2.3.2 Uric acid 

Uric acid is the major excretory product arising from the catabolism of purines. 

The differing reference ranges for the uric acid concentration in serum in adult 

males and females, as well as those for children,. Since uric acid has limited solu-

bility in water, it is important that the concentrations of uric acid do not go over 

these reference ranges, as whatever the cause of hyperuricemia, the net effect is 

the precipitation of urate and uric acid crystals. the solubility product of uric acid 

in physiological saline at room temperature is 570 μmol/L. however, this is in-

creased in blood due to effects of protein and counterions on urate solubility, such 

that concentrations in excess of 570 μmol/L can be tolerated without precipitation 

occurring. These protective effects do not occur in other body fluids, such as syn-

ovial fluid and glomerular filtrate, and uric acid crystals deposit more readily in 

joints, kidneys, and the urinary tract when the urate concentration exceeds 570 

μmol/L in these fluids. The clinical consequences of hyperuricemia range from 

kidney stones, which can lead to renal failure, to joint inflammation and destruc-

tion. An operational definition of hype uricemia is a serum urate concentration 

>420 μmol/L in adult reflects a balance between rates of production and excretion, 

and the major factors influencing serum uric acid concentration a. Many food-

stuffs contain appreciable levels of purines . and their catabolism may contribute 

significantly to uric acid production uric acid is a weak acid of low water solubili-

ty; in its enol tautomeric form it will dissociate at a pH above its pKa of 5.7 to 

urate and a proton . Thus at plasma pH of 7.4, most of the uric acid is dissociated 

to urate. this is critically important, since urate is more soluble than uric acid in 

aqueous solution. In urine, however, particularly when it is slightly acidic, appre-

ciable amounts of uric acid rather than urate may be present and may precipitate 

out of solution as crystals of the free acid in the urinary tract(White et al., 2017). 

2.3.2.1 Purines 

Purines have a number of fundamental roles in the cell as components of key 

molecules. The bicyclic structures of the common purine bases—adenine, gua-

nine, and hypoxanthine, differences between these structures are evident in the 

substituents at C2 and C6, with further oxidation at carbon C8 in uric acid. The 
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structure of caffeine is included for comparison. purine nucleosides (adenosine, 

guanosine, and inosine) are formed by addition of a five-carbon sugar—ribose (ri-

bonucleoside) or deoxyribose (deoxyribonucleoside) to N9. Inosine is the trivial 

name given to the nucleoside derived from hypoxanthine. Nucleotides are formed 

by phosphorylation of the sugar residues of nucleosides (White et al., 2017). 

2.3.2.2 Generation of uric acid  

Purine nucleosides, adenosine and guanosine, are released by hydrolysis 

of nucleic acids derived from exogenous (dietary) or endogenous sources. 

Adenosine loses its amino group to form inosine in a reaction catalyzed by adeno-

sine deaminase. purine nucleoside phosphorylase hydrolyzes the ribose moiety 

from both inosine and guanosine, forming hypoxanthine and guanine, respective-

ly. Both purines are then converted to xanthine; guanine by guanase and hypoxan-

thine by xanthine oxidase. Xanthine oxidase catalyzes the oxidation of xanthine to 

uric acid (White et al., 2017). 

 2.3.2.3 Renal handling of Uric acid 

In healthy humans, most (>95%) of the blood urate is filtered through the glomer-

ulus and all of this is reabsorbed in the early proximal tubule  

Approximately 50% of this fraction is secreted in the proximal tubule and 80% of 

this secreted urate (40% of the filtered urate) is again reabsorbed, such that only 

about 10% of the filtered urate is finally excreted. the reabsorption rate rarely ex-

ceeds 15 mg/min, The renal tubular excretion and reabsorptive processes are me-

diated by a number of membrane antiport transporter proteins (OATs, organic ani-

on transporters) which co-transport sodium and anions. These transporters are pre-

sent in the basolateral (for example OAT1, OAT3) and apical membranes (for ex-

ample urate transporter (URAT1) ,  multi drug Resistance Protein 4 (MRP4) of the 

cells of the proximal tubule and are responsible for the movement of anions and 

urate between plasma and urine. They transport in both directions, dependent on 

the relative concentrations of the ligands being transported. The compensating lig-

and for anti-port transfer of urate is a dicarboxylic acid such as glutarate or α-

ketoglutarate. Raised plasma urate enters the proximal tubular cell in exchange for 

a dicarboxylic acid via OAT1, for example, and exits the cell via one of the apical 
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membrane transporters. when the concentration of urate in the filtrate rises signifi-

cantly, it is reabsorbed back into the cell via URAT1, for example, in exchange for 

a dicarboxylic acid anion. In conditions of excessive anion secretion, such as dia-

betic ketoacidosis or high alcohol intake, excretion of urate is impaired due to a 

lack of compensating antiport anion and cellular urate, and eventually plasma 

urate rises. conversely, inhibition of URAT1 by drugs such as probenecid decreas-

es reabsorption of urate, leading to a decrease in blood uric acid. A number of 

drugs can affect these transport systems, thereby compromising renal handling of 

urate and giving rise to hyperuricemia or, in some cases, to excessive urate excre-

tion (White et al., 2017). 

2.3.2.4 Uric acid in blood serum 

Concentration of uric acid in blood depends on intake of purines in food, intensity 

of its production and on its excretion. especially increased levels of uric acid are 

of clinical significance. hyper uricemia results from overproduction or decreased 

excretion of uric acid. concentration of urates can exceed their solubility in hype-

ruricemia (White et al., 2017). 

2.3.2.5 Uric acid in urine  

Majority of uric acid (75 – 80 %) is eliminated by kidneys. It is freely filtered in 

glomeruli (uric acid is only minimally bound to proteins) and then most of it is re-

absorbed in the proximal tubuli. next, uric acid is again secreted in the distal part 

of proximal tubuli and once again reabsorbed. approximately 0.6 g of uric acid per 

day (3.6 mmol/day) is excreted under purine-free diet. normally, with a common 

diet, these values are higher – about 0.8 g/day (5.0 mmol/day). tubular secretion of 

uric acid is inhibited if other organic ions )e.g. acetoacetic acid, β-hydroxybutyric 

acid, lactate or some drugs) are also excretedto a high extent. 

If the excretion of uric acid is increased there is a higher risk of urate urolithiasis. 

Especially important is this risk in individuals with permanently acidic and con-

centrated urine. urate concrements are usually made of pure uric acid, sometimes 

of sodium urate. ammonium rate may precipitate in weakly alkaline urine, typical-

ly in case of urinary infection. crystals of sodium urate can precipitate even in re-

nal inter stitium and cause inflammatory response (chronic interstitial nephritis). 
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Acute renal failure is a relatively rare disorder that results from sudden increase of 

uric acid in blood (e.g. cytostatic therapy in patients with leukemia) in case that 

urine is concentrated and acidic at the same time (dehydration). crystals of uric 

acid are formed in distal tubuli and collecting ducts under these conditions and 

drainage of urine is blocked (acute urate nephropathy). examination of uric acid in 

urine is especially important in patients with increased blood concentration of uric 

acid and in patients with urolithiasis. the amount of uric acid in urine can be ex-

pressed in several ways: concentration in the morning sample of urine. According 

to results of this test, the amount and type of beverages is adapted in order to de-

crease the urate concentration, The amount of uric acid excreted in 24 hours. 

Urine is collected for 24 hours and a mixed sample is analyzed. this method can 

distinguish between hyperuricemia from increased production and decreased ex-

cretion. uric acid/creatinine ratio in a random sample of urine. results give infor-

mation similar to the previous technique but it is not necessary to collect urine for 

24 hours, clearance of uric acid may be calculated according to formula: 

ClUA (ml/s) = UUA × V 

                          PUA 

UUA: concentration of uric acid in urine (mmol/l)  

PUA:  concentration of uric acid in serum or plasma (mmol/l)  

V: volume of urine in ml/s(White et al., 2017). 

2.3.3 Urea  

In quantitative terms, urea is the most significant degradation product of protein 

and amino acids in the body. It is produced in the liver from ammonia released by 

deamination reactions from amino acids. ,urea diffuses freely through cell mem-

branes and so its concentrations in plasma and intracellular fluid are equal. 

Urea is excreted from the body mainly in the kidney by a combination of glomeru-

lar filtration and tubular reabsorption. the latter is variable: lower at higher diure-

sis while increasing when diuresis is low. concentration of urea in the blood de-

pends on amount of protein in the diet, excretion by the kidney, and metabolic 

function of the liver. for instance, serum urea can increase due to high protein in-

take in the food. one gram of protein (dietary or endogenous) can give rise to 5.74 
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mmol (0.34 g) of urea. increased concentration of serum urea without changes in 

other non-protein nitrogen compounds (esp. creatinine) is a hallmark of an intense 

protein catabolism, which occurs e.g. in starvation, febrile state or malignancy. 

Children have lower catabolism of protein, and show demonstrably lower serum 

urea levels. serum urea increases in diseases of the kidney that lead to marked re-

striction of glomerular filtration (below 30 %); simultaneously, high levels of cre-

atinine are found. unlike creatinine, estimation of urea is not suitable for an early 

detection of decrease in glomerular filtration. Sensitivity of the urea estimation for 

renal in sufficience is low: it starts to exceed the reference values when more than 

75 % of glomerular filtration is lost. On the other hand, urea is a sensitive parame-

ter of renal hypoperfusion – in this case not only glomerular filtration is lowered 

but also tubular reabsorption of urea is increased. Serum concentration of urea 

therefore rises much more quickly than that of creatinine. In renal failure of the 

prerenal type (e.g. in hypoperfusion, most frequently in dehydration) the ratio of 

serum concentrations of urea and creatinine )in μmol/l( is above 160. 

In liver function failure, synthesis of urea falls down, and so its concentration in 

the serum. concentration of urea in serum and urine can also be used for calcula-

tion of nitrogen balance (White et al., 2017). 

2.4 Association between diabetes mellitus and lipid  

Insulin resistance is present before the onset of prediabetes or diabetes mellitus, 

and increases progressively over time, whereas hyperglycemia develops in predia-

betes and worsens with development of diabetes mellitus. Insulin resistance with 

impairment of insulin signaling, hyperinsulinemia, and hyperglycemia contribute 

to multiple processes including elevated free fatty acids (FFA), advanced gly-

cation end-product (AGE) production, protein kinase C (PKC) activation, oxida-

tive stress, mitochondrial dysfunction, and epigenetic modifications, which to-

gether contribute to endothelial dysfunction and inflammation resulting in activa-

tion of vascular smooth muscle cells (VSMC), endothelial cells (EC), and mono-

cytes. concentrations of modified (oxidized) low-density lipoproteins (LDL) are 

higher in diabetes mellitus, and are retained in the sub endothelial layer of vulner-

able sections of the vasculature. circulating leukocytes attach and migrate through 
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the endothelial wall into the VSMC layer of the intimal media. these monocytes 

engulf retained lipoproteins and transform into lipid-laden foam 

cells/macrophages producing proteinases and inflammatory mediators including 

tumor necrosis factor-α )TNF-α( and interleukins. Stress responses including in-

flammasome complex formation and endoplasmic reticulum (ER) stress result in 

macrophage proliferation and inflammatory activation with resultant macrophage 

and VSMC phenotypic switch (proliferation, migration, and dedifferentiation). In 

response to vascular injury, VSMC secrete collagen to form a fibrous cap, which 

promotes atherosclerotic plaque stability. however, when stable lesions remodel 

inward, progressive stenosis of arteries occurs. Plaques can become vulnerable 

with thinning of the fibrous cap and apoptosis of macrophages in advanced athero-

sclerotic lesions, where impaired effero cytosis (phagocytic clearance) of lipid 

laden macrophages results in formation of a necrotic core accelerating vascular 

inflammation, necrosis, thrombosis. The resulting unstable atherosclerotic lesion 

complex is prone to sudden expansion from acute thrombus formation, forming a 

Indus for platelet thrombosis, hemorrhage of atherosclerotic plaque microvessels, 

and rupture of the fibrous cap. Akt indicates protein kinase B; ERK, extracellular 

signal-regulated kinase; GlcNAc, N-Acetylglucosamine; IL, interleukin; JNK, c-

Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; NF-κβ, nuclear 

factor–kappa beta; NOS, nitric oxide synthase; PI3K, phosphoinositide 3-kinase; 

RNS, reactive nitrogen species; and ROS, reactive oxygen species. Over time, 

high blood sugar can damage blood vessels and the nerves that control your heart. 

People with diabetes are also more likely to have other conditions that raise the 

high blood pressurerisk for cardiovascular disease ,  increases the force of blood 

through your arteries and can damage artery walls. having both high blood pres-

sure and diabetes  ides (a type of fat in your blood) and low HDL (good) choles-

terol or high LDL cholesterol is thought to contribute to hardening of the arteries 

(Xiong , 2019 ). 

None of these conditions has symptoms. your doctor can check your blood pres-

sure and do a simple blood test to see if your LDL, HDL, and triglyceride levels 

are high, These factors can also raise your risk for cardio vascular disease (CVD 
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)Smoking ,being overweight or having obesity ,Not getting enough physical ac-

tivity ,eating a diet high in saturated fat, trans fat, cholesterol, and sodium (salt) 

Drinking too much alcohol ,people with diabetes are also more likely to 

have CVD. CVD is a serious condition, but it doesn‘t mean the heart has stopped 

beating; it means your heart can‘t pump blood well. This can lead to swelling in 

your legs and fluid building up in your lungs, making it hard to breathe. CVD 

tends to get worse over time, but early diagnosis and treatment can help relieve 

symptoms and stop or delay the condition getting worse (Xiong ,2019 ). 

2.5 association between diabetes mellitus and uric acid (pathological 

mechanism of uric acid on diabetes and Its chronic complications) 

pathological mechanisms 

Inflammation increased uric acid levels in the blood promoted the expression of 

interleukin-1β )IL-1β(, interleukin-6 (IL-6), tumor necrosis factor-α )TNFα(, and 

C reactive Protein (CRP) production. In animal studies, the activation of inflam-

mation induced by UA decreases insulin sensitivity in mice, and infusion of UA 

into mice can increase TNF-α levels and activate the classical inflammatory path-

way. In human studies, serum UA was positively associated with TNF-α, interleu-

kin-6 and C-reactive protein in healthy people (Xiong ,2019 ). 

Oxidative Stress excessive uric acid will lead to an increase in reactive oxygen 

species (ROS) production, which leads to inflammation and dysfunction in the 

vessel. UA is a powerful antioxidant that can remove superoxide and hydroxyl 

radicals in plasma, and UA has prooxidant effects in vascular tissue by increasing 

ROS production, such as H2O2. UA-mediated oxidative stress-induced lipid pe-

roxidation, deoxy ribo nucleic acid( DNA) damage, and activation of inflammato-

ry factors finally lead to cellular damage. oxidative stress also can affect the ex-

pression of insulin gene, causing a decrease in insulin secretion. (Xiong Q.,2019 ). 

Endothelial dysfunction is characterized by deficiencies in the synthesis and/or 

bioavailability of endothelium-derived NO. In addition, UA reduces endothelial 

NO bioavailability in humans. uric acid inhibits proliferation and migration of en-

dothelial cells and NO secretion. UA can react with NO to form 6-aminouracil, 

UA dependent ROS reacts with NO to form peroxynitrite, and UA can hold back 
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L-arginine uptake and stimulate L-arginine degradation. As a result of the effects 

of hyperglycemia and neurohormonal activation, UA levels are independently as-

sociated with endothelial dysfunction in animals and humans, thereby promoting 

hypertension  (Xiong ,2019 ). 

Inhibiting insulin pathway UA directly inhibits the trigger of insulin signaling 

pathway by an ectonucleotide pyro phosphatase/phosphor diesterase 1 (ENPP1) 

recruitment at the receptor level. All factors interference with glucose homeostasis 

and insulin sensitivity promotes the development of diabetes.  (Xiong, 2019 ). 

2.5.1 Uric Acid and diabetic chronic complications. 

Eafore mentioned changes to diabetes are also directly related to the metabolic 

disorder: desulfation of glycosaminoglycans (GAGs) and formation of advanced 

glycation end products (AGE) and receptors (RAGE). It is widely believed that 

polyol bypass, protein kinase C, hexosamine activation, advanced glycosylation 

products (AGEs), increased hyperglycemia-induced mitochondria production of 

reactive oxygen species (ROS), inflammation, and endothelial dysfunction are the 

common pathogenic characteristics of chronic complications of diabetes mellitus , 

which mainly include macroangiopathy, microangiopathy, and neuropathy. Two 

other mechanisms are associated with chronic complications as: Activation of 

RAAS , uric acid can lead to the activation of the renin-angiotensin-aldosterone 

System (RAAS), through increasing the production of juxtaglomerular renin. UA-

induced ROS stimulated the increase of plasma angiotensin II which induced al-

dosterone release, leading to activation of RAAS. RAAS activation induced affer-

ent renal arteriolopathy and tubulointerstitial fibrosis in rodent models. In diabe-

tes, RAAS activation causes a range of pathological changes including vascular 

dysfunction, high intraglomerular pressure, inflammation, and so on, leading to 

cardiovascular and renal complications. thrombus Uric acid seems to trigger plate-

let adhesion and aggregation, thus favoring vascular thrombosis. (Xiong, 2019 ) 
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3. Materials and Methods 

3.1. Materials: 

3.1.1. Study design, area and period: 

this was cross sectional hospital-based study conducted, in different diabetic cen-

ter (Sad Roshwan and and Gabber Abo aleis ) in Khartoum state among 300  Su-

danese patients with type 2 Diabetes mellitus  from March to July 2022. 

3.1.2 Inclusion criteria: 

Sudanese patients with type 2 diabetes mellitus included. 

3.1.3 Exclusion criteria: 

patients took any treatment to lowering lipid and patients with kidney dieses, 

rheumatoid arthritis, malignant diseases, pregnant women, and patients apparently 

with any type of inflammations were excluded from this study. 

3.1.4 Ethical consideration: 

Approval from university ,Khartoum state ministry of health research department , 

from the center, statistical unit of the center and verbal consent was taken regard-

ing acceptance to participate in the study and reassurance of confidentiality. Be-

fore the specimen was collected, the donors knew that this specimen was collected 

for research purpose. 

3.1.5 Data collection: 

Data were collected using structural interviewing questionnaire (see appendix I), 

which was designed to collect and maintain all valuable information concerning 

each case examined. 

3.1.6 Sampling: 

Five ml of venous blood sample was collected from each participant, the blood 

was drawn in heparin containers, and then centrifuge at 4000 rpm for three 

minutes to get plasma. the plasma prepared was collected into 1.5 ml eppendorf   

tubes and kept frozen at (-20c) until analysis 
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3.2 Methods: 

3.2.1 Estimation of plasma total cholesterol level: 

3.2.1.1. Principle for TC: 

Cholesterol ester will be converted to cholesterol and fatty acid by using choles-

terol esterase enzyme. Then cholesterol will be converted to cholestenone and hy-

drogen peroxide in the presence of cholesterol oxidase enzyme. Hydrogen perox-

ide, aminoantipyrine and phenol in the presence of peroxidase enzyme will be 

converted to colored complex (Quinoneimine) that will be measured by colorimet-

ric assay ( Marshal., 2021). 

3.2.1.2 Reagent composition, storage and reagent preparation for TC 

(See Appendix II). 

3.2.1.3 Procedure and calculation of TC: (see Appendix II). 

3.2.2 Estimation of low-density lipoprotein (LDL-C): 

3.2.2.1. Principle of LDL-C: 

LDL in the sample precipitate with polyvinyl sulphate. Their concentration will be 

calculated from the difference between the serum total cholesterol and the choles-

terol in the supernatant after centrifugation. Then, by using pervious serial reac-

tions in principle of total cholesterol estimation, the cholesterol will be converted 

to colored complex (Quinoneimine)which will be measured by  colorimetric assay 

( Marshal., 2021). 

3.2.2.2 Reagent composition, storage and reagent preparation for LDL-

C:( see Appendix III). 

3.2.2.3 Procedure and calculation of LDL-C: (Appendix III). 

3.2.3 Estimation of Uric acid: 

3.2.3.1 Principle of UA: 

Uric acid is determined after enzymatic oxidation in the presence of uricase (based 

on modified Trinder peroxidase method ) the formed hydrogen peroxide react un-

der catalysis of peroxidase (PAP) with 3,5-dichloro-2-hydroxybenzenessulfonic 
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acid (DCHB) 4-aminoantipyrine to form a red violet quinonemine dye .where its 

absorbance is proportional to the concentration of uric acid in sample ( Marshal., 

2021). 

3.2.3.2 Reagent composition, storage and reagent preparation for UA 

( see Appendix IV). 

3.2.3.3 Procedure and calculation of UA: (Appendix IV). 

3.2.4 Estimation of HbA1c: 

3.2.4.1 Principle of HbA1c: 

The test uses a sandwich immune detection method; the detector antibody in buff-

er binds to antigen in sample, forming antigen-antibody complexes, and migrates 

onto nitrocellulose matrix to be captured by the other immobilized-antibody on 

test strip. The more antigen in sample forms the more antigen-antibody complex 

and leads to stronger intensity of fluorescence signal on detector antibody. Instru-

ment for ichroma™ tests displays the content of glycated hemoglobin in terms of 

percent of the total hemoglobin in blood ( Marshal., 2021). 

3.2.4.2 Reagent composition,storage and reagent preparation for 

HbA1c: 

( see Appendix V). 

3.2.4.3 Procedure and calculation of HbA1c: (Appendix V). 

3.3 Quality control: 

The precision and accuracy of all methods used in this study were checked each 

batch was analyzed by including commercially prepared control  level 1  as nor-

mal rang and control level 2 as pathological  sample before it is application for the 

measurement of the test  samples. 

3.4 Statistical analysis: 

The Data obtained from this study was analyzed using statistical package for the 

social science (SPSS version 26). Independent t test was used for comparison 

,0.5% was taken as cut of limit for 95% statistical significance frequency and per-

centage testes were used and then the data were presented in tables ,and chi-square 
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test was used ,P. value ≤ 0.05 was considered as the level of significance,  and 

person correlation was used for correlation. 
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                                                  4-Result:  

(25-90) In this study of three hundred Sudanese with T2DM their age between 

years, from different diabetic center (Khartoum state). 

Figure (4-1) Distribution of sex among study group according to age groups. 

Figure (4-2) body mass index groups  among type 2 DM based on Distribution  of 

sex. 

Figure (4-3 Distribution of  education levels in  the study group based on sex.  

Figure (4-4)  distribution  of family history  in study group based on sex. 

Figure (4-5) Distribution of  the habitual smoking  in the study group based on 

sex.   

Table (4-1) ): Comparisons between age, BMI, WC, HbA1c, TC, LDL-C & UA 

in Diabetic males and females.  

Table (4-2). Comparisons between age, BMI, WC HbA1c, TC, LDL-C &UA  to 

glycemic control intype 2 DM patients. 

Table (4-3) Cross tabulation between TC groups, LDL-C groups and UA groups 

based on glycemic control. 

Figure (4-6)  scatter plot showed correlation between HbA1c and TC (r =0.576, 

 p = 0.000) among diabetic patients. 

Figure (4-7) scatter plot showed correlation between HbA1c and LDL-C (r 

=0.552, p = 0.000) among diabetic patients. 

Figure (4-8) scatter plot showed correlation between HbA1c and UA (r =0.069, 

 p = 0.232) among diabetic patients. 
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Figure (4-1): Distribution of sex among study group according to age groups. 
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Figure (4-2) body mass index groups  among type 2 DM based : Distribution  of 

on sex. 
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Figure (4-3): Distribution of  education levels in  the study group based on sex.  
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Figure (4-4) : distribution  of family history  in study group based on sex. 
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Figure (4-5): Distribution of  the habitual smoking  in the study group based on 

sex.   
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Table (4-1): Comparisons between age, BMI, WC, HbA1c, TC, LDL-C & UA in 

Diabetic males and females. 

Variables Males 

n=119 (39.7%) 

Mean ± SD 

 

Females 

n=181 (60.3%) 

Mean ± SD 

 

P. value 

Age (years) 51.0 ± 11.4 50.7 ± 11.8 0.813 

BMI (Kg/m
2
) 25.0 ± 3.1 24.7 ± 3.4 0.378 

WC (Cm) 88.5 ± 9.5 85.7 ± 9.0 0.014* 

HbA1c % 8.7 ± 2.4 9.0 ± 2.4 0.235 

TC mg/dl 221.1 ± 47.7 235.8± 50.8 0.012* 

LDL-C mg/dl 137.2 ± 39.7 150.9 ±40.6 0.004* 

UA mg/dl 5.4 ± 1.9 5.7 ± 3.4 0.332 

Independent T-Test was used to compare between the means. 

P.value was significant <=0.05 (5%). BMI: body mass Index, WC: waist circum-

ference, HbA1c: hemoglobin A1c (glycated hemoglobin), TC: total cholesterol, 

LDL-C: low density lipoprotein cholesterol, UA: uric acid. 
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Table (4-2): Comparisons between age, BMI, WC HbA1c, TC, LDL-C &UA  to 

glycemic control intype 2 DM patients. 

Variables  .      Good glycemic  

(HbA1c≤ 7%); n= 81 (27%) 

          Mean ± SD 

          poor glycemic

(HbA1c>7%); n=219 (73%) 

          Mean ± SD 

P. value 

Age (years) 50.9 ± 12.8 50.8 ± 11.1 0.922 

BMI (Kg/m
2
) 24.7 ± 3.0 24.8 ± 3.4 0.77 

WC (Cm) 86.2 ± 9.2 87.1 ± 9.3 0.485 

HbA1c % 6.1 ± 0.7 9.9 ± 1.9 0.000 

TC mg/dL 189.1 ± 23.9 245.1 ± 48.7 0.000 

LDL-C mg/dL 110.5 ± 21.5 158.4 ± 38.5 0.000 

UA mg/dL 5.5 ± 4.4 5.7 ± 2.2 0.729 

Independent T-Test was used to compare between the means. 

P. value was significant ≤ 0.05 (5%). 

BMI: body mass Index , WC: waist circumference ,HbA1c:hemoglobin A1c (gly-

cated hemoglobin), TC: total cholesterol, LDL-C: low density lipoprotein choles-

terol,  UA: uric acid. 
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Table (4-3): Cross tabulation between TC groups, LDL-C groups and UA groups 

based on glycemic control. 

 

Variables   Good  glycemic                                                

(HbA1c ≤ 7%)     

   Frequency (%) 

 poor  glycemic                                                        

(HbA1c  >7%)        

      Frequency (%) 

P. value 

TC group 

≤200 mg/dl 

>200 mg/dl 

 

67 (82.7%) 

14 (17.3%) 

 

42 (19.2%) 

177 (80.8%) 

 

0.000* 

LDL-C group 

≤130 mg/dl 

>130 mg/dl 

 

69 (85.2%) 

12 (14.8%) 

 

54 (24.7%) 

165 (75.3%) 

 

0.000* 

 

UA group 

Normal 
†
mg/dl 

High
§ 
mg/dl 

 

70 (86.4%) 

11 (13.6%) 

 

152 (69.4%) 

67 (30.6%) 

 

0.003* 

Chi-square test was used. P=Value was significant at level <=0.05. 

HbA1C: hemoglobin A1c (glycated hemoglobin), TC: total cholesterol, LDL-C: 

low density lipoprotein cholesterol, UA: uric acid.
 † 

normal  UA for male  up to 

7.5 mg/dl and female up to 5.5 mg/dl;
 §

 High: UA more than 7.5 for male and 

 more than 5.5 for female.
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Figure (4-6): Scatter plot shows significant positive correlation between 

HbA1c and total cholesterol (r = 0.576; P = 0.000) among diabetic patients. 
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Figure (4-7): scatter plot showed significant Positive correlation between HbA1c 

and LDL-C (r = 0.552, P = 0.000) among diabetic patients. 

 

 

 

 

 

 

 

 

 



- 40 - 
 

 

 

 

 

 

 

 

Figure (4-8): Scatter plot showed insignificant Positive correlation between 

HbA1c and UA (r = 0.069, p = 0.232) among diabetic patients. 
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5. Discussion, Conclusion and Recommendations 

5.1 Discussion: 

          Diabetes mellitus is a metabolic disorder of multiple etiology, characterized 

by chronic hyperglycemia with disturbances of carbohydrates, fats, and proteins 

metabolism resulting from defects in insulin secretion, insulin action, or both. The 

main complication of uncontrolled diabetic is hyperlipidemia which causes more 

(Marshal, 2021).serious disease as cardiovascular disease  

that high frequency type 2 diabetes Mellitus among Sudanese A Study showed 

females. This disagree with study done by Xing et al, whom revealed that men 

were more affected than females (Xing et al., 2020). This may be due to difference 

in ethnicity or dietary habits ..etc. 

the study showed the most of type 2 diabetes Mellitus their age between 44-60 

years; about 70% of patients had positive family history to diabetes, and about 

50% of patients were overweight to obese. These were in agreement with Miah 

in developing countries, the majority of people with and  et al., whom found that 

diabetes their age between 45–64 age and the most affected group is those whom 

have postive family history and overweight (Miah et al .,2018). that Study showed 

most Sudanese patients with type 2 had higher educational level and habitual  

smoker. Bellou and  et al revealed that low educational level and smoker were 

most affected by DM (Ballou et al., 2018). 

In this study 73% of Sudanese with type2 DM patients had poor glycaemic control 

based on HbA1C level; this agree with study done by Fox and et la…,whom  re-

vealed that poor control of blood sugar in patients with type2 diabetes is still 

common in the United Kingdom (Fox et al., 2006). Moreover; our study found 

that  poor glycaemic control had significant increase in TC and LDL-C level. Ad-

ditionally, 80.0% of poor glycaemic had hypercholesterolemia (TC> 200mg/dL) 

and 75.0% had LDL-C > 130mg /dL).This agrees with study done by Artha and et 

al revealed poor control glycaemic of type 2 diabetic patients had increase in lipid 

profile (Artha et al., 2019). 
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However, study found there was insignificant difference in plasma uric acid be-

tween poor and good glycaemic control, although 30.0% of poor glycaemic had 

hyperuricemia. This was in agreement with study done by Suijk and  et al, whom 

found all diabetic patients had average mean of UA (Suijk et al., 2020). 

Study showed significant positive association between HbA1c & TC (r= 0.576, P 

= 0.000); LDL-C (r =0.552, p = 0.000), insignificant positive association between 

HbA1c & UA (r= 0.069, p = 0.232). Artha and et al found positive association be-

tween HbA1c &TC, LDL-C (Artha et al., 2019). Hu and et al.. revealed insignifi-

cant negative association between HbA1c and UA (Hu et al.,2021). 

 5.conclusion:

 Poor glycaemic type 2DM had increased plasma TC and LDL-C. HbA1c was as-

sociated positively with  TC and LDL-C. hypercholesterolemia (80%) , hyper-

LDL-C (75%) and hyperuricemia (30%) were found in poor glycemic control type 

2DM. 

 5.3Recommendations: 

 1- Awareness of diabetic patients about the importance of monitoring the level 

of sugar and lipid profile periodically to prevent complications of cardio-

vascular diseases. 

 2- Awareness of diabetic patients to stop bad habits such as smoking and 

move towards good habits such as proper food and exercise. 

 3-  Change the type of study design as cohort study. 

 4- Further hospitals or centers are specialized for monitoring of cardiovascular 

disease in diabetes mellitus type2 are required. 

 great importance to establish strategies for combatting T2DM and its asso-5-

ciated chronic conditions. 
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         Appendices (I) 

Sudan University of Science &Technology 

 

Assessment of Plasma Total Cholesterol ,Low Density Lipopro-

tein Cholesterol and Uric Acid among  Sudanese with Type 2 

                            Diabetes in Khartoum state    

 

                                  Questionnaire 

General information:  

NO  

Age 

Gender  

Addressee 

Contact phone number  

Nationality 

Educational level  

Clinical information:  

Having a chronic disease 

Duration of Diabetes Mellitus 

 type of treatment  

family history 

Do you smoke 

Body measurements: 

Weight                                mg/dl  ,  Height                            cm ,Waist cm 

Biochemical Finding: 

TC                                       mg/dl , LDL                              mg/dl  

HBA1c %UA mg/dl 
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