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Abstract 

Background: Cystatin C and B2-macroglobulin, are mainly 

used as biomarkers of kidney function. Because of their small 

size, Cystatin C andB2-microglobulin are freely filtered by the 

glomeruli, and dose not return to the blood stream or secreted by 

renal tubules. They have been suggested to be closer to the 

“ideal” endogenous marker, and emerging as a biomarker 

superior to serum creatinine for estimating the glomerular 

filtration rate and predicting the risk of death and cardiovascular 

events. Diabetic nephropathy cause gradual renal impairment, 

that may end with end stage renal failure. In glomerular kidney 

disease, the glomeruli can't filter cystatin C and B2-

microglobulin out of the blood, so levels increase in blood and 

decrease in urine.  

Objectives: To assess the plasma levels of cystatin C, B2-

microglobulin, creatinine, creatinine clearance, blood HbA1C% 

and body mass index among Sudanese patients with type 2 

diabetes in comparison with healthy controls. 

Materials and methods: This is a case-control study conducted 

in Jabir Abulizz and Almolazmeen diabetic centers in Khartoum 

state, Sudan, during the period from November 2010 to March 

2014. A total of 300 Sudanese patients with type2 diabetes 

mellitus (49%males and 51% females)as a test group and 150 

healthy subjects(48%males and 52%female) as a control group 
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were enrolled in this study. The test group and the control group 

were matched in term of gender and age. The plasma levels of 

cystatin c, B2-microglobulin, creatinine  and blood HbA1c% 

were measured using Nephelometry technique. creatinine  

clearance was calculated and the body mass index was 

determined for each participant. SPSS was used for analysis of 

data. Student's “t” test was used for comparison between the test 

group and the control group and Pearson’s correlation was used 

to assess correlations between variables. 

Results: In the current study the majority of diabetic patients 

were found to be obese (71%), with long standing diabetes 

(65%) and had uncontrolled diabetes (69%). The means of the  

plasma levels of cystatin C, B2-microglobulin, creatinine , blood  

HbA1c% and body mass index  were significantly raised in the 

diabetic group when compared to the control group 

(p<0.05).The study showed a significant positive correlation 

between the plasma  levels of cystatin C and creatinine ,  and a 

significant moderate positive correlation between the plasma 

levels of cystatin c and HbA1c % of the diabetic group. In the 

present study there was significant moderate positive 

correlations between HbA1c% and plasma levels of both; 

cystatin C and B2-microglobulin, whereas creatinine clearance 

had significant inverse moderate correlations with both; cystatin 

C and B2-microglobulin. 
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Conclusion: From the results of this study it is concluded that: 

plasmacystatin c, B2-microglobulin,creatinine,HbA1c% and 

body mass index are raised in  Sudanese with type 2diabetes. 

Plasma cystatin C and B2-microglobulin have significant 

inverse correlations with the glomerular filtration rate. Both 

cystatin C and B2-microglobulin plasma levels have significant 

positive moderate correlations with HbA1c%.Tthe plasma levels 

of cystatin C and B2-microglobulin could be used as markers of 

renal function and glycemic control in patients with type 2 

diabetes. 
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 دراسةال مستخلص

 لوظائف بيولوجية كمؤشرات ماكروقلوبيولين 2 وبيتا سي السيتاتين يستخدم: خلفية
 يـتم  وبيولينماكروقل 2 وبيتا سي السيتاتين فإن الصغيرة لأحجامها ونسبة. الكلية

 إفرازها يتم أو الدم مجرى إلى تعود ولا الكلوية، الكبيبات بواسطة ةبحري رشحها
 الداخلي المنشأ ذات المؤشرات إلى الأقرب أنها يعتقدلذا . الكلوية بباتكبال بواسطة
 وتوقع الكبيبي الرشح معدل لتقييم ذات فائدة بيولوجية كمؤشرات وتظهر المثالية،
 بسـبب  الكلويـة  الاضطراباتو الدموية والأوعية القلب شكلاتوم الوفاة مخاطر
 فشل حدوث إلى النهاية في يؤدي قد الكلية في تدريجي خلل تسبب والتي السكري

 سـي  السيتاتين رشح من الكبيبات تتمكن لا الكيبيبي الكلية مرض حالة في. كلوي
 وتقـل  الدم في تزيد مستوياتها فإن بالتالي ،البول الدم من ماكروقلوبيولين 2 وبيتا
 . البول في

 والكرياتينين ماكروقلوبيولين 2 وبيتا سي السيتاتين خروج معدلات تقييم: الأهداف
الهيموجبـوبين   المئويـة  والنسـبة في بلازما الدم بالإضافة إلى إخراج الكرياتنين 

 السكر بمرض المصابين السودانيين للمرضى الجسم كتلة ومؤشر المجلكز في الدم
  . الأصحاء من ةضابط بمجموعة مقارنة الثاني نوعال من

 والملازمين العز أبو جابر مركزي في أجريت الدراسة هذه: طرق البحثو المواد
 نـوفمبر  إلـى  2010 مارس بين ما الفترة في بالسودان الخرطوم بولاية للسكري
 بمـرض  المصـابين  السودانيين المرضى من 300 الدراسة عينة شملت. م2014
 150و تجريبية كمجموعة) إناث% 51 ذكور، منهم% 49( الثاني النوع نم السكر

 التجريبيـة  المجموعـة . ضـابطة  كمجموعة) إناث% 52 ذكور،% 48( أصحاء
 مسـتويات  قيـاس  تم. والعمر النوع حيث منكانت متطابقة  الضابطة والمجموعة

 المئويـة  والنسـبة فـي الـدم    والكرياتينين ماكروقلوبيولين 2 وبيتا سي السيتاتين
 ومؤشر الكريتانين خروج معدل. نفيلوميتري تقنية باستخدام المجلكز لهيموجلوبينا

 الحـزم  برنـامج  اسـتخدام  تم. الدراسة في المشاركين لكل حسابها تم الجسم كتلة
 المجموعـة  بـين  النتـائج  لمقارنة. البيانات لتحليل الاجتماعية للعلوم الإحصائية



 
 

VII

 بيرسون ارتباط معامل واستخدم) ت( اختبار تخداماس تمحيث  والضابطة التجريبية
  . المتغيرات بين الارتباطية العلاقات لمعرفة

 السمنة، من يعانون%) 71( السكري مرضى غالبية كان الدراسة هذه في: النتائج
الذي لـيس لـديهم    ونسبة ،%)65( المرضالغالبية أيضاً تعاني من طول فترة و

 مـن  البلازمـا  مستويات متوسطات انتك%). 69( السكري سيطرة على مرض
 أ لهيموجلوبين المئوية والنسبة والكرياتينين ماكروقلوبيولين 2 وبيتا سي السيتاتين

 مجموعـة  فـي إحصـائية   ةلدلاذات  بدرجة مرتفعة الجسم كتلة ومؤشر سي 1
 مـن  أقـل كانـت   الاحتمالية القيمة( الأصحاء بمجموعة مقارنة السكري مرضى

 ذات دلالة إحصائية موجبو متوسط ارتباط علاقة وجود راسةالد أظهرت). 0.05
 متوسـطة  ارتبـاط  وعلاقة والكرياتينين سي السيتاتين من البلازما مستويات بين

 المئويـة  والنسـبة  السيتاتين من البلازما مستويات بين ذات دلالة إحصائية موجبة
 علاقـة  الكهن كانت بينما. السكري مرضى مجموعة لدى المجلكز لهيموجلوبينا

  لهيموجلـوبين ل المئويـة  النسبة بين موجبة ذات دلالة إحصائية متوسطة ارتباطة
ذات  عكسية الارتباطية العلاقة تكان ماكروقلوبيولين، 2 وبيتا السيتاتين والمجلكز 

 2 وبيتـا  سـي  السـيتاتين  و الكريـاتينين  إخـراج  معـدل  بـين  دلالة إحصائية
  . ماكروقلوبيولين

 السيتاتين من البلازما مستويات أن إلى الدراسة تخلص النتائج لخلا من: لاصةالخ
 المجلكـز  لهيموجلوبينا المئوية والنسبة والكرياتينين ماكروقلوبيولين 2 وبيتا سي

 بمـرض  المصـابين  السودانيين المرضى لدى مرتفعة كانت الجسم كتلة ومؤشر
 بـين  موجبـة  ائيةذات دلالة إحص عكسية علاقة هنالك. الثاني النوع من السكري
 علاقـة  توجـد . الكيبيبي الرشح معدلمع   ماكروقلوبيولين 2 وبيتا سي السيتاتين
 مـاكروقلوبيولين  2 وبيتـا  سـي  لسيتاتينل البلازما مستويات بين موجبة ارتباطية
 السـيتاتين  مستوياتقياس  يمكن عليه بناء. المجلكز هيموجلوبينلل المئوية والنسبة

تقييم كفاءة عمل الكلي وكذلك ل كمؤشراتفي البلازما  يولينماكروقلوب 2 وبيتا سي
  .الثاني النوعمن  السكري مرضىلدى  الدم سكر مستوى في لتحكمل كمقياس
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Introduction 
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Chapter one 

1. Introduction 

        Diabetes mellitus is a group of metabolic diseases 

characterized by high blood glucose levels, which result from 

defects in insulin secretion, or action, or both. Diabetes mellitus, 

commonly referred to as diabetes, was first identified as a 

disease associated with “sweet urine”, and excessive muscle loss 

in the ancient world. Elevated levels of blood glucose 

(hyperglycemia) lead to spillage of glucose into the urine, hence 

the term sweet urine. Normally, blood glucose levels are tightly 

controlled by insulin, a hormone produced by the pancreas. 

Insulin lowers the blood glucose level. When the blood glucose 

elevates (for example, after eating food), insulin is released from 

the pancreas to normalize the glucose level. In patient with 

diabetes, the absence or insufficient production of insulin causes 

hyperglycemia. Diabetes is a chronic medical condition, 

meaning that although it can be controlled, it lasts lifetime.(1) 

            Over time, Diabetes can lead to blindness, kidney failure, 

and nerve damage. These types of damage are the result of 

damage to small vessels, referred to as microvascular disease. 

Diabetes is also an important factor in accelerating hardening 

and narrowing of the arteries (atherosclerosis), leading to 

strokes, coronary heart disease, and other large blood vessel 

disease (2). This is referred to as macrovascular disease. Diabetes 

affects approximately 17 million (about 8% of the population) in 
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the United States. In addition, an estimated additional 12 million 

people in the  United States have diabetes and don’t even know 

it(2). From an economic perspective, the total annual cost of 

diabetes in 1997 was estimated to be 98 billion dollars in the 

United States. The capita cost of resulting from diabetes in 1997 

amounted to $10.071. While healthcare cost of $2.699. During 

this same year, 13.9million days of hospital stay were attributed 

to diabetes, While 30.3 million physician office visits were 

diabetes related.  

Remember, these numbers reflect only population in the United 

States. Diabetes is the third leading cause of death in the United 

States after heart disease and cancer (2).             

       Diabetes mellitus is one of the leading causes of morbidity 

and mortality in the United States because of its role in the 

development of optic, renal, neuropathic, and cardiovascular 

disease. 

Diabetes in Sudan 

Until recently diabetes had been considered rare in African 

countries, probably 

due to the lack of awareness of diabetes by doctors and 

compounded by the lack of diagnostic facilities, but in the urban 

population of Sudan, chronic non-communicable diseases such 

as diabetes mellitus and hypertension are now emerging as 

important health problems. 
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Type 1 diabetes is rarer in African countries than type 2 and for 

this reason type 2 diabetes will be the subject of this review. By 

the year2025, the number of people with diabetes is expected to 

increase from 135million (today) to 300 million.5 In Sudan and 

other African countries the growing wave of urbanization has 

324 Practaltered many people’s lifestyles. These lifestyle 

changes include the increased use of motorized vehicles, little or 

no time devoted to regular exercise, too many sedentary hours 

watching TV and large amounts of sugar, refined cereals and fat 

consumed instead of the healthy traditional foods. For many 

people, obesity is highly desirable as it is seen as a sign of 

strength and affluence in men and beauty and attractiveness in 

women. Physical underactivity and obesity resulting from these 

factors are known predisposing factors for diabetes. 

Consequently, diabetes is now one of the major health problems 

in Sudan resulting in 10% of all hospital admissions and 

mortality(3). The actual number of people with diabetes in Sudan 

is not known. A small population-based study in 1993 of a 

sample of 1284 adult men, showed a prevalence of 3.4% of type 

2 diabetes(4). 

The influence of environmental factors in the cause diabetes 

needs to be mentioned. One small study questioned the role of 

malaria falciparum (13 million cases in 1995) as a possible 

cause of diabetes.9 Large scale studies in Sudan confirmed its 

absence; malnutrition-related diabetes mellitus (MRDM) was 
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reported to be common in the Indian subcontinent but this is 

relatively rare among Africans. Generally, studies of hospital 

admissions in Africa are rare due to the poor or unsatisfactory 

quality of patient records. In Sudan, diabetes is the commonest 

cause of hospital admissions due to a non-communicable 

disease. One study showed that people with diabetes constituted 

7% of all hospital admissions, a value higher than that reported 

for other African countries(5). 

Type 2 diabetes is associated with an overall age-adjusted 

mortality that is about twice that of the non-diabetic population 

and the life expectancy is reduced by 5–10 years. Currently, 

diabetes in Sudan (and most of Africa) is believed to have one 

of the highest mortality rates for a non-infectious disease. One 

study indicated that 10%of adult patient deaths in hospitals were 

caused by diabetes. This figure may be underestimated as 

patients who died at home or were unable to reach hospital due 

to lack of transportation or economic constraints were not 

included. Acute complications, especially DKA, are the 

commonest cause of diabetes-related mortality in Sudan. 

There is a delay in recognition of early signs of DKA (and 

therefore treatment) due to doctors being unaware or due to self-

treatment of the precipitating factors such as malaria. Other 

major causes of death include septicaemia (secondary to septic 

foot) and end stage renal disease(6). 
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Cystatin C is a 122-amino acid, 13-KDa protein that is a 

member of the family of cysteine proteinase inhibitors. It is the 

product of a gene expressed in all nucleated cells and is 

produced at a constant rate.  The imbalance between cystatin c 

and cysteine proteinases, is associated with inflammation, renal 

failure, cancer, Alzheimer’s disease, multiple sclerosis and 

hereditary cystatin c amyloid angiopathy(8). Because of its small 

size and basic pH (9.0), cystatin c is freely filtered by the 

glomeruli(9).  

Beta2-microglobulin is a protein found on the surface of many 

cells. Testing of beta2-microglobulin is done primarily when 

evaluating a person for certain kinds of cancer affecting white 

blood cells including chronic lymphocytic leukemia, non-

Hodgkin's lymphoma, and multiple myeloma or kidney disease. 

Beta2-microglobulin is plentiful on the surface of white blood 

cells. Increased production or destruction of these cells causes 

Beta2-microglobulin levels in the blood to increase. This 

increase is seen in people with cancers involving white blood 

cells, but it is particularly meaningful in people newly diagnosed 

with multiple myeloma(9). When kidney disease is suspected, 

comparing blood and urine levels helps identify where the 

kidney is damaged. Beta2-microglobulin normally is filtered out 

of the blood by the kidney's glomeruli, only to be partially 

reabsorbed back into the blood when it reaches the kidney's 

tubules. In glomerular kidney disease, the glomeruli can't filter it 
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out of the blood, so levels increase in the blood and decrease in 

the urine. In tubular kidney disease, the tubules can't reabsorb it 

back into the blood, so urine levels rise and blood levels fall. 

After a kidney transplant, increased blood levels may be an early 

sign of rejection (10). 

Increased urinary levels of B2-microlobulin are found in people 

with kidney damage caused by high exposure to the heavy 

metals cadmium and mercury. Periodic testing of workers 

exposed to these metals helps to detect beginning of kidney 

damage. 

1.1 Rationale: 

  Determination of glomerular filtration rate (GFR) by clearance 

methods is time consuming and labor intensive. Due to the 

inaccuracies associated with these methods, the measurement of 

endogenous blood substances to estimate GFR in the common 

practice. Properties of an ideal endogenous blood substance to 

estimate GFR should include release in to the  blood  stream at 

constant rate, free filtration by the  glomerulus, no reabsorption  

or  secretion by  renal  tubules, and exclusive elimination via the 

kidneys.  

In the last 40 years, plasma creatinine  has become the most 

commonly used endogenous marker of  renal function. Its rate of 

appearance in the blood stream is related to muscle mass, so that 

interaindividual concentrations are affected by age and gender.   
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Calculation of creatinine  clearance (CRCL) by determining its 

concentration in timed urine collections and simultaneously in 

blood correlates with exogenous gold standard methods better 

than creatinine . However collection of timed urine is 

cumbersome and prone to error in outpatient setting. 

Measurement of creatinine  clearance  using time (24-hour) 

urine collection does not improved  the estimation of GfR over 

that provided by prediction equations. 

Cystatin C is a 122-amino acid, 13-KDa protein that is a 

member of the family of cysteine proteinase inhibitors. It is the 

product of a “housekeeping” gene expressed in all nucleated 

cells and is produced at a constant rate Because of its small size 

and basic pH (9.0), cystatin c is freely filtered by glomulus. 

Cystatin C dose not return to the blood stream and is not 

secreted by renal tubules, it has been suggested to be closer to 

the “ideal” endogenous marker. 

1.2 Objectives: 

1. General objective: 

       To compare and to assess the serum levels of cystatin c and 

creatinine  as markers of renal function in Sudanese patients 

with type 2 diabetes. 

2. Specific objectives: 

i- To measure the serum levels of cystatin c and creatinine  in 

Sudanese patients with type 2diabetes mellitus. 
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ii- To correlate between the serum levels of cystatin c, creatinine 

and the glommerlar filtration rate (GFR). 

iii-To asses the relationship between the plasma levels of 

cystatin c, Beta2microglobulin and creatinine   versus: 

i- Glyclated haemoglobin (HbA1C). 

ii- Body Mass Index (B M I).  

iii- Duration of diabetes. 
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Chapter Two 

2. Literature Review 

 

2.1 Diabetes Mellitus 

Diabetes mellitus is a heterogeneous group of syndromes 

characterized by an elevation of fasting blood glucose that 

caused by relative or absolute deficiency of insulin, which 

enables cells to absorb glucose in order to turn it into energy. In 

diabetes, the body either fails to properly respond to its own 

insulin, does not make enough insulin, or both. This causes 

glucose to accumulate in the blood, often leading to various 

complications (11; 12). Many types of diabetes are recognized: The 

principal three are: Type 1: Results from the body's failure to 

produce insulin. It is estimated that 5%-10% of Americans who 

are diagnosed with diabetes have type 1 diabetes. Almost all 

persons with type 1 diabetes must take insulin injections. Type 2: 

Results from Insulin resistance, a condition in which cells fail to 

use insulin properly, sometimes combined with relative insulin 

deficiency. Most people who are diagnosed with diabetes have 

type 2 diabetes. Many people who to develop type 2 diabetes 

spend many years in a state of Pre-diabetes: Termed "America's 

largest healthcare epidemic," pre-diabetes indicates a condition 

that occurs when a person's blood glucose levels are higher than 

normal but not high enough for a diagnosis of type 2 diabetes. In 

2009 there are 57 million Americans who have pre-diabetes (13). 
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All forms of diabetes have been treatable since insulin became 

medically available in 1921, but there is no cure for the common 

types except a pancreas transplant (gestational diabetes usually 

resolves after delivery). Diabetes and its treatments can cause 

many complications. Acute complications including 

hypoglycemia, diabetic ketoacidosis, or non ketotic 

hyperosmolar coma may occur if the disease is not adequately 

controlled. Serious long-term complications include 

cardiovascular disease, chronic renal failure, retinal damage that 

can lead to blindness, several types of nerve damage, and micro 

vascular damage that may cause erectile dysfunction and poor 

wound healing. Poor healing of wounds, particularly of the feet, 

can lead to gangrene, possibly requiring amputation (14). 

2.1.1 Epidemiology of Diabetes Mellitus 

In 2000, according to the World Health Organization, at least 171 

million people worldwide suffer from diabetes, or 2.8% of the 

population. Its incidence is increasing rapidly, and it is estimated 

that by the year 2030, this number will almost double. Diabetes 

mellitus occurs throughout the world, but is more common 

(especially type 2) in the more developed countries. The greatest 

increase in prevalence is, however, expected to occur in Asia and 

Africa, where most patients will probably be found by 2030. The 

increase in incidence of diabetes in developing countries follows 

the trend of urbanization and lifestyle changes, perhaps most 

importantly a "Western-style" diet. This has suggested an 
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environmental (dietary) effect, but there is little understanding of 

the mechanism(s) at present, though there is much speculation, 

some of it most compellingly presented (15). For at least 20 years, 

diabetes rates in North America have been increasing 

substantially. In 2008 there were about 24 million people with 

diabetes in the United States alone, from those 5.7 million people 

remain undiagnosed. Other 57 million people are estimated to 

have pre-diabetes. The Centers for Disease Control has termed 

the change an epidemic. The National Diabetes Information 

Clearing-house estimates that diabetes costs $132 billion in the 

United States alone every year. About 5%–10% of diabetes cases 

in North America are type 1, with the rest being type 2. The 

fraction of type 1 in other parts of the world differs; this is 

probably due to both differences in the rate of type 1 and 

differences in the rate of other types, most prominently type 2. 

Most of this difference is not currently understood. The 

American Diabetes Association cite the 2003 assessment of the 

National Center for Chronic Disease Prevention and Health 

Promotion (Centers for Disease Control and Prevention) that 1 in 

3 Americans born after 2000 will develop diabetes in their 

lifetime. According to the American Diabetes Association, 

approximately 18.3% (8.6 million) of Americans age 60 and 

older have diabetes. Diabetes mellitus prevalence increases with 

age, and the numbers of older persons with diabetes are expected 

to grow as the elderly population increases in number. The 
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National Health and Nutrition Examination Survey (NHANES 

III) demonstrated that, in the population over 65 years old, 18% 

to 20% have diabetes, with 40% having either diabetes or its 

precursor form of impaired glucose tolerance. (16; 17). Indigenous 

populations in first world countries have a higher prevalence and 

increasing incidence of diabetes than their corresponding non-

indigenous populations. In Australia the age-standardized 

prevalence of self-reported diabetes in Indigenous Australians is 

almost 4 times that of non-indigenous Australians. Preventative 

community health programs such as Sugar Man (diabetes 

education) are showing some success in tackling this problem (18). 

In Africa which is a large continent, but the health care 

systems of African countries face similar challenges in the 

delivery of health care. Resources are limited and systems are 

strained. Diabetes mellitus is no longer rare in Africa. Meta-

analytic estimates and recent investigations based on the step-

wise approach for monitoring the risk factors of non- 

communicable diseases indicate a prevalence of between 1% and 

20%(19). 

The prevalence of DM in African communities is 

increasing due to an ageing population and lifestyle changes 

associated with rapid urbanization and westernization. 

Traditional rural communities still have very low prevalence, at 

most 1-2%, except in some specific high-risk groups, whereas up 

to 13% or more adults in urban communities have DM. Type 2 
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diabetes is the predominant form (70-90%), the rest being 

represented by typical type 1 patients and patients with atypical 

presentations. Due to the high urban growth rate, unhealthy 

dietary changes, reduction in physical activity and increasing 

obesity it is estimated that the prevalence of diabetes is going to 

triple within the next 25 years(19). In addition, long-term 

complications occur early in the course of diabetes and affect a 

high proportion of patients, and that could be partly explained by 

uncontrolled hypertension, poor metabolic control and possible 

ethnic predisposition. The combination of the rising prevalence 

of diabetes and the high rate of long-term complications in 

Africans will lead to a drastic increase of the burden of diabetes 

on health care systems of African countries. The design and 

implementation of an appropriate strategy for early diagnosis and 

treatment, and population-based primary prevention of diabetes 

in these high-risk populations is therefore a public health priority 
(20). 

The disease burden is very high. Recent literature regarding 

healthcare for diabetes arises from a limited number of countries 

in Africa. Where assessments of health care have been made it is 

clear that the cover and quality of services are well below any 

reasonable minimum (21). Unknown diabetes in Africa is in the 

order of 60% to 80% in cases diagnosed in Cameroon, Ghana 

and Tanzania (22). The rate of limb amputations varies from 1.4% 

to 6.7% of diabetic foot cases. Annual mortality linked to 
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diabetes worldwide is estimated at more than one million (23). In 

some countries of the Region, the mortality rate is higher than 40 

per 10 000 inhabitants. Diabetes is particularly common in 

Egypt, with a prevalence of 4.3% (24). 

The rising prevalence of diabetes, its increasing morbidity 

and mortality, its disproportionate effect on disadvantaged 

individuals, communities and nations, and its high human and 

economic costs clearly establish diabetes as a significant global 

public health problem (25; 26). 

The prevalence and incidence rates of DM in Sudan, as in 

many other low-income countries, are increasing to epidemic 

proportions, leading to the emergence of a public health problem 

of major socio-economic impact. In the northern states the crude 

prevalence in 1992 reached 3.4% in those less than 25 years of 

age (27; 28). It was found to be 5.5% in the Northern State and 8% 

in Khartoum State. The prevalence was particularly high (10.8%) 

in a certain community in the Northern State (29). Type I DM is 

not rare in Sudan, the prevalence being approximated to 0.1 % 

among children 7-14 years of age (30). 

Diabetes mellitus in Sudan is associated with poor 

glycaemic control, a high prevalence of complications, a low 

quality of life, and particularly with morbidity (29). Patients with a 

median duration of diabetes of 9 years showed a high prevalence 

of micro- and macro vascular complications (31).  
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2.1.2 Classification of Diabetes Mellitus 

In 1979, the national diabetes data group developed a 

classification and diagnosis scheme for diabetes mellitus. This 

scheme included dividing diabetes into two broad categories, 

Type (1) Insulin- Dependent Diabetes Mellitus (IDDM); and 

Type (2), Non Insulin Dependent Diabetes Mellitus (NIDDM). 

Established in 1995, the International Expert Committee on the 

Diagnosis and Classification of Diabetes Mellitus, working under 

the sponsorship of the ADA, was given the task of updating the 

1979 classification system. The proposed changes included 

eliminating the older terms of IDDM and NIDDM. The 

categories of type 1 and type 2 were retained, with adoption of 

Arabic numerals instead of Roman numerals (32). 

Therefore, the ADA/Word Health Organization (WHO) 

guidelines recommend these categories which are, Type 

1diabetes, Type 2 diabetes, other specific types of diabetes and 

Gestational diabetes mellitus (GDM) (18). 

(i) Type 1 Diabetes Mellitus 

Is characterized by inappropriate hyperglycemia primarily result 

of pancreatic islets β- cell destruction and a tendency to 

ketoacidosis. Type 2 diabetes, in contrast, includes 

hyperglycemia cases that result from insulin resistance with an 

insulin secretory defect. An intermediate stage, in which the 

fasting glucose increased above- normal limits but not to the 

level of diabetes, has been named impaired fasting glucose. The 
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term impaired glucose tolerance to indicate glucose tolerance 

values above normal but below diabetes levels was retained. 

Also, the term gestational diabetes mellitus was retained for 

women who develop glucose intolerance during pregnancy(19).  

Type 1 diabetes mellitus is a result of cellular- mediated 

autoimmune destruction of β cells of the pancreas, causing an 

absolute deficiency of insulin secretion. Upper limit 110 mg/dl 

on the fasting plasma glucose is designated as the upper limit of 

normal blood glucose. Type1 constitutes only 10-20% of all 

diabetes and commonly occur in childhood and adolescence. 

This disease is usually initiated by an environmental factor or 

infection (usually a virus) in individuals with a genetic 

predisposition and causes the immune destruction of the β cells 

of the pancreas, and therefore, a decreased production of insulin. 

Characteristic of type 1 diabetes include abrupt onset, insulin 

dependence, and ketosis tendency. This diabetic type is 

genetically related. One or more of the following markers are 

found in 85-90% of individuals with fasting hyperglycemia: islet 

cell autoantibodies, insulin autoantibodies, glutamic acid 

decarboxylase, autoantibodies, and tyrosine phosphate 1A-2 and 

1A-2B autoantibodies (32). 

Sign and symptoms include polydipsia (excessive thirst), 

polyphagia (increased food intake), polyuria (excessive urine 

production), rapid weight loss, hyperventilation, mental 

confusion, and possible loss, of consciousness (due to increase 
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glucose to brain).complications include micro vascular problems 

such as nephropathy, neuropathy, and retinopathy. Increased 

heart disease is also found in patients with diabetes. Idiopathic 

type 1 diabetes is a form of type 1 diabetes that’s has no known 

etiology, is strongly inherited, and dose not have β cell 

autoimmunity. Individuals with this form of diabetes have 

episodic requirements for insulin replacement (13). 

(ii) Type 2 diabetes Mellitus: 

Type 2 characterized by hyperglycemia as result of individual 

resistance to insulin with insulin secretory defect. This resistance 

results in a relative, not an absolute, insulin deficiency. Type 2 

constitutes the majority of the diabetes cases. Most patients in 

this type are obese or have an increased percentage of body fat 

distribution in the abdominal region.  This type of diabetes often 

goes undiagnosed for many years and is associated with a strong 

genetic predisposition, with patients at increased risk with an in 

age, obesity, and lack of physical exercise. Characteristics 

usually include adult onset of the disease and milder symptoms 

than in type 1, with ketoacidosis seldom occurring. How ever, 

these patients are more likely to go into a hyperosmolar coma 

and are at an increased risk of developing macro vascular and 

micro vascular complications (32). 

There are many factors which can potentially give rise to or 

exacerbate type 2 diabetes. These include obesity, hypertension, 

elevated cholesterol (combined hyperlipidemia), and with the 
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condition often termed metabolic syndrome (it is also known as 

Syndrome X, Reavan's syndrome) (33). Other causes include 

acromegaly, Cushing's syndrome, thyrotoxicosis, 

pheochromocytoma, chronic pancreatitis, cancer and drugs. 

Additional factors found to increase the risk of type 2 diabetes 

include aging, high-fat diets and a less active lifestyle (34). 

Subclinical Cushing's syndrome (cortisol excess) may be 

associated with DM type 2 (35). The percentage of subclinical 

Cushing's syndrome in the diabetic population is about 9% (36). 

Diabetic patients with a pituitary micro adenoma can improve 

insulin sensitivity by removal of these micro adenomas (37). 

Hypogonadism is often associated with cortisol excess, and 

testosterone deficiency is also associated with diabetes mellitus 

type 2 (38), even if the exact mechanism by which testosterone 

improve insulin sensitivity is still not known (39). 

(iii) Other specific types of diabetes (secondary Diabetes) 

Other types associated with certain conditions (secondary), 

including genetic defect of β- cell function or insulin action, 

pancreatic disease, diseases of endocrine origin, drug or chemical 

induced insulin receptor abnormalities, and certain genetic 

syndromes. The characteristic and prognosis of this form of 

diabetes depends on the primary disorder. Maturity- onset 

diabetes of youth (MODY) is a rare form of diabetes that is 

inherited in an autosomal dominant fashion (40). 

 (iv) Gestational diabetes mellitus  
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Is “any degree of glucose intolerance with onset or first 

recognition during pregnancy”, causes of GDM include 

metabolic and hormonal changes. Patients with GDM frequently 

return to normal postpartum. However, this disease is associated 

with increased perinatal complications and an increased risk for 

development of diabetes and an increased risk for respiratory 

distress syndrome, hypocalcemia, and hyperbilirubinemia. Fetal 

insulin secretion is stimulated in the neonate of a mother with 

diabetes. However, when the infant is born and the umbilical 

cord is severed, the infant's oversupply of glucose is abruptly 

terminated, causing sever hypoglycemia (32). 

2.1.3 Pathophysiology of Diabetes Mellitus 

In both type1and type 2diabetes, the individual is hyperglycemic, 

which can be sever. Glucosuria can also occur after the renal 

tubular transporter system for glucose becomes saturated. This 

happens when the glucose concentration of plasma exceeds 

roughly 180mg/dl in an individual with normal renal function 

and urine output. As hepatic glucose overproduction continues, 

the plasma glucose concentration reaches a plateau around 300-

500mg/dl (17-28mmoL/L). Provided renal output is maintained, 

glucose excretion will match the overproduction, causing the 

plateau. The individual with type1 diabetes has a higher tendency 

to produce ketones, patient with type 2diabetes seldom generate 

ketones, but instead have a greater tendency to develop 

hyperosmolar nonketotic states. The difference in glucagons and 
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insulin concentrations in these two groups appear to be 

responsible for the generation of ketones through increased β- 

oxidation. In type 1, there is an absence of insulin with an excess 

of glucagons. This permits gluconeogenesis and lipolysis to 

occur. In type 2, insulin is present as is (at times) 

hyperinsulinemia; therefore, glucagons is attenuated. Fatty acid 

oxidation is inhibited in type2. This causes fatty acid to be 

incorporated into triglycerides for release as very- low density 

lipoproteins (31). 

The laboratory findings of a patient with diabetes with 

ketoacidosis tend to reflect dehydration, electrolyte disturbances, 

and acidosis. Acetoacetate, β- hydroxybutyrate, and acetone are 

produced form the oxidation of fatty acids. The two former 

ketone bodies contribute to the acidosis. Lactate, fatty acid, and 

other organic acid can also contribute to a lesser degree. 

Bicarbonate and total carbon dioxide are usually decreased due 

to kussmaul- kien respiration (deep respiration).this a 

compensatory mechanism to blow off carbon dioxide and remove 

hydrogen ions in the process. The anion gap in this acidosis can 

exceed 16 mmol/L. serum osmolality is high as a result of 

hyperglycemia; sodium concentrations tent to be lower due in 

part to losses(polyuria) and in part to a shift of water from cells 

because of the hyperglycemia. The sodium value should not be 

falsely underestimated because of hypertriglyceridemia.  Grossly 

elevated triglycerides will displace plasma volume and give the 
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appearance of decreased electrolytes when flame photometry or 

pre diluted, ion-specific electrodes are used for sodium 

determinations. Hyperkalemia is almost always present as a 

result of the displacement of potassium from cells in acidosis. 

This somewhat misleading because the patient's total body 

potassium is usually decreased (33). 

More typical of untreated patient with type 2 diabetes is a 

nonketotic hyperosmolar state. The individual presenting with 

this syndrome has an overproduction of glucose; however, there 

appears to be an imbalance between production and elimination 

in urine. Often, this state is precipitated by heart disease, stroke, 

or pancreatitis. Glucose concentrations exceed 300-500 mg/dL 

(17-28mmol/L) and sever dehydration is present. The sever 

dehydration contributes to the inability to excrete glucose in the 

urine. Mortality is high with this condition. Ketones are not 

observed because the severe hyperosmolar state inhibits the 

ability of glucagons to stimulate lipolysis. The laboratory 

findings of nonketotic hyperosmolar coma include plasma 

glucose values exceeding 1000 mg/dL(55 mmol/L), normal or 

elevated plasma sodium or potassium, slightly decreased 

bicarbonate, elevated blood urea nitrogen (BUN) and creatinine, 

and an elevated osmolality. The gross elevation in glucose and 

osmolality, the elevation in BUN, and the absence of ketones 

distinguish this condition from diabetic ketoacidosis. Other form 

of impaired glucose metabolism that does not meet the criteria 
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for diabetes mellitus includes impaired fasting glucose and 

impaired glucose tolerance (32).  

2.1.4 Genetics of Diabetes Mellitus 

Both type 1 and type 2 diabetes are at least partly inherited. Type 

1 diabetes appears to be triggered by some (mainly viral) 

infections, with some evidence pointing at Coxsackie B4 virus. 

There is a genetic element in individual susceptibility to some of 

these triggers which has been traced to particular HLA genotypes 

(i.e., the genetic "self" identifiers relied upon by the immune 

system). However, even in those who have inherited the 

susceptibility, type 1 diabetes mellitus seems to require an 

environmental trigger. There is a stronger inheritance pattern for 

type 2 diabetes. Those with first-degree relatives with type 2 

have a much higher risk of developing type 2, increasing with the 

number of those relatives. Concordance among monozygotic 

twins is close to 100%, and about 25% of those with the disease 

have a family history of diabetes. Genes significantly associated 

with developing type 2 diabetes, include TCF7L2, PPARG, FTO, 

KCNJ11, NOTCH2, WFS1, CDKAL1, IGF2BP2, SLC30A8, 

JAZF1, and HHEX. KCNJ11 (potassium inwardly rectifying 

channel, subfamily J, member 11), encodes the islet ATP-

sensitive potassium channel Kir6.2, and TCF7L2 (transcription 

factor 7–like 2) regulates proglucagon gene expression and thus 

the production of glucagon-like peptide-1. Moreover, obesity 
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(which is an independent risk factor for type 2 diabetes) is 

strongly inherited (41). 

Various hereditary conditions may feature diabetes, for example 

myotonic dystrophy and Friedreich's ataxia. Wolfram's syndrome 

is an autosomal recessive neurodegenerative disorder that first 

becomes evident in childhood. It consists of diabetes insipidus, 

diabetes mellitus, optic atrophy, and deafness, hence the acronym 

DIDMOAD. Gene expression promoted by a diet of fat and 

glucose as well as high levels of inflammation related cytokines 

found in the obese results in cells that "produce fewer and 

smaller mitochondria than is normal," and are thus prone to 

insulin resistance(42). 

2.1.5 Diagnosis of Diabetes Mellitus 

The diagnosis of type1 diabetes and many cases of type 2, is 

usually prompted by recent-onset symptoms of excessive 

urination (polyuria) and excessive thirst (polydipsia), and often 

accompanied by weight loss. These symptoms typically worsen 

over days to weeks; about a quarter of people with new type 1 

diabetes have developed some degree of diabetic ketoacidosis 

(Ketoacidosis is a type of metabolic acidosis which is caused by 

high concentrations of ketone bodies, formed by the breakdown 

of fatty acids and the deamination of amino acids), by the time 

the diabetes is recognized. The diagnosis of other types of 

diabetes is usually made in other ways. These include ordinary 

health screening; detection of hyperglycemia during other 
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medical investigations; and secondary symptoms such as vision 

changes or unexplainable fatigue. Diabetes is often detected 

when a person suffers a problem that is frequently caused by 

diabetes, such as a heart attack, stroke, neuropathy, poor wound 

healing or a foot ulcer, certain eye problems, certain fungal 

infections, or delivering a baby with macrosomia or 

hypoglycemia. Diabetes mellitus is characterized by recurrent or 

persistent hyperglycemia, and is diagnosed by demonstrating any 

one of the followings, fasting plasma glucose level at or above 

126 mg/dL(7.0 mmol/L), plasma glucose at or above 200 mg/dL 

(11.1 mmol/L) two hours after a 75 g oral glucose load as in a 

glucose tolerance test. Symptoms of hyperglycemia and casual 

plasma glucose at or above 200 mg/dL(11.1 mmol/L). A positive 

result, in the absence of unequivocal hyperglycemia, should be 

confirmed by a repeat of any of the above-listed methods on a 

different day. Most physicians prefer to measure a fasting 

glucose level because of the ease of measurement and the 

considerable time commitment of formal glucose tolerance 

testing, which takes two hours to complete and offers no 

prognostic advantage over the fasting test. According to the 

current definition, two fasting glucose measurements above 126 

mg/dL (7.0 mmol/L) is considered diagnostic for diabetes 

mellitus. Patients with fasting glucose levels from 100 to 125 

mg/dL (6.1 and 7.0 mmol/L) are considered to have impaired 

fasting glucose. Patients with plasma glucose at or above 140 
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mg/dL or 7.8 mmol/L, but not over 200, two hours after a 75 g 

oral glucose load are considered to have impaired glucose 

tolerance. Of these two pre-diabetic states, the latter in particular 

is a major risk factor for progression to full-blown diabetes 

mellitus as well as cardiovascular disease. (43; 44; 45). While not 

used for diagnosis, an elevated level of glucose irreversibly 

bound to hemoglobin (termed glycated hemoglobin or HbA1c) of 

6.0% or higher (the 2003 revised U.S. standard) is considered 

abnormal by most labs; HbA1c is primarily used as a treatment-

tracking test reflecting average blood glucose levels over the 

preceding 90 days (approximately) which is the average lifetime 

of red blood cells which contain hemoglobin in most patients. 

However, some physicians may order this test at the time of 

diagnosis to track changes over time. The current recommended 

goal for HbA1c in patients with diabetes is 6.5% (46; 47). 

2.1.6 Monitoring of blood glucose 

Self-monitoring of blood glucose may not improve outcomes in 

some cases, that is among "reasonably well controlled non-

insulin treated patients with type 2 diabetes". Nevertheless, it is 

very strongly recommended for patients in whom it can assist in 

maintaining proper glycemic control, and is well worth the cost 

(sometimes considerable) if it does. It is the only source of 

current information on the glycemic state of the body, as changes 

are rapid and frequent, depending on food, exercise, and 

medication (dosage and timing with respect to both diet and 
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exercise) and secondarily, on time of day, stress (mental and 

physical) and infection (48).  

The National Institute for Health and Clinical Excellence 

(NICE), UK released updated diabetes recommendations on 30 

May 2008. They indicate that self-monitoring of blood glucose 

levels for people with newly diagnosed type 2 diabetes should be 

part of a structured self-management education plan. However, a 

recent study found that a treatment strategy of intensively 

lowering blood sugar levels (below 6%) in patients with 

additional cardiovascular disease risk factors poses more harm 

than benefit, and so there appear to be limits to benefit of 

intensive blood glucose control in some patients (49). 

2.1.7Glycated hemoglobin (HbA1C)  

Also named as glcosylated hemoglobin, is formed by a post- 

translational, non-enzymatic, substrate-concentration dependent 

irreversible process of combination of aldehyde group of glucose 

and other hexoses with the amino-terminal valine of the alpha-

chain of hemoglobin and the rate of combination is directly 

proportional to the plasma glucose concentration. Because the 

average red blood cell lives approximately 120 days, the glycated 

hemoglobin level at any one time reflect the average blood 

glucose level over the previous 2-3 months (50). Glycated 

hemoglobin is recommended for both, checking blood sugar 

control in people who might be pre-diabetic and monitoring 

blood sugar control in patients with more elevated levels, termed 
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diabetes mellitus. There are a significant proportion of people 

who are unaware of their elevated HbA1c level before they have 

blood lab work. The American Diabetes Association guidelines 

are similar to others in advising that the glcosylated hemoglobin 

test be performed at least two times a year in patients with 

diabetes who are meeting treatment goals (and who have stable 

glycemic control) and quarterly in patients with diabetes whose 

therapy has changed or who are not meeting glycemic goals, also 

it added the A1c ≥ 6.5% as another criteria for the diagnosis of 

diabetes (15; 51). Laboratory results may differ depending on the 

analytical technique, the age of the subject, and biological 

variation among individuals. Two individuals with the same 

average blood sugar can have A1C values that differ by as much 

as 3 percentage points. In general, the reference range (that found 

in healthy persons), is about 4%–5.9%. Higher levels of HbA1c 

are found in people with persistently elevated blood sugar, as in 

diabetes mellitus. While diabetic patient treatment goals vary, 

many include a target range of HbA1c values. A diabetic person 

with good glucose control has a HbA1c level that is close to or 

within the reference range (52; 53). 

In autoimmune hemolytic anemia, concentrations of hemoglobin 

A1 (HbA1) is undetectable. Administration of prenidsolone 

(PSL) will allow the HbA1 to be detected. The alternative 

fructosamine test may be used in these circumstances and it 
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similarly reflects an average of blood glucose levels over the 

preceding 2 to 3 weeks (54). 

2.1.8 Complications of Diabetes mellitus  

Patient education, understanding, and participation are vital since 

the complications of diabetes are far less common and less severe 

in people who have well-controlled blood sugar levels. Wider 

health problems accelerate the deleterious effects of diabetes. 

These include smoking, elevated cholesterol levels, obesity, high 

blood pressure, and lack of regular exercise. According to one 

study, women with high blood pressure (hypertension) were 

three times more likely to develop type 2 diabetes as compared 

with women with optimal BP after adjusting for various factors 

such as age, ethnicity, smoking, alcohol intake, body mass index 

(BMI), exercise, family history of diabetes(52). 

In diabetes mellitus, severe hyperglycemia may result from 

absolute or relative insulin deficiency. In some patients, the 

condition may culminate in diabetic ketoacidosis or 

hyperglycemic hyperosmolar nonketotic coma. Profound 

hypoglycemia may result from a relative excess of insulin. 

Symptoms associated with acute hyperglycemia generally 

develop more slowly (over hours or days) than do symptoms 

associated with an acute fall in the level of blood glucose (over 

minutes) (45). 
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(i) Hypoglycemia 

Hypoglycemia is the medical term for a state produced by a 

lower than normal level of blood glucose level below 

approximately 60 mg/dL. Hypoglycemia can produce a variety of 

symptoms and effects but the principal problems arise from an 

inadequate supply of glucose as fuel to the brain, resulting in 

impairment of function (neuroglycopenia), other symptoms 

associated with adrenergic symptoms (apprehension, tremors, 

sweating, or palpitations). Usually, the symptoms of low blood 

glucose are mild, related to catecholamine release, and easily 

treated by the patient. Effects can range from vaguely "feeling 

bad" to seizures, unconsciousness, and (rarely) permanent brain 

damage or death. The most common forms of moderate and 

severe hypoglycemia occur as a complication of treatment of 

diabetes mellitus with insulin or oral medications. Hypoglycemia 

is less common in non-diabetic persons, but can occur at any age, 

from many causes. Among the causes are excessive insulin 

produced in the body, inborn errors of carbohydrate, fat, amino 

acid or organic acid metabolism, medications and poisons, 

alcohol, hormone deficiencies, certain tumors, prolonged 

starvation, and alterations of metabolism associated with 

infection or failures of various organ systems (55; 56). 

(ii) Diabetic ketoacidosis (DKA) 

It is a potentially life-threatening complication in patients with 

diabetes mellitus. It happens predominantly in those with type 1 
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diabetes, but it can occur in those with type 2 diabetes under 

certain circumstances. DKA was first described in 1886; until the 

introduction of insulin therapy in the 1920s it was almost 

universally fatal. It still carries a significant mortality of up to 

5%(57; 58).. 

DKA may be the first symptom of previously undiagnosed 

diabetes, but it may also occur in known diabetics due to a 

variety of causes, such as intercurrent illness or poor compliance 

with insulin therapy. Vomiting, dehydration, deep gasping 

breathing, confusion and occasionally coma are typical 

symptoms. DKA is diagnosed with blood and urine tests; it is 

distinguished from other, rarer forms of ketoacidosis by the 

presence of high blood sugar levels. Treatment involves 

intravenous fluids to correct dehydration, insulin to suppress the 

production of ketone bodies, treatment for any underlying causes 

such as infections, and close observation to prevent and identify 

complications(59; 60). 

 (iii) Nonketotic hyperosmolar coma 

Nonketotic hyperosmolar coma (nonketotic hyperglycemia) is a 

type of diabetic coma associated with a high mortality seen in 

diabetes mellitus type 2. The preferred term used by the 

American Diabetes Association is hyperosmolar nonketotic state 

(HNS). Other commonly used names are hyperosmolar 

hyperglycemic nonketotic coma (HHNKC) or hyperosmotic non-

ketotic coma (HONKC). It is also called Hyperglycemic 
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Hyperosmolar State (HHS), as some patients may have some 

ketonuria and it does not necessarily cause coma. Nonketotic 

coma is usually precipitated by an infection, myocardial 

infarction, stroke or another acute illness (61; 62). A relative insulin 

deficiency leads to a serum glucose that is usually higher than 33 

mmol/l (600 mg/dl) and a resulting serum osmolarity that is 

greater than 350 mOsm. This leads to polyuria (an osmotic 

diuresis), which, in turn, leads to volume depletion and 

hemoconcentration that causes a further increase in blood 

glucose level. Ketosis is absent because the presence of some 

insulin inhibits lipolysis, unlike diabetic ketoacidosis. The 

increasing hemoconcentration and volume depletion may result 

in hyperviscosity, disordered mental functioning, and neurologic 

sign and ultimately, if untreated, will lead to death. Treatment of 

HHS begins with reestablishing tissue perfusion using 

intravenous fluids. People with HHS can be dehydrated by 8 to 

12. Attempts to correct this usually take place over 24 hrs with 

initial rates of normal saline often in the range of 1 l/hr for the 

first few hours (63). 

 (b) Chronic complications of diabetes 

(i) Atherosclerosis 

It is commonly referred to as a hardening or furring of the 

arteries by the formation of multiple plaques within the arteries, 

also defined as condition in which an artery wall thickens as the 

result of a build-up of fatty materials such as cholesterol (64). 
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Atherosclerosis develops from low-density lipoprotein molecules 

(LDL) becoming oxidized by free radicals, particularly reactive 

oxygen species (ROS). When oxidized LDL comes in contact 

with an artery wall, a series of reactions occur to repair the 

damage to the artery wall caused by oxidized LDL. The LDL 

molecule is globular shaped with a hollow core to carry 

cholesterol throughout the body. Cholesterol can move in the 

bloodstream only by being transported by lipoproteins. The 

body's immune system responds to the damage to the artery wall 

caused by oxidized LDL by sending specialized white blood cells 

(macrophages and T-lymphocytes) to absorb the oxidized-LDL 

forming specialized foam cells. Unfortunately, these white blood 

cells are not able to process the oxidized-LDL, and ultimately 

grow then rupture, depositing a greater amount of oxidized 

cholesterol into the artery wall. This triggers more white blood 

cells, continuing the cycle(65).  Eventually the artery becomes 

inflamed. The cholesterol plaque causes the muscle cells to 

enlarge and form a hard cover over the affected area. This hard 

cover is what causes a narrowing of the artery, reduces the blood 

flow and increases blood pressure. These complications of 

advanced atherosclerosis are chronic, slowly progressive and 

cumulative. Most commonly, soft plaque suddenly ruptures, 

causing the formation of a thrombus that will rapidly slow or 

stop blood flow, leading to death of the tissues fed by the artery 

in approximately 5 minutes. Since atherosclerosis is a body-wide 
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process, similar events occur also in the arteries to the brain, 

intestines, kidneys, legs. Numerous studies have shown that 

patients with diabetes mellitus have accelerated atherosclerotic 

vascular disease, and major advances in understanding it 

pathogenesis have been made as mention above(66). 

 (ii) Stroke 

A stroke (sometimes called a cerebrovascular accident (CVA)is 

the rapidly developing loss of brain function(s) due to 

disturbance in the blood supply to the brain, caused by a blocked 

or burst blood vessel. This can be due to ischemia (lack of 

glucose and oxygen supply) caused by thrombosis or embolism 

or due to a hemorrhage. As a result, the affected area of the brain 

is unable to function, leading to inability to move one or more 

limbs on one side of the body, inability to understand or 

formulate speech, or inability to see one side of the visual field 
(67; 68). The traditional definition of stroke, devised by the World 

Health Organization, is a "neurological deficit of cerebrovascular 

cause that persists beyond 24 hours or is interrupted by death 

within 24 hours". This definition was supposed to reflect the 

reversibility of tissue damage and was devised for the purpose, 

with the time frame of 24 hours being chosen arbitrarily. The 24-

hour limit divides stroke from transient ischemic attack, which is 

a related syndrome of stroke symptoms that resolve completely 

within 24 hours (68; 69). With the availability of treatments that, 

when given early, can reduce stroke severity, many now prefer 
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alternative concepts, such as brain attack and acute ischemic 

cerebrovascular syndrome (modeled after heart attack and acute 

coronary syndrome respectively), that reflect the urgency of 

stroke symptoms and the need to act swiftly (70). 

A stroke is occasionally treated with thrombolysis (clot buster), 

but usually with supportive care (speech and language therapy, 

physiotherapy and occupational therapy) in a "stroke unit" and 

secondary prevention with antiplatelet drugs (aspirin and often 

dipyridamole), blood pressure control, statins, and in selected 

patients with carotid endarterectomy and anticoagulation. Stroke 

symptoms typically start suddenly, over seconds to minutes and 

depend on the area of the brain affected, loss of consciousness, 

headache, and vomiting usually occurs more often in 

hemorrhagic stroke than in thrombosis because of the increased 

intracranial pressure from the leaking blood compressing on the 

brain (68). 

 (iii) Eye disease (Diabetic Retinopathy) 

Diabetic retinopathy is retinopathy (damage to the retina) caused 

by complications of diabetes mellitus, which can eventually lead 

to blindness. It is an ocular manifestation of systemic disease 

which affects up to 80% of all patients who have had diabetes for 

10 years or more. Despite these intimidating statistics, research 

indicates that at least 90% of these new cases could be reduced if 

there was proper and vigilant treatment and monitoring of the 

eyes (11; 71). 
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Diabetes mellitus is a major cause of blindness in the United 

States and is the leading cause of new blindness in working-aged 

Americans. Diabetic retinopathy alone accounts for at least 12% 

of new cases of blindness each year in the United States. People 

with diabetes are 25 times more at risk for blindness than the 

general population. Over a lifetime, 70% of people with insulin- 

dependent diabetes mellitus (IDDM) will develop proliferative 

diabetic retinopathy, and 40% will develop macular edema. Both 

complications, if untreated, frequently lead to serious visual loss 

and disability. Diabetic retinopathy is often asymptomatic in its 

most treatable stages. Unfortunately, only about half of persons 

with diabetes receive adequate eye care. So that early detection 

of diabetic retinopathy is very critical (72; 73). 

Retinopathy was evident in approximately 43%, dipstick 

proteinuria in 22% and neuropathy in 37%. Cardiovascular 

disease was reported in 28%. Peripheral vascular disease was 

reported in 10% and cerebrovascular accidents in 5.5%. As 

expected, patients with complications were significantly older, 

had longer disease duration and had higher serum cholesterol and 

triglyceride concentrations. The glycaemic control was only 

acceptable (1-IBA1c <7.5%) in 12.5% of the patients. The 

reasons for poor metabolic control are not difficult to understand. 

Drugs are extremely costly relative to income(74). 

(iv) Other cardiovascular complications 
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Other cardiovascular complication include, Heart Failure: Heart 

failure is a chronic condition in which the heart cannot pump 

blood properly—it does not mean that the heart suddenly stops 

working. Heart failure develops over a period of years, and 

symptoms can get worse over time. People with diabetes have at 

least twice the risk of heart failure as other people. One type of 

heart failure is congestive heart failure, in which fluid builds up 

inside body tissues. If the buildup is in the lungs, breathing 

becomes difficult (16). 

(v) Neuropathy and foot problems 

Persons with diabetes who develop neuropathy may have no 

symptoms or may experience pain, sensory loss, weakness and 

autonomic dysfunction. Neuropathy may result in significant 

morbidity and may contribute to other major complications, such 

as lower extremity amputation. Diabetes is reaching epidemic 

proportions and with it carries the increased risk of 

complications. Disease of the foot is among one of the most 

feared complications of diabetes   (75; 76). The term ‘Diabetic 

Foot’ consists of a mix of pathologies including diabetic 

neuropathy, peripheral vascular disease, Charcot's 

neuroarthropathy, foot ulceration, osteomyelitis and the 

potentially preventable endpoint, limb amputation. The lifetime 

risk of a person with diabetes developing foot ulceration is 

reported to be as high as 25% (11; 77). It is estimated that more 

than a million people with diabetes require limb amputation each 
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year, suggesting that one major amputation is performed 

worldwide every 30 s. Amputation is associated with significant 

morbidity and mortality, besides having immense social, 

psychological and financial consequences (78; 79). 

(vi) Kidney disease (Diabetic Nephropathy) 

Diabetic nephropathy represents a distinct clinical syndrome 

characterized by albuminuria, hypertension, and progressive 

renal insufficiency. Diabetic nephropathy can lead to end-stage 

renal disease (ESRD), a serious condition in which a patient's 

survival depends on either dialysis or kidney transplantation. 

Among persons who have had insulin-dependent diabetes 

mellitus (IDDM) for 20 years, the incidence of ESRD approaches 

40%. (80; 81). Renal disease is a common and often severe 

complication of diabetes.45 Approximately 35% of patients with 

type 1 diabetes of 18 years' duration will have signs of diabetic 

renal involvement. Up to 35% of new patients beginning dialysis 

therapy have type 2 diabetes. End-stage renal disease (ESRD) 

appears to be especially common among Hispanics, blacks, and 

Native Americans with diabetes. For patients with diabetes who 

are on renal dialysis, mortality rates probably exceed 20% per 

year. When diabetes is present, CVD is the leading cause of 

death among patients with ESRD (82; 83) 

Diabetic nephropathy (nephropatiadiabetica), also known as 

Kimmelstiel-Wilson syndrome, or nodular diabetic 

glomerulosclerosis (84) and intercapillary glomerulonephritis, is a 
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progressive kidney disease caused by angiopathy of capillaries in 

the kidney glomeruli. It is characterized by nephrotic syndrome 

and diffuse glomerulosclerosis. It is due to longstanding diabetes 

mellitus, and is a prime indication for dialysis in many Western 

countries. 

The syndrome was discovered by British physician Clifford 

Wilson (1906–1997) and German-born American physician Paul 

Kimmelstiel (1900–1970) and was published for the first time in 

1936. (85) 

The syndrome can be seen in patients with chronic diabetes 

(usually less than 15 years after onset) after about 5 years in type 

1 diabetes. Clinical nephropathy secondary to glomerular disease 

usually manifests 15–25 years after diagnosis of diabetes and 

affects 25-35% of patients under the age of 30 years. It is the 

leading cause of premature death in young diabetic 

patients.(between 50 and 70 years old). The disease is 

progressive and may cause death two or three years after the 

initial lesions, and is more frequent in men. Diabetic nephropathy 

is the most common cause of chronic kidney failure and end-

stage kidney disease in the United States. People with both type 1 

and type 2 diabetes are at risk. The risk is higher if blood-glucose 

levels are poorly controlled. Furthermore, once nephropathy 

develops, the greatest rate of progression is seen in patients with 

poor control of their blood pressure. Also people with high 
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cholesterol level in their blood have much more risk than 

others(84). 

The earliest detectable change in the course of diabetic 

nephropathy is a thickening in the glomerulus. At this stage, the 

kidney may leak more serum albumin (plasma protein) than 

normal in the urine (albuminuria), and this can be detected by 

sensitive medical tests for albumin. This stage is called 

"microalbuminuria". As diabetic nephropathy progresses, 

increasing numbers of glomeruli are destroyed by progressive 

nodular glomerulosclerosis. Consequently, urine albumin 

increases to the point that it may be detected by ordinary 

urinalysis techniques. At this stage, a kidney biopsy generally 

clearly shows diabetic nephropathy (85). 

The Armani-Ebstein change (or Armani-Ebstein cells) consists of 

deposits of glycogen in the tubular epithelial cells (pars straight 

of proximal convoluted tubule and loop of Henle). Because most 

diabetics are treated before this stage, it is very rare to see it at 

the present time. It appears in decompensated diabetics with 

glycemia higher than 500 mg/dL and in the presence of severe 

glycosuria; it is a reversible alteration without functional 

manifestations. The interstitium shows unspecific chronic 

changes (84). 

Kidney failure provoked by glomerulosclerosis leads to fluid 

filtration deficits and other disorders of kidney function. There is 

an increase in blood pressure (hypertension) and fluid retention 
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in the body plus a reduced plasma oncotic pressure causes 

edema. Other complications may be arteriosclerosis of the renal 

artery and proteinuria (85). 

Throughout its early course, diabetic nephropathy has no 

symptoms. They develop in late stages and may be a result of 

excretion of high amounts of protein in the urine or due to renal 

failure (85): 

- The first laboratory abnormality is a positive 

microalbuminuria test. Most often, the diagnosis is 

suspected when a routine urinalysis of a person with 

diabetes shows too much protein in the urine (proteinuria). 

The urinalysis may also show glucose in the urine, 

especially if blood glucose is poorly controlled. Serum 

creatinine and BUN may increase as kidney damage 

progresses. 

- A kidney biopsy confirms the diagnosis, although it is not 

always necessary if the case is straightforward, with a 

documented progression of proteinuria over time and 

presence of diabetic retinopathy on examination of the 

retina of the eyes. 
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2.2 The kidney: 

The kidneys are paired, bean-shaped organs located 

retroperitoneally on either side of the spinal column. 

Macroscopically, a fibrous capsules of connective tissue 

.encloses each kidney. When dissected longitudinally, two 

regions can be clearly discerned—an outer region called the 

cortex and an inner region called the medulla. The pelvis can also 

be seen. It is a basin-like cavity at the upper end of the ureter into 

which newly formed urine passes. The bilateral ureters are thick-

walled canals, connecting the kidneys to the urinary bladder. 

Urine is temporarily stored in the bladder until voided from the 

body by way of the urethra. Kidney, functional units of the 

kidney that can only be .seen microscopically. Each kidney 

contains approximately million nephrons (86). 

 The nepheron is composed of (87): 

(i) The glomerulus—a capillary tuft surrounded by the expanded 

end of a renal tubule known as Bowman’s capsule. Each 

glomerulus is supplied by an afferent arteriole carrying the blood 

in and an efferent arteriole carrying the blood out. The efferent 

arteriole branches into peritubular capillaries that supply the 

tubule. 

(ii) The proximal convoluted tubule—located in the cortex. 

(iii) The long loop of Henle—composed of the thin descending 

limb, which spans the medulla, and the ascending limb, which is 
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located in both the medulla and the cortex, composed of a region 

that is thin and then thick. 

(iv) The distal convoluted tubule—located in the cortex. 

(v)The collecting duct—formed by two or more distal convoluted 

tubules as they pass back down through the cortex and the 

medulla to collect the urine that drains from each nephron. 

Collecting ducts eventually merge and empty their contents into 

the renal pelvis. The following section describes how each part 

of the nephron normally functions(87). 
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2.2.1 Renal Functions: 

The kidneys perform a wide range of functions for the body, 

most of which are essential for life. Some renal functions have 

obvious logical and necessary connections to each other. Others 

seem to be totally independent. Most involve matching renal 

excretion of substances out of the body to inputs into the body 

(ie, providing a balance between input and output) (88). 

A popular view considers the kidney to be an organ primarily 

responsible for the removal of metabolic waste products from the 

body. Although this is certainly one function of the kidney, there 

are other functions that are arguably more important. These 

functions include(89): 

 (i) : Regulation of Water and Electrolyte Balance: 

The balance concept states that our bodies are in balance for any 

substance when the inputs and outputs of that substance are 

matched. Any difference between input and output leads to an 

increase or decrease in the amount of a substance within the 

body. Our input of water and electrolytes is enormously variable 

and is only sometimes driven in response to body needs. 

Although we drink water when thirsty, we drink much more 

because it is a component of beverages that we consume for 

reasons other than hydration. We also consume food to provide 

energy, but food often contains large amounts of water. The 

kidneys respond by varying the output of water in the urine, 

thereby maintaining balance for water (ie, constant total body 
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water content). Minerals like sodium, potassium, magnesium, 

and so on are components of foods and generally present far in 

excess of body needs. As with water, the kidneys excrete 

minerals at a highly variable rate that, in the aggregate, matches 

input. One of the amazing feats of the kidneys is their ability to 

regulate each of these minerals independently (ie, we can be on a 

high-sodium, low-potassium diet or low-sodium, high-potassium 

diet, and the kidneys will adjust excretion of each of these 

substances appropriately) (90). 

One point to emphasize, and one that is commonly 

misunderstood, is that when we have an unusually high or low 

level of a substance in our body relative to normal, this does not 

imply that we are perpetually out of balance. To raise the level of 

a substance in the body, we must be transiently in positive 

balance. However, once that level reaches a constant value with 

input and output again equal, we are back in balance. Consider 

the case of urea, a substance the liver synthesizes continuously. 

In normal conditions, the kidneys excrete urea at the rate it is 

synthesized in the body. We are normally in balance for urea. If 

damage to the kidneys occurs, excretion is transiently decreased, 

and urea accumulates in the body. The higher levels of urea in 

the blood restore renal urea excretion to its former value despite 

the damaged kidneys, and we are back in balance even though 

levels in the body remain high. The same applies to more 

complex substances, such as acids and bases. When we develop a 
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metabolic acidosis, acid input transiently exceeds acid output. 

This leads to an accumulation of acids, which, in turn, stimulates 

renal excretion of acid. Soon excretion matches input (we are 

back in balance), but there is an elevated amount of acid in the 

body(89).  

(ii) Excretion of Metabolic Waste products: 

Our bodies continuously form end products of metabolic 

processes. In most cases, those end products serve no function 

and are harmful at high concentrations. Some of these waste 

products include urea (from protein), uric acid (from nucleic 

acids), creatinine  (from muscle creatine), the end products of 

hemoglobin breakdown (which give urine much of its color), and 

the metabolites of various hormones, among many others(87). 

(iii)Excretion of Bioactive Substances (Hormones and Many 

Foreign Substances, Specifically Drugs) That Affect Body 

Function: 

Physicians have to be mindful of how fast the kidneys excrete 

drugs in order to prescribe a dose that achieves the appropriate 

body levels. Hormones in the blood are removed in many ways, 

mostly in the liver, but a number of hormones are removed in 

parallel by renal processes (88). 

(iv)Regulation of Arterial Blood Pressure: 

Although many people appreciate at least vaguely that the 

kidneys excrete waste substances like urea (hence the name 

urine) and salts, few realize the kidneys' crucial role in 
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controlling blood pressure. Blood pressure ultimately depends on 

blood volume, and the kidneys' maintenance of sodium and water 

balance achieves regulation of blood volume. Thus, through 

volume control, the kidneys participate in blood pressure control. 

They also participate in regulation of blood pressure via the 

generation of vasoactive substances that regulate smooth muscle 

in the peripheral vasculature (90). 

 (v)Regulation of Red Blood Cell Production: 

Erythropoietin is a peptide hormone that is involved in the 

control of erythrocyte (red blood cell) production by the bone 

marrow. Its major source is the kidneys, although the liver also 

secretes small amounts. The renal cells that secrete it are a 

particular group of cells in the interstitium. The stimulus for its 

secretion is a reduction in the partial pressure of oxygen in the 

kidneys, as occurs, for example, in anemia, arterial hypoxia, and 

inadequate renal blood flow. Erythropoietin stimulates the bone 

marrow to increase its production of erythrocytes. Renal disease 

may result in diminished erythropoietin secretion, and the 

ensuing decrease in bone marrow activity is one important causal 

factor of the anemia of chronic renal disease (86). 

(vi)Regulation of Vitamin D Production: 

When we think of vitamin D, we often think of sunlight or 

additives to milk. In vivo vitamin D synthesis involves a series of 

biochemical transformations, the last of which occurs in the 

kidneys. The active form of vitamin D (1,25-dihydroxyvitamin 
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D3), is actually made in the kidneys, and its rate of synthesis is 

regulated by hormones that control calcium and phosphate 

balance (87). 

(vii)Gluconeogenesis: 

Our central nervous system is an obligate user of blood glucose 

regardless of whether we have just eaten sugary doughnuts or 

gone without food for a week. Whenever the intake of 

carbohydrate is stopped for much more than half a day, our body 

begins to synthesize new glucose (the process of 

gluconeogenesis) from noncarbohydrate sources (amino acids 

from protein and glycerol from triglycerides). Most 

gluconeogenesis occurs in the liver, but a substantial fraction 

occurs in the kidneys, particularly during a prolonged fast (88). 

2.2.2 Assesment of Renal Functions: 

 2.2.2.1 Assessment of Glomerular Function 

The glomerular filtrate is an ulterafiltrate of plasma and has the 

same composition as plasma without most of the protiens. 

Plasmais filtered by the glomeruli at a rate of approximately 140 

ml/minute. Anormal glomerular filtration rate (GFR) will depend 

on there being normal renal blood flow and pressure. GFR is 

directly related to body size, and consequently is higher in men 

than women. It is also affected by age declining in the elderly. If 

the [GFR] falls due to of the renal blood supply or as a result of 

destruction of nephrons by renal disease, there is retention of the 

waste products of metabolism in the blood. In chronic disease 
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anew steady state is reached with a constant elevation in the 

serum concentration of substances such as urea and creatinine. 

As the renal disease progresses, urea and creatinine concentration 

may increase slowly over many months (86). 
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(i)Clearance: 

The problem is how to measure the GFR. It helps to consider 

firstly the concept of clearance. Consider any plasma constituent 

which is also present in urine the amount excreted can be 

calculated by measuring the urinary concentration (U, say 

mmoles per litre) and multiplying that by the volume of urine 

collected in a given time (V, say litres in a 24h period). Thus the 

amount excreted in urine is U x V. the volume of plasma which 

would have contained that amount can be worked out by dividing 

the amount excreted (U x V) by the plasma concentration of the 

substance (P), volume of plasma = U x V (91) 

                                                                    P 

This is the volume of plasma which would have to be completely 

cleared of the substance in the time specified to give the amount 

seen in urine. This is the clearance for that substance (90). 

The maximum rate that the plasma can be cleared of any 

substance is equal to the GFR. This could be calculated from the 

clearance of some plasma constituent which is freely filtered at 

the glomerulus, and is neither reabsorbed nor secreted in the 

tubule .Cr-EDTA or inulin (a plant carbohydrate) can be infused 

and used to measure GFR, but in practice creatinine, which is 

already present in blood as normal product of muscle 

metabolism, comes close to fulfilling the above requirements (89). 

 

-Creatinine clearance 
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An estimate of GFR can be calculated from the creatinine content 

of a 24h urine collection and the plasma concentration within this 

period. The clearance of creatinine from plasma is directly 

related to the GFR provided that (91): 

 The urine volume is collected accurately 

 There are no ketones or heavy proteinuria present to 

interfere with the creatinine determination. 

The GFR is calculated as follows: GFR= UxV 

                                                                  P 

U = Urine concentration of creatinine 

P = serum or plasma concentration of creatinine 

V = urine flow in ml/min 

A common mistake is to consider Vas urine volume, which it 

is not. It is the urine volume collected in 24 hours (90). 

-Serum creatinine and urea 

The concentrations of creatinine and urea in serum samples 

are used as convenient, but insensitive, measures of 

glomerular function. 

A normal clearance creatinine does not necessarily mean all is 

well the reference intervals will vary with age and body size. 

Serum urea concentration is less useful as a measure of 

glomerular function. Dietary protein intake affects serum urea 

concentration. Gastrointestinal bleeding will case serum urea 

to be elevated, and this does not indicate that glomerular 
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filtration is compromised. Urea is reabsorbed in the tubules. 

This reabsorption increases at low urine flow rates (91). 

Most laboratories will measure serum creatinine and urea. The 

ratio of the tow is of value in the investigation of renal 

disorders (89). 

(ii)Proteinuria  

The glomerular basement membrane does not usually allow 

passage of albumin and large proteins. A small amount of a 

mount of albumin, usually less than 25 mg/24h is found in urine. 

When larger amount of albumin in excess of 250 mg/24h are 

detected, significant damage to the glomerular membrane has 

occurred. Quantitiv urine protein measurements should always be 

made on complete 24-hour urine collections. Albumin excretion 

in the range 25-300 mg/24h is termed microalbuminuria(90).  

2.2.2.2 Renal tubular function  

The glomeruli provide an efficient filtration mechanism for 

ridding the body of waste products and toxic substances. To 

ensure that important constitutes such as water, sodium, glucose 

and amino acids are not lost from the body. tubular reabsorption 

must be equally efficient . There are no easily performed test 

which measure the tubular function in a quantitive manner (87). 
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-Tubular dysfunction 

Some disorders of tubular function are inhibited. Renal tubular 

damage is often secondary to other conditions such as exposure 

to heavy metals or nephron-toxic drugs, or amyloidosis (91). 

-Investigation of tubular function 

(i)Osmolality measurements in plasma and urine 

Of all tubular functions, the one most frequently affected by 

disease is the ability to concentrate the urine. If the tubules and 

collecting ducts are working efficiently and if AVP is present, 

able to be reabsorb water. Just how will can be assessed by 

measuring urine concentration. This is conveniently done by 

determining the osmolality, and then comparing this to the 

plasma. In normal individuals on an average fluid intake the 

urine: plasma osmolality ratio is usually between 1.0 and 3.0. In 

other words, the urine is more concentrated than the plasma. 

When the urine: plasma osmolality ratio is 1.0 or less, the renal 

tubules are not reabsorbing water (90).  

-The water deprivation test 

It may be necessary to deprive a patient of water in an effort to 

find the cause of excessive for urea. The water deprivation test 

involves complete fluid deprivation during a 24-hour period, 

with measurement of the osmolality of all the urine specimens 

past during the second 12 hours of the test. And osmolality of 

greater than 700 mmol/kg should be attended and the urine: 

plasma osmolality ratio should be 2.0 are above. In polyuria of 
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diabetes insipidus, where the hormone AVP is lacking, the ratio 

will remain between 0.2 and 0.7 even after fluid restriction. In 

the polyuria associated with so-called compulsive water drinkers, 

the ratio may be normal without fluid restriction but increases 

after fluid restriction. In some hospitals this form of 

concentration test involves fluid restriction overnight (8pm-10 

am( and measuring the osmolality of urine voided in the 

morning(88). 

In practice, the water deprivation test is extremely unpleasant for 

the patient. It is potentially dangerous if there is severe inability 

to retain water. The test must be terminated if weight loss 

exceeds 3 Kg or if more than 3 litres of urine is passed. 

Administration of AVP as the synthetic analogue DDAVP will 

result in increased urinary concentration (osmolality greater than 

700 mmol/Kg) if the failure to concentrate is due o diabetes 

incipidus. No response will be obtained if the AVP receptors 

cannot respond to the hormone. This called nephrogenic diabetes 

insipidus(86).  

(ii)The acid load test 

The acid load test is occasionally used for the diagnosis of renal 

tubular acidosis, conditions in which metabolic acidosis arises 

from diminished tubular secretion of hydrogen ions. Ammonium 

chloride is administrated orally in gelatin capsules. Urine 

samples are collected for the following 8 hours. With normal 

renal function, the pH of the at least one sample should be less 



 
 

54 

than 5.3 if necessary in adifficult diagnosis, the excretion rates of 

titratable acid and ammonium iron, and serum by carbonate 

concentration, are all measure. This test should not be performed 

on patients how are already acidotic or how liver disease renal 

tubular acidosis having may be characterized as follows (90): 

1. Type।. there is defective hydrogen iron scretion in the distal 

tubul which may be inhereted or aquired. 

2. Type॥. the capacity to reabsorbe the bicarbonate in the 

proxymal tubul is reduced. 

3. Type।V.by carbonate reabsorption by the renal tubule is 

impared as the consequence of aldosteron difficency, 

aldosteron defects, or drugs which block aldosteron action. 

There is no sepreate type three renal tubular acidosis. 

 (iii)Specific proteinuria  

beta-2 microglobulin and alpha-1 microglobulin are small 

proteins which are filterd at the glomeruli an dusually reabsorbed 

by the tubular cells. and incrase concentration of this protins in 

urine is a sensitive indicator of renal tubular cell damage(86).  

(iv)Glycosuria 

The presence of glucose in urine when blood glucose is normal 

usually reflects the inability of the tubules to reabsorb glucose 

because of a specific tubular  lesion but here, the renal 

threshold(the capacity for the tubules to reabsorb the substance in 

question) has been reached. this called renal glycosuria and is a 
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benign condition. glycosuria can also present in association with 

other disorder of tubular function the fanconi syndrome(90). 

(v)Aminoaciduria  

Normally, amino acids in the glomerular filterate are reabsorbed 

in the proxymal tubules. they may be present in urine in 

excessive amount because the plasma concentration exceeds the 

renal threshold, or because there is specific failure of normal 

tubular reabsorpive mechanisms, such as in the inherited 

metabolic disorder, cystinuria, or more commonly because of 

acquired renal tubular damage(90). 

 2.3 Cystatin C: 

The cystatin superfamily encompasses proteins that contain 

multiple cystatin-like sequences. Some of the members are active 

cysteine protease inhibitors, while others have lost or perhaps 

never acquired this inhibitory activity(92). There are three 

inhibitory families in the superfamily, including the type 1 

cystatins (stefins), type 2 cystatins and the kininogens. The type 

2 cystatin proteins are a class of cysteine proteinase inhibitors 

found in a variety of human fluids and secretions, where they 

appear to provide protective functions. The cystatin locus on the 

short arm of chromosome 20 contains the majority of the type 2 

cystatin genes and pseudogenes(93). 

The CST3 gene is located in the cystatin locus and comprises 3 

exons (coding regions, as opposed to introns, non-coding regions 

within a gene), spanning 4.3 kilo-base pairs. It encodes the most 
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abundant extracellular inhibitor of cysteine proteases. It is found 

in high concentrations in biological fluids and is expressed in 

virtually all organs of the body (CST3 is a housekeeping gene). 

The highest levels are found in semen, followed by breastmilk, 

tears and saliva. The hydrophobic leader sequence indicates that 

the protein is normally secreted. There are three polymorphisms 

in the promoter region of the gene, resulting in two common 

variants. Several single nucleotide polymorphisms have been 

associated with altered cystatin C levels(94). 

Cystatin C is a non-glycosylated, basic protein (isoelectric point 

at pH 9.3). The crystal structure of cystatine C is characterized 

by a short alpha helix and a long alpha helix running across a 

large antiparallel, five-stranded beta sheet. Like other type 2 

cystatines, it has two disulfide bonds. Around 50% of the 

molecules carry a hydroxylatedproline. Cystatine C forms dimers 

(molecule pairs) by exchanging subdomains; in the paired state, 

each half is made up of the long alpha helix and one beta strand 

of one partner, and four beta strands of the other partner(95). 

Cystatin C was first described as 'gamma-trace' in 1961 as a trace 

protein together with other ones (such as beta-trace) in the 

cerebrospinal fluid and in the urine of patients with renal 

failure(96). Grubb and Löfberg first reported its amino acid 

sequence(96). They noticed it was increased in patients with 

advanced renal failure(97). It was first proposed as a measure of 

glomerular filtration rate by Grubb and coworkers in 1985(98; 99). 
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2.3.1Cystatin C as a GFR Marker  

Diabetic nephropathy is the single most frequent cause of ESRD 

and is predominantly due to type 2 diabetes. Although 

measurements of albumin excretion rate are useful in clinical 

practice, there is a 40% day to day variability in albumin 

excretion rate(100).67 Numerous studies have investigated the use 

of cystatin C in the diabetic population(101; 102; 103; 104). Hoek et al. 

showed that not only was cystatin C a better indicator of GFR 

than creatinine, it was the parameter which had the best 

correlation with changes in GFR over two years, making it a 

useful analyte for follow up of patients with diabetes(102). A four 

year follow-up study in Pima Indians demonstrated close 

correlation between longitudinal trends in Iothalamate clearance 

and the trends in renal function estimated from serum cystatin 

C(105).72 In contrast, the trends for commonly used creatinine-

based estimates of GFR, such as serum creatinine, the CG 

formula, and the MDRD formula compared poorly with trends in 

Iothalamate clearance. The annual percentage change in GFR 

based on Iothalamate clearance and cystatin C were also found to 

be similar, again emphasising the accuracy of cystatin C in 

monitoring small changes of GFR(105). 

The clinical reliability of cystatin C as a measure of GFR has 

also been documented in type 1 diabetes(106; 107). In their recent 

study, Pucci et al. (104) reported that levels of cystatin C could 

discriminate degrees of renal impairment in a population of type 
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1 and 2 diabetic patients(104). Cystatin C was found to correlate 

more strongly with Iohexol clearance than creatinine(104). 

Cystatin C was also found to be able to predict progression to 

pre-diabetes stages in normoglycaemic subjects. The Western 

New York Health study found that elevated baseline cystatin C 

levels was associated with a three fold risk of progression from 

normoglycaemia to pre-diabetes over a six year period(108). 

A substantial body of evidence has developed over the past 

several years which supports the use of Cystatin C as an 

alternative and more sensitive endogenous marker for the 

estimation of GFR than serum creatinine and serum creatinine 

based GFR estimations(105; 106). 

Cystatin C is a small 13 –kDa protein that is a member of the 

cysteine proteinase inhibitor family that is produced at a constant 

rate by all nucleated cells. Due to its small size it is freely filtered 

by the glomerulus, and is not secreted but is fully reabsorbed and 

broken down by the renal tubules. This means the primary 

determinate of blood Cystatin C levels is the rate at which it is 

filtered at the glomerulus making it an excellent GFR marker(107). 

A recent meta-analysis demonstrated that serum Cystatin C is a 

better marker for GFR than serum creatinine(108). 

Unlike creatinine , Cystatin C serum levels are virtually 

unaffected by age (>1 yr), muscle mass, gender and race. A 

number of very simple formulas have been introduced which can 
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be used to obtain an estimated GFR using Cystatin C(109). 

Multiple studies have found Cystatin C to be more sensitive to 

actual changes in GFR in the early stages of CKD than creatinine  

based GFR estimates(110). (A significant advantage of Cystatin C 

based formulas, unlike creatinine  based equations, is that 

Cystatin C based estimated GFR formulas are not biased 

according to GFR(13-14) and there is no GFR blind area with 

Cystatin C.) (11; 112; 113). 

2.3.2Cystatin C and the MDRD  

The creatinine  based MDRD underestimates GFR in healthy 

subjects and shows decreased accuracy in older patients (with 

decreased muscle mass) and patients with body mass indexes 

(BMI) <21 and >30. While MDRD and serum creatinine  show 

good diagnostic accuracy in severe renal failure (GFR <15 

mL/min per 1.73 m2) creatinine  based measurements show a 

lack of sensitivity in stage 2 and stage 3 renal disease when early 

intervention may improve outcomes. Cystatin C based estimates 

of GFR have been reported to be a more sensitive maker of 

decline in GFR especially in the earliest stages of CKD(114). 

2.3.3 Cystatin C for Early Detection of CKD in Diabetes  

Estimation of the prevalence of earlier stages of chronic kidney 

disease (CKD) in the US population and ascertainment of trends 

over time is central to disease management and prevention 

planning, particularly given the increased prevalence of obesity 

and diabetes (115). To prevent this increase, screening for CKD 
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and early intervention are necessary. In diabetic patients, the 

early detection of diabetic nephropathy has focused on the 

measurement of urinary albumin excretion rate. The elevated 

urinary albumin excretion rate within microalbuminuric level 

(30-299 mg/24 hr or a spot urine albumin-to-creatinine ratio of 

30-299 mg/g) allows the detection of patients with an increased 

risk for the development of overt diabetic nephropathy with 

persistent macroalbuminuria. Moreover, impaired renal function 

may be present even in patients with normal urinary albumin 

excretion rate(116). Gold standard procedures for glomerular 

filtration rate (GFR) measurement, based on the clearance of 

51Cr-EDTA or iohexol, are impractical in clinical settings and 

for larger research studies(116). 

Cystatin C, a cysteine protease inhibitor, is freely filtered by the 

renal glomeruli, metabolized by the proximal tubule and 

identified as a promising marker of renal failure (117). Cystatin C 

is produced at a constant rate by nucleated cells and released into 

bloodstream with a half-life of 2 hr. Its concentration is almost 

totally dependent on GFR. Other studies have demonstrated that 

serum cystatin C is an early renal marker in diabetic patients (118), 

but not all studies have done so (119).  

Multiple reports indicate that Cystatin C is a reliable marker of 

GFR in patients with mild to moderate impairment of kidney 

function (stages 2-3 of CKD) (120). This high degree of sensitivity 

has been demonstrated in both Type 1 and Type 2 Diabetes(121). 
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In addition, several studies indicate that although clinical 

proteinuria was associated with both MDRD and Cystatin C 

estimates of GFR only Cystatin C was associated with 

microalbuminuria. This finding supports the enhanced sensitivity 

of Cystatin C based formulas for the early detection of kidney 

damage. Elevated serum Cystatin C levels have also recently 

been identified as a significant prognostic indicator for the 

development of cardiovascular disease in people with 

diabetes(122). 

2.3.4 Beta2-microglobulin: 

 

Beta2-microglobulin is a protein found on the surface of many 

cells. Testing is done primarily when evaluating a person for 

certain kinds of cancer affecting white blood cells including 

chronic lymphocytic leukemia, non-Hodgkin's lymphoma, and 

multiple myeloma or kidney disease(123). 

Beta2-microglobulin is plentiful on the surface of white blood 

cells. Increased production or destruction of these cells causes 

Beta2-microglobulin levels in the blood to increase. This 

increase is seen in people with cancers involving white blood 

cells, but it is particularly meaningful in people newly diagnosed 

with multiple myeloma. Multiple myeloma is a malignancy 

(cancer) of a certain kind of white blood cell, called a plasma 

cell. At the time of diagnosis, the Beta2-microglobulin levels 
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reflect how advanced the disease is and the likely prognosis for 

that person(124). 

 

When kidney disease is suspected, comparing blood and urine 

levels helps identify where the kidney is damaged. Beta2-

microglobulin normally is filtered out of the blood by the 

kidney's glomeruli (a round mass of capillary loops leading to 

each kidney tubule), only to be partially reabsorbed back into the 

blood when it reaches the kidney's tubules. In glomerular kidney 

disease, the glomeruli can't filter it out of the blood, so levels 

increase in the blood and decrease in the urine. In tubular kidney 

disease, the tubules can't reabsorb it back into the blood, so urine 

levels rise and blood levels fall. After a kidney transplant, 

increased blood levels may be an early sign of rejection(123). 

Increased urinary levels are found in people with kidney damage 

caused by high exposure to the heavy metals cadmium and 

mercury. Periodic testing of workers exposed to these metals 

helps to detect beginning kidney damage(123). 

Beta2-microglobulin levels also rise during infection with some 

viruses, including cytomegalovirus and human 

immunodeficiency virus (HIV). Studies show that as HIV disease  

advances, beta2-microglobulin levels rise(124). 

 

Serum and plasma beta2 microglobulin values have emerged as 

markers for the activation of the cellular immune system, as well 
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as a tumor marker in certain hematologic malignancies. Urine 

beta2 microglobulin values indicate renal filtration disorders. 

Measurement of values in both serum and urine can help 

distinguish a problem of cellular activation from a renal 

disorder(124). 

 

Low serum levels of beta2 microglobulin essentially indicate 

decreased disease activity in conditions for which beta2 

microglobulin is used as a prognostic marker (multiple myeloma, 

lymphoma, leukemia) or the absence of such a disease process. 

However, low beta2 microglobulin levels are never used to rule 

out a particular disease (eg, lymphoma) in the absence of other 

more definitive tests(126; 127). 

 

Increased serum beta2 microglobulin levels reflect increased 

activity of the disease process in question and can be an 

exquisitely sensitive marker for this purpose in many 

hematologic disorders. The absolute value is less important than 

the historical values, except in certain situations such as multiple 

myeloma, in which a value of less than 4 µg/mL was found to 

correlate with increased survival (127).  
 

 

Increased urine beta2 microglobulin levels reflect tubular 

disorders of the kidney. In such cases, serum beta2 microglobulin 

levels are usually normal, since the dysfunction is in tubular 
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reabsorption. Increased CSF beta2 microglobulin levels are seen 

in certain conditions such as multiple sclerosis, AIDS dementia 

complex, and meningeal spread of hematologic tumors (128). 
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CHAPTER THREE 

3. MATERIALS and METHODS 

3.1 Study design: 

This is a quantitative, descriptive, analytic, cross- sectional and 

hospital-based study.  

3.2 Study area and period:  

This study was conducted in Khartoum state, capital and central of 

Sudan country. Patients enrolled in this study came to the refer 

clinics of different diabetic centers and hospitals in Khartoum state 

clinic of Jabir AbuElizz, Almolazmeen Diabetes Centres which are 

specialized centres for diabetes mellitus. The study was conducted 

during the period from March 2010 to November 2013. 

3.3 Study population and sample size:  

Population of this study included a test group of 300 diabetic 

patients who attended Jabir Abulizz and Amolazmeen diabetes 

centres for routine follow up and a control group of 150 healthy 

volunteers  non- diabetics. Both, the test group and the control 

group were matched for age and gender. 
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3.4 Ethical consideration: 

Firstly the permission of this study was obtained from the local 

authorities in the area of the study and from the medical directors of 

Jabir AbuElizz andAlmolazmeen Diabetes Centres, The objective of 

the study were explained to all participating in this study. An 

informed consent was obtained from each participant in the study.  

3.5 Inclusion criteria:  

The test group included patients with type 2 DM, whereas the 

control group included apparently healthy volunteers (non- 

diabetics).  

3.6 Exclusion criteria: 

Patient with type 1 diabetes, gestational diabetes and secondary 

diabetes were excluded from this study. 

3.7 Data collection and clinical examination: 

Clinical data for every participant was collected using a 

questionnaire. Whereas clinical assessment for both the test group 

and control group was done by clinicians in the above mentioned 

centers. 

3.8  Blood sample collection: 

      The blood samples  were  collected from the patients group and 

the control group, blood samples “5ml” were collected from fasting 

subjects of the study group after fulfillments of questionnaire as 
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well as control group, using disposable syringe and sprit for 

sterilization the area of collection. Collected blood was drawn in 

two containers with heparin and EDTA. Blood in all containers was 

gently mixed with anticoagulant to obtain plasma and whole blood 

consecutively. Heparin container was centrifuged at 10000 rpm at -

4 0C using cold centrifuge. Hemolyzed and lipamic samples were 

rejected and excluded from the study. Whole blood was use for 

testing of glycocylated hemoglobin, pl. asma samples were 

preserved at -20 C prior to processing, plasma from fluoride oxalate 

for testing fasting glucose, while heparinized plasma for testing 

creatinine  level, Cystatin C level andBeta2microglobulin . 

3.9 Biochemical measurements: 

3.9.1 Measurement of plasma Cystatin C: 

The Diazyme Cystatin C assay method Roche Hitachi 917 

chemistry analyzer. 

Principle: 

Diazyme Cystatin C assay is based on a latex enhanced 

immunoturbidimetric assay. Cystatin C in the sample binds to anti-

Cystatin C antibody, which is coated on latex particles, and causes 

agglutination. The degree of the turbidity caused by agglutination 

can be measured optically and is proportional to the amount of 

Cystatin C in the sample. The instrument calculates the Cystatin C 
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concentration of a patient specimen by interpolation of the obtained 

signal on a 6-point calibration curve. 

Reagent composition, reagent preparation, procedure and 

calculation: See appendix (1). 

3.9.2 Measurement of Plasma creatinine : 

Serum levels of creatinine were measured using creatinine Jaffe 

Gen.2(a Roche Hitachi 917cobas chemistry analyzer. 

. Principle: 

This kinetic colorimetric assay was  based on Jaffe method. In 

alkaline solution, creatinine formed a yellow-orange complex with 

picrate. The rate of dye formation was proportional to the creatinine 

concentration in the specimen. 

Createnine + picric acid -----  yellow-orange complex 

.Reagent composition, reagent preparation, procedure and 

calculation: 

See appendix (2). 

3.9.3 Determination of creatinine  clearance: 

createnine clearance for each participant was calculated using the 

Cockroft-Gault formula:  

Createnine clearance= 

(140-age)×weight(kg)× 1.23  (0.85for female) 
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          Plasma creatinine  (mol/L) 

3.9.4 Measurement of plasma β2-Microglobulin: 

Plasma levels of β2-Microglobulin was measured by N Latex β2-

Microglobulin (a Roche Hitachi 917 cobas chemistry analyzer. 

Principle: 

Polystyrene particles coated with specific antibodies to human β2-

Microglobulin are aggregated when mixed with sample containing 

β2-Microglobulin. These aggregates scattered a beam of light 

passed through the sample. The intensity of the scattered light was 

proportional to the concentration of the relevant protein in sample. 

The result was evaluated by comparison with a standard of known 

concentration. 

.Reagent composition, reagent preparation, procedure and 

calculation: See appendix (3). 



 
 

70 

3.9.5 Measurement of blood Glycated hemoglobin: 

Principle:  

This method uses TTAB (Teteradecyl trimethyl ammonium 

bromide) as the hemolysing reagent to eliminate interference from 

leukocytes (TTAB dose not lyse leukocyte). Sample pretreatment to 

remove labile HbA1c is not necessary. 

All hemoglobin variants which are glycated at β-chain N-terminus 

and which have antibody-recognizable regions identical to that of 

HbA1c are measured by this assay.   

Sample: 

A venous blood sample (2mls) was collected from each participant 

by standard procedures, 2mls in EDTA container for HbA1c(whole 

blood).  

.Reagent composition, reagent preparation, procedure and 

calculation: See appendix (4). 

3.10 Body mass index (BMI): 

The body mass index for each participant was calculated by 

measuring the height and the weight and using the following 

formula: 

                    BMI= Body weight (kg) 

                               Height (meters) 2        
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3.11Quality control: 

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

checked each time a batch was analyzed by including commercially 

prepared control sera. 

3.12 Statistical analysis: 

 The data was recorded and analyzed using Statistical Package for 

Social Sciences (SPSS-version 17) on programmed computer. 

 The mean and standard deviation of variables were calculated for 

both the test group and the control group and the P value for 

comparison was obtained .P value ≤ 0.05 was considered 

significant. 

Pearson's Correlation and linear regression were used to assess the 

relationship between different variables. 
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Chapter Four 

4. Results 

   This study was a case-control study conducted in Jabir Abulizz and 

Almolazmeen diabetic centers in Khartoum state, Sudan, during the period 

from March 2010 to November 2013.The study aimed to assess the plasma 

levels of cystatin c, β2-microglobulin, creatinine , creatinine  clearance, blood 

HbA1C %  and body mass index of 300 Sudanese patients with type2 diabetes 

mellitus (49%males  and 51% females)as a test group, and 150 healthy 

volunteers non diabetic (48%males and 52%females) as a control group. The 

test group and the control group were matched in term of gender and age. 

Table (4.1) shows baseline characteristics of the test group and the controls. 

This table shows insignificant difference (P=0.712) between the mean of age 

of the test group and the control group. Also shows a significant difference 

(P=0.031) between the mean of the body mass index (BMI) of the test group 

and the control group. 

Table (4.2) shows a significant difference (P=0.026) between the means of 

plasma levels of cystatin c of the test group and the control group. Also shows 

a significant difference (P= 0.038) between the mean of plasma levels of 

creatinine of the test group and the control group. Also shows a significant 

difference (P= 0.015) between the mean of creatinine clearance of the test 

group and the control group. Also shows a significant difference (P= 0.035) 

between the mean of plasma levels of β2 microglobulin of the test group and 

the control group. 

Table (4.3) shows a significant difference(p=0.039) between the means of 

blood HbA1c % of the controlled test group and the uncontrolled test group. 

Also shows a significant difference (P= 0.015) between the mean of plasma 
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levels of  cystatin c of the controlled test group and the uncontrolled test 

group. Also shows a significant difference (P= 0.021) between the mean of 

creatinine  of the controlled test group and the uncontrolled test group. Also 

shows a significant difference (P= 0.001) between the mean of creatinine  

clearance of the controlled test group and the uncontrolled test group.  Also 

shows a significant difference (P= 0.042) between the mean of plasma levels 

of  β2 microglobulin controlled test group and the uncontrolled test group. 

   Figure (4.1) shows a significant week positive correlation between the 

plasma levels of cystatinc,  and the duration of diabetes in the diabetic group 

(r = 0.27, P = 0.045). 

   Figure (4.2) shows a significant weak positive correlation between the 

plasma levels of creatinine ,  and the duration of diabetes  in the diabetic 

group (r =  0.31, P = 0.22). 

   Figure (4.3) shows a significant weak positive correlation between the 

plasma levels of β2microglobulin, and the duration of diabetes in the diabetic 

group (r = - 0.36, P = 0.04). 

  Figure (4.4) shows a significant moderate negative correlation between the 

plasma levels of cystatin c and creatinine  clearance (r=-0.49,p=0.015) in the 

diabetic group. 

  Figure (4.5) shows a significant week negative correlation between the 

plasma levels of creatinine  and creatinine  clearance (r=-0.33,p=0.045) in the 

diabetic group. 

    Figure (4.6) shows a significant moderate negative correlation between the 

plasma levels of β2 microglobulin and creatinine  clearance (r=-0.46,p=0.023) 

in the diabetic group. 
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  Figure (4.7) showsa significant week positive correlation between the 

plasma  levels of cystatin c and the body mass index ( r=0.28,p=0.024)  of the 

diabetic group. 

   Figure (4.8) shows a significant weak  positive correlation between the 

plasma levels of creatinine   and the body mass index ( r=0.27,p=0.038)  of 

the diabetic group. 

   Figure (4.9) shows a significant weak positive correlation between the 

plasma levels of β2 microglobulin and the body mass index( r=0.29,p=0.031)  

of the diabetic group. 

     Figure (4.10) shows a significant moderate positive correlation between 

the plasma levels of cystatin c and blood HbA1c %(r=o.48,p=0.024). 

     Figure (4.11) shows a significant weak positive correlation between the 

blood plasma of creatinine  and blood  HbA1c % among the 

diabetics(r=o.39,p=0.029). 

     Figure (4.12) shows a significant moderate positive correlation between 

the plasma  levels of β2 microglobulin and blood HbA1c %(r=o.45,p=0.013).
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Table (4.1): Baseline characteristics of the test group and the 
control group 
 

Variable Test group 

(n=300) 

Control 
group 

(n=150) 

P-value 

Age (years) 
59.40±7.20 

(45.0-82.0) 

58.00±17.63 

(33.0-85.0) 
0.712n.s 

Weight (kg) 
73.42±11.34 

(39.0-94.0) 

68.16±15.69 

(41.5-114.7) 
0.002** 

Height (cm) 
169.84±10.68 

(154-188) 

170.78±7.82 

(157-189) 
0.061n.s 

BMI (kg/m2) 
27.69±3.77 

(18.62-34.68) 

23.22±4.31 

(18.43-
35.42) 

0.031* 

Table shows the mean±standard deviation, range between brackets 

and level of significance (P-value). t-test was used for comparison 

between the test group and control group. 

P-value ≤0.05 is considered significant 
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Table (4.2): Comparison of the mean of the serum levels of 
cystatin C, creatinine,  

β2 microglobulin and creatinine clearance.   
 

Variables Test group 

(n=300) 

Control 
group 

(n=150) 

P-value 

 Plasma Cystatin C 
(mg/L) 

1.35±1.06 

(0.74-3.87) 

0.84±0.18 

(0.   39-1.28) 
0.026* 

Plasma Creatinine 
(mg/dL) 

1.23±0.89 

(0.67-9.20) 

0.87±0.19 

(0.49-1.29) 
0.038* 

 Creatinine 
clearance(ml/min) 

80.66±33.17 

(71.91-125.00) 

83.37±30.61 

(90.90-138.89) 
0.015* 

Plasma β2 
microglobulin 
(mg/ml) 

2.38±1.22 

(0.82-4.00) 

1.31±0.48 

(1.12, 2.00) 
0.035* 

 
Table shows the mean±standard deviation, range between brackets 

and level of significance (P-value).t-test was used for comparison 

between the test group and control group. 

P-value ≤0.05 is considered significant. 
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Table (4.3): Comparison of the mean of HbA1C, cystatin C, 
creatinine, creatinine clearance and β2 microglobulin of 
controlled and uncontrolled patients 
 

Variables Controlled 

(n=158) 

Uncontrolled 

(n=142) 
P-value 

 Blood HbA1C              
(g/dl) 

5.96±1.12 

(5.1-6.0) 

8.52±2.74 

(6.1-9.9) 
0.039* 

Plasma Cystatin C  
(mg/L) 

1.09±0.23 

(0.74-1.45) 

2.86±1.06 

(1.47-3.87) 
0.015* 

Plasma Creatinine 
(mg/dL) 

2.13±0.97 

(0.67-4.25) 

6.20±1.76 

(4.5-9.2) 
0.021* 

Creatinine 
clearance (ml/min) 

78.92±15.44 

(71.91-95.31) 

105.32±17.46 

(96.0-125.00) 
0.001** 

Plasma β2 
microglobulin 
(mg/ml) 

1.04±0.87 

(0.82-1.12) 

3.58±1.07 

(1.13-4.00) 
0.042* 

Table shows the mean±standard deviation, range between brackets 
and level of significance (P-value).t-test was used for comparison 
between the test group and control group. 
P-value ≤0.05 is considered significant. 
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Fig. (4.1): The relationship between the duration and the  plasma levels of cystatin C  
among Diabetics (r=0.27; P=0.045)   
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Fig. (4.2): The relationship between the duration and plasma  levels of 
creatinine among Diabetics (r=0.31; P=0.22)
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Fig. (4.3):The relationship between duration and plasma levels of ß2-

microglobulin among Diabetics (r=0.36; P=0.04)
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Fig. (4.4): The relationship between the creatinine clearance and 
plasma levels of cystatin C among Diabetics

(r=-0.49; P=0.015)
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Fig. (4.5): The relationship between the creatinine clearance and 

plasma levels of creatinine among Diabetics
(r=-0.33; P=0.045)
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Fig. (4.6): The relationship between the creatinine clearance and 

plasma levels of ß2-microglobulin among Diabetics
(r=-0.46; P=0.023)
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Fig. (4.7): The relationship between the body mass index and plasma  levels 
of cystatin C among Diabetics (r=0.28; P=0.024)

 

 

 

 

 

 

  



 
 

85 

0.5

1.0

1.5

2.0

2.5

20 25 30 35

Pl
as

m
a 

cr
ea

tin
in

e (
m

g/
dL

)

BMI (m2/kg)
Fig. (4.8): The relationship between the body mass index and plasma  

levels of creatinine among Diabetics (r=0.27; P=0.038)
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Fig. (4.9):  The relationship between the body mass index and plasma  
levels of ß2-microglobulin among Dibetics (r=0.29; P=0.031)
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Fig. (4.10):  The relationship between  blood HbAIC and plasma levels  
of cysttain C among Diabetics (r=0.48; P=0.024)
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Fig. (4.11): The relationship between the blood HbAIC and plasma levels 
of  creatinine among Diabetics (r=0.39; P=0.029)
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Fig. (4.12): The relationship between the blood HbAIC and plasma levels 
of ß2-microglobulin among Diabetics

(r=0.45; P=0.013)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 
 

76 

 

 

Chapter Five 
Discussion 

 

 

 

 



 
 

90 

Chapter Five  

5. Discussion 

The current study aimed to assess the plasma levels of cystatin C, 

B2-microglobulin, creatinine , creatinine  clearance, blood HbA1C% 

and body mass index among Sudanese patients with type 2 diabetes 

in comparison with  healthy controls. 

Cystatic C and B2microglobulin have low molecular weight, and 

there execration affected by the glomerular filtration in the kidneys. 

If kidney function and glomerular filtration rate decline, the blood 

levels of Cystatin C and B2microglobulin raise. Plasma levels of 

Cystatin C are a more precise test of kidney function than plasma 

creatinine(108). In the present study the results show that the mean of 

the plasma levels of Cystatin C, creatinine B2-microglobulin, 

clearance, blood HbA1c% and body mass index were significantly 

raised. 

The clinical reliability of cystatin C as a measure of GFR has also 

been documented in type 1 diabetes(106; 107). In their recent study, 

Pucci et al. (104) reported that the levels of cystatin C could 

discriminate degrees of renal impairment in a population of type 1 

and 2 diabetic patients. Cystatin C was found to correlate more 

strongly with Iohexol clearance than createnine(104). 

Cystatin C was also found to be able to predict progression to pre-

diabetes stages in normoglycaemic subjects. The Western New 
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York Health study found that elevated baseline cystatin C levels 

was associated with a three fold risk of progression from 

normoglycaemia to pre-diabetes over a six year period(108). 

The current study shows a moderate negative correlation between 

creatinine clearance and plasma Cystatin C levels, that means 

reduction of creatinine clearance, a marker of renal function, is 

associated with raised  levels plasma Cystatin C. Creatinine 

clearance in the diabetic group was significantly reduced compared 

to the healthy group and this could be due to the long standing 

effect of diabetes on the kidneys because the majority of the 

diabetic patients enrolled in this study have diabetes for more than 

10 years. The study also shows a strong positive correlation 

between HbA1c % plasma and cystatin C level.  This means 

uncontrolled diabetes with abnormal raised glycatedheamoglobin is 

associated with high Cystatin C plasma levels. 

In this study cystatin c levels have significant weak negative 

correlation with body mass index in the diabetic group. Numerous 

studies have investigated the use of cystatin C in the diabetic 

population for assessment of renal function(101; 102; 103; 104). Hoek et 

al. (102) showed that not only was cystatin C a better indicator of 

GFR than creatinine, it was the parameter which had the best 

correlation with changes in GFR over two years, making it a useful 

analyte for follow up for patients with diabetes(102). A four year 

follow-up study in Pima Indians demonstrated close correlation 
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between longitudinal trends in Iothalamate clearance and the trends 

in renal function estimated from serum cystatin C(105).  

In the present study the results showed that the mean of the plasma 

levels of Beta2-microglobulin, were significantly raised in the 

diabetic group when compared to the control group. Increased level 

of B2-microglobulin may be an early indication of diabetic 

nephropathy and reflect glomerular kidney disease that cause 

elevation of plasma levels of B2microglobulin. This result agrees 

with the results of the study reported a significant high levels of B2-

microglobulin in patients with type 2 diabetes(118). In our  study the 

majority of patients (71%) were obese and 69% were found to have 

uncontrolled diabetes, with HbA1c% ≥ 6.5%. In the current study, 

the glomerular filtration rate assessed by creatinine clearance  was 

significantly reduced, this could be due to the impact of long 

standing of diabetes mellitus on the kidneys, that cause progressive 

diabetic nephropthy. The current study showed moderate negative 

correlation between creatinine clearance and plasma Beta2-

microglobulin levels, that means reduction of creatinine clearance is 

associated with raised serum levels of Beta2-microglobulin. In the 

present study HbA1 % has a significant positive moderate 

correlation with the plasma levels of B2-microglobulin, this means 

uncontrolled diabetes with abnormal raised glyclated heamoglobin 

is associated with high serum Beta2-microglobulin levels.  
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Two large studies(120; 121; 122) with consistent results found that 

cystatin and Beta2-microglobulin is influenced by many variables 

(age, sex, body mass index, smoking, hypertension, coronary heart 

disease and C-reactive protein level) rather than renal function 

alone. Both studies excluded patients with moderate and severe 

renal failure, and in both Beta2-microglobulins were highly 

correlated with age. In conclusion, although multiple factors in 

addition to renal function may influence Beta2-microglobulin, our 

study provides convincing evidence that Beta2-microglobulin is 

significant raised and positively correlated with HbA1c and 

inversely correlted with creatinine clearance in patients with 

diabetes mellitus, so, it can be used as a marker of renal damage in 

diabetic patients10. These results are remarkable in light of data 

suggesting that Beta2-microglobulin is a useful indicator of the 

association of mild kidney dysfunction with increased risk for 

cardiovascular events, peripheral arterial disease, heart failure, and 

death. 

 

 

 

 

 

 



 
 

90 

 

 

Chapter Six 
Conclusion and Recommendations 

 

 

 

 

 

 

 

 

 

 

 



 
 

94 

Chapter Six 

6. Conclusion and Recommendations 

6.1 Conclusion  

From the results of this study, it is concluded that in Sudanese 

patients with Type 2 diabetes:  

1. The means of the plasma levels of Cystatin C, B2-

microglobulin, creatinine, blood HbA1c% and body mass index 

are significantly raised. 

2. Creatinine clearance is significantly reduced.  

3. There is a moderate inverse correlation between creatinine 

clearance and plasma Cystatin C levels.  

4. There is a moderate positive correlation between blood HbA1c 

% and plasma cystatin C levels. 

5. The plasma level of Cystatin c have a significant weak 

positive  correlation with the body mass index. 

6. There is a moderate negative correlation between creatinine 

clearance and plasma level of Beta2-microglobulin levels.  

7. The plasma levels of B2-microglobulin has a significant 

moderate positive correlation with blood HbA1c%. 

8. The plasma  levels  of  B2-microglobulin   have a significant 
weak positive correlation with the body mass index. 
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6.2 Recommendations  

From the results of this study, it is recommended that:  

1. The plasma level of cystatin c and B2-microglobulin should 

be measured regularly in addition to the traditional markers 

(plasma ceratinine and creatinine clearance) to assess renal 

function in patients with type 2 diabetes.  

2. Patients with diabetes should achieve good glycemic control 

to delay deterioration of renal function, especially in those 

who are observed with long standing diabetes.  

3. Obese diabetics should be advised to reduce their weights 

which may improve glycemic control.  

Further studies should be done to assess the plasma levels of 

cystatin C and B2-microglobulin in diabetic patients with 

complications such as ischemic heart disease, hypertension and 

peripheral neuropathy.   
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Appendix (1) 

 خطاب موافقة

 جامعة السودان للعلوم والتكنولوجیا

 كلیة الدراسات العلیا

 كلیة المختبرات الطبیة 

 قسم الكیمیاء السریریة 

ا    ر أن ي   .......................................................................... أق اركتي ف ى مش ة عل بالموافق

وان  ة بعن تویات السیس (الدراس یم مس ا تقی ي، البیت ا   2تاتین س ي البلازم اتنین ف ولین والكری میكروقلوبی

اني  ة دم   ) كؤشرات لوظائف  الكلى لدى السودانیین المصابین بالسكري من النوع الث ذ عین مل  ) 5(وأخ

  .  لإجراء الاختبارات المعملیة المطلوبة للبحث، بعد شرح أھداف وأغراض الدراسة

  

  ...............................التوقیع ....................................... ..........................الاسم 
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Appendix (2) 

SUDAN UNIVERSTY OF SCIENCE AND TECHNOLOGY  

COLLEGE          OF GRADUATE STUDIES and Scientific Research 

 

Comparative Assessment Of plasma  Cystatin C, β2 Microgloulin and 

Creatinine as Markers of Renal Function in Sudanese patients with 

Type2  Diabetes 

 

Questionnaire 

Name: ……………………………………………………………………… 

Age: ………………………………………………………………………………………. 

Sex ……………………………………………………………………………………….. 

Marital status 

………………………………………………………………………………. 

Educational level ………………………………………………………………………….. 

Occupation ……………………………………………………………………………….  

Weight …………….. kg  height ………… (m)   BMI ……………………. 

Duration of disease ……………………………………………………………………… 

Present history of disease: 

         - Diabetes………….. 

          - Hypertension……….. 

          - Renal impairment……….. 

          - Gout…………. 

       - Ischemic heart disease………. 
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       - Others………. 

Family history of disease: 

      - Diabetes…….. 

      - Hypertension……….. 

       - Renal impairment…………. 

       - Gout………….. 

       - Ischemic heart disease………. 

       - Others………. 

Investigations: 

1. Random plasma glucose. 

2. Urine glucose. 

3. Urine protien. 

4. Plasma levels of  cystatin C. 

5. Plasma levels of B2 –microglobulin. 

6. Blood HbA1c %.  
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Appendix (3) 

Cystatin C  

  



 
 

118

  



 
 

119

 



 
 

120

Appendix (4) 

Beta 2 Microglobulin 

 



 
 

121



 
 

122

Appendix (5)  

Creatinine  
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Appendix (6) Glycated HbA1c 
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