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English Abstract 

Background: cardiovascular diseases is the most important cause of 

morbidity and mortality among patients with type2 diabetes mellitus and 

the TG:HDLc ratio recently used as predict subject at increased risk of 

developing metabolic and cardiovascular complications and HDLc level 

are inversely related   to plasma TGs level and there is a dynamic 

interaction between high density lipoprotein and triglycerides rich 

lipoprotein in vivo.  
Method: The study includes 52 diagnosed diabetic patients (14 male and 

38 female) and 52 apparently healthy individuals (control) (14 male and 

38 female) and Age was matched (32_70) years all samples were 

collected from Ombada Hospital and El-emtiaz medical center, from 12 

November to 1 September. Statistical procedure was followed using 

statistic package for social science (SPSS) version 16 on programmed 

computer.  

Result: The result showed a significant increase in TG: HDLc ratio 

among type2 diabetic patients in comparison with control group (9.2±6.9, 

1.69±0.47mg/dl), for mean and standard deviation for case and control 

respectively with P-value 0.016, significant increase in TGs between  

type2 diabetic patients in comparison with non-diabetic group(169±116, 

88±17.5mg/dl), for mean and standard deviation for case and control 

reactively with P-value 0.056, significant decrease in HDLc among type2 

diabetic patients in  comparison with control group(34±14, 50±9.5 

mg/dl), for mean and standard deviation for case and control respectively 

with P-value 0.000, significant increase in percentage of CRP among 

type2 diabetic patients in comparison with control group (33%, 0.0%), 

with P-value 0.02 for case and control respectively and insignificant 

difference in BMI between type2 diabetic patients and control group 



IV 
 

(22±4.8, 21±3.8kg/cm2) for case and control respectively with P-

value0.677. 

Also no correlation between ratio and age, BMI, duration, among type2 

diabetic patients with P-value (p =0.325), (p =0.800), (p =0.130) 

respectively, No correlation between HbA1C and Age, BMI, duration, 

among type2 diabetic patients with P-value (p= .977), (p= .208), (p = 

0.604) respectively. Also no correlation between CRP and age, BMI, 

duration, with P-value (p = 0.613), (p =0.306),( p =0.588) respectively, 

no correlation between HDLc and Age, BMI, Duration with P-value(p 

=0.607), ( p =0.825), ( p =0.230) respectively, and no correlation between 

TG and Age, BMI, Duration with r and P-value (p =0.244), (p =0.561), (p 

=0.215) respectively in conclusion type2diabetes mellitus had increase 

HbA1c, TGs, CRP, TG:HDLc ratio and deteriorated HDLc compare with 

non-diabetic group.  

Conclusion: In conclusion type 2 diabetic patients had increased 

triglycerides and triglyceride / high density lipoprotein cholesterol ratio, 

decreased high density lipoprotein cholesterol and more positively CRP 

results compared with control group and no difference observed in BMI 

among type2 diabetic patients compared with control group .No 

correlation between TG, HDLc, TG: HDLc, HbA1c and CRP with age, 

BMI, Duration among type 2 diabetic patients. 
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Arabic Abstract 

تعد أمراض الأوعیة الدمویھ من أھم الأمراض التي تؤدي إلى الوفاة عند مرضى خلفیة: 

إلى نسبة  نسبة الكولیسترول عالي الكثافة السكري من النوع الثاني، حدیثاً تم استخدام قیاس 

مضاعفات الأمراض الاستقلابیة والأمراض القلبیة.  ةالدھون الثلاثیة كمؤشر یدل على خطور

 وتناسب البروتین عالي الكثافة عكسیاً مع نسبھ الدھون الثلاثیة في بلازما الدم. 

تشخیصھم بمرض السكري من النوع تم الذین من المرضى  ٥۲ على احتوت  الدراسة الطریقة: 

من ۱٤(مجموعة تحكمكاء صحمن الأشخاص الا ٥۲من الاناث) و ۳۸من الذكور و۱٤الثاني(

سنھ)،تم جمع العینات من مستشفى امبده ۷۰-۳۲(اروطوبقت الأعممن الاناث) ۳۸الذكور و

تم تطبیق برنامج  سبتمبر. ۱بر الى منوف ۱۲في الفترة من  النموذجي ومن مركر الامتیاز الطبي،

 . ۱٦الحزم الاحصائیھ بالنسخھ

نسبة الكولیسترول عالي إرتفاع ملحوظ في نسبة الدھون الثلاثیة إلى  كانت النتیجةالنتیجة : 

, ٦‚۹±۹‚۲بمجموعة التحكم (  عند مرضى السكري من النوع الثاني مقارنة الكثافة 

والانحراف المعیاري على التوالي. كما وللوسط ۰‚۰۱٦تساويالقیمة الاحتمالیة ) و۰‚۱±٤۷‚٦۹

 أظھرت النتائج إرتفاع نسبة الدھون الثلاثیة عند مرضى السكري مقارنة مع مجموعةالتحكم

القیمة و المعیاري المجموعتین على التواليللوسط والانحراف ،)۱۷‚۸۸±٥, ۱٦۹±۱۱٦(

، انخفاض في نسبة الدھون عالیة الكثافھ عند مرضى السكري من 0.056تساوي الاحتمالیة 

للوسط والانحراف المعیاري  ،)۹‚٥±٥۰, ۱٤±۳٤(النوع الثاني مقارنة بمجموعة التحكم

ارتفاع في نسبة البروتین المتفاعل(  ۰‚۰۰۰تساوي القیمة الاحتمالیة و المجموعتین على التوالي

Cالقیمة ) و%۰‚۰, %۳۳( نوع الثاني مقارنة بمجموعة التحكم) عند مرضى السكري من ال

للنسبھ المئویھ المجموعتین على التوالي، عدم وجود فرق في مؤشركتلة ۰‚۰۲تساوي الاحتمالیة 

 ٤‚۸±۲۲( الجسم عند مرضى السكري من النوع الثاني مقارنة بمجموعة التحكم

 القیمة الاحتمالیة و تواليللوسط والانحراف المعیاري للمجموعتین على ال،)۳‚۲۱±۸

إلى نسبة الدھون  نسبة الكولیسترول عالي الكثافة توجد علاقة بین  كما أنھ لا. ۰‚٦۷۷تساوي

، القیمة الثلاثیة وبین العمر وكتلة الجسم والمدى الزمني لمرض السكري من النوع الثاني 

 تساوي الاحتمالیة 

وبین العمر  HbA1cعلى التوالي، لاتوجد علاقة أیضا بین نسبة ۰‚۱۳۰، ۰‚۸۰۰، ۰‚۳۲٥

 الاحتمالیة تساوي، القیمة وكتلة الجسم والمدى الزمني لمرض السكري من النوع الثاني 

) وبین Cلاتوجد علاقة بین نسبة البروتین المتفاعل( ى التوالي،عل۰‚٦۰٤، ۰‚۲۰۸، ۰‚۹۷۷

 تساوي ، القیمة الاحتمالیة العمر وكتلة الجسم والمدى الزمني لمرض السكري من النوع الثاني 
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وبین العمر  نسبة الكولیسترول عالي الكثافة لاتوجد علاقة بین ۰‚٥۸۸، ۰‚۰۳۰٦، ۰‚٦۱۳

 تساوي  ، القیمة الاحتمالیة وكتلة الجسم والمدى الزمني لمرض السكري من النوع الثاني 

كما أنھ لاتوجد علاقھ بین نسبة الدھون الثلاثیة وبین العمر وكتلة ۰‚۲۳۰، ۰‚۸۲٥، ۰‚٦۰۷

 تساوي ، القیمة الاحتمالیة الجسم والمدى الزمني لمرض السكري من النوع الثاني 

 علي التوالي. ۰‚۲۱٥، ۰‚٥٦۱، ۰‚۲٤٤

خلصت الدراسة الى ان مرضى السكري من النوع الثاني لدیھم ارتفاع في نسبة الخلاصة: 

انخفاض في نسبة ، الدھون الثلاثیة ونسبة الدھون الثلاثیة الى نسبة الكولیسترول عالي الكثافة 

مقارنة مع  )Cالكولیسترول عالي الكثافة وعدد اكبر من النتائج الایجابیة للبروتین المتفاعل (

حكم، كما أنھ لا یوجد فرق في مؤشر كتلة الجسم عند مرضى السكري مقارنة مع مجموعة الت

نسبة ،الكولیسترول عالي الكثافة ،بین الدھون الثلاثیة كما لا توجد علاقھ مجموعة التحكم .

وبین  Cالبروتین المتفاعل ،الھیموقلوبین السكري ،الكولیسترول عالي الكثافھ الى الدھون الثلاثیھ

 العمر وكتلة الجسم والمدى الزمني للمرض عند مرضى السكري من النوع الثاني.
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Introduction, Rationale, objectives 

1.1 Introduction 

Diabetes is an increasingly important problem, worldwide estimated   to 

be 9.3% in 2019, prevalence higher in urban 10.8% than rural 7.2% and 

in high income 10.4% than low income countries 4.0% one in two ( 

50.1)% people living with diabetes do not know that they have diabetes 

(Yuen et al.,2019). 

Seven countries in eastern mediterranean region have seven high 

prevalence of DM and seven have medium prevalence 9-12% of DM, the 

Sudan is one of the medium prevalence. Type 2 DM is the major type of 

DM accounting for approximately 90% of all cases, the estimate 

prevalence of DM in Africa in 2017 was 3.3% and the Sudan was among 

the country that had a prevalence of DM of more than 12%(Omar et 

al.,2019). 

 With increase in prevalence of type2 DM, arise in incidence of 

secondary co morbidity including hypertension, nephropathy and 

retinopathy (Hamiel and Zeitler, 2007).  

The importance of protecting the body from hyperglycemia cannot be 

overstating the direct and indirect worldwide effect on the human 

vascular tree (are the major source of morbidity and mortality in both 

type 1 and type 2 DM) (Fawler, 2008). 

1.2 Rationale 

Cardiovascular disease is the most important cause of morbidity and 

mortality among patients with type2 DM.Many recent studies 

demonstrates that there is strong relationship between abnormal 

TG:HDLc ratio and positively CRP result with atherosclerosis, and 

therefore we will try to demonstrate this correlation among Sudanese 

diabetic patients due  to lack of researches that clarify this relationship, 



2 
 

and   to give an entrance for other researches that joining TG:HDLc ratio 

with high sensitive CRP and other factors among Sudanese diabetic 

patients.  
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1.3 Objective 

1.3.1 General objective 

  To assess triglycerides: HDLc ratio and CRP in type2 DM as a marker 

for atherogenic index. 

1.3.2 Specific objective 

1.   To measure and triglycerides, HDLc, CRP among type2diabetic 

patients and control group. 

2.   To measure HbA1c   to classify diabetic patients according   to their 

glycemic control. 

3.   To calculate triglycerides: HDLc ratio among the two study groups.  

4.   To correlate triglycerides: HDLc ratio with CRP as indicator for the 

atherogenic process.  

5.   To correlate triglycerides,TG: HDLc , HDLc ,CRP with Age, 

Duration and BMI among the diabetic group.  
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Literature Review 

2.1 Diabetes mellitus 

Clinical diabetes mellitus is a syndrome of disordered metabolism with 

inappropriate hyperglycemia due either to an absolute deficiency of 

insulin secretion or a reduction in the biologic effectiveness of insulin or 

both (Gardner and Shoback, 2007). 

2.1.1 Type 1 Diabetes mellitus 

Type 1 diabetes is a chronic auto immune disease characterize by insulin 

deficiency and resultant hyperglycemia (Dimeglio et al., 2018). Most 

common chronic chilhood illnesses, affecting 18   to20 per 100000 

children ayear in United kingdom(Devendra et al.,2004).The causes of 

type 1diabetes is unknown (WHO, 2013) however it is believed   to 

involve a combination of genetic and environmental factor (Yoon,1990),it 

is consider as a result of cellular mediated auto immune destruction of 

beta cell of the pancreas causing an absolute deficiency of insulin 

secretion (Islet cell auto antibodies) or due antibodies against insulin 

(insulin auto antibodies), glutamic acid decarboxylase auto antibodies, 

tyrosine phosphatase IA -2 and IA-2B (Bishop et al.,2018).The largest 

genetic component of the risk for type1 diabetes, is the major 

histocompatibility complex in chromosome 6, including DR3-DQ2 and 

DR4-DQ8 alleles that increase risk, and DR2-DQ6 alleles which is 

protective(Karuranga et al.,2008).Environmental factor despite decades 

of research, the  relation between viruses and islets cell are 

circumstantial, the most robust association with viruses and type 1 

diabetes involve enterovirus  species, of which some strain have the 

ability   to induce or accelerate disease in animal models (Coppieters et 

al.,2012). Congenital rubella, coxakie B, and viruses such as 

cytomegalovirus, adenovirus and mumps are also involved (Who, 2019). 
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Family members who expressed auto antibodies   to insulin, GAD 65 and 

IA-2 have 75% 5-yrs risk of diabetes compared with a 25% 5-yrs risk in 

relative who expressed one of those auto antibodies (Barker,2006). 

2.1.1.1 Latent Autoimmune Diabetes in Adult (LADA): 

LADA is slowly progressive form of autoimmune diabetes that develops 

in adult and does not require insulin therapy for some time after diagnosis 

(Redondo,2013), it is occur in 10% of individual older than 35 years and 

in 25% below that age. Prospective studies of β cell function show that 

LADA patients with multiple islets antibodies develop β cell failure 

within 5 years (Stenstrom et al.,2005).The diagnosis of LADA is 

currently based on three criteria.A.adult age at onset of diabetes. B. The 

presence of circulating Islet autoantibodies (Distinguish LADA from 

classic type2 diabetes). C. Insulin independence at diagnosis (Distinguish 

LADA from classic type 1diabetes) (Fourlanos et al., 2005).   

2.1.2 Typ2 diabetes mellitus: 

Previously called noninsulin diabetes mellitus, this is the most common 

variety worldwide (90% of all diabetes causes), (Crook,2012).More than 

90% of type2 diabetes is insulin resistant and at least 25% of subject with 

normal glucose   tolerance may be insulin resistant, but secrete sufficient 

insulin   to overcome resistance (Melmed and Coon,2005).Most patients 

in this type are obese or have an increase percentage of body fat 

distribution in the abdominal region.an increase in age, obesity and lack 

of exercise (Bishop, 2018), ethnicity and family history, smoking, in 

adequate intake of fruit and vegetables, whole grains and dietary fibers 

and high intake of energy as saturated fat. Consider as risk factor for 

type2 D.M (Karuranga et al.,2017).The causes of type2 diabetes mellitus 

remain unclear. Insulin resistance and abnormal insulin secretions are 

central   to the development of type2 D.M. 
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A- Insulin resistance syndrome (syndrome x): is defined as decrease 

biological response   to normal concentration of circulating insulin. 

B- Loss of B cell function: the increase of β cell demand induced by 

insulin resistance is ultimately associated with progressive loss of 

B cell function that is necessary for the development of fasting 

hyperglycemia (Burtis et al.,2008). 

Type2 diabetes has strong genetic component, The familial clustering of 

type2 diabetes suggest strong genetic component .monozygotic twins 

have a60% to90% concordance for type2 diabetes. The risk for type 2 in 

siblings of diabetic patients is 10% to33% versus5% for the general 

population. Off spring of women with type2 diabetes have two fold   to 

three fold greater risk for diabetes, than offspring of men with the disease 

(Dermmott, 2013). 

2.1.3 Gestational diabetes mellitus: 

Gestational diabetes is defined as any degree of glucose in 

tolerance with onset or first recognition during pregnancy. 

Usually occur in Women who are overweight or women with family 

members who have had gestational diabetes or have type2 diabetes 

(African American Indian and Hispanic)(Buchanan et al ,2007). 

In UK about 4-5% of pregnancies are complicated by gestational diabetes 

mellitus it is associated with increased fetal abnormalities for example 

high birth weight, cardiac defect and poly hydrmnios. In addition, birth 

complication, maternal hypertension and need for cesarean section may 

occur (Crook, 2012). 

2.1.3.1Diagnosis of Gestational diabetes mellitus:  

It diagnosed if two or more of the value (venous serum or plasma 

glucose level are met or exceeded (Seshiah et al., 2004). 

 



7 
 

2.1.3.2 Treatment of gestational diabetes: 

Excellent glycemic control   to prevent complication in the 

newborn monitoring and insulin some cases with high dosage, >75% of 

these women will go to develop type2 DM) in later life (Greensteinand 

Wood, 2011). 

Also stay at a healthy weight, eat healthy diet, get active and tested 

regularly can reduce the percentage (Daviset al., 2009).  

2.1.4 Other types of diabetes mellitus: 

Diabetes may cause by:  

1.  Disease of exocrine pancreas: 

Fibro calclouspancreatopathy, pancreatitis, trauma, pancreatectomy, 

Neoplasia, heamochromatosis and others (Who,2020). 

2. Disease of endocrine pancreas: 

Cushing Syndrom, Acromegaly, Pheaochromocytom, Glycogenom, 

Hyperthyrodism,Polyglandular Syndrom1, 2 and others (Wass and Owen 

,2014). 

3. Drugs of chemical during therapeutic use: 

Pantamidine, Asperginase, Dizoxide (by interfering with insulin 

production and secretion).Steroid, Betagonists, growth hormone 

(reducing effectiveness of insulin). Thiazide diuretics, cyclosporine, Fr-

506 (act on both insulin secretion and action). Nicotinic acid, total 

parenteral nutrition, miscellaneous drugs (act independent of insulin) 

(Mohan and Mohan,1997). 

4. Infections: 

Cytomegalovirus (Hjelmeasaeth et al., 2005), Coxackivirus, 

mumps, rubella, and others (Who,2019).  
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2.1.5 Genetic defect of β cell function: 

Monogenic diabetes: 

Monogenic diabetes is account for approximately 1-2% of all cases of 

diabetes with overlapping clinical features with common form of 

Diabetes, make diagnosis challenging (Carroll and Murphy,2013). Its 

Diabetes result from mutations in a single gene. the main form of 

monogenic diabetes is: 

Neonatal Diabetes: condition occur in the first 6 month of life, infants do 

not grow well before birth and born small for their age.  

Permanent Neonatal Diabetes (lifelong condition).  

Transient Neonatal Diabetes which goes away during infancy but can 

return later in life(Anhalt et al.,2017). 

Maturity Onset Diabetes of the Young (MODY): 

MODY1: Mutation of hepatocyte nuclear factor (HNF4A).  

MODY2: Mutation of glucokinase gene.  

MODY3: Mutation of the HNFIA gene (Crook,2012). 

2.1.6 Genetic defect in insulin action: 

1) Lipo dystrophies. 

2) Insulin receptor mutation. 

3) Rare Down Stream insulin signaling defect(Wass and Owen,2014). 

2.1.7 Other genetic syndrom like: 

  Down syndrome, Walfer syndrome 

,Turner syndrome, Prades-willi syndrome (Baco,2019). 

2.1.8 Uncommon forms of immune mediated diabetes: 

Stiff person syndrome, anti-insulin receptor antibody.(Azam,2013). 
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 Impair glucose   tolerance(also known as prediabetes): 

prediabetes is an intermediate state of hyperglycemia with glycemic 

parameter above normal but below the diabetes threshold. It remains a 

state of high risk of developing diabetes with yearly conversion rate of 5-

10 % prediabetes commonly . 

The mechanism whereby obesity predispose   to prediabetes and 

metabolic syndrome are incompletely understood but likely have a 

common metabolic soil(Grundy,2012).Subject with IFG ∕IGT have an 

increased risk of diabetes and higher prevalence of cardiovascular disease 

than norm glycemic (Colagiuri,2011). 

Metabolic syndrome: metabolic syndrome is multiplex risk factor that 

consists of several risk correlates of metabolic origin.in addition   to 

dyslipidemia, hypertension, and hyperglycemia (Grundy,2008).the 

pathophysiology seems   to be largely attributable   to insulin resistance 

with excessive flux of fatty acids implicated (Eckelet al.,2005).  

2.1.1.1 The Pathogenesis of type1 diabetes mellitus: 

It depends on destruction of β cell by host T cell which causes complete 

absence of insulin. The auto immune process include Auto antibodies   to 

Islet cell, insulin and glutamic acid decarboxylase, and also auto immune 

process may related   to genetic predisposition in combination with 

environmental factor (Dermmott,2013). The contribution of T cell in 

pathogenesis is beyond doubt. Therapies directed against T cell have been 

shown   to halt the disease and prevent recurrent β cell destruction after 

Islet transplantation (Roep,2003).Various inflammatory cy  tokines and 

oxidative stress produced by Islet-infiltrating immune cells have been 

proposed   to play an important role in mediating the destruction of β cell 

(anti-oxidant and redox signaling) (Kanto et al.,2007). 
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2.1.2.1 The Pathogenesis of type2 diabetes mellitus: 

When glucose hemostasis defect by reduce β cell mass (either through 

genetic and or cytotoxic factor) predispose for glucose in tolerance raise 

in blood glucose make further defect in βcell responsiveness   to meal by 

impairing the first phase Insulin response, also adipocyte play very 

important role in maintenance   total body glucose homeostasis by 

regulating the release of free fatty acid and production of adipocytokinase 

that influence insulin sensitivity in muscle and liver (Leahy, 2005). 

Also Raise in blood glucose perhaps in concert with fatty acid (feature for 

obesity and insulin resistance) cause additional deterioration in β cell 

function along with further Insulin resistance(Antonio and Drive,2004). 

Signs and symptoms of diabetes mellitus: 

Increased thirst, Frequent urination, Extreme hunger, Fatigue, Irritability, 

Blurred vision, Slow healing sores, Frequent infec  toin, Unexplained 

weight loss (Myoclinic,2019), Numbness or tingling in hands and feet 

(Martin et al ;2003), Bedwetting (type1 DM) (Cho et al.,2017). 

 The Complications of diabetes mellitus:  

 People with type2 diabetes are at increased risk of many complications, 

which are mainly due   to complex and interconnected mechanisms such 

as hyperglycemia, insulin-resistance, low grade inflammation and 

accelerated atherogenesis (Schlienger,2013). 

1. Acute complications of diabetes mellitus: 

It include hyper osmolar non ketotic coma. (HNC)(Result from insulin 

deficiency), Lactic acidosis (Associate with other factors that may be 

related   to diabetes such as cardiovascular disease), hypoglycemia (from 

the treatment of diabetes). (Fishbin and Palumbo, 1995) and diabetic 

ketoasidosis. 

Diabetic ketoacidosis: (DKA) is life threatening condition in which 

sever deficiency lead   to hyperglycemia. Excessive lipolysis, and 
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unrestrained fatty acid oxidation producting the ketone bodies acetone 

(Wiliams, 2003). 

2. Chronic complications of diabetes mellitus: 

The Micro vascular complications of diabetes mellitus: 

A. Diabetic retinopathy: 

Diabetic retinopathy it is involves anatomic changes in retinal vessels and 

neurologia. The pathogenetic mechanisms is imperfectly understood 

(Engerman, 1989), the molecular and physiologic abnormalities that have 

been found   to develop in the retina in diabetes are consistent with 

inflammation (Tang and Kern,2011). 

B. Diabetic nephropathy: 

Diabetic nephropathy is the leading cause of renal failure in the United 

States.it is defined by proteinuria >500mg in 24hours in the setting of 

diabetes, but is preceded by lower degree of proteinuria (micro 

albuminuria is defined as albumin excretion of 30-299mg∕24 hours 

(Fawler,2008).  

It occur in 15-40% of patients with type1and 5-20% in patients with 

type2, the pathogenic mechanism involve  generation of reactive oxygen 

species (ROS) accumulation of adrenal glycation end product (AGE), and 

activation of intracellular signaling molecules like protein kinase C 

(Chawla et al.,2016). 

C. Diabetic neuropathy: 

Diabetic neuropathy is the most common neuropathy in industrialized 

countries, responsible for most limb Amputations and considerable 

morbidity in diabetic patients (Said, 2007).  

It is exact pathogenetic mechanism remains unclear (Greeneet al.,1990). 
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The Diagnosis of diabetes mellitus: 

● Symptoms plus random plasma glucose concentration ≥11.1 

mmol/l (200 mg/dl), 

Or fasting plasma glucose ≥7.0 mmol/l (126 mg/dl)(Silink M et al ; 

2004). 

● 2-h plasma glucose ≥11.1 mmol/l (200 mg/dl) during an oral 

glucose   tolerance test (OGTT). 

The test should be performed in the morning, after an overnight fast of 8–

14 h, using glucose load containing the equivalent of 1.75 g/kg anhydrous 

glucose up   to a maximum of 75 g (i.e., 1.75 g/kg for those weighing <43 

kg and 75 g for those weighing > 43 kg). The glucose load should be 

dissolved in 250–300 ml water and drunk over the course of 5 min. The 

test is timed from the beginning of the drink. Before the OGTT, there 

should have been at least 3 days of an unrestricted diet containing at least 

150 g of carbohydrate daily. 

Prediabetes: 

● Impaired glucose   tolerance (IGT) = 2-h plasma glucose ≥7.8   

to 

<11.1 mmol/l (≥140   to <200 mg/dl) 

● Impaired fasting glucose (IFG) = ≥ 6.1   to < 7.0 mmol/l (≥110   

to <126 mg/dl) (Silink et al.,2003). 

Treatment of diabetes mellitus: 

For type1 diabetes administration of Basel, exogenous insulin is essential 

for regulating glycogen break down, gluconeogenesis, lipolysis and 

ketogenesis, and it is appropriate for carbohydrate intake and promotes 

normal glucose utilization and storage (Jameson.,2010). For type2 

diabetes: metformin (Glucophage, glumetza, others), sulfonylureas, 

meglitinides Thiazolidinediones, DPP -4 inhibitors, GLP-1 receptor 

agonists, SGLT2 inhibitors, insulin (Myoclinic ,2019). 
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2.2Triglycerides: 

 Triglyceride classified as neutral lipid, its contain three fatty acid 

molecules attached   to one molecule of glycerol by ester 

bond(Bishop,2018).Dietary s are digested in the duodenum and absorbed 

in the proximal ileum through pancreatic and intestinal lipase and bile 

acids, first hydrolyzed   to glycerol monoglycerides and fatty acids, these 

component are ressembled as triglyceridess in the intestinal epithelial 

cells and then package with cholesterol and apo B—48   to form 

chylomicrons(Burtis et al.,2008). 

although four databases were searched without language restriction for 

relevant studies(PubMed, Science Direct, EMBASE, and Google 

Scholar), All prospective cohort studies reporting an association between 

TG and CVDs or all-cause mortality published before July 2013 were 

include The relationship of triglycerides to (CVD) remains unclear(Liu et 

al.,2013). Different study like (Vega et al.,2014), (Khan et 

al.,2008),(Awadalla etal.,2018) and others were proved The elevated 

triglycerides in patients with type2 diabetes mellitus, the mechanism is 

still unclear. Triglycerides can be measured in the non-fasting or fasting 

states, with concentrations of 2–10 mmol/L conferring increased risk of 

cardiovascular disease, and concentrations greater than 10 mmol/L 

conferring increased risk of acute pancreatitis and possibly cardiovascular 

disease (Nordestegaard,2014). 

2.3High Density Lipoprotein(HDLc): 

Its smallest and most dense lipoprotein particle, synthesized by liver and 

intestine. Discoidal or spherical shape, Discoidal represent recent and 

most active form in removing excess cholesterol from peripheral cell 

(Bishop et al.,2018).Plasma levels of high-density lipoprotein (HDLc) 

cholesterol are strongly inversely associated with atherosclerotic CVD. 
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The molecular regulation of HDL metabolism is not fully under stood, 

but it is influenced by several extracellular lipase (Jin et al.,2002).  

there are many scientific studies prove the relationship between the Low 

density HDLC and the cardiovascular disease in patients with diabetes 

mellitus like (Golay et al.,1987), (Awadalla et al.,2018), (Elnasri and 

Ahmed.,2008) and others. Alterations of HDLc in diabetes are probably 

based on the presence of insulin deficiency or, more commonly, on 

hyperinsulinemia and insulin resistance. HDLc (particularly the 

subfractionHDLc2) concentration is regulated by two endothelial 

lipolytic enzymes, lipoprotein lipase and hepatic lipase, both of which are 

insulin sensitive (Nikkila,1981). 

2.4 The Triglycerides: high density lipoprotein ratio: 

The triglycerides: HDLc ratio recently used as predict subject at increased 

risk of developing metabolic and cardiovascular complications. ( 

tommaso et al.,2013).Also its prdictive for the severity of CHD. It could 

predict in hospital_new onset heart failure incidents of CHD patients 

(Yunke et al., 2014). 

HDLc levels are inversely related   to plasma triglycerides levels and 

there is a dynamic interaction between HDLc and triglycerides (TGs) rich 

lipoproteins in vivo (Lamarche, 1999). 

The atherogenic link between high Triglycerides and HDLc-cholesterol is 

due   to higher plasma concentration of Triglycerides-rich; very low 

density lipoprotein, That generates small, dense LDL, during lipid 

exchange and lipolysis. This LDL particle accumulate in the circulation 

and form small dense HDLc particles, which undergo accelerated 

catabolism, this dosing the atherogenic circle (Protasio et al., 2008).  

The treatment of lipids disordered include statin, one of the most 

powerful classes of agents for the treatment of cardiovascular diseases the 
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reductions in circulating serum lipid levels that were mediated by 

inhibition of liver 3-hydroxy 3-methyl glutaryl coenzyme A (HMG-CoA) 

reductase (Lefer, 2002). 

Dietary supplementation with soluble fiber, such as psyllium husk, oat 

bran, guar gum and pectin, and fruit and vegetable fibers, lowers serum 

LDL cholesterol concentrations by 5   to 10 percent (Knop,1999). 

The Macro vascular complication of diabetes: 

The major cause of death in people with type2 diabetes according for 

50% of death in this group, the relative risk for cardiovascular disease is 2   

to 3 times higher in men and 3   to 4 times higher in women (Greenstein 

and Wood, 2011).  

2.5 Dyslipidemia: 

Usual risk factor for coronary artery disease account for 25-50%increased 

atherosclerotic risk in diabetes mellitus. Insulin resistant diabetes course 

affects virtually all lipids and lipoprotein (Kreisberg, 1998). 

There is strong evidence that cholesterol lowering improve cardiovascular 

outcome (Schofield et al., 2016).  

A significant component of the risk association with type2 because of itis 

characteristic lipid (triad) profile of raised small dense, low density 

lipoprotein, and elevated triglyceridess (TGs) (Carmena, 2005).  

 The Pathogeneses of atherosclerosis:  

Atherosclerosis develops over the course of 50 years, beginning in the 

early teenage years. The causes of this process appear to be lipid 

retention, oxidation, and modification, which provoke chronic 

inflammation at susceptible sites in the walls of all major conduit arteries. 

Initial fatty streaks evolve into fibrous plaques, some of which develop 

into forms that are vulnerable to rupture, causing thrombosis or stenosis. 

Erosion of the surfaces of some plaques and rupture of a plaque's calcific 

nodule into the artery lumen also may trigger thrombosis. The process of 



16 
 

plaque development is the same regardless of race/ethnicity, sex, or 

geographic location, apparently worldwide. However, the rate of 

development is faster in patients with risk factors such as hypertension, 

tobacco smoking, diabetes mellitus, obesity, and genetic predisposition. 

Clinical trial data demonstrate that treatment with 3-hydroxy-3-

methylglutaryl coenzyme A reductase inhibitors (statins) favorably alters 

plaque size, cellular composition, chemical composition, and biological 

activities centered on inflammation and cholesterol metabolism, as well 

as the risk of clinical events due to atherosclerosis.( Insull. 2009) 

2.6 C-reactive protein (CRP): 

 CRP is an ancient highly conserved molecule and member of pentraxin 

family of proteins, secretes by liver in response   to trauma, infection, 

inflammation (Do clos, 2000). 

Recent evidence implicates inflammation in the pathogenesis of coronary 

heart disease; C reactive protein, a plasma marker of inflammation, is a 

marker of CHD (Folsom et al.,2002), and others multiple prospective 

studies now demonstrate that high sensitivity C reactive protein is a 

potent predictor of future cardiovascular events at all level of low density 

lipoprotein cholesterol (Ridker,2003). 

Elevated HS-CRP was significantly correlate with electrocardiogram; 

defined coronary artery disease (Thakur et al., 2011). 

 

 

 

 

 

 

 



17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter three 

Materials and Methods 



17 
 

Materials and Methods 
 

3.1Materials 

3.1.1 Study Design: 

This study is an analytical cross sectional study. 

3.1.2 Study area and period: 

The study was conducted in Ombada Hospital and EL-emtiaz medical 

center from 12 November   to 1 September.  

3.1.3 Ethical consideration: 

The study was approved from scientific committee of Clinical Chemistry 

department in college of medical laboratory science at Sudan University 

of Science and Technology.an informed consent was obtained from all 

participants (Appendix I).Demographic data was collected by 

questionnaire (Appendix II).  

3.1.4 Study Population: 

The study was consisted of 52 Patients as case group already diagnosed 

as type 2 D.M (according   to American Diabetes Association, 2004) (14 

male and 38 female) and 52 apparently healthy individuals as control 

group (14 male and 38 female), patients with familial 

hypercholesterolemia, familial hyper triglyceridemia were excluded, and 

Age was matched ranged from (32_70) years.  

3.2 Methods 

3.2.1 Sampling: 

After obtaining an informed consent, samples were collected by using dry 

plastic syringes and   tourniquet, venous blood (5ml) was collected in to 

plain, and EDTA container under aseptic conditions. EDTA containers 
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were storage at 4◦c until analysis Plain container samples were allowed   

to clot at room temperature and then were centrifuged at 4000 rpm for 5 

minutes   to obtain serum for triglycerides, HDL and CRP. The samples 

were stored for -20◦c until analysis. The sample with interference 

substance like hemolysis and icteric sample was excluded. 

3.2.2 Estimation of triglycerides: 

Lipoprotein lipase hydrolyzed triglycerides   to glycerol and free fatty 

acid, the glycerol formed with ATP in the presence of glycerol kinase 

formed glycerol 3 phosphate which is oxidised by the enzymes glycerol 

phosphate oxidase and formed hydrogen peroxide. The hydrogen 

peroxide further reacted with phenolic Compound and 4amino antipyrine 

by catalytic action of peroxidase and formed a red color quinonamine dye 

complex, the color was directly proportional   to the amount of 

triglycerides presented in the sample (Appendix III).  

3.2.3 Estimation of HDLc: 

Very low density lipoproteins (VLDLc), and low density lipoprotein 

(LDLc) in the sample precipitated with phosphotungestate and 

magnesium ions. The supernatant contained high density lipoproteins 

(HDLc). The HDLc cholesterol was then spectro -photo metrically 

measured ( Appendix IV).  

3.2.4 Detection of CRP: 

The test was an immunologic reaction between CRP as an antigen and the 

corresponding antibody coated on the surface of biologically inert latex 

particles (Appendix V). 

3.2.5 Estimation of HbA1c: 

 HbA1c estimation is based on the fluorescence immunoassay 

technology, specifically the competition immune detection method. 

Whole blood added   to the mixture of hemolysis buffer and detection 
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buffer, which resulted in hemolysis of red blood cells. The mixture 

containing HbA1c from the hemolyzed red blood cells and fluorescence-

labeled HbA1c peptides from detection buffer was loaded on to the 

sample well of the cartridge. The mixture then migrated through the 

nitrocellulose matrix of the test strip by capillary action. HbA1c from the 

blood competes with fluorescence-labeled HbA1c peptides for binding 

sites on HbA1c antibodies fixed on the nitrocellulose matrix. As a result, 

the higher concentration of HbA1c produced a lower fluorescence signal 

from HbA1c-peptides. The signal was interpreted and the result 

displayed. on i-CHROMA reader in units of percentage (Appendix VI).  

3.3 Quality control: 

Pathological and normal control sera were measured   to verify the 

performance of the measurement procedure, for TG use control serum 

level I (cod.18040) and II (cod. 18041) and for HDLc use control serum 

level I (cod.18005,18009 and 18042). 

3.4 Statistical analysis: 

Statistical procedure was followed using statistic package for social 

science (SPSS) version 16 on programmed computer. Independent 

sample T test was applied   to compare biochemical quantitative data 

between case and control groups and Person's correlation test was applied 

for the correlations. The level of significant was expressed as P<0.05. 
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Results 

 
The study induced 52 patients with type2 diabetes and 52without 

diabetes, SPSS was done and the results were as follow: 

Table 4.1 shows: significant increase in TG: HDLc ratio among type2 

diabetic patients in comparison with control group, with p-value 0.000, 

significant increase in TG between  type2 diabetic patients in comparison 

with non-diabetic group, with p-value 0.000,also significant decrease in 

HDLc among type2 diabetic patients in  comparison with control group, 

with p-value 0.000,and significant increase in  percentage of CRP among 

type2 diabetic patients in comparison with control group, with p-value 

0.02,in significant difference in Age between type2 diabetic patients and 

control group with p-value .616, and in significant difference in BMI 

between type2 diabetic patients and control group with p-value 0.677.  

Table 4.2 shows: No correlation between ratio and age, BMI, duration, 

among type2 diabetic patients with r and p-values ( r .120, p .325),(r  - 

.036  p .800), (r   - .211  p .130) respectively, No correlation between 

HbA1C and Age, BMI, duration, among type2 diabetic patients with r 

and p-values(r  .000 p .977),(r   - .177 p .208),(r    .074  p  .604 

respectively. Also no correlation between CRP and age, BMI, duration, 

with r and p-values ( r    - .072  p .613),( r    .145 p .306),(r   - .077 p .588) 

respectively, no correlation between HDL and Age, BMI, Duration with r 

and p-values(r   .73 p  .607),( r   - .031 p .825),(r   . 314 p .23) 

respectively, and no correlation between TG and Age, BMI, Duration 

with r and p-values (r .165, p  .244),(r  - .082 p .561),(  r   - .175 p .215) 

respectively.  
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Table 4.3 shows: No correlation between CRP and ratio, HbA1c among 

type2 diabetic patients with r and p-values (r  .246 p .078), (r    .254 p  

.064) respectively.  

Table 4-1 Comparison of the mean and standard deviation of Age, 

BMI, TG,HDL,TG:HDL Ratio and CRP between cases (diabetic 

patients HbA1c >7) and control (HbA1c≤7%) with p-values.  

 

Variable   Case 

(n=52) 

Mean ± SD 

Control 

(n=52) 

Mean ± SD 

P value 

Age 

(years) 

51±9.8 48±9.8 0.616 

BMI 

(Kg/ m2) 

22±4.8 21±3.8 0.677 

Triglycerides 

(mg/dl) 

169±116 88±17.5 0.000 

HDLc 

(mg/dl) 

34±14 50±9.5 0.000 

TG: HDLc ratio 9.2±6.9 1.69±0.47 0.000 

CRP Positive Test 

(%) 

33.0% 0.0% 0.02 

Independent T-test was used for comparison Diabetics and Control 

groups, P-value ≤ 0.05 considered significant. 
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Table 4-2Correlation between HDL, TG, TG:HDL ratio, HbA1c, 

CRP and Age, BMI, Duration among type 2 DM. 

 Age BMI Duration 

P.valu

e 

r P.value R P.value r 

HDLc 

(mg/dl) 

.607 .073 .825 -.031 0.230 .314 

TG 

(mg/dl) 

.244 .165 .561 -.082 .215 -.175 

TG/HDLc ratio .395 .120 .800 -.036 0.133 -.211 

HbA1c 

(%) 

.997 .000 .208 -.177 .604 .074 

CRP Positive Test 

(%) 

0.613 .072 .306 .145 .588 -.077 

Person's Correlation was used, P value ≤ 0.05 considered significant.  

r: is coefficient and strength. 
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Table 4:3Correlation between CRP, TG/HDL ratio and HbA1c in 

type2 diabetic patients. 

 Variable CRP 

P.value r 

TG/HDLc ratio 0.078 0.246 

HbA1c 

(%) 

0.064 0.259 

Person's Correlation was used, P value ≤ 0.05 considered significant.  

r: is coefficient and strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

 

 

 

 

 

 

 

 

Chapter five 

Discussion, Conclusion and Recommendations 

 

 

 

 

 

 

 



24 
 

Chapter five 

Discussion, Conclusion and Recommendations 

5.1 Disccussion 

The chronic hyperglycemia of diabetes is associated with long-term damage, 

dysfunction, and failure of various organs, especially the eyes, kidneys, 

nerves, heart, and blood vessels (Diabetic care,2005). 

The results of this study revealed that, there is a significant increase in the 

mean of TG among type2 diabetic patients versus control group. The result is 

in agreement with some studies like (Smith et al.,2008;Elnasri and Ahmed, 

2008). the elevation of TG among type2 diabetic patients although its stated in 

many studies like(Khan et al.,2008;Liu etal,.2013;Vega et al., 2014).The 

mechanism by which TG increase among type2 diabetic patients its still 

unclear but may  be caused by increased free fatty acid flux secondary   to 

insulin resistance and aggravated by increased inflammatory adipokines 

(Chehade et al.,2013).There is a significant decrease in the mean of HDL 

among type2 diabetic patients versus control group came in agreement with 

other studies like(Gloay et al.,1987;Awadalla et al.,2018),and a good 

explanation of that result is (the presence of insulin deficiency or more 

commonly on hyperinsulinemia and insulin resistance, HDL particularly the 

subfraction HDL2 concentration is regulated by two endothelial lipolytic 

enzymes, lipoprotein lipase and hepatic lipase, both of which are insulin 

sensitive(Nikkila,1981). 

There is a significant increase in the mean of TG:HDL ratio among type2 

diabetic patients versus control group. This result came in agreement with 

some studies like (Khan et al.,2008;Vega et al.,2014;Mohieldein et al., 

2014).that insure the relationship between type2 diabetes and high TG:HDL 

ratio and The result can be interpreted by the abnormal results of TG and HDL 

and the theory of Protasio ( higher plasma concentration of Triglycerides-rich, 
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very low density lipoprotein, That generates small, dense LDL, during lipid 

exchange and lipolysis. This LDL particle accumulate in the circulation and 

form small dense HDL particles, which undergo accelerated catabolism, this 

dosing the atherogenic circle (Protasio,2008).there is a significant increase in  

the percentage of CRP among type2 diabetic patients versus control group, the 

results is in agreement with some studies like (Erbacci et al.,2002;Ojiminiyi et 

al,2002).The elevated percentage of CRP among type2 diabetic patients 

versus control group may due   to elevation in lipid which may cause 

Inflammation and then presence of CRP as immunological response (Allin 

and Nordestgaard,2011).There is no significant differences in BMI among 

type2 diabetic patients versus control group . although many studies insure the 

relationship between diabetic patients and increased BMI like ( Elnasri and 

Ahmed, 2008;Gray et al.,2008), although the pathogenesis of obesity induced-

insulin resistance is still obscure in many aspects( Zeyda and Stulnig ,2009), 

many diligence to know the mechanism like ( adipocytes secrete a unique 

signaling molecule, which we have named resistin (for resistance   to 

insulin).Circulating resistin levels are decreased by the anti-diabetic drug 

rosiglitazone, and increased in diet-induced and genetic forms of 

obesity(Steppan et al., 2001). So type 2 diabetes mellitus can happen by many 

causes like genetic or βcell destruction and viruses and many reasons and not 

required just increased BMI   to occur. There is no correlation between TG 

and Age, BMI, Duration. The relation between TG and Age is variable 

(Okecka et al.,2011; Elnasri and Ahmed,2008) and the cause may due to (Age 

related decrease in the capacity of respiring tissue to oxidize fat rather than 

decrease free fatty acid release is more likely determinant of lipid implance 

and the Age related increase in adiposity)(Toth and Tchernof,2000) and 

absence of relationship between TG and BMI, Duration may due to the using 

of lipid reducing Drugs like statin. 
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There is no correlation between HDLc and Age, BMI, Duration among type2 

diabetic patients. We find that HDLc has no relation with Duration and Age 

and itis Impairment is due to other causes mention by ( Rogres G and Cheney 

K(2019); Holland K (2019). like Smoking, inheritance factor, lack of some 

hormones, obesity and lastly due   to the therapeutic used in reducing 

cholesterol which may Interpret absence of the relationship between HDLc 

and those factors mentioned above. 

There is no correlation between TG: HDLc ratio and Age, BMI, Duration 

among type2 diabetic patients. Actually there is a relationship between 

abnormal lipid profile and BMI (Sandoval et al.,2014) and here can 

interpreted by the closed value of BMI among type2 diabetic patients and the 

absence of the correlation between HDLc and Age, Duration have interpreted 

by that (the Age and duration are variable and their relation is depending on 

the life style which mainly effect on BMI).  

There is no correlation between CRP and Age, BMI, Duration among type2 

diabetic patients. There is no previous data interpreted absence of the 

relationship.  
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5.2 Conclusion 

Type2 diabetic Sudanese patients had increase HbA1c, TGs, CRP, TG: HDLc 

ratio and deteriorated HDLc compared with non-diabetic control group.  
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5.3 Recommendations 

. From the results of this study it’s recommended that: 

.TGs: HDLc ratio and CRP can be used routinely for type2 diabetic patients  

to assess atherogenic index   to avoid the complications that may suddenly 

happen.  

. Cohort study have recommended for these variables to clarify the changes 

will happen at successive periods of time.  
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Appendices  

Appendix I 
 الموافقة المستنیرة

Informed consent 
أنا الباحثة مناسك آدم أحمد زیتون من كلیة علوم المختبرات الطبیة قسم الكیمیاء السریریة، جامعة 

حساب نسبة السودان للعلوم والتكنولوجیا ،أقوم بدراسة علمیة بحثیة لنیل درجة الماجستیر بعنوان : ( 
لدى  Cالدهون الثلاثیة إلى نسبة الكولیسترول عالي الكثافة وربط نتائجها مع تفاعل البروتین المتفاعل 

 نفس الأشخاص المصابین بمرض السكري من النوع الثاني). 
لقد قمنا بإختیارك على أن تشاركنا هذا البحث العلمي لأنك تنطبق علیك شروط الشخص الذي یمكن 

المشمولین في الدراسة ( شخص یعاني من مرض السكري من النوع الثاني حضر إلى أن یكون من 
المركز للمتابعة ، لیس لدیه أي من أمراض الدهون الوراثیة ، حصاوي الكبد ، أمراض الكلى ، نقص 

ولا یعاني من اي  هرمون الغدة الدرقیة، ولا یتعاطى الكحول أو أي أدویة تؤثر على نسبة الدهون
 ). ي هذه الفترهالتهاب ف

مل) من الدم لإجراء فحص الكولیسترول ٥خلال هذه الدراسة سوف أقوم بأخذ الطول والوزن واخذ (
) ١٢_٩عالي الكثافة والدهون الثلاثیة والسكر المرتبط بجزئ الهیموقلوبین وهذا یتطلب الصیام من( 

 ساعات للحصول على نتائج سلیمة .
إحداث بعض الألم وقد یؤدي إلى ظهور ورم في منطقة الحقن قد  علماً بأن سحب العینة قد یؤدي إلى

 یزول بمرور ساعات ،اوظهور كدمات زرقاء وسوف نعمل على تفادي كل هذه المضاعفات .
بعد الموافقة منك واخذ العینة والإجابة على جمیع الأسئلة المكتوبة في البحث والتي سوف تكون في 

املین في البحث ، سوف یتم أخذ العینة والعمل على تحلیلها وسیتم سریة تامة ولن یطلع علیها غیر الع
 إخبارك بالنتائج التي تحصلنا علیها خلال شهر من زمن سحب العینة .

علماً مسبقاً بأن الفحص لن یتطلب منك أي تكلفة مادیة ولن یعود علیك اي عائد مادي أیضا ؛ وعلما 
 نسحاب منه متى أردت ذلك. بأن اشتراكك في البحث عن طواعیة؛ ویمكنك الا

 إقرار المشارك :
لقد إطلعت على الملعومات الحالیة والتي تم شرحها لي واتیح لي طرح الأسئلة عنها كیفما شئت ، ولقد 
تلقیت الإجابات الوافیة على كل الأسئلة ، وانا أقر كتابیاً بالموافقة على المشاركة طواعیة في هذه 

وقف عن المشاركة في أي وقت دون أن یؤثر ذلك على حقوقي الأخرى الدراسة ، وأعلم بحقي في الت
 او الإستفادة من هذه النتائج .

 توقیع المشارك ........................

 توقیع الباحث ...........................
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Appendix II 

Questionnaire 

Sudan University of Science and Technology 

College of Graduate Studies 

Assessment of Triglycerides   to High density lipoprotein Cholesterol 
ratio and C-reactive protein among type 2 diabetic patients In Khartoum 

State 

Code  No                                               Date                         

Personal data: 

Name 

Age                                                   years 

Gender    male                                 female         

High                                              m 

Weight                                              kg 

BMI                                                  kg/m2              

Smoking              Yes                        No                             

Type of DM        type 1                    type 2 

Duration of DM                               years 

Treatment used                                             

Investigation: 

CRP mg/dl 

Triglyceride mg/dl  

HDL mg/dl 

% HbA1c 
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