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ABSTRACT 

 

Inadequate glycemic control and lipid abnormalities which are prevalent among diabetic 

patients on hemodialysis may act synergistically to place these patients at an augmented 

risk for morbidity and mortality of diabetic complications.  At the time of starting this 

study (Nov 2007), diabetes mellitus  was prevalent  among the hemodialysis Palestinian  

patients in Gaza Strip by 23 %. 

The purpose of this case - controlled study was to assess the glycemic control and 

prevalence of dyslipidemia among the diabetics who were on hemodialysis, by following 

them up for 9-12 months and carrying out the following measurements (every 3-4 months) 

glycated hemoglobin (A1C), LDL cholesterol, HDL cholesterol, total cholesterol, and  

triglycerides, over the time of study, from Nov 2007 to Aug 2008.  To achieve this 

purpose, fifty diabetic patients on dialysis were selected from the four hemodialysis centers 

in Gaza Strip hospitals (Al-Shifa, Nasser, Al-Aqsa, & Al-Najar). Twenty five healthy 

individuals without any obvious disease were taken as control. High mortality among the 

dialysis patients was noticeable. Fifteen hemodialytic diabetic patients died during the 

study period. Ten of the dead  patients had history of hypertension before reaching the end 

stage renal disease. 

The results of this study showed a signif icant elevation in glycated  hemoglobin (A1C%)  

among the hemodialytic diabetic patients in comparison to healthy controls along the study 

period.  Using a cutoff value A1C  6.5 % for good glycemic control, the results showed             

a significant proportion of patients (>40 %) with inadequate glycemic control in each of 

three tests carried along the study period. More than half (55.6%) of patients who 

underwent insulin therapy were with  inadequate glycemic control. This result is indicative 

of insulin resistance among these patients. Dyslipidemia was characteristic in hemodialytic 

diabetic patients where the levels of HDL cholesterol were found to be significantly lower 

in all patients compared to controls 32.5 ± 8.8 vs. 42.7 ± 9.1 mg/dl; respectively (P-value 

<0.05). The mean LDL/HDL ratio in patients was higher and  significantly different from 

that in controls, 3.6 ±1.3 vs. 2.7 ±0.8; respectively  (P-value < 0.05).  

Conclusion : Inadequate glycemic control in diabetics on hemodialysis was prevalent, 

insulin resistance is suggested, dyslipidemia  is predominate, and further follow up of these 

patients is recommended. 

Keyword  : Hemodialysis, Diabetes mellitus, Glycemic control,  A1C , Dyslipidemia. 
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  العربي الملخص
  

  
تقدير مدى نجاعة السيطرة على مستوى السكر والدهون في بالزما الدم للمرضى الفلسطينيين الذين 

 يعانون من فشل كلوي مصحوب بداء السكري  
  

 مرضىال بينو التي هي غالبا ما تكون شائعة  الدم في والدهون السكر مستوى  على بشكل جيد السيطرة عدمإن  

  زيادة يؤدي إلى خطرمستوى  في المرضى هؤالء وضعتعمل سويًا على  قدالذين يعانون من فشل كلوي  يالسكر بداء

 في هؤالء المرضى والوفيات االعتالل معدالتوالتي بدورها تؤدي إلي ارتفاع السكري  داء مضاعفات إن داء .

ن داء السكري ٬ كا)۲۰۰۷ نوفمبرفي ( الدراسة هذه ءبدالمؤدية للفشل الكلوي٬ وعند  ةسباب الرئيسيالسكري هو أحد األ

الكلية (الدم الذين يعيشون على غسيل  و غزة قطاع في الفلسطينيينبين مرضى الفشل الكلوي  ٪ ۲۳  بنسبة منتشر

   .)الصناعية

 و الدهون السكرمدى نجاعة العالجات المستخدمة للسيطرة على مستوى  تقييمهو  دراسةال هذه من هدفاللقد كان 

ة هؤالء متابع خالل من وذلك  ٬فشل كلويالفي مرضى السكر المصابون ب لبقائهم ضمن المعدل المرغوب الدم في

بين  رأشه ۳ ٤بفارق زمني  (الفحوصات التالية لثالث مرات  إجراءحيث تم  عشرة أشهربلغت   المرضى لفترة زمنية

 خرو آ كل فحص المحمول  الكولسترول٬  (Glycated hemoglobin or A1C) المتحد بالسكر الهيموجلوبين :)

 ٬ (HDL-C) المحمول ببروتينات دهنية عالية الكثافة الكولسترول ٬ (LDL-C)ببروتينات دهنية منخفضة الكثافة 

الفترة  خاللو ذلك في بالزما الدم  (Triglycerides)الدهون الثالثية و  ٬ (Total cholesterol)الكولسترول الكلي و

من مرضى الفشل كلوي و  خمسين اختيار تم الهدف ذلك لتحقيق  .۲۰۰۸ أغسطس إلى ۲۰۰۷ نوفمبر منالزمنية 

 ٬ الشفاء( غزة قطاع مستشفيات في غسيل الدم بالكلية الصناعيةل مراكز أربعةمن  يالسكر الذين كانوا مصابين بداء

من  مسبقًا و الذين لم يعانوا األصحاءمن المتطوعين  ۲٥ وفي المقابل تم اختيار ).النجار٬ واألقصى شهداء ٬ ناصر

من  عشر خمسةحيث توفى   ٬المرضى هؤالء بين الوفيات معدل ارتفاع خالل فترة الدراسة لوحظ. يذكر مرضأي 

يعانون من داء  و كان  معدل الوفيات بنسبة أكبر بين المرضى الذين كانوا  .المرضى الخمسين الخاضعين للدراسة

  . قبل إصابتهم  بالفشل الكلوي الدم ضغط ارتفاعب السكري المصحوب

ً ارتفاعكان عندهم  السكربداء  الفشل الكلوي المصابين  مرضىأن  أظهرت الدراسة هذه نتائج  عن المعدل  ا

 أنباعتبار  و  .الدراسة فترة خالل مع مجموعة األصحاء  ً مقارنة)  A1C ٪(  المتحد بالسكر الهيموجلوبين فيالطبيعي 

 ٬٪  ٦.٥ أقل من  بنسبة عليها بقيمة الهيموجلوبين المتحد بالسكر تدليسنجاعة السيطرة على مستوى السكر بالدم 

 ٪٤۰أكثر من ( المرضى من كبيرة نسبة وجود النتائج أظهرت على وي سكر أعلى من المرغوب وذلك مستلديهم )

 األنسولينب عولجوا  الذين المرضىنصف  من أكثر كان هنالكو  .الدراسة فترة لاطو الثالث مدار الفحوصات

 مقاومة على تدل النتيجة هذه ٬ضمن المستوى المرغوب بالبقاء لم يفلح هذا العالج بالسيطرة على سكر الدم )٪٥٥.٦(

هؤالء  وع االضطراب في مستويات الدهون عندشيكذلك  أظهرت النتائج و . المرضى هؤالء لدى ألنسوليناالستجابة ل

مقارنةً    عن المعدل المرغوب (HDL-C)   كان سائداً  بينهم انخفاض مستوى الكولسترول الحميد  حيثالمرضى 

 (LDL/HDL  ratio)   للدهون المرغوبة و كذلك ارتفاع نسبة الدهون الضارة باألصحاء بنسبة أعلى من تلك  

  لهؤالء المرضيالعالجات المستخدمة  ٬ مما يستدعي إعادة تقيم الوضع الصحي والموجودة في األصحاء

  .مستويات الدهون ٬ ٬A1Cالهيموجلوبين المرتبط بالسكر السكري٬داء  ٬غسيل الدم٬ الكلية الصناعية: مفتاحية ال اتالكلم
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1  -  INTRODUCTION  & STUDY JUSTIFICATION 

  1.1    Introduction  

 Diabetes mellitus (DM) is a syndrome characterized by chronic hyperglycemia  due to 

relative insulin deficiency, resistance, or both. It is usually irreversible, and although 

patients can  have a  reasonably normal  lifestyle, its late complications result in reduced 

life expectancy and major health  costs. These include macrovascular disease, leading to an  

increased prevalence of coronary  artery  disease, peripheral  vascular disease  and  stroke,  

and microvascular damage causing diabetic retinopathy and  nephropathy, and contributing  

to diabetic neuropathy (Kumar & Clark, 2006).  Diabetes mellitus is of an epidemic scale, 

with prevalence estimated at 246 million people worldwide (Diabetes Atlas, 2006). Its 

prevalence rate among the adult Palestinian population (18 years and over) reached  9% in 

2007 (WHO, 2008).   

Kidney disease, or nephropathy, is a frequent complication of diabetes, both type 1 and 

type 2, often ends in chronic kidney failure (CKF); a condition where the patient requires 

renal replacement therapy (RRT) in order to live (ADA, 2004). It has become the most 

common leading cause of chronic kidney failure in USA and Europe (Diabetes Atlas 

2006). Between 10% and 20% of  people with diabetes will develop CKF (ADA,  2008). 

Chronic kidney failure constitutes an important health problem in the Palestinian 

National Authority territories. Diabetic nephropathies and glomerulonephritis  considered 

as the most common causes for CKF in Palestine (Abu Shahla, 2003). In West Bank & 

Gaza Strip,  the number of patients on regular dialysis in 2005  increased to 613 patients 

from  482 patients in 2004, and the renal failure was considered as the tenth  leading cause 

of death among the Palestinian populations (Palestinian MOH –Annual Report,  2006).  

Although, no epidemiological data is available about Palestinians who have DM and 

CKF together, in general, the diabetic nephropathy had been reported as the underlying 

disease which leads to the  terminal renal insufficiency in many countries worldwide with 

different frequencies, it accounted for  approximately 22%-45% of  new cases treated with 

CKF (Schena,  2000; USRDS, 2006). In the developed countries, diabetes is the leading 

cause of chronic kidney disease (CKD) and it accounts for 45% of prevalent kidney failure, 

up from 18% in 1980 (NKF-KDOQI,  2007). 
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Patients on long-term dialysis therapy no longer needs to achieve good glycemic control 

to prevent deterioration of kidney function. However, good control may still prevent or 

slow the progression of retinopathy, neuropathy, and possibly macrovascular disease. 

Survival improves with better glycemic control in patients on peritoneal dialysis and 

hemodialysis therapy (NKF-KDOQI, 2007). Furthermore, different studies showed worse 

prognosis and higher death risk with poorer glycemic control (Morioka et al., 2001;  

Kalantar-Zadeh et al., 2007). 

In addition to the risk imposed by diabetes itself, chronic kidney failure and diabetes 

mellitus patients may have lipid abnormalities that act synergistically to place diabetics 

with CKF at an augmented risk for cardiovascular morbidity and mortality (Sarnak et al., 

2003; Agaba  et al., 2005).  Additionally, between 30 and 45% of patients reaching CKF 

showed advanced cardiovascular complications (Skorecki et.al., 2005). The death rate 

among Palestinian patients on dialysis is 7-8%; the cardiac and cerebrovascular 

complications are the main causes of death (Abu Shahla, 2003).   

Good glycemic control in hemodialytic diabetic patients is important to reduce the 

morbidity and mortality risks. Comprehensive care is needed for these patients,  and the 

enormity of DM and its non-renal complications need to be appreciated. The treatment 

process, medical nutrition therapy, and diabetes  control, all interact with one another to 

determine dialysis adequacy, nutritional status, and degree of glycemic control.  

Medication therapy for diabetes may require dose adjustments or may be contraindicated in 

patients with chronic kidney failure. Assessment and management of comorbid diseases, 

including hypertension, hyperlip idemia, anemia, hyperphosphatemia, and 

hyperparathyroidism is important in the care of patients with diabetes and CRF. 

Multidisciplinary care may provide the optimal system for maximizing care of  these 

complex patients (Cavanaugh,  2007). 

 People with diabetes should receive medical care from a physician-coordinated team. 

Such teams may include, but are not limited to, physicians, nurse practitioners, physician's 

assistants, nurses, dietitians, pharmacists, and mental health professionals with expertise 

and a special interest in diabetes. It is essential in this collaborative and integrated team 

approach that individuals with diabetes assume an active role in their care (ADA, 2007). 

 The Palestinian guidelines for diagnosis and management of diabetes mellitus    

published in 2003 by Palestinian Ministry of Health, that was adopted from valid 
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international guidelines, stated that, each diabetic patient should undergo laboratory tests 

including glycated hemoglobin (A1C) and fasting lipid profile: total cholesterol, HDL 

cholesterol, LDL cholesterol, and triglycerides (Palestinian MOH, 2003). These analytical 

tests that measure the glycemic control (A1C test) and  lipid profile abnormalities  are not 

involved in routine hospital  tests for the hemodialytic diabetic patients. 

To date;  however, there have been  no studies specifically examining the relationship 

between  glycemic control, serum lipid profile and  medical therapy used in hemodialytic 

diabetic patients clinics in Palestine. In the present study, we utilized the available data in 

patients charts in the four hemodialysis centers in four hospitals (Al-Shifa, Nasser,            

Al-Aqsa Martyrs, & Martyr Mohammed-Yousif Al-Najar) which are owned and managed 

by the Palestinian ministry of health in Gaza strip, and we assessed the adequacy of 

glycemic control and serum lipid profile by measuring the glycated hemoglobin (A1C), 

HDL, LDL, total Cholesterol and Triglycerides in each patient by carrying out tests every 

3-4 months along the study period. Also in the  present  study; we assessed the relationship 

between  the  medical therapy used  and  adequacy of glycemic control and various  lipid 

parameters in hemodialytic diabetic patients in addition to other factors that affect this 

adequacy of control.   

1.2  Justification & Significance of  study 

The management of the diabetic patients with renal failure is complicated. Patients may 

have inadequate glycemic control for days between the dialysis sessions that increase the 

risk of non-renal complications and may affect the quality of life for these patients. 

Additionally, the lipid abnormalities which are prevalent in hemodialytic patients                  

will  raise the risk level among the hemodialytic diabetic patients. Such patients often 

require intense management, as well as routine monitoring and  follow-up.  The adequacy 

of the glycemic control and serum lipid profile have not been previously assessed  in 

hemodialytic diabetic patients in Palestine. The conduction of  this study  is needed  to  

assess the pharmaceutical care and follow up that is carried out for these patients  in  

Palestine.  
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1.3    Purpose  of  the  present  study  

The overall objective of this study is to assess the adequacy of glycemic control and 

serum lipid profile in hemodialytic diabetic  patients in Gaza Strip, Palestine.                                                               

Specific objectives  : 

1. To assess and identify the prevalence of inadequate glycemic control and 

dyslipidemia in prevalent hemodialysis patients with diabetes, and the impact of 

hypertension history on this prevalence. 

2. To evaluate effect of the medications used to control the glycemia and serum lipids 

in hemodialytic diabetic patients. 

3. To assess the relationship between the glycemic control and serum lipid profile in 

hemodialytic diabetic patients. 
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2  -  LITERATURE  REVIEW 

2.1  Overview  of   Diabetes Mellitus  

2.1.1  Diabetes Mellitus definition  

Diabetes mellitus (DM) is defined as a group of metabolic diseases characterized by 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both. 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 

(ADA,  2003).  

 Several pathogenic processes are involved in the development of diabetes. These range 

from autoimmune destruction of the ß -cells of the pancreas with consequent insulin 

deficiency to abnormalities that result in resistance to insulin action. The basis of the 

abnormalities in carbohydrate, fat, and protein  metabolism in diabetes is due to deficient 

action of insulin on target tissues. Deficient insulin action results from inadequate insulin  

secretion and/or diminished tissue responses to insulin at one or more points in the 

complex pathways of hormonal action. Impairment of insulin secretion and defects in 

insulin action frequently coexist in the same patient, and it is often unclear which 

abnormality, if either alone, is the primary cause of the hyperglycemia. Symptoms of 

marked hyperglycemia include polyuria, polydipsia, weight loss, sometimes with 

polyphagia, and blurred vision. Impairment of growth and susceptibility to certain 

infections may also accompany chronic hyperglycemia. Acute, life-threatening 

consequences of diabetes are hyperglycemia with ketoacidosis or the non-ketotic  hyper-

osmolar  syndrome (ADA,  2003). 

Diabetes is usually irreversible and, although patients can have a reasonably normal 

lifestyle, its late complications result in reduced life expectancy and major health costs. 

These include macrovascular disease, leading to an  increased  prevalence of coronary 

artery disease, peripheral vascular disease and stroke, and microvascular damage causing 

diabetic retinopathy and nephropathy, and contributing to diabetic neuropathy (Kumar & 

Clark  2006).  
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2.1.2    Diabetes Mellitus classification  

DM is classified on the basis of the pathogenic process that leads to hyperglycemia. 

According to the new diagnostic and classification criteria issued by the American 

Diabetes Association (ADA, 2007) the classification of diabetes includes four clinical 

classes :  

 Type 1 Diabetes Mellitus 

Type 1 diabetes results from ß -cell destruction, usually leading to absolute insulin 

deficiency. It is prominent as a disease of childhood, reaching a peak incidence around 

the time of puberty, but can be  present at any age.  

In western countries almost all patients have the immune-mediated form of the disease 

(type 1A). A subtype of type 1 diabetes (type 1B) has recently been described in 

Japanese patients with an abrupt onset, no autoimmune disease and high serum 

pancreatic enzyme concentrations at diagnosis (Kumar  & Clarck,  2006). 

 Type 2 Diabetes Mellitus  

Type 2 DM results from a progressive insulin secretory defect on the background of 

insulin resistance. It is preceded by a period of abnormal glucose homeostasis 

classified as impaired fasting glucose (IFG) or impaired glucose tolerance (IGT), 

(Powers  2005). The four major determinants are: increasing age, obesity, ethnicity and 

family history. Large differences in prevalence exist based on these characteristics 

(Kumar  & Clarck,  2006).  

 Other specific types of Diabetes : due to other causes, e.g., genetic defects in ß -cell 

function, genetic defects in insulin action, diseases of the exocrine pancreas (such as 

cystic fibrosis), and drug or chemical induced (such as in the treatment of AIDS or 

after organ transplantation)  

 Gestational Diabetes Mellitus (GDM) : diagnosed during pregnancy. 

Some patients cannot be clearly classified as type 1 or type 2 diabetes. Clinical 

presentation and disease progression vary considerably in both types of diabetes. 

Occasionally, patients who otherwise have type 2 diabetes may present with ketoacidosis. 

Similarly, patients with type 1 may have a late onset and slow (but relentless) progression 

of disease despite having features of autoimmune disease. Such difficulties in diagnosis 
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may occur in children, adolescents, and adults. Type 2 diabetes is now being observed in 

children and adolescents, particularly in some ethnic groups, such as Hispanic and Afro-

Americans (Frier  & Fisher, 2007).   

2.1.3   Diabetes Mellitus - Incidence and  Prevalence 

A large number of individuals are asymptomatic and do not know they have the disease. 

Although  insulin treatment has greatly increased the life expectancy of the diabetic 

patient, diabetes remains the third leading cause of death by disease, the second leading 

cause of  renal failure  and  blindness (Thomas  & Thomas,  2004).   

 Globally : The prevalence of diabetes for all age-groups worldwide was estimated  to 

be 2.8% in 2000 and is expected to be about 4.4% in 2030. The total number of people 

with diabetes is projected to rise from 171 million in 2000 to 366 million in 2030 (Wild 

et al., 2004). The Federation’s Diabetes Atlas show that, the disease in year 2006 

affected 246 million people worldwide, with 46% of all those affected in the adult 

population (40-59 age) group. Type 2 diabetes constitutes about 85% to 95% of all 

diabetic cases in developed countries and accounts for an even higher percentage in 

developing countries.  It was estimated that 7.3% of adults aged 20-79 had diabetes.  

The Western Pacific Region and the European Region have the highest number of 

people with diabetes, approximately 67 and 53 million respectively. The highest rate  

of diabetes prevalence among the adults (aged 20-79) was found in the North American 

region (9.2%) followed by the European region(8.4%) (Diabetes Atlas, 2006).    

In USA : In year 2007, DM considered as the fifth-deadliest disease in USA, and  

there was about 1.6 million new cases of diabetes diagnosed in people aged 20 years 

or older (ADA, 2008). In that year there was an estimated  23.6  million people (for all 

ages) in the United States, or 7.8 % of the population, have diabetes, and about  5.7 

million of those with diabetes are unaware they have the disease. Diabetes prevalence 

rates among people aged 20 years or older was an estimated at 23.5 million, or 10.7%, 

of all people in this age group have diabetes. In people aged 60 years or older, an 

estimated 12.2 million, or  23.1 %, of all people in this age group have diabetes. Most 

cases of diabetes in United States  are type 2DM. About 5% to 10% of diabetics in the 

United States are classified as type 1DM (National Diabetes Information 

Clearinghouse, 2008).  
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 In  Palestine : In the year 2000, it was estimated that  2 % of Palestinians (for all ages) 

living in West-Bank  and Gaza Strip have  diabetes mellitus (Palestinian Central 

Bureau of Statistics 2000). In 2007, diabetic prevalence rate among  adult Palestinian 

population (18 years and over) reached  9%. Diabetes prevalence rates among people 

aged 60 years or more reached 24.8% (Palestinian MOH-Annual Report,2006; WHO, 

2008). 

2.1.4  DM - Mortality  

 Insulin-treated patients still have a considerably reduced life expectancy. The major 

cause of death in treated patients is due to cardiovascular problems (70%) followed by 

renal failure (10%) and infections (6%). The duration and degree of hyperglycemia play a 

major role in the production of complications (Kumar & Clarck, 2006). 

 Globally : diabetes is likely to be the fifth leading cause of death worldwide. The 

excess global mortality attributable to diabetes in the year 2000, was estimated to be 

2.9 million deaths, equivalent to 5.2% of all deaths. Excess mortality attributable to 

diabetes accounted for 2–3% of deaths in poor countries and over 8% in the USA, 

Canada, and the Middle East. In people 35–64 years old, 6–27% of deaths were 

attributable to diabetes (Roglic et al., 2005). 

 

 In Palestine : In the year 2005, diabetes mellitus was not reported as one of the 10 th 

leading cause of death among Palestinians, but it was considered as 9th  leading cause 

of death among adults aged 20 - 59 year and 7th leading cause of death among adults 

aged 60 years or older. It constituted  3.1 % of total population deaths. In Gaza Strip 

and West Bank, 321 diabetic patients died with mortality rate of 8.5  per 100,000.  The 

mortality rate  in Gaza Strip was higher than that in the West Bank. In Gaza Strip, it  

was 14.8 per 100,000, while in  West Bank, it was 4.9 per 100,000 (Palestinian MOH-

Annual Report, 2006). 

 

 

 

 



9 
 

2.1.5     Insulin  

Insulin is the key hormone involved in the storage and controlled release within the 

body of the chemical energy available from food. It is coded for by chromosome 11 and 

synthesized in the beta-cells of the pancreatic islets. The synthesis, intracellular processing 

and secretion of insulin by the beta-cell is typical of the way that the body produces and  

manipulates  many  peptide  hormones (Kumar & Clarck, 2006). 

2.1.5.1   Chemistry of  Insulin 

Insulin is a small protein;  human insulin has a molecular weight of 5808 Dalton.            

It is composed of two peptide chains (figure 1), connected  to each other by disulfide 

linkages. When the two polypeptide chains are split apart, the functional activity of the 

insulin molecule is lost. Insulin is synthesized in the beta cells by the usual cell machinery 

for protein synthesis (Guyton, 2006; p962). 

Figure 1.  illustrates the structure of human insulin molecule  (Guyton, 2006). 

2.1.5.2   Insulin secretion and degradation   

Insulin secretion is a tightly regulated process designed to provide stable concentrations 

of glucose in blood during both fasting and feeding. This regulation is achieved by the 

coordinated interplay of various nutrients, gastrointestinal hormones, pancreatic hormones, 

and autonomic neurotransmitters. Glucose, amino acids, fatty acids, and ketone bodies 

promote the secretion of insulin.  Glucose is the principal stimulus to insulin secretion in 

human beings and is an essential permissive factor for the actions of many other 

secretagogues (Davis, 2006). 
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When insulin is secreted into the blood, it circulates almost entirely in an unbound form.  

It has a plasma half-life averaging only about 6 minutes, so that, it is mainly cleared from 

the circulation within 10 to 15 minutes. This rapid removal from the plasma is important, 

because, at times, it is as important to turn off rapidly as to turn on the control functions of 

insulin. Except for that portion of the insulin that combines with receptors in the target 

cells, the remainder is degraded by the enzyme insulinase mainly in the liver, to a lesser 

extent in the kidneys and muscles, and slightly in most other tissues (Guyton, 2006; p962). 

2.1.5.3   The relationship between  kidney function and Insulin activity 

About 50% of the insulin that reaches the liver via the portal vein is destroyed and  

never reaches the general circulation. Insulin is filtered by the renal glomeruli and is 

reabsorbed by the tubules, which also degrade it. Severe impairment of renal function 

appears to affect  the rate of disappearance of circulating insulin to a greater extent than 

does hepatic disease. Hepatic degradation of insulin operates near its maximal capacity and 

cannot compensate for diminished renal breakdown of the hormone  (Davis, 2006).   

2.1.5.3.1  Insulin half  life in kidney failure  

The kidney plays a pivotal role in the clearance and degradation of circulating insulin 

and is also an important site of insulin action. The kidney clears insulin via two distinct 

routes. The first route entails glomerular filtration and subsequent luminal reabsorption of 

insulin by proximal tubular cells by means of endocytosis. The second involves diffusion 

of insulin from peritubular capillaries and subsequent binding of insulin to the 

contraluminal membranes of tubular cells, especially those lining the distal half of the 

nephron. Insulin delivered to the latter sites stimulates several important processes, 

including reabsorption of sodium, phosphate, and glucose. In contrast, insulin delivered to 

proximal tubular cells is degraded to oligopeptides and amino-acids by enzymatic action of 

insulin protease or non-specific proteases. Therefore, impairment of the renal clearance of 

insulin prolongs the half-life of circulating insulin and often results in a decrease in the 

insulin requirement of diabetic patients (Rabkin  et al., 1984).  

This can explain the hypoglycemic episodes in diabetics with severe kidney 

dysfunction.  In patients with type 1 diabetes and  moderate to severe kidney dysfunction, 

the frequency of  hypoglycemic episodes may be as much as five times that of patients 

without  kidney disease  (Muhlhauser et al., 1991). 
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2.1.5.3.2   Insulin resistance in uremia 

Although the half life of insulin increased in kidney failure, it may be less effective, in 

such uremic state, the patient may exhibit insulin resistance (Kraus et al., 2004). The 

diminished insulin sensitivity and glucose metabolism appear to be associated with uremic 

toxins and have been shown to be reversible with dialysis (Jones & Pincus,  2008). 

The alteration of metabolic pathways in subjects with diabetes mellitus and uremia may 

occur through posttranslational modification of proteins or alteration of other molecules 

that are involved in glucose transport and metabolism (Kraus & Kraus, 2001). This 

alteration affected by diabetes through the formation of advanced glycation end products 

(Reddy, 1995), and in renal failure, carbamoylation by urea-derived cyanate, alter protein 

activity by modifying structure and charge of proteins (Kraus & Kraus, 2001). 

Additionally, the  insulin resistance is partially the result of an impaired glucose uptake by 

the muscle (Mak  & DeFronzo, 1992).  In uremia, urea-derived cyanate reacts with amino 

groups irreversibly forming carbamoyl amino acids (C-AA) and carbamoyl proteins. 

Carbamoylated molecules can affect binding and  trafficking and alter metabolic pathways 

(Kraus et al.,  2004).   

2.1.6    Chronic  complication  of  DM  

The chronic complications of  DM affect many organ  systems and are responsible for 

the majority of morbidity and mortality associated with the disease. The  risk of chronic 

complications increases as a function of the duration of hyperglycemia; they usually 

become apparent in the second decade of hyperglycemia. Since type 2 DM often has a long 

asymptomatic period of hyperglycemia, many individuals with type 2 DM have 

complications at the time of diagnosis. Chronic complications can be divided into vascular  

and  nonvascular complications. The vascular complications of DM are further subdivided 

into microvascular and macrovascular complications. Nonvascular complications include 

problems such as gastroparesis,  infections, and  skin changes (Powers,  2005). 

2.1.6.1  Microvascular/Neuropathic   complications   

Large, randomized clinical trials of individuals with type 1 or type 2 DM have 

conclusively demonstrated that a reduction in chronic hyperglycemia prevents or delays 

these microvascular complications (Powers, 2005). The microvascular complications result 

from chronic hyperglycemia, including : retinopathy (cataract, impaired vision), 
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nephropathy (kidney failure), peripheral neuropathy (sensory loss, motor weakness), 

autonomic neuropathy (postural hypotension, gastrointestinal  problems) and foot disease 

(ulceration, arthropathy) (Frier & Fisher, 2007). Diabetic retinopathy develops in nearly all 

persons with type 1 diabetes and in more than 77% of those with type 2 who survive over 

20 years with the disease (Klein, 1984).    

2.1.6.2   Macrovascular  complications   

The macrovascular complications including, coronary artery disease (myocardial 

ischemia, infarction), cerebrovascular disease (transient ischemic attack, stroke), and 

peripheral arterial disease (claudication, ischemia) (Frier & Fisher, 2007).   

The  excess mortality incurred by diabetic patients is mainly caused by large blood 

vessel disease, which accounts for about 70% of all deaths, mostly from myocardial 

infarction and stroke. Macrovascular disease also causes substantial morbidity from 

myocardial infarction, stroke, angina, cardiac failure and intermittent claudication. The 

pathological changes associated with atherosclerosis in diabetic patients are similar to 

those seen in the non-diabetic population but they occur earlier in life and are more 

extensive and severe. Diabetes enhances the effects of the other major cardiovascular risk 

factors: smoking, hypertension and dyslipidemia (Frier & Fisher, 2007).   

The coronary heart disease events and mortality are two to four times greater in patients 

with type 2 DM. These events correlate with fasting and postprandial plasma glucose 

levels as well as with the A1C. Other factors (dyslipidemia and hypertension) also play 

important roles in macrovascular complications (Powers,  2005).   

The persistent hyperglycemia and hypertension are the two major controllable factors 

that influence the development of diabetic complications. Although the diabetic 

complications may all occur in all types of diabetes, the spectrum of incidence is different. 

Renal failure due to severe microvascular nephropathy is the major cause of death in            

type 1; whereas macrovascular disease is the leading cause in type 2. Although blindness 

may occur in both types, the etiology is often different. Similarly, although neuropathy is 

common in both types, severe autonomic neuropathy is much more common in type 1 

(Cantrill & Wood, 2003).   
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2.1.6.3   Pathophysiology of  DM  complications  

The mechanisms leading to damage are ill defined. The following are consequences of 

hyperglycemia (Kumar & Clark,  2006)  and  may play a role  :  

 Non-enzymatic glycosylation of a wide variety of  proteins (results from the interaction of 

glucose with amino groups on proteins), e.g. hemoglobin, collagen, LDL and tubulin in 

peripheral nerves. This leads to an accumulation of advanced glycosylated end-products 

causing injury and inflammation via stimulation of factors, e.g. complement & cytokines.  

  Advanced glycosylated end-products (AGEs) have been shown to cross-link proteins, 

accelerate atherosclerosis, promote glomerular dysfunction, reduce nitric oxide synthesis, 

induce endothelial dysfunction, and alter extracellular matrix composition and structure. 

The serum level of AGEs correlates with the level of glycemia, and these products 

accumulate as glomerular filtration rate declines (Powers, 2005). 

  Polyol pathway. The metabolism of glucose by increased intracellu lar aldose reductase 

leads to accumulation of sorbitol and fructose. This causes changes in vascular 

permeability, cell proliferation and capillary structure . 

  Abnormal microvascular blood flow impairs supply of nutrients and oxygen. 

Microvascular occlusion is due to vasoconstrictors, e.g. endothelins and thrombogenesis, 

and leads to endothelial damage. 

  Other factors include the formation of reactive oxygen species and growth factors 

stimulation (TGF-ß) an d vascular endothelial growth factor (VEGF). These growth 

factors are released by ischemic tissues and cause endothelial cells to proliferate. VEGF 

is currently the favoured angiogenic factor. 

2.1.6.4  Kidney complications of DM 

About 20–30% of patients with type 1 or type 2 diabetes develop evidence of 

nephropathy. Furthermore, diabetic kidney disease is the primary cause of kidney failure 

(Foote, 1995). However, because of the much greater prevalence of type 2 diabetes, such 

patients constitute over half of those diabetic patients currenatly starting on dialysis  

(ADA,  2004).  

2.1.6.4.1   Diabetic kidney disease (DKD) and  kidney failure  

Diabetic kidney disease (DKD), traditionally termed ´diabetic nephropathy', is a clinical 

diagnosis that historically has been based on the finding of proteinuria in a person with 
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diabetes. This definition is independent of such markers of CKD as pathological change or 

a decreased GFR, and it initially was confined to those now considered to have 

macroalbuminuria. The development of more sensitive assays specific for albumin has 

since led to the detection of smaller increases, now termed microalbuminuria or “ incipient 

nephropathy” (NKF-KDOQI, 2007). The earliest clinical evidence of nephropathy is the 

appearance of low but abnormal levels (≥30 mg/day or 20 µg/min) of albumin in the urine, 

referred to as microalbuminuria, and patients with microalbuminuria are referred to as 

having incipient nephropathy. Macroalbuminuria is considered when the urinary albumin 

excretion >300 mg/day or >200µg/min. Diabetic kidney disease is a progressive disease 

that takes several years to develop. Many tiny blood vessels in the kidney act as filters to 

remove wastes, chemicals, and excess water from the blood. In diabetic kidney disease, 

these blood vessels are damaged, become leaky, and protein eventually spills into the urine 

Eventually, the damaged filters are destroyed, putting more stress on the remaining filters 

and eventually causing them to become damaged. When the entire filtration system breaks 

down, the kidneys fail to function, and this is called stage 5 chronic kidney disease (end 

stage or chronic kidney failure) (ADA, 2004).  

2.1.6.4.2   Mechanism of  kidney damage by DM  

The kidneys may be damaged by diabetes in three main ways : glomerular  damage, 

ischemia resulting from hypertrophy of afferent arterioles, and/or  ascending infection.  

Clinical nephropathy secondary to glomerular disease usually manifests 15-25 years after 

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

leading cause of premature death in young diabetic patients. Older patients also develop 

nephropathy, but the proportion affected  is smaller (Kumar & Clark,  2006).  

 Like other microvascular complications, the pathogenesis of diabetic nephropathy is 

related  to chronic hyperglycemia. The mechanisms by which chronic hyperglycemia leads 

to CKF, though incompletely defined, involve the effects of soluble factors (growth 

factors, angiotensin II, endothelin, AGEs), hemodynamic alterations in the renal 

microcirculation (glomerular hyperfiltration or hyperperfusion, increased glomerular 

capillary pressure), and structural changes in the glomerulus (increased extracellular 

matrix, basement membrane thickening, mesangial expansion, fibrosis)   (Powers,  2005).       
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2.1.6.5  Diabetes Mellitus complications and disabilities risk    

Four common disabilities in diabetic patients are blindness, amputation, paresis or 

paralysis of one or more limbs, and dementia, and their risks are increased by DM's 

microvascular and macrovascular complications (retinopathy progressing to blindness, 

peripheral vascular disease leading to amputation, small vessel cerebral disease 

contributing to dementia, and stroke leading to limb paresis and dementia) (Schatz, 2008).   

Disability which caused by blindness, as a result of diabetic retinopathy, affected                 

large number of people worldwide. The world health organization (WHO) has estimated 

that diabetic retinopathy is responsible for 4.8 % of the 37 million cases of blindness 

throughout the world  (Resnikoff  et al., 2004).     

2.1.7   Glycemic  control    

Glycemic control is fundamental to the management of diabetes. The Diabetes Control 

and Complications Trial (DCCT) and the  U.K. Prospective Diabetes Study (UKPDS) 

showed that maintaining blood glucose at normal or near-normal levels can reduce the 

incidence of microvascular complications in patients with type 1 and type 2 diabetes 

(DDCT, 1993 ; UKPDS, 1998) .  

Monitoring of glycemic status, as performed by patients and health care providers, is 

considered a cornerstone of diabetes care. Results of monitoring are used to assess the 

efficacy of therapy and to guide adjustments in medical nutrition therapy (MNT), exercise, 

and medications to achieve the best  possible blood glucose control. There is different  tests 

that are used most widely in monitoring the glycemic status of people with diabetes 

(Goldstein  et al.,  2004)  including :  

1) Blood glucose testing by patients (self-monitoring of blood glucose = SMBG) or  by 

health care providers  

2) Urine glucose testing 

3) Urine/blood ketone testing  

4) Glycated proteins testing including; Glycated hemoglobin (HbA1C) and Glycated 

serum proteins (GSP).   

Blood and urine glucose testing and urine ketone testing provide useful information for 

day-to-day management of diabetes, which cannot provide the patient and health care team 

with a quantitative and reliable measure of glycemia over an extended period of time. 

Measurements of glycated proteins, primarily hemoglobin and serum proteins, have added 
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a new dimension to assessment of glycemia. With a single measurement, each of these 

tests can quantify average glycemia over weeks (GSP test) and months (A1C test ) thereby 

complementing day-to-day testing (Goldstein  et al., 2004). 

2.1.7.1   Glycated  Hemoglobin (GHb) test                   

In present review, we give more details about the glycated hemoglobin, the test that 

serve as indicator of glycemic control  over an extended period of time. 

Glycated Hemoglobin (GHb), also referred to as glycohemoglobin, glycosylated 

hemoglobin,  HbA1C , A1C or HbA1, is a  term used to describe a series of stable minor 

hemoglobin components formed slowly and non-enzymatically from hemoglobin and 

glucose. The rate of formation of GHb is directly proportional to the ambient glucose 

concentration. Since erythrocytes are freely permeable to glucose, the hemoglobin beta-

chain becomes increasingly glycosylated, the level of A1C  in a blood sample provides         

a glycemic history of the previous 120 days, the average erythrocyte life span. A1C most 

accurately reflects the previous 2-3 months of glycemic control (DCCT, 1993; Goldstein  

et al., 2004).  

The number 1C following HbA represents the order in which this hemoglobin is 

detected on chromatography. Hence, other hemoglobin peaks are referred to  as HbA1a1, 

HbA1a2, HbA1b, and so forth.  The A1C constitutes about 60-80% of total glycosylated 

hemoglobin. It is normally present, albeit at low levels, in circulating red cells because of 

the glycosylation reaction between hemoglobin and circulating glucose (Goldstein et al.,  

1986).  Because A1C is thought to reflect average glycemia over several months , and has 

strong predictive value for diabetes complications, A1C  testing should be performed 

routinely in all patients with diabetes, at initial assessment and then as part of continuing 

care. Measurement approximately every 3 months determines whether a patient's glycemic 

targets  have been reached and maintained. For any individual patient, the frequency of A1C 

testing should be dependent on the clinical situation, the treatment regimen used, and the 

judgment of the clinician (ADA,  2007). 

2.1.7.2  Hemoglobin A1C target  

The A1C  test ,  has become the preferred standard for assessing glycemic control. It has 

been shown to predict the risk for the development of many of  the chronic complications 

in diabetes, analogous to using cholesterol determinations to predict the risk for 
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development of cardiovascular disease. It is the most common measure to determine 

glycemic control for patients with diabetes. American Diabetes Association (ADA) has 

published its A1C goal as <7% since 1995 (ADA, 1995). Also, the National Kidney 

Foundation (NKF) in 2007 published a new clinical guidelines and recommendations of 

the Kidney Disease Outcomes Quality Initiative (K/DOQI) in which the target HbA1C  for 

people with diabetes should be <7.0%, irrespective of the presence or absence of CKD 

(NKF-KDOQI,  2007).  

The American College of Endocrinology (ACE) recommends that A1C  be universally 

adopted as the primary method of assessment of glycemic control,  and on the basis of data 

from multiple interventional trials, the ACE  recommends that the target for attainment of 

glycemic control should be A1C values ≤ 6.5%. The ACE  further recommends that HbA1C 

assessments be performed at least twice per year in patients who are at target (ACE,  

2002).       

 2.1.7.3  Clinical trials and studies on glycemic control  

Large, randomized, interventional trials have provided conclusive evidence that 

achieving and sustaining tight glycemic control significantly reduces the risk of developing 

diabetes-related microvascular and macrovascular complications (ACE, 2002).  

The Diabetes Control and Complications Trial (DCCT)  provided definitive proof  that 

reduction in chronic hyperglycemia can prevent many of  the early complications of type 1 

DM. The DCCT demonstrated that improvement of glycemic control reduced non-

proliferative and proliferative retinopathy (47% reduction), microalbuminuria (39% 

reduction), clinical nephropathy (54% reduction), and neuropathy (60% reduction). 

Improved glycemic control also slowed the progression of early diabetic complications. 

There was a non-significant trend in reduction of macrovascular events. The results of the 

DCCT predicted  that individuals in the intensive diabetes management group would gain 

7.7 additional years of vision, 5.8 additional years free from end-stage renal disease 

(ESRD), and 5.6 years free from lower extremity amputations (Powers, 2004). 

On a different set of studies, findings showed that, the poor  glycemic control had been 

associated with increased morbidity from diabetic complications, and shortened survival  

in diabetics on chronic dialysis (Tzamaloukas et al., 1993; Stratton  et al., 2000; Morioka  

et al., 2001; Tascona et. al., 2006; Oomichi et al., 2006; Kalantar-Zadeh  et al., 2007). 
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2.2   Overview of chronic kidney disease (CKD)  

Chronic kidney disease (CKD) is a pathophysiologic process with multiple etiologies, 

resulting in the progressive decreasing of nephron number and function and frequently 

leading to chronic kidney failure (CKF). In turn, CKF represents a clinical state or 

condition in which there has been an irreversible loss of endogenous renal function, of             

a degree sufficient to render the patient permanently dependent upon renal replacement 

therapy in order to avoid life-threatening uremia. Uremia is the clinical and laboratory 

syndrome, reflecting dysfunction of all organ systems as a result of untreated or 

undertreated acute or chronic renal failure. Given the capacity of the kidneys to regain 

function following acute injury, the vast majority (>90%) of patients with end-stage renal 

disease (ESRD) have reached this state as a result of CKD  (Skorecki  et.al., 2005).  

2.2.1   Chronic kidney disease (CKD) stages and definitions  

Chronic kidney disease (CKD) is characterized by progressive deterioration of kidney 

function, which develops eventually into a terminal stage of chronic kidney failure (CKF). 

The Kidney Disease Outcomes Quality Initiative (K/DOQI) of the National Kidney 

Foundation (NKF) defines CKD; as either kidney damage or a decreased kidney 

glomerular filtration rate (GFR) of <60 mL/min/1.73m2 for 3 months or more. All 

individuals with GFR <60 mL/min for 3 months are classified as having chronic kidney 

disease, irrespective of the presence or absence of kidney damage.   

In the year 2002 , K/DOQI published a classification of the stages of CKD, based on the 

level of GFR, with higher stages representing lower GFR levels (NKF-KDOQI,  2002). 

There are five stages according to the glomerular filtration rate (GFR) and presence of 

signs of kidney damage:  

Stage 1: Kidney damage with normal or increased GFR (>90 mL/min/1.73m2)  

Stage 2: Mild reduction in GFR (60-89 mL/min/1.73m2)  

Stage 3: Moderate reduction in GFR (30-59 mL/min/1.73m2)  

Stage 4: Severe reduction in GFR (15-29 mL/min/1.73m2)  

Stage 5: Established kidney failure (GFR <15 mL/min/1.73m2 or permanent renal   

                          replacement therapy)  
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Stage 5 CKD is also called established chronic kidney disease and is synonymous with 

the now outdated terms end-stage renal disease (ESRD), chronic kidney failure (CKF) or 

chronic renal failure (CRF). Kidney failure is defined as either a level of GFR to <15 

mL/min/1.73m2, which is accompanied in most cases by signs and symptoms of uremia, or  

a need for initiation of kidney replacement therapy for treatment of complications or 

decreased GFR, which would otherwise increase the risk of mortality and morbidity. Some 

patients may need renal replacement therapy at GFR of 15 mL/min/1.73m2 because of 

symptoms of uremia (NKF-KDOQI, 2002).  

Stage 5 CKD is associated with many kinds of metabolic changes caused by the kidney 

disease and also attributable to dialysis treatment. Phenomena such as accumulation or 

deficit of various substances and dysregulation of metabolic pathways combine in the 

pathogenesis of these changes. During this final stage, the kidneys cannot excrete toxins; 

maintain fluid, pH, & electrolyte balances; or secrete important hormones (renin, vitamin 

D, and erythropoietin). As a result, a multitude of symptoms become apparent that involve 

most major organ systems in the body (Cibulka &  Racek  2007). 

2.2.2   Stage 5 CKD - Etiology   

Diabetic and hypertensive nephropathy are the leading underlying etiologies of stage 5  

CKD. Other causes of CKD include glomerulonephritis, polycystic kidney disease, and 

obstructive uropathy (Skorecki  et al., 2005). 

 Globally : There are large differences in the reported underlying disease which leads to 

the  terminal renal insufficiency.  While diabetes is the most common cause in the 

United States, glomerulonephritis was the primary cause in other registered patients. 

This might be caused by differences in life-style and nutrition. (Schena, 2000). Table-1 

shows the most common diseases in 1996  in selected  renal registries.  

Diabetes is the leading cause of chronic kidney disease in developed countries and it 

accounts for 45% of prevalent kidney failure, up from 18% in 1980 (NKF-KDOQI,  

2007), and between 1995 and 2005, the number of new patients with diabetes as the 

cause of stage 5 CKD grew nearly 60 percent (USRDS, 2007). The risk of stage 5 CKD 

is 12 times as high in people with type 1 diabetes as in those with type 2 diabetes.  In 

patients with type 1 diabetes who develop persistent proteinuria, stage 5 CKD or death 

usually follows after about 5-10 years (ADA, 2008). 
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USRUSRDS: United States Renal data system  CORR :  Canadian Organ Replacement Register 
ANZDATA : The Australia and New Zealand Dialysis and Transplant  Registry 
JSDT :  Japanese Society for Dialysis Therapy 
 

     
 Regionally : Egypt for example, the prevalence of diabetic nephropathy among CKF 

patients increased from 8.9% in 1996 to 14.5 in 2001(Afifi et al., 2004). While in 

Jordan, in 2003,  DM was reported as the first leading cause of stage 5 CKD (29.2% of 

cases), followed by hypertension (18.4%) and glomerulonephritis (12.3%); the cause 

was unknown  in 21.4% of patients (Abdallah  et al., 2007). 

 

 In Palestine : To best our knowledge, there was no previous epidemiological data 

available about Palestinians who have DM and kidney failure together, but the diabetic  

nephropathy considered one of the most  common causes for CKD in Palestine (Abu 

Shahla, 2003).  At  the time of starting  this study (Nov 2007), according to our finding, 

from  the hospitals reports of patients on hemodialysis in Gaza-Strip, there was 311 

patients receiving dialysis, from them  there was 72 patients  (23%) with history of 

diabetes mellitus before dialysis.  

 

 

 

Table 1. The most common diseases responsible for  stage 5 CKD (CKF)  in selected renal 
registries  in 1996    (Schena, 2000) 

 
Selected disease / 

Registry 
USRDS                 
( USA ) 

CORR   
(Canada) 

ANZDATA 
(AUS/NZ) 

JSDT    
(Japan) 

Incidence 

Diabetes 42 % 29 % 19 % 34 % 

Hypertension 26 % 10 % 10 % 7 % 

Glomerulonephritis 11 % 16 % 35 % 38 % 

Point-
Prevalence 

Diabetes 32 % 23 % 30 % 22 % 

Hypertension 25 % 9 % 12 % 4 % 

Glomerulonephritis 18 % 20 % 22 % 54  
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2.2.3   Stage 5 CKD - Incidence and Prevalence   

Chronic kidney failure is  one  of  the steadily  growing  diseases  around  the world and 

its incidence and prevalence have  risen  progressively (Moeller  et al., 2002). While  in 

1996  approx. one million patients received renal replacement therapy (RRT) and approx.  

200.000  new patients started  RRT (Schena, 2000),  at the end  of  2001  about  1.5 million 

were on RRT  world-wide.  Prognosis on the future of progression of  CKF;  indicates 

approx 2,5 million patients would undergo  RRT in 2010 (Moeller  et al., 2002)  . 

 Globally : According  to the global  surveys by Stefan Moeller et al. (2001),  In 2001, 

1,479 000 patients were undergoing treatment for CKF. Of  these, 338 000 were living 

with a donor organ, 1,015 000 underwent hemodialysis (HD) and 126 000 peritoneal 

dialysis (PD). The resulting average global prevalence of  treated  stage 5 CKD (CKF) 

and  dialysis patients was 240 and 185 patients per million population (p.m.p.), 

respectively. Table 2, show the global and regional overview of stage 5 CKD patients 

at year-end, 2001 according to that  surveys.  

   CKD : Chronic Kidney Disease .      pmp: per million population  

 

Table 2. Global and regional overview of  stage 5 CKD (CKF) patients at                                             
year-end of 2001 (Moeller  et al., 2001) 

 Stage 5 CKD Dialysis (HD & PD ) 

Region Population         
( million ) 

Patients  
(thousands) 

Prevalence 
(pmp) 

Patients  
(thousands) 

Prevalence 
(pmp) 

European  union 380 298 790 196 520 

Total Europe 804 393 490 269 330 

Middle East 271 40 150 29 110 

Africa 833 46 55 43 50 

Latin America 512 156 310 131 260 

Asia (exclude. Japan) 3316 177 55 146 45 

Japan 127 232 1830 220 1730 

North America 311 436 1400 304 960 

Global 
Total 

6190 million 
Total Patients 

1,479,000 
Mean 

240 pmp 
Total Patients 

1,141,000 
Mean 

185 pmp 
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It was reported that inter-regional variation in stage 5 CKD prevalence, ranged from 

<10 p.m.p. to >1700 p.m.p.  The  highest prevalence was reported in Japan followed by 

Taiwan and the USA.  In these countries prevalence rates were higher than 1400 and 

1000 p.m.p for treated stage 5 CKD and dialysis patients, respectively. Portugal and 

Italy reported the highest prevalence  rates within Europe for both ESRD and dialysis 

patients (733–1085 p.m.p.). Also; it was reported an evident intra-regional variations; 

for example  in Asia, (excluding Japan), a prevalence of ≈ 28 p.m.p. was reported for 

China while in Taiwan the prevalence was >1400 p.m.p ( Moeller  et. al., 2002 ). 

In USA : In year 2004,  and according to reports of the US Renal Data System, the 

stage 5 CKD incident count in diabetics  was  45,871 ( incident rates 148.8 p.m.p.),  

non-diabetic incident count was 58,493 (incident rates 190.6 p.m.p) and  total Stage 5 

CKD  incident count was 104,364  (incident rates 339.4 p.m. p.). The percent of 

diabetics among stage 5 CKD patients was  approximately  44 % (USRDS,  2006).  

 Regionally : According to Abboud O. (2006); the incidence of stage 5 CKD in Middle 

East, ranged between 64 and 212 patients per million population (p.m.p) with an 

average of 93 patients per million population. The prevalence ranging from 320 to 462 

per million population, with an average of 352 patients per million population. 

  In Palestine : In West Bank (WB) & Gaza Strip (GS), In the year 2004, the number of 

patients on hemodialysis was 482 patients, and in 2005 the number increased to 613 

patients.  There are 12 working hemodialysis centers in Palestine (8 in WB & 4 in GS), 

with a total bed capacity of 104 beds (58 in the WB & 46 in GS), (Palestinian MOH,  

2006).  

In 2006, according to the preliminary study data  from  Palestinian Health Information 

Center-Palestinian Ministry of  Health,  the number of patients on regular hemodialysis 

was 626 patients (280 in GS & 346 in WB). In Gaza Strip, the 280  patients distributed 

as follows, 146 in Al-Shifa Hospital, 60 in Nasser Hospital , 42 in Al-Aqsa Hospital          

& 32 in  AL-Najar Hospital. 
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2.2.4   Stage 5 CKD - Mortality    

Diabetic patients with CKF are at higher risk of  morbidity and mortality because of the 

presence of other complications of DM, such as atherosclerotic diseases, neuropathy and 

increased susceptibility to infections (Bonow & Gheorghiade, 2004; UK Prospective 

Diabetes Study Group, 1998). The survival of patients with diabetes-related ESRD 

undergoing dialysis is markedly lower than for non-diabetic patients with ESRD, with              

< 20% of diabetics survive after five years of dialysis (Arkouche, 1999; Johnson, 1999).  

A study by Sarnak et al. (2003), showed that, the kidney disease considered as a strong  

risk factor for development of cardiovascular disease (CVD), and cardiovascular  disease 

mortality is about 10 to 30 times higher in patients treated by  dialysis than in patients in the 

general population, despite stratification for sex, race, and the presence of diabetes.  After 

stratification for age, CVD mortality remains  5-fold higher in dialysis patients than in 

the general population, even at the extremes of age  (Sarnak  et al., 2003). Also, in a study 

done in Egypt  by  Afifi  A. et al. (2004), the  mortality rate among diabetic patients with 

ESRD was higher than in patients with ESRD from other causes. 

 Globally :  Yearly death rates of  stage 5 CKD patients are approximately 20%.                          

The mortality rate of patients with stage 5 CKD is lowest in Europe and Japan, but is 

very high in the developing world because of the limited availability of dialysis (Singh 

& Brenner,  2004).  

In USA, the mortality rate of patients on dialysis is approximately 18% per year. 

Deaths are due mainly to cardiovascular diseases and infections, approximately 50% 

and 15% of deaths, respectively  (Singh & Brenner,  2005).   

 In Palestine : The death rate among Palestinian patients on dialysis is 7-8%; the 

cardiac and cerebrovascular complications are the main causes of death (Abu Shahla, 

2003).  

In year 2005, renal failure was  reported as the 10 th leading cause of death among 

Palestinians population, and composed 4 % of  leading causes of death. It was 

considered as the 6 th  leading cause of death among adults aged 20 - 59 year and the 7th 

leading cause of death among adults aged 60 years or older (Palestinian MOH-Annual 

Report,  2006). 
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2.2.5    Renal Replacement Therapy (RRT)  

Worldwide hemodialysis (HD) represents the RR treatment option of choice. At the end 

of 2001, of the treated stage 5 CKD patients, the majority was treated by hemodialysis 

(69%), followed by organ transplantation (23%) and the minority by peritoneal dialysis 

(8%). In most countries, hemodialysis is the treatment option of choice. The two largest 

hemodialysis populations are found in the USA and Japan. Mexico reported a higher 

allocation of patients to peritoneal dialysis (PD) than HD, while the UK, Spain, Australia 

and Nordic countries (Denmark, Finland, Iceland, Norway and Sweden and their 

associated territories) reported higher relative patient populations living with a donor organ 

than the global average (Moeller et al., 2002).  

At year-end 2001, HD remained the more frequent dialysis treatment modality with      

1,015000 patients (89% of all dialysis patients) undergoing HD and 126 000 (11% of all 

dialysis patients) undergoing PD.  Countries such as the Republic of Korea, Mexico and 

the UK had a significantly higher proportion of PD patients while countries such as Japan, 

Germany and Taiwan had a lower proportion of PD patients in comparison to the global 

average. With the exception of Mexico, HD was the predominant treatment modality in all 

countries  (Moeller  et al., 2002) . 

2.2.6   Hemodialysis 

With the widespread availability of dialysis, the lives of hundreds of thousands of 

patients with stage 5 CKD (CKF) have been prolonged. Hemodialysis relies on the 

principles of solute diffusion across a semipermeable membrane. Movement of metabolic 

waste products takes place down a concentration gradient from the circulation into the 

dialysate. The rate of diffusive transport increases in response to several factors, including 

the magnitude of the concentration gradient, the membrane surface area, and the mass 

transfer coefficient of the membrane. The latter is a function of the porosity and thickness 

of the membrane, the size of the solute molecule, and the conditions of flow on the two 

sides of the membrane. According to the laws of diffusion, the larger the molecule, the 

slower its rate of transfer across the membrane. A small molecule such as urea (60 Da) 

undergoes substantial clearance, whereas a larger molecule such as creatinine (113 Da) is 

cleared less efficiently. In addition to diffusive clearance, movement of toxic materials 

such as urea from the circulation into the dialysate may occur as a result of ultrafiltration       

( Singh  & Brenner, 2005) . 
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There are three essential components to dialysis : the dialyzer, the composition and 

delivery of the dialysate, and the blood delivery system .  

2.2.6.1  Dialyzer  (dialysis device)  

Dialyzer, consists  of a plastic device with the  facility  to  perfuse  blood  and   

dialysate compartments at very high flow rates. The surface area of dialysis membranes in 

adult patients is usually in the range of 0.8 to 1.2 m2. Highly permeable synthetic 

membranes allow more rapid haemodialysis than with cellulose-based  membranes (high-

flux hemodialysis) (Kumer and Clarck, 2006).   

Recent advances have  led  to  the  development  of  many  different  types of membrane 

material. Synthetic membranes, such as polysulfone (most commonly used),               

polymethylmethacrylate, and polyacrylonitrile membranes, are more  biocompatible               

(Singh & Brenner, 2005). 

2.2.6.2   Dialysate    

Dialysate is prepared by a proportionating unit, which mixes specially purified water 

with concentrate, resulting in fluid with the electrolytes. The range of concentrations 

(mmol/L) in routinely available commercial dialysates used for  hemodialysis: Sodium 

(130-145 mmol/L), Potassium  (0.0-4.0 mmol/L), Calcium (1.0-1.6 mmol/L), Magnesium 

(0.25-0.85 mmol/L), Chloride (99-108 mmol/L), Bicarbonate (35-40 mmol/L) or Acetate 

(35-40 mmol/L) and Glucose (0-10 mmol/L) (Kumer and Clarck, 2006). 

2.2.6.3   Blood delivery system  

The blood delivery system is composed of the extracorporeal circuit in the dialysis 

machine and the dialysis access. The dialysis machine consists of a blood pump, dialysis 

solution delivery system, and various safety monitors. The blood pump, using a roller 

mechanism, moves blood from the access site, through the dialyzer, and back to the patient  

(Singh & Brenner, 2005).  

 

 

 



26 
 

2.2.6.4  Dialysis process target  

     The  hemodialysis procedure  is targeted  to removing  both  low- and high-molecular  

weight solutes. The procedure consists of pumping heparinized blood through   the dialyzer 

at  a flow rate of 300 to 500 mL/min,  while dialysate  flows  in an opposite counter-current 

direction at 500 to 800 mL/min.  The  clearance  of urea ranges from  200 to 350 mL/min,  

while the clearance of α2 microglobulin is more modest  and ranges from  20  to  25  

mL/min.  The efficiency  of  dialysis is determined  by  blood  and dialysate flow through 

the dialyzer, as well as dialyzer characteristics (i.e., its efficiency in removing solute). The 

dose of dialysis, which is defined as the magnitude of urea clearance during a single 

dialysis treatment, is further governed by patient size, residual renal function, dietary 

protein intake, the degree of anabolism or catabolism, and the presence  of  comorbid 

conditions. The delivered dose of dialysis has been correlated with morbidity & mortality. 

For  the majority  of patients  with  chronic renal  failure,  between 9 and 12 hours of 

dialysis is required each  week,  usually  divided  into three equal sessions (Singh & 

Brenner,  2005) . 

2.2.6.5  Hypertension among hemodialysis patients 

The Seventh Report of the Joint National Committee for the Prevention, Detection, 

Evaluation and Treatment of High Blood Pressure (JNC VII) has defined hypertension in 

adults in the general population as systolic blood pressure ≥ 140 mm Hg and diastolic 

blood pressure ≥ 90 mm Hg, and has defined normal blood pressure <120/80 mm Hg 

(Chobanian et al. 2003).  

Hypertension is very prevalent among dialysis patients (50%-60%, when hypertension 

is defined as blood pressure >150/90 mm Hg for HD patients). The prevalence would be 

even higher if we were to use the JNC VII definitions above. Approximately 80 % of 

dialysis patients are hypertensive at the initiation of dialysis. However, in hemodialysis the 

prevalence falls from 25 to 30 % by the end of the first year, due largely to volume control  

(Zucchelli  et al., 1988). 
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2.4  Overview of lipid profile abnormalities  

During digestion, most triglycerides are split into monoglycerides and fatty acids. Then, 

while passing through the intestinal epithelial cells, these are resynthesized into new 

molecules of triglycerides that aggregate and enter the lymph as minute, dispersed droplets 

called chylomicrons, whose diameters are between 0.08 and 0.6 micron. A small amount of 

the protein apoprotein B adsorbs to the outer surfaces of the chylomicrons. This leaves the 

remainder of the protein molecules projecting into the surrounding water and thereby 

increases the suspension stability of the chylomicrons in the lymph fluid and prevents their 

adherence to the lymphatic vessel walls. Chylomicrons are composed principally of 

triglycerides, but they also contain approximately 9% phospholipids, 3% cholesterol, and 

1% apoprotein B as well (Guyton 2006; p840). 

Chylomicrons transport triglycerides from the intestine to the blood, which delivers 

triglycerides to the tissues where they are broken down into fatty acids. After chylomicrons 

have performed this function, the liver absorbs them. Chylomicrons appear in the blood for 

only 12 hours after a meal. Therefore, the blood test for triglycerides should be done after 

the patient has fasted for at least 12 hours (Mittal, 2005). 

2.4.1  Types of lipoproteins 

In the postabsorptive state - that is, after all of the chylomicrons have been removed 

from the blood - over 95 % of all the lipids in the plasma are in the form of lipoproteins 

(Guyton, 2006; p841). Cholesterol, triglycerides, phospholipids, and free fatty acids 

combine with proteins (called apolipoproteins) to form lipoproteins, which act as                       

a transport vehicle, the aim of which is to deliver lipids to different parts of the body. 

These contain cholesterol, triglyceride, phospholip ids, and protein in various different 

proportions  (Mittal,  2005).  

The protein averages about one fourth to one third of the total lipoprotein constituents, 

and the remainder is lipids. The total concentration of lipoproteins in the plasma averages 

about 700 mg/dl of plasma. This can be broken down into the following average 

concentrations of the individual constituents : Cholesterol 180, Phospholipids 160, 

Triglycerides160, & Protein 200 mg/dl of plasma. Aside from the chylomicrons, which are 

themselves very large lipoproteins, there are three other major classes of lipoproteins 

classified by their densities as measured in the ultracentrifuge (Guyton, 2006; p841).  
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The three major classes of  lipoproteins are low density lipoproteins (LDL), high-

density lipoproteins (HDL), and very low density lipoprotein (VLDL). Intermediate-

density lipoproteins (IDL) are found between VLDL and LDL (Mittal, 2005). 

 Very low density lipoproteins (VLDL), which contain high concentrations of 

triglycerides and  moderate concentrations of both cholesterol and phospholipids. It 

constitutes 10% to 15% of total cholesterol. 

 Intermediate density lipoproteins (IDL) or VLDL remnants, which are very low 

density lipoproteins from which a large share of the triglycerides has been removed 

so that the concentrations of cholesterol and phospholipids are increased. Most of 

IDL is converted to LDL. The remainder is removed from the blood by the 

receptors in the liver  

 Low density lipoproteins (LDL), which are derived from intermediate-density 

lipoproteins by the removal of almost all the triglycerides, leaving an especially 

high concentration of cholesterol and a moderately high concentration of 

phospholipids. It constitutes 60% to 70% of total cholesterol. 

 High density lipoproteins (HDL), which contain a very high concentration of 

protein, about 50% , but smaller concentrations of cholesterol and phospholipids. 

HDL cholesterol makes up 20% to 30% of total cholesterol . 

The primary function of the lipoproteins is to transport their lip id components in the 

blood. The very low density lipoproteins transport triglycerides synthesized in the liver 

mainly to the adipose tissue, whereas the other lipoproteins are especially important in the 

different stages of phospholipids and cholesterol transport from the liver to the peripheral 

tissues or from the periphery back to the liver (Guyton, 2006; p842).  

LDL-C is the major cholesterol-carrying particle in plasma and is considered the main  

lipoprotein involved in atherogenesis. While VLDL-C and LDL-C are considered the 

"bad" lipoprotein, HDL-C is often considered to be the "good" antiatherogenic lipoprotein, 

it transports cholesterol from peripheral tissue to the liver, so-called reverse transport, and 

plays a major role in maintaining cholesterol hemostasis in the body (Walker, 2003; p354).    
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2.4.2  Dyslipidemia     

Hyperlipidemia is a major cause of atherosclerosis and atherosclerosis-associated 

conditions, such as coronary heart disease (CHD), ischemic cerebrovascular disease, and 

peripheral vascular disease. These  atherosclerosis conditions are account for the majority 

of morbidity and mortality among middle-aged and older adults. Dyslipidemias, including 

hyperlipidemia (hypercholesterolemia) and low levels of high-density-lipoprotein 

cholesterol (HDL-C), are major causes of increased atherogenic risk; both genetic 

disorders and lifestyle (sedentary behavior and diets high in calories, saturated fat, and 

cholesterol) contribute to the dyslipidemias seen in developed countries around the world 

(Mahley &  Bersot, 2006). 

Elevated serum concentrations of total cholesterol (TC) and low-density lipoprotein 

cholesterol (LDL-C) appear to increase the risk of an  individual developing coronary heart 

disease (CHD).  However, high density lipoprotein (HDL-C) confers protection against 

coronary heart disease, with the risk reducing as HDL-C increases. It is therefore 

appropriate to use the term dyslipidemia, which encompasses hypercholesterolemia and  

hypolipoproteinemia, particularly when individuals at risk of coronary heart disease 

because of  high TC and low HDL-C. According to the etiology, dyslipidemia may be 

primary (genetically determined) or secondary (environmental factors). Up to 60% of the 

variability in serum fasting lipids may be genetically determined, although expression is 

often influenced by interaction with environmental factors. Dyslipidemia can occur 

secondary to a number of disorders (such as diabetes mellitus, chronic renal failure, 

nephritic syndrome, hypothyroidism), dietary indiscretion or as a side effect of drug 

therapy, such as  Androgens , β-blockers , Loop and Thiazide Diuretics, Cyclosporine, and 

Glucocorticoids (Walker,  2003; p355-8). 

2.4.2.1  Diabetic dyslipidemia 

This disorder is essentially atherogenic dyslipidemia in persons with type 2 diabetes.  

Atherogenic dyslipidemia describes the combination of raised triglycerides (TG) and low 

concentrations of HDL-C together with elevated apolipoprotein B (ApoB), small dense 

LDL and small HDL particles, all of which are independently atherogenic, and which is 

commonly observed in patients with both type 2 diabetes and the metabolic syndrome. 

Low HDL-C and high TG levels are frequently found with insulin resistance, with or 

without type 2 diabetes, and both are risk factors for coronary heart disease (IDF, 2008). 
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Diabetic patients may have elevated levels of  non-HDL cholesterol (LDL plus VLDL). 

However, type 2 diabetic patients typically have a preponderance of smaller, denser LDL 

particles, which possibly increases atherogenicity even if the absolute concentration of 

LDL cholesterol is not significantly increased. As a result of this atherogenicity, premature 

atherosclerotic disease is the main cause of reduced life expectancy in patients with 

diabetes (ADA, 2002).  

Although elevated triglycerides, low HDL cholesterol, or both are common in persons 

with diabetes, clinical trial results support the identification of LDL cholesterol as the 

primary target of therapy, as it is in those without diabetes (NCEP 2001; p2494). LDL 

cholesterol may decrease modestly (up to 10-15%) with the achievement of optimal 

glycemic control. Since improved glycemic control may also lower triglyceride levels, it 

might also cause  a favorable change in LDL composition (ADA, 2002).  

2.4.2.2  Dyslipidemia  in kidney  failure  

Dyslip idemia  is frequently seen  in patients with  kidney failure  in the predialysis  

phase,  during hemodialysis or when undergoing chronic ambulatory peritoneal dialysis. 

The  hypertriglyceridemia  that most  commonly occurs is associated with reduced  

lipoprotein lipase activity and often persists despite starting chronic maintenance renal 

dialysis  (Walker  2003; p358).  

The lipid abnormalities in chronic kidney disease (CKD) patients have been reported  

for a long time especially hypertriglyceridemia which is the most common lipid 

abnormality in patients with stage 5 CKD (chronic renal failure) (Bhaghwat  et al., 1997). 

The CKD patients  have a risk of cardiovascular  disease that is 10 to 30 times higher than 

those people without kidney disease (Sarnak  et al.,  2003).  

Lipid abnormalities  remain to be a major cause of  early mortality in patients with 

chronic renal failure (CRF). Although, these lipid abnormalities may not solely cause 

mortality in CRF patients, they may act as modulators in accelerating atherogenesis which 

in turn cause early mortality in CRF patients. CRF  patients show  a  uniform  dyslipidemia 

irrespective of etiologies leading to CRF and it is independent of serum  creatinine levels 

(Bhaghwat  et al., 1997).  
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2.4.2.3   Metabolic syndrome  

The metabolic syndrome is a cluster of the most dangerous heart attack risk factors: 

diabetes and pre-diabetes, abdominal obesity, high cholesterol and high blood pressure. 

The risk factors of the metabolic syndrome are highly concordant; in aggregate they 

enhance risk for CHD at any given LDL cholesterol level.  According to the new 

International Diabetes Federation definition (IDF, 2008), for persons to be defined as 

having the metabolic syndrome they must have : 

 Central obesity : defined as waist circumference with ethnicity specific values (e.g.,   

≥ 94cm for Europid men and ≥ 80cm for Europid women),  

 plus any two of the following four factors :  

- raised  triglyceride level   :  ≥ 150 mg/dL.   

- reduced HDL cholesterol :  < 40 mg/dL in males  and  < 50 mg/dL in females. 

- raised   blood   pressure   :  systolic BP ≥ 130  or  diastolic BP ≥ 85 mm Hg. 

- raised  fasting plasma  glucose (FPG) ≥ 100 mg/dL, or previously diagnosed type DM.  
 

2.4.3  Cardiovascular  disease (CVD) risk in hemodialytic diabetic patients  

Atherosclerosis is a disorder in which lip id deposits accumulate on the lining of the 

blood vessels, eventually producing degenerative changes and obstruction of blood flow. 

Atherosclerosis is considered to be a major contributor in the development of heart disease 

(Koda-Kimble et al., 2004). Cardiovascular disease is the leading cause of death in patients 

with chronic renal failure. For every registry reporting national dialysis data in Europe, 

USA, Japan, and elsewhere, about 50% of deaths are attributed to atherosclerotic 

cardiovascular disease with various predisposing factors like diabetes mellitus, essential 

hypertension and proteinuria (Cibulka & Racek, 2007).  

Patients with kidney failure have  increased risk of CVD that begins early in the course 

of chronic kidney disease  and results in 10-fold or higher cardiovascular mortality rates 

after the start of renal replacement therapy. This risk of cardiovascular mortality will be 

higher in patients with pre-dialysis CVD (Sarnak et al.,  2003). Individuals with diabetes 

are substantially more likely than their non-diabetic counterparts to suffer stroke, 

myocardial infarction, or heart failure, with a worse prognosis following any of these 

conditions (Bonow & Gheorghiade, 2004).  
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Cardiovascular disease is the major cause of morbidity and mortality for individuals 

with diabetes and is the largest contributor to the direct and indirect costs of diabetes.  The 

common conditions coexisting with type 2 diabetes (e.g., hypertension and dyslipidemia) 

are clear risk factors for CVD, and diabetes itself confers independent risk. Numerous 

studies have shown the efficacy of controlling cardiovascular risk factors in preventing or 

slowing CVD in people with diabetes (ADA,  2007).  

 In a recent study by Agaba et al. (2005) , their finding revealed that, the cardiovascular 

risk as imposed by lipid abnormalities is elevated in diabetic persons with stage 5 CKD 

compared to their non- diabetics. 

2.4.4   Clinical  practice guidelines for  hemodialysis  & serum lipid control                                                 

All  patients with chronic kidney disease should be considered in the “highest risk” 

group for cardiovascular disease, irrespective of levels of traditional CVD risk factors  

(NKF-KDOQI, 2002). According to the European Best Practice Guidelines for 

hemodialysis adequacy, patient’s cardiovascular risk should be assessed and documented 

at the onset of hemodialysis and every 6 months thereafter. Risk assessment includes 

modifiable risk factors such as cigarette smoking, hyperglycemia, dyslipidemia, and 

hypertension. All patients should have total cholesterol, triglycerides, and HDL cholesterol 

measured at presentation, 3 months after beginning of hemodialysis treatment and every 6 

months thereafter. Patients with elevated LDL-C (100–129 mg/dl) should be treated to 

achieve LDL cholesterol <100 mg/dl (European Renal Association, 2002). 

2.4.5  Coronary heart disease (CHD) risk assessment  

Hypercholesterolemia and hypertriglyceridemia are both risk factors for coronary heart 

disease (CHD) and cardiovascular disease (CVD). Although the association between low-

density lipoprotein (LDL) cholesterol and CHD risk is continuous, it is not linear. The risk 

of CHD rises more steeply with increasing LDL-C level. This results in a curvilinear, or 

log-linear, association. In other words, when the association between LDL-C and CHD risk 

is plotted on a log scale, the association becomes linear (Grundy  et al., 2004). 

  Subjects with diabetes have a greatly increased risk of CHD, which is only partially 

related to their elevated glucose. Other factors such as insulin  resistance and dyslipidemia 

are likely to be important (Haffner, 1998).  
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In the Third Adult Treatment Panel (ATP III) of  National Cholesterol Education 

Program (NCEP), the  diabetic patient,  considered at  the highest  risk category  for 

coronary heart  disease  (CHD risk equivalent), because of the high risk it confers for CHD 

within ten years. This is primarily due to the fact that the condition is frequently associated 

with multiple risk factors. Risk assessment is the first step in CHD risk management.               

A basic principle of prevention is that the intensity of risk-reduction therapy should be 

adjusted to a person’s absolute risk. Hence, the first step in selection of LDL-lowering 

therapy is to assess a person’s risk status. Risk assessment requires measurement of LDL 

cholesterol as part of lipoprotein analysis and identification of accompanying risk 

determinants (NCEP 2001; p 2486-7).  

A laboratory examination of blood lip ids, called a lipoprotein profile, provides valuable 

information on the important cholesterol levels, such as: LDL,  HDL, Total cholesterol,  

and Triglycerides (Koda-Kimble et al., 2004).  

2.4.5.1  LDL - C:  The primary target of CHD risk reduction therapy 

        Research from experimental animals, laboratory investigations, epidemiology, and 

genetic forms of hypercholesterolemia indicate that elevated LDL cholesterol is a major 

cause of CHD. In addition, recent clinical trials robustly show that LDL-lowering therapy 

reduces risk for CHD. For these reasons, the Third Adult Treatment Panel (ATP III) of  

National Cholesterol Education Program continues to identify elevated LDL cholesterol as 

the primary target of cholesterol-lowering therapy. As a result, the primary goals of 

therapy and the cut points for initiating treatment are stated in terms of LDL. The 

relationship between LDL cholesterol levels and CHD risk is continuous over a broad 

range of LDL levels from low to high. Therefore, ATP III adopts the classification of LDL 

cholesterol levels shown in Table 3, which also shows the classification of HDL and total 

cholesterol  and  triglycerides levels. 

 

The lipoprotein profile test should be obtained in a fasting (9-12 hour).  If the testing 

opportunity is non-fasting, only the values for total cholesterol and HDL cholesterol will 

be usable. In such a case, if total cholesterol is ≥200 mg/dL or HDL is <40 mg/dL,                    

a follow-up lipoprotein profile is needed for appropriate management based on LDL 

(NCEP  2001; p 2486-7). 
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The clinical trial data  suggest that reduction of LDL cholesterol is associated with 

reduction in CHD and perhaps over-all mortality.  The Scandinavian Simvastatin Survival 

Study (4S) randomized hypercholesterolemic patients with known coronary heart disease 

to simvastatin and placebo. There was a 35% reduction in the risk of cardiovascular deaths, 

and a 30% reduction in the risk of all deaths (Scandenavian Simvastatin Survival Study 

Group, 1994). Economic analyses, based on the 4S study, suggest that pharmacological 

therapy may be cost-effective once indirect costs of CHD are taken into account (Herman 

et al., 1999).  

 

The West of Scotland Coronary Prevention Study Group randomized hypercholest-

erolemic patients without coronary artery disease (CAD) to pravastatin or placebo. After 

five years of follow-up, the relative risk of cardiovascular-related death was reduced by 

32% (Shepherd et al., 1995). In another study, randomized normo-cholesterolemic patients 

following myocardial infarction to pravastatin or placebo, also found a reduction in the 

relative risk of coronary-related  deaths (Sacks  et al., 1996). 

 
Table 3.  Adult treatment panel  (ATP) III classification of LDL,  HDL  and Total 

Cholesterol and Triglycerides levels (NCEP  2001) . 

       Serum  level  ( mg/dL ).          

 

LDL cholesterol 

           <100                           Optimal 
          100-129                      Near or above optimal 
          130-159                      Borderline high 
          160-189                      High 
           ≥190                          Very high 

HDL cholesterol 
           <40                            Low 
           ≥60                            High 
(Less than 50 mg/dL is relatively  low for women) 

Total cholesterol 
           <200                          Desirable 
           200-239                     Borderline high 
           ≥240                          High 

Triglycerides  

           <130                          Desirable  
           <150                          Normal 
           150-199                     Borderline 
           200-499                    High 
           ≥500                         Very high 
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      LDL-C lowering therapy decreases the risk of CVD in diabetes and CKD stages 1 to 3. 

Primary and secondary prevention trials, including those in people with diabetes, have 

documented substantial cardiovascular benefit from administration of Statins (NKF-

KDQOI, 2007). Also some studies indicate that Statins use was associated with a reduction 

in cardiovascular-specific death and total mortality in patients on dialysis (Sliger et al., 

2002). It is important to note that, the major adverse effect of clinical significance 

associated with Statins use is myopathy (Mahley &  Bersot, 2006), this may restrict their 

use in patients who already suffering from myopathy due to  chronic kidney failure. 

2.4.5.2   Risk factors and LDL -C desirable level   

Risk determinants in addition to LDL cholesterol include the presence or absence of 

CHD, other clin ical forms of atherosclerotic disease, diabetes mellitus, cigarette smoking, 

hypertension (blood pressure ≥140/90 mmHg or on antihypertensive medication),  low 

HDL cholesterol (<40 mg/dL), family history of premature CHD, and  age (men ≥ 45 years 

; women ≥55 years). According to the number of risk factors that exist, the LDL goal  will 

be determined. The Third Adult Treatment Panel identifies three categories of risk that 

modify the goals and modalities of LDL-lowering therapy. Table 4, defines these 

categories of  risk and shows corresponding LDL cholesterol goals. 

 

Patients with documented CHD and CHD risk equivalents are automatically placed in 

the highest risk category. CHD risk equivalents comprise; Diabetes, atherosclerotic disease 

(peripheral arterial disease, abdominal aortic aneurysm, and symptomatic carotid artery 

disease), and  multiple risk factors that confer a 10-year risk for CHD. Diabetes counts as  

a CHD risk equivalent because it confers a high risk of new CHD within 10 years, in part 

because of its frequent association with multiple risk factors. Furthermore, because persons 

Table 4.   Three categories of risk that modify LDL Cholesterol goals              
(NCEP  2001) 

            Risk Category                                                      LDL Goal  (mg/dL)                                                         

 1st    CHD and CHD risk equivalents  (highest risk)          <100 

 2nd    Multiple (2+) risk factors                                           <130 

 3rd    0-1 risk factor                                                              <160 
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with diabetes who experience a myocardial infarction have an unusually high death rate 

either immediately or in the long term, a more intensive prevention strategy is warranted. 

Persons with CHD or CHD risk equivalents have the lowest LDL cholesterol goal (<100 

mg/dL), (NCEP,  2001; p2489-90). In 2004, the NCEP Report labeled patients with CHD 

and diabetes as very high risk, and these patients have an optional LDL-C goal <70 mg/dL  

(Grundy S. et al., 2004). 

In general, the higher the LDL level and the more risk factors involved, the greater the 

risk for heart disease. The main goal of treatment in patients with hyperlipidemia is to 

lower the LDL to a level that will reduce the risk of heart disease. The primary care 

provider may initially seek to control the cholesterol level by encouraging therapeutic life 

changes (TLC). This includes a cholesterol-lowering diet (TLC diet), physical activity, quit 

smoking (if applicable), and weight management. If TLC does not result in bringing blood 

lipids to therapeutic levels, the primary health care provider may add one of the 

antihyperlipidemic drugs to the treatment plan. The TLC is continued along with the drug 

regimen (Koda-Kimble et al., 2004) .  

2.4.5.3   HDL Cholesterol 

On average, HDL-C  levels are lower in men than in women. The official definition of  

a low level of  HDL-C is < 40mg/dl, but because women's HDL- levels are about 10 mg/dl 

higher than men's, a level less than 50 mg/dl is considered relatively low for women     

(table 3).  It  has been established that an independent, inverse relationship exists between 

the level of plasma HDL-cholesterol concentration and the risk of coronary heart disease 

(CHD). Low HDL has also been found to be linked to higher risk of ischemic stroke, 

degree of carotid atherosclerosis, increased atherosclerotic progression, higher coronary 

mortality among people with cardiovascular disease, and the development of coronary 

artery disease among patients with diabetes mellitus (Maron,  2000). 

 In a recent study by Goldenberg  et al., (2006) showed  that the risk of cardiac mortality 

was decreased by 27% for every 5-mg/dl increase in HDL cholesterol.  

        Low HDL cholesterol levels may have several causes, many of which are associated  

with : insulin resistance (type 2 diabetes), overweight and obesity, physical  inactivity, 

cigarette smoking , very high carbohydrate intakes (>60% of calories), and drugs such as, 

β-blockers, anabolic steroids, and progestational agents. Although clinical trial results 

suggest that raising HDL will reduce CHD risk, the evidence is insufficient to specify              
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a goal of therapy. Furthermore, currently available drugs do not  robustly raise HDL  

cholesterol. Nonetheless, a low HDL should receive clinical attention and management 

according to the following sequence. In all persons with low HDL cholesterol, the primary 

target of therapy is LDL cholesterol; Second, after the LDL goal has been reached, when 

the metabolic syndrome is present, emphasis shifts to weight reduction and increased 

physical activity (NCEP, 2001; p2494).   

2.4.5.4    Serum Triglycerides  (TG's) 

Recent data from prospective studies indicate that elevated triglycerides are also an 

independent risk factor for CHD. Factors contributing to elevated (higher than normal)  

triglycerides (TG's) include : type 2 diabetes, nephrotic syndrome, chronic renal failure, 

obesity, physical inactivity, cigarette smoking, excess alcohol intake, high-carbohydrate 

diets, corticosteroids, estrogens, retinoids, and higher doses of  β-blockers. The treatment 

strategy for elevated triglycerides depends on the causes of the elevation and its severity. 

For all persons with borderline or high triglycerides, the primary aim of therapy is to 

achieve the target goal for LDL-C according to NCEP-ATP III  (NCEP, 2001;  p2493-4).  
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3 - METHODOLOGY 

3.1   Study design   

This study  is a case – controlled analytical study with a ten month follow up. The 

purpose of this study was to study the adequacy of glycemic control and serum lipid profile 

(A1C  ≤ 6.5%,  HDL, LDL,  Total Cholesterol, and Triglycerides) in diabetic patients on 

hemodialysis in comparison to healthy control group.         

3.2  Place and time of the study  

     The study was conducted in the four hemodialysis centers in Gaza strip hospitals-  

Palestine, namely; Al-Shifa,  Nasser, Al-Aqsa Martyrs  and Martyr Mohammed Yousof         

Al-Najar, in the period between November  2007 and August  2008.  
        

3.3     Study  population  and  sample size  

3.3.1  The  target  population 

The target population in the present study was the hemodialysis diabetic Palestinian 

patients in Gaza Strip. At the time of starting  this study (Nov. 2007), according to  patient 

records in hospitals, there was 311 patients receiving dialysis at the four  hemodialysis 

centers in Gaza Strip.  Of these patients, there was 72 patients (23%) with history of 

diabetes mellitus before dialysis.  

3.3.2   Exclusion &  selection criteria  

3.3.2.1  Exclusion criteria  

We  excluded from this study,  patients who  have been admitted to dialysis less than  

three months before the study started. Also we excluded the participants that  fasted less 

than 10 hours for the lipid profile tests. 

3.3.2.2  Selection of control group  

The control group consisted of  25 healthy volunteers selected from people in Gaza 

Strip, aged 30-70 years, who had no previous history of diabetes, dyslipidemia or any other 

disease. They were fifteen persons selected from the workers of  primary health care 

clinics in Gaza city  and ten  persons from general Palestinian population. Blood samples 

of these persons were analyzed for  glycated hemoglobin (A1C), HDL, LDL, total 

cholesterol, and triglycerides to establish  the normal  control  range values. 
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3.3.2.3   Selection of  patient cases  group  

Patient data were abstracted from patient records in hemodialysis units. The cases were 

selected from the patients with  history of diabetes  mellitus before  being put on 

hemodialysis. From the  four  hemodialysis centers,  there were 72 patients  (Table 5)  with 

a history of diabetes mellitus before dialysis.  

We  selected 50  participants of the 72 patients and according to their history of 

hypertension (HTN) before dialysis, we divided the patients into two groups :  

Group  A  :  defined as " ESRD patients with  diabetes  mellitus &  hypertension  before     

                      being put on hemodialysis. (n=25 participants) 

Group   B  : defined as " ESRD patients with diabetes  mellitus and no history of   

                      hypertension  before being put on  hemodialysis. (n=25 participants). 

 

Patients are considered to have DM and HTN if these diagnoses were present in their 

medical records and they were on antihypertensive and antidiabetic medications. 

 

 

 

 

 

Table 5.  Hospitals distribution  of study participants from diabetic patients on hemodialysis 

 Hospital 
Geographical  

Location 

Total 
Hemodialytic  

Patients 

Hemodialytic 
Diabetic 
Patients 

Study  
Participants 

1 Al-Shifa Gaza City 158 39 31 

2 Nasser Khan-Younis 59 16 12 

3 
Al-Aqsa 
Martyrs 

Mid-Zone 49 9 5 

4 Al-Najar Rafah 45 8 2 

TOTAL 311 72 50 
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3.4  Data  collection  procedure 

The data was collected by chart review, interviews and  laboratory  blood  samples for 

glycated hemoglobin (A1C)  and serum lipid profile tests that were carried out on blood 

samples drawn from each  participant  (Annex 1).  Since A1C percentage reflects mean 

glycemia over the preceding 2-3 months, measurement every 3-4 months is required to 

determine whether a patient's metabolic control has remained continuously within the 

target range.  So, the data and blood samples were collected three times  (Nov/Dec 2007,  

Mar/April  2008  and  in August  2008)  during the study period. 

3.5  Study variables 

For the analysis purpose, the following characteristics were collected for each 

participants : age,  gender , and  body mass index "BMI" (weight in kilograms divided by 

the square of height in meters). Clinical characteristics for diabetic patients on 

hemodialysis were collected and included :  type of diabetes (type 1 or 2), duration of DM 

(years), duration of  hypertension (years), dialysis duration (months), diabetes care with  

endocrinologist, self  monitoring of blood glucose   (yes or no), macrovascular and non-

renal microvascular  diabetic complications (yes or no), drugs used chronically to control  

hyperglycemia, hypertension and dyslipidemia as well as the Erythropoietin (Epo.) dose 

(units per week). 

In present study, we studied the effect of the hypertension history and drugs used 

(considered as principal variables) on the glycemic control (measured as A1C  %) and  

serum lipid profile  (HDL,  LDL, total cholesterol  & triglycerides) in each patient group. 

3.6  Biochemical  laboratory evaluation techniques   

For cases, the blood  samples were drawn  at the beginning of their respective  dialysis 

sessions. The blood samples for lipid profile tests were collected in a  vacuum  tube and  

the participants  had been fasting over night for at least 10 hours. The blood sample for A1C 

test collected in EDTA tube. 
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3.6.1  Glycated Hemoglobin (HbA1C) 

The glycated hemoglobin was measured by ion-exchange resin chromatography method 

utilizing reagents manufactured by Globe Diagnostics company - Italy.   

Principle : The procedure employs a weak binding cation-exchange resin for the rapid 

separation of glycohemoglobin (fast fraction) from non-glycosylated hemoglobin. 

Glycohemoglobin has been defined operationally as the "fast fraction"  hemoglobins (A1C, 

HbA1a) which elute first during column chromatography with cation-exchange resins. The 

nonglycosylated hemoglobin, which consists of the bulk of hemoglobin, has been 

designated HbAo. The percent glycohemoglobin was determined by using double beam 

uv/vis spectrophotometer (Uvicon 923) instrument and measuring the absorbance at 415n 

of the glycohemoglobin fraction and the total hemoglobin fraction. The ratio of the two 

absorbances gives the percent glycohemoglobin.   

3.6.2   Lipid profile tests  

3.6.2.1 HDL  Cholesterol   

HDL-C was measured by the precipitation method (manual use) utilizing reagents 

manufactured by DiaSys (Diagnostic Systems) company – Germany. 

Principle : Low density lipoproteins (LDL and VLDL) and chylomicrons fractions are 

precipitated quantitatively by the addition of phosphotungstic acid in the presence of  

magnesium chloride. After centrifugation, the cholesterol concentration in the HDL-C 

fraction, which remains in the supernatant, is determined by double beam uv/vis 

spectrophotometer (Uvicon 923)  instrument. 

3.6.2.2  LDL  Cholesterol  

LDL-C was calculated by Friedewald formula (Friedwald WT et al., 1972);            

Friedewald  LDL-C (mg/dl) =  Total Cholesterol  -  ( HDL-C   +  Triglycerides/5 ). 

The Friedewald formula is valid in dialysis patients and is sufficiently accurate                 

(rs 0.95–0.97 calculated LDL vs measured LDL) to allow the determination  of  LDL-C  in 

the vast majority of  patients (European Best Practice Guidelines 2002). 
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3.6.2.3  Total  Cholesterol  (TC)  

TC was measured by colorimetric enzymatic method using cholesterol 

oxidase/peroxidase, utilizing reagents manufactured by DiaSys (Diagnostic Systems) 

company - Germany.   Instrument;  Hitachi-902 autoanalyzer. 

Principle  : Determination of cholesterol after coupled enzymatic reactions. First   

hydrolysis of cholesterol ester by cholesterol esterase, then oxidation by cholesterol 

oxidase. With colorimetric indicator (quinioneimine), the oxidized product will give                  

a coloured complex that can be measured by spectrophotometry . 

 

3.6.2.4 Triglyceride  (TG's) 

 

TG's was measured by Colorimetric enzymatic test using glycerol-3- phosphate oxidase 

(GPO), utilizing reagents manufactured by DiaSys (Diagnostic Systems) company- 

Germany.  Instrument ; Hitachi-902 autoanalyzer. 

 

Principle : Determination of triglycerides after enzymatic splitting with lipoprotein  lipase, 

then the triglycerides undergo different enzymatic reactions (Glycol kinase, GPO, 

Peroxidase) which  gives a coloured complex with colorimetric indicator (quinioneimine ) 

that can be measured by spectrophotometry.  
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3.7  Statistical analysis 

Data collected was computer analyzed using the Statistical Package of Social Science 

(SPSS) software package version 13.  The data comprised the patients characteristics and  

the laboratory parameters (hemoglobin A1C, HDL-C, LDL-C, Total Cholesterol and 

Triglycerides) obtained throughout the study. 

The mean value of the three measurements for the five parameters  were recorded for 

patients who have lived until the end of the study. These parameters studied in relations to 

groups, subgroups and patients characteristics. All values of the forementioned five 

parameters are expressed as mean ± SD unless otherwise indicated.  

ANOVA test and  Independent T-test were used to assess the significance of difference  

between groups. P values <0.05 were considered statistically significant in 95% confidence 

interval. 

3.8  Study approval  

After the approval of the higher studies committee of the college of pharmacy  and    

Al-Azhar  University council-Gaza, the Ministry of health in Gaza was informed and their 

permission to conduct  the study was obtained. All aspects of the study protocol, including 

access to and use of the patient clinical information, were authorized by  the local health 

authorities. 

 Coordination was carried out with all the concerned departments at the ministry of 

health including the Director general of hospitals-Gaza, the Directors of Al-Shifa,  Nasser,  

Al-Aqsa Martyrs, & Martyr Mohammed Yousif El-Najar hospitals and the Director of 

laboratories and blood bank  (Annex 2). The blood samples were analyzed in the ministry 

of health laboratories (Annexes  3-7) . 

Explanation to patients and healthy participants were done, by the principle investigator, 

including the nature of the study, the purpose and the confidentiality of information. 

Written inform consent was obtained from each participant in the study (Annex 8). The 

researcher explained for all participants that participation in the study is optional and they 

have the right to refuse to participate or to drop out at any phase of the study, with 

emphasis on the confidentiality of information. Top security about the data obtained from  

the hospitals was  taken  into  account. 
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4   -  RESULTS 

4.1- Description of the participants in the study 

At the time of starting this study (Nov 2007), and according to our survey of  Gaza-Strip 

hospitals, there was 311 patients receiving hemodialysis and there was 72 patients (23%) 

with history of diabetes mellitus before dialysis (figure 2).  

The  participants in the study comprised 50 diabetic patients admitted to hemodialysis  

more than three  months before the start of  the study, and  25 healthy  people  as controls. 

The time of the study was 10 months (Nov 2007 – Aug 2008); where patients were 

followed-up. During that period, 15 patients died (10 from group A and  5  from group B),  

one went through kidney transplant, and 4 individuals withdrawn from the control group.   

All participants were followed-up for glycemic control (A1C test) and their serum lipid 

profile. Nine patients were excluded from the lip id profile tests due to difficulties in fasting 

because they were on dialysis at evening sessions.   

 

 

 

 

 

 

 

 

 

Figure 2.  Shows  the percent of  diabetes prevalence among hemodialysis patients in 
Gaza Strip Hospitals 
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4.1.1 -  Data of  hemodialytic diabetic patients 

According to the collected data from patients files, the 50 patients in the this study had the 

following characteristics : 

1- Gender   

Figure 3 shows the sex distribution of the study participants. The hemodialytic diabetic 

patients were 21  females (42%)  and  29 males (58%) . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Distribution of  participants (patients & control groups)  by gender 

2 – Age   

Most of  hemodialytic patients were old  persons. The mean age was 59.9 ±7.8 years,  

ranging from   39  - 70 years. 

3 - Body Mass Index (BMI)    

The degree of obesity  assessed by the body mass index (the weight in kilograms 

divided by the square of height in meters). According to WHO classification, the individual 

considered overweight with BMI ranging from 25-30 kg/m2, and obese with BMI              

>30 kg/m2  ( Kumar & Clark 2002). 

The mean BMI  for  patients was  27.7 ± 6.0  kg/m2,  ranging from 20 - 42 kg/m2.  The 

degree of obesity was different among  patients (Figure 4). From the total 50 patients,  15 

patients were considered  obese (30%) and 17 patients were overweight (34%). The obesity 

prevalence among group A was higher than in group B (44% of group A and 16%  of  

group B  were  obese) . 
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  Figure 4. illustrates the  frequency of  obesity among the study groups (A, B, & Control) 

4.  Diabetes history previous to start of dialysis (years)  

Most diabetic patients  in this study were had type 2 diabetes mellitus  (94%), only three 

patients (6%) had  type 1 diabetes  mellitus and  belonged to group B. The history of 

diabetes before undergoing  hemodialysis was different among the patients ranging from   

3 – 35 years with mean  of  18.1 ±7.6 years. There was no data in patients records 

indicating if  the diabetic nephropathy was the  essential cause that  lead to stage 5 CKD.  

5.  Hypertension (HTN) history previous  to start of dialysis  (years) 

Patients with hypertension history were confined only to group A.  In this group,  the 

mean  period with hypertension before the patients started hemodialysis was 14.5 ±8.1  

years and  ranging from 5- 35 years.  

6.  Dialysis duration 

Patients  in this study underwent  dialysis with a mean duration of   23.9 ± 20.3 months  

ranging from  3 - 88 months with a mean dialysis time  of  10.2 ±2.3  hours /week . 

7.  Drug therapy used in patients  

Patients of  the present study were on different drug therapies  for management of 

diabetes, dyslipidemia and hypertension. Half of the patients (50%) were on  insulin 

therapy, 14% took Sulfonylurea drugs  and  4% took  Biguanide drugs,  14%  patients were 

on lipid lowering agents (Statins), 66% on Furosemide therapy, 78% on Calcium Channel 

Blockers, 24% on  ACEIs, and 14 %  were on β-Blockers.   
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8.  Anemia and  Erythropoietin dose   

According to the patients files, most  patients were anemic  (mean  hemoglobin 9.3 ±1.8  

g/dl) and mean Erythropoietin (Epo.) hormone dose that was given to them 5386 ±1385 IU 

per week,  ranging from 4000 – 8000 IU/week. During the study period (from Nov 2007 to 

Aug 2008); there was a deficiency in Epo. amount in Gaza Strip hospitals and some   

patients were receiving less than their needed dose.  

9.  Macro and Microvascular complications   

Fourteen patients (28%) were suffering from (one or more) microvascular 

complications.  This includes 11 patients with neuropathy and retinopathy and two patients 

lost their sight and reached  the blindness stage.  Twenty patients (24 %) were suffering 

from (one or more) macrovascular complications. Two from  them  had diabetic limb 

amputations, nine patients  had coronary artery diseases, and two were suffering from 

transient ischemic heart  attacks.   

10.  Diabetes Mellitus care and follow-up  

Fifteen  patients (30%) had  a follow-up from Endocrinologists and sixteen (32%)  had 

self  monitoring of blood glucose (SMBG) at  home. 

4.1.2 -Characteristics of control  group   

     The number of the control group was 25 healthy individuals selected from people in 

Gaza Strip-Palestine. Characteristics of controls are shown in table 6. Blood tests such as 

(A1C , , LDL, HDL, Total Cholesterol, and Triglycerides) were done for all controls every 

3-4 months and for a period of 10-12 months, in order to determine any changes in 

glycemia and serum lipid profiles during the study period. 

           N : individual number      SD : standard deviation 

Table 6 . Characteristics of controls 

Gender                                           
         Male                     N=12  (48%) 
         Female                 N=13  (52%) 

                  Age  (Years)          Mean ± SD          37.6  ± 9.2 
         Range                     30 - 70 

   Body Mass Index  (kg/m2)            Mean ± SD          29.2  ± 4.2 
         Range                     22 - 39 
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4.2 - Glycemic control  (A1C test)  

The glycemic control was evaluated by measuring A1C  (%) in the participants at 

different study intervals (three measurements). These measurements were done alongside 

the study period for each patient.  The first test  was  in  Nov/Dec 2007, second  test in 

Mar/Apr 2008 and the  third  test in August  2008. 

4.2.1 Hemoglobin A1C levels in study groups during study period 

The result of this study showed a significant and repetitive difference between  patients 

and control groups  through the three tests of A1C %  (P-value < 0.05). Table 7, shows  the 

A1C %  (±SD)  in hemodialytic diabetic patient  and control groups  through the three 

measurements for A1C %  during the study period.  

 
Table 7.   The A1C (%) values in hemodialytic diabetic patients ( A , B & total )  and 

control  groups during  the study period (10 months). 

                                                                                                                               Mean of            
Group  / A1C  %                                             1st  test                2nd  test               3rd test             3 tests   
 

 

•  Hemodialytic Diabetic Patient 

-  Group  A                                        (N=25)               (N=22)              (N=15)                (N=15) 

                     Mean ±SD                  6.4 ±  0.9 *        6.7  ± 1.1 *         6.5  ± 1.1 *          6.6  ±  0.8 * 
                     Range                         4.2 – 8.3             5.2 – 9.7             4.4 – 8.7              5.5 – 8.1  
 

-  Group B                                          (N=25)               (N=23)                (N=19)                (N=19) 

                    Mean ±SD                   6.9  ±  1.5 *       6.8  ± 0.9  *         6.6  ±  1.3 *        6.7   ±  0.9 * 
                    Range                           5.0 – 10.9          5.3 – 8.7               4.7 – 8.7            5.5  – 8.8 

 
-  Total  Patients                                (N=50)              (N=45)                (N=34)                (N=34) 
                   Mean ±SD                     6.7 ± 1.3*          6.8  ± 1.0 *         6.5  ±1.2 *          6.7  ± 0.9 * 
                   Range                            4.2 – 10.9          5.2 – 9.7              4.4 – 8.7              5.5 - 8.8    
                                                        
• Control                                           (N=25)              (N=25)                (N=21)                (N=21) 

                   Mean (±SD)                  5.3 ± 0.4            5.1  ± .4               4.7  ±  0.5           5.1  ± 0.4 

                   Range                            4.5 – 6.0            4.6 – 6.0              4.1 – 5.8             4.53 - 5.7   
                                  

*  P-value <0.05 : compared with control group.   N : number of individuals.   SD: standard deviation  
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Hemodialytic diabetic patients had a higher A1C values than healthy controls throughout 

the three tests during the study period.  In patients (N=34) ,  the mean for the three 

measurements of  the  A1C was 6.7 ±0.9 (%), ranging from  5.5 - 8.8 (%).  In  healthy 

control  group, the  mean A1C  was 5.1 ±0.38 (%),   ranging from 4.5 - 5.7(%). 

Result in table 7,  indicate that, there was no significant difference  in A1C % between               

the group A & group B within the hemodialytic patients (i.e., no effect due to hypertension 

history before dialysis) at 0.05 significance level. 

A1C % values for the three different groups A/B and control over the ten months study 

period are shown in figure 5. Significant differences are seen in A1C  values between group 

A&B on one side versus that of the control group.  

Figure 5.  Shows the difference in  mean A1C  percent  between control group and  
hemodialytic diabetic patients (group A&B). 

4.2.2   Adequacy of  glycemic control  

Depending on the basis of data from multiple interventional trials, the ACE (2002)  

recommends that the target for attainment of glycemic control should be HbA1C  values            

≤ 6.5%. So we used this criteria as a cutoff value for good glycemic control.   According to 

this criteria, the obtained data  indicate  that, all individuals in the control group were with 

good glycemic level (mean A1C ≤ 6.5%) and there was more than 41 % from the  

hemodialytic diabetic patients with inadequate glycemic control along the study period  

(Table 8).   
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Table 8.  Frequency of  hemodialytic diabetic patients  with  adequate  glycemic control             
(Cutoff  value : A1C ≤ 6.5% ) 

                                                                                                                               
       A1C  %                                 1st  test                   2nd  test                   3rd test                Mean of  3 tests   
                                                                                    
 

•  A1C  ≤  6.5%   

         N  (%)                    29    (58%)          22   (48.9%)             20   (58.8%)            20  (58.8%) 
       Mean± SD                 5.8±0.6                6.0±0.4                    5.7±0.6                      6.0±0.4 
                                                    
•  A1C  > 6.5%  
          N  (%)                  21   (42%)            23   (51.1%)            14   (41.2%)             14  (41.2%) 
       Mean± SD               7.8±1.1                  7.6±0.8                     7.8±0.7                    7.6±0.5 
 
  N : number of patients   SD : standard deviation. 
 

Figure 6, illustrates the proportions of hemodialytic diabetic patients with glycemic 

control throughout the study period. The proportion of patients with inadequate glycemic 

control was significant in the three tests during the study period and ranging from 41% - 

51%. 

      Figure 6. illustrates the glycemic control percent  in hemodialytic patient groups 

4.2.3   Insulin therapy  and glycemic control 

Table 9 , shows the data for  the insulin dose per day that  was given to patients between 

dialysis sessions and the mean A1C (%) values at  different test intervals during the ten 

months of  the study period. From this data it appears that, the patients who used a higher 

doses of insulin they were with mean A1C values higher than  values for those patients who 

used small doses of insulin, but this different was not significant at  P-value < 0.05.  
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Table 9 .The dose of Insulin(IU)/day &  A1C  (%) in hemodialytic diabetic patients                               
at  1st , 2nd, and 3rd test during the study period. 

                                              1st  test                     2nd  test                   3rd test                Mean of 3 test             

Insulin  (IU/day)                 A1C (%)                      A1C (%)                       A1C (%)                       A1C (%)   
                                             Mean  ±SD                 Mean  ±SD                Mean  ±SD                  Mean  ±SD                              
 

   10-30  (IU)                   6.8 ± 0.8               6.9 ± 0.9               6.3 ± 1.0                 6.8 ± 0.8 
                                               (N =15)                      (N =17)                       (N =10)                         (N =10)  
 
   31-60  (IU)                7.8 ± 2.0                7.2 ± 1.4               7.2 ± 1.0                 7.1 ± 1.2                                     
                                               (N =8)                          (N =5)                       (N  =6)                          (N =6)    
 
    > 60  (IU)                 6.5 ± 0.1                8.5 ± 0.1              7.7 ± 1.1                 7.7 ± 0.3 
                                               (N =2)                          (N =2 )                      (N =2)                            (N =2)                  

    Total                        7.1 ± 1.3                7.1 ± 1.1              6.8 ±1.1                  7.0 ± 0.9 
                                               (N =25)                       (N =24)                     (N =18)                          (N =18)                  
 

   N= number of patients 

The correlation between A1C (%)  and insulin dose was positive in the three tests during 

the study period. This result raises a question mark about the effectiveness of the doses of  

insulin which had been used in these patients.  

 

By plotting the mean  values of the three measurements of A1C  versus the mean of 

insulin doses during the study period, it is noticeable from the observed  line that  the mean 

dose of insulin should have been increased  with increasing  the A1C percentage  (Figure 7).  

 

Figure 7.   Shows  the distribution of  mean A1C %  vs. mean  Insulin dose (IU) 
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    Results represented in table 10, shows a significant difference in mean A1C  values  in 

patients with and without insulin therapy. Patients who used insulin were with mean A1C 

values  higher than in patients who did not use insulin in the three measurements during the 

study period.  The difference was significant at P-value <0.05 in the first, second  tests and 

mean value  of the three tests. 

Table 10.  Shows  the  difference in  mean  A1C %  values  with  and  without                       
Insulin Therapy 

 
Patients / A1C  %                       1st  test                2nd  test                3rd test             Mean of  3tests 

 

 
 With Insulin Therapy  

      Number of patients         (N=25)                  (N=24)                     (N=18)                  (N=18) 
      Mean ±SD                      7.1 ± 1.3*          7.1 ± 1.1*                 6.8 ± 1.1               7.0 ± 0.9*    
        
Without Insulin Therapy       

      Number of patients          (N=25)                 (N=21)                      (N=16)                 (N=16) 
      Mean ±SD                       6.2 ± 1.1          6.4 ± 0.9                  6.3 ± 1.3               6.3 ± 0.8 
                  
*  P-value <0.05 : compared  with  patients without insulin therapy . 

 

Figure 8,  illustrates the significant difference in mean A1C  values for the two categories 

according to insulin therapy over the ten months study period. From the data obtained,  we  

notice that patients who underwent insulin therapy were with mean A1C  values  higher than 

those without insulin therapy.  This result consolidates  the suggestion of increasing insulin 

resistance among hemodialytic patients in uremic state as discussed previously  in the 

literature review.  

 

     

 

 

 

 

Figure 8. The difference in mean A1C % values in hemodialytic diabetics with and 
without insulin therapy during the study period. 
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Results represented in table 11, shows a higher  percent (44%-67%) of patients who 

used insulin between dialysis sessions were with inadequate glycemic control in the three 

tests during the ten months of  the study period.  

Table 11 . Frequency of  hemodialytic diabetic patients with glycemic control  and 
 Insulin usage 

                                                                                                                                  Mean of    
HD-DM Patients                               1st   test           2nd   test            3 rd  test            3  tests   
                                                                                  N  (%)                       N  (%)                    N  (%)               N  (%) 

 

 •  With Insulin  therapy 

         A1C  ≤  6.5%                             12  (48)             8   (33.3)             10  (55.6)        8   (44.4)                                                

         A1C  > 6.5%                               13 (52)               16  (66.7)           8    (44.4)        10  (55.6) 
•  Without  Insulin therapy 

         A1C  ≤  6.5%                             17  (68)            14 (66.7)              10  (62.5)        12  (75)   
         A1C  > 6.5%                               8    (32)            7  (33.3)               6   (37.5)         4   (25) 

 

N= number of patients. 

     Figure 9, illustrates the frequency of patients with glycemic control with insulin 

therapy. By looking at  the figure,  it is obvious, more than half the patients who used 

insulin (55.6%)  were with inadequate glycemic control. This percentage was  significantly 

higher than that found  in patients who did not use insulin (25%), it is actually more than 

twice as much, suggesting a paradoxical change. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.   illustrates the frequency of  patients with Glycemic Control according 
to  insulin therapy 
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4.3    Serum lipid profile tests  

In the present study, 41 hemodialytic  diabetic patients were taken according to the 

fasting state, from the 50 patient  to analyze and assess their serum lipid profile  (21 from 

group A and 20  from group B) in contrary to the 25 healthy participants of the control 

group. 13 individuals from the patients who participated in these tests died  and 4 from 

control group withdrawn during the study period. Four tests for serum lipid profiles were  

carried out, HDL-C, LDL-C, Total Cholesterol and Triglycerides. These tests were done 

three times in Nov/Dec 2007,  Mar/April  2008 and August  2008 for each  patient still  

living during  the study period. 

4.3.1   HDL – Cholesterol  

4.3.1.1  Difference in HDL-C Levels among the study groups 

Results represented in table 12, show a highly significant difference between the  mean 

serum HDL-C  level in hemodialytic diabetic patient groups and in the healthy control 

group throughout  the study period  (at  P-value < 0.05).  Patients in group A were with 

mean HDL-C level lower than group B and the  difference was significant only in the 3rd 

test at P-value < 0.05.  

Table 12 .   Shows the serum level of HDL-C (mg/dl ) in patient  and control groups 

                                                                                                                                 Mean of 
Group  /   HDL-C                 1

st  test                 2nd  test                3rd test                     3 tests 
   
 
•  Patient group 

-  Group  A                         (N=21)                      (N=18)                     (N=12)                     (N=12) 
      Mean ±SD                  26.3 ±7.8*                 33.3 ±13.0               31.1 ±6.2 * ‡           30.7 ± 9.0* 
      Range                          16  -  47                     20  -  70                    24   -  44                 22.7 – 51 
 
-  Group B                         (N=20)                       (N=19)                      (N=16)                   (N=16) 

      Mean ±SD                  31.4±8.9 *                32.7 ±7.7 *               40.3 ±12.7              33.9 ±8.7*  
      Range                          19  -  48                    18   -  44                    23  -  68                 20 - 47.3 
 
Total  Patients (A&B)       (N=41)                    (N=37)                      (N=28)                    (N=28) 
       Mean ±SD                  28.8±8.6*               33.0 ±10.5 *             36.3 ±11.2 *            32.5 ±8.8 * 
       Range                          16  -  48                   18  -  70                     23  -  68                  20 – 51  
                                
• Control   group               (N=25)                   (N=25)                      (N=21)                     (N=21) 

       Mean (±SD)                40.5±12.6             41.3 ±11.1                 45.4 ±8.4                 42.7 ±9.1  

       Range                            22  -  69               21  -  60                     29  -  66                   26 – 59 

*  P-value <0.05 : compared with control group,  ‡  P-value <0.05: compared with group B,   N :number  
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HDL-C values for the three different groups A/B and control over the 10 months study 

period are shown in figure 10.  In the hemodialytic diabetic group, the mean HDL-C levels 

were much lower than  in the healthy control group. Patients in group A were  with higher 

reduction in HDL-C than in group B.  This significant reduction in the HDL-C values in 

both groups A& B in comparison  with  group C could lead to further complications  along  

with other factors in these patients. 

                                                                                                                               

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Shows the difference HDL-C levels in study groups (A,B and Control)                   
during the study period . 

 

4.3.1.2  HDL-C and sex difference  

Our findings  (Table 13) indicates that,  females had higher HDL-C level than males. 

This result was seen in all study groups, and was repeated, in the three tests carried out 

during  the study period, but this difference was not significant at 0.05 significance level.  

This rise in HDL-C level among the females is expected, due to the physiological 

difference in HDL-C level between  males and females.  

Also our finding indicated, a low mean HDL-C level in both female and male 

hemodialytic diabetic patients, where the values were 34.2 ± 9.4 and 31.3 ± 8.4 mg/dl 

respectively. In healthy controls; females, the mean HDL-C level was 45.6 ±10.9 mg/dl,  

while in males,  it was 40.1 ± 6.6 mg/dl. 
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Table 13. Difference of  HDL-C serum level (mg/dl) with  gender  in  patient (total A&B) 
and  control groups 

                                                                                                                                    Mean of 
Group /HDL-C level               1st  test                2nd  test                 3rd test                   3 tests   
 

 

- Male   Patient                       (N=21)                  (N=19)                   (N=16)                    (N=16) 
             Mean ±SD                 28.1 ± 9.0*           29.7 ±7.9*            35.8 ±10.2*              31.3±8.4 * 
             Range                          16  -  47               18  -  44                 23   -  57                  20  -  47.3             

-  Male  Control                    (N=12)                   (N=12)                  (N=11)                     (N=11) 
              Mean ±SD               38.0±8.4                38.1±10.2             44.6±6.2                   40.1±6.6   
              Range                       27  -  53                  21  -  60                37  -  58                   29  -   53   

  

-  Female Patient                    (N=20)                  (N=18)                    (N=12)                     (N=12) 
              Mean ±SD                29.5±8.3 *‡         36.5±11.9                37.1±13.0                34.2±9.4 *‡    
              Range                         19 – 48                 21  -  70                  24  -  68                   22.7  - 51      

-  Female  Control                  (N=13)                  (N=13)                    (N=10)                     (N=10) 
              Mean ±SD                42.9±15.4             44.2±11.4               46.3±10.7                45.6±10.9   
              Range                         22  -  69                24   -  58                 29  -  66                   26  -  59                                                                          
 

* P-value <0.05 : compared with  control males.  
*‡ P-value <0.05: compared with control females .  
  

 
Mean  HDL-C levels in males and females over the ten months study period are shown 

in the figure 11. From this figure, it is obvious that, the females in the healthy control  

group  had the highest mean HDL-C serum level.  

 
Figure 11. illustrates the difference in mean HDL-C levels in  females & males among the  

hemodialytic diabetic patients  and healthy controls . 
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4.3.2   LDL-Cholesterol  

4.3.2.1   Difference  of  LDL-C  Levels among  the study  groups  

Measurements of LDL-C  in the three groups of the study during the ten months study 

period showed no statistical difference between the hemodialytic diabetic patients and 

control group  at  0.05 significance level  (Table 14).  

  Table 14.  Shows the  serum  levels of  LDL-C (mg/dl)  in  hemodialytic diabetic patients (A&B)     
and  control  group  during the study period (10 months). 

                                                                                                                            
Group  /   LDL-C                1

st  test                 2nd  test                3rd test               Mean of 3 tests   
 

 

•  Patient Groups 

 
-  Group  A                     (N=21)                    (N=18)                     (N=12)                       (N=12) 
      Mean ±SD              129.6 ± 40.0          111.3± 44.5              109.1± 43.4               117.4 ± 33.1 
      Range                      67  -  212                 52  -  214                 18  -  176                 55.7  -  176   
 
-  Group B                       (N=20)                   (N=19)                    (N=16)                       (N=16) 
     Mean ±SD               119.3 ± 44.7          102.3 ± 28.7             96.3± 30.9                 104.6 ± 20.6 
      Range                      22  -  191                64  -  174                 26  -  149                  73.7  -  144.7        
 
Total  Patients(A&B)       (N=41)                 (N=37)                     (N=28)                      (N=28) 

     Mean ±SD               124.6 ± 42.2          106.7ϸ 37.0              101.8±36.6                110.1 ± 26.9 
      Range                        22  -  212              52  -  214                  18  -  176                 55.7  -  176  
                                                       

• Control  Group           (N=25)                 (N=25)                    (N=21)                       (N=21) 

     Mean (±SD)             110.4 ± 40.3          115.1Јϸ  47.5           110.3 ± 35.2               111.1 ± 33.1 
     Range                         38  -  218              32  -  229                  51  -  195                  69.7 - 194.7  

   

There was no significant difference in LDL-C means between the study groups (ANOVA & T-
test). 

 

Mean of  LDL-C value for the three different groups A,B and C  are plotted in the  

figure 12, it is obvious that, the patients in group A  had higher LDL-C levels than patients 

in  group B over the ten months study period but this mean differences was not significant 

at P-value < 0.05. Reduction in LDL-C levels were seen in groups A&B over the ten 

months study period and in comparison with the control group. This decrease in the level 

of  LDL cholesterol may be due to the death of a significant proportion of patients who 

were at the higher level of risk. 
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Figure 12.  illustrates  the  LDL-C  levels in the different groups (A,B& Control) 

over the course of study period. 
 
4.3.2.2  LDL-C  risk  levels  

Although the mean values of LDL-C  levels were not different significantly between 

patients and control groups, the risk level for hemodialytic diabetic patients is different 

from the risk levels in the healthy persons according to the Third Adult Treatment Panel of 

NCEP criteria's. According to this criteria, the results showed that individuals in the  

control group were with LDL-C levels in the normal range, but hemodialytic diabetic 

patients were with a mean LDL-C above the risk level  ( ≥ 100 mg/dl).  

Table 15, shows the percentage  of patients in the LDL-C normal rang (<100mg/dl), 

patients above the risk level and need a  therapeutic life change (100-129 mg/dl), and 

patients above the risk level and requiring drug therapy (≥ 130 mg/dl) . 

Table 15.  Frequency of individuals in hemodialytic diabetic patient  groups (A&B) 
with  LDL-C  risk  levels . 

   

LDL-C                                   1st  test              2nd  test            3rd  test         Mean of 3 tests   
                                                                            N     (%)              N     (%)              N     (%)              N     (%) 
 

   •   <100        mg/dl                  11  (26.8)            20  (54.1)           13   (46.4)             10  (35.7) 
   •  100-129   mg/dl                   14  (34.2)            8    (21.6)            9    (32.1)             13  (46.4)  

   •   ≥ 130       mg/dl                  16   (39)               9    (24.3)            6    (21.4)            5    (17.9) 
 

      Total  Patients                     41  (100)             37  (100)             28   (100)             28   (100) 

   N= number of patients. 
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In the hemodialytic diabetic patients who participated  in the three tests (N=28), the 

obtained and evaluated data for the mean values of the three tests (Table 15)  indicates that, 

35.7%  of patients were with a mean of LDL-C  below the risk level (< 100mg/dl) , 46.4% 

were with a level ranging from  100-129 mg/dl (needing therapeutic life change "TLC" 

according to NCEP) and 17.9 % were with  a  mean value of LDL-C level  ≥ 130 mg/dl. 

According to ATP III of NCEP, the last patients category would need lipid lowering drug 

therapy. Figure 13, illustrate the proportion of individuals in hemodialytic diabetic patients 

with LDL-C risk levels in the three tests throughout the study period. 

Figure 13. illustrates the proportions  of  individuals in  hemodialytic diabetic patient 
groups  according to the  risk  level of   LDL-C 

 

In healthy persons, according to NCEP , the risk imposed by  LDL-C level differs by 

the number of risk factors that was found in these persons. In our study, the obtained data 

(Table 16) indicate that, most individuals in the control group (90.4%) were with mean 

LDL-C level  below the risk level (< 160 mg/dl) for healthy persons (with 0-1 risk factors). 
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Table 16.  Frequency  of individuals among control group with LDL-C risk  levels. 

   
          LDL-C                                     1st  test             2nd  test            3rd test            Mean of  3 tests   
                                                                                       N    (%)              N   (%)               N   (%)              N   (%) 
 

     •  <100        mg/dl                         12   (48)             9   (36)               9  (42.9)             9   (42.8)  

     •  100-129  mg/dl                          7     (28)             9   (36)               5  (23.8)             7   (33.3) 
     •  130-159  mg/dl                          4     (16)             4   (16)               6  (28.6)             3   (14.3) 

     •  ≥ 160       mg/dl                         2     (8)               3   (12 )              1  (4.8)               2    (9.6 ) 
 

     Total Participants                        25  (100)           25  (100)            21  (100)            21  (100) 

     N= number of patients. 

 

4.3.2.3   LDL/HDL Cholesterol  Ratio  

The values of LDL/HDL ratio for hemodialytic diabetic patients  was higher than values 

for control group throughout the three tests along the study period as shown in table 17. 

The difference in mean of ratio between the patients (A&B) groups and control group was 

significant in the 1st test and mean of the three tests. The ratio among the patients of group 

A was higher than in group B, but this difference was not significant at P-value <0.05.  

This rise in LDL/HDL ratio will make the hemodialytic diabetic patients at high risk to 

develop coronary artery diseases especially those with history of hypertension . 

Table 17. The ratio of LDL/HDL for each study group throughout the study period 

                                                                                                                                        Mean of   
LDL/HDL                          1st  test                     2nd  test                    3rd test                3 tests 

 

 Group A                        (N=21)                    (N=18)                    (N=12)                   (N=12) 
        Mean ±SD           5.3 ± 2.1 *                3.7 ± 1.7                3.7 ± 1.7 *              4.0 ± 1.5*     
        Range                  2.1 - 10.3                  1.1 -  6.5                0.5 - 6.5                  1.9 - 7.1 
 

 Group B                         (N=20)                    (N=19)                  (N=16)                   (N=16) 
        Mean ±SD           4.1 ± 1.8                   3.2 ± 1.0                2.7 ± 1.3                3.3 ± 1.0  
        Range                   0.7 - 8.2                   1.9 - 5.8                 0.5 - 5.4                  1.8 - 4.6  
 

 Total (A&B)                   (N=41)                   (N=37)                   (N=28)                   (N=28) 
         Mean ±SD           4.7  ± 2.0*               3.5 ± 1.4                3.1 ± 1.6                 3.6  ± 1.3* 
         Range                  0.7 – 10.3                 1.1 -6.5                 0.5 – 6.5                  1.8 – 7.1          

                
 Group C                         (N=25)                     (N=25)                 (N=16)                    (N=21) 
               Mean ±SD            2.9  ± 1.1                 2.9 ± 1.2                2.5 ± 0.9                  2.7 ± 0.8 
               Range                    0.6 - 4.5                  0.7 - 5.2                 1.3 - 4.9                  1.5 - 4.1 
  
*   P-value < 0.05  : compare to control group . N =  number of individuals . 
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The data plotted in the figure 14, illustrates the difference in LDL/HDL ratios among 

study groups along the study period. This figure shows that,  the patients in  group A (with 

hypertension history) were with a higher LDL/HDL  ratio than the other groups, suggesting 

a role for the hypertension state found in group A.  

 

 

 

 

 

 

 

 

Figure 14 . Represents the difference in LDL/HDL Ratio among the study groups 
during the study period. 

LDL/HDL ratio is also affected by gender in males and females, due to the 

physiological difference in HDL-C level. Table 18 shows the differences in ratio according 

to gender in each study group. It was unexpectedly noticed that,  the LDL/HDL ratios in 

female patients were higher than in males, in reverse to results of ratios in control group 

where the female patients were with ratio lower than in males due to higher HDL-C levels 

throughout the three tests along the study period. This result would make the female 

patients at a higher risk than male patients.  

There was a signif icant difference between LDL/ HDL mean ratios in female patients 

and female controls, where the values were 3.7 ± 1.5 vs. 2.4 ± 0.7  respectively wit              

p-value < 0.05. The  mean LDL/ HDL ratio in group A females was higher than in group B 

females patients where the values were 4.9 ± 1.6 vs. 2.9 ± 0.9; respectively and the 

difference was significant at the P-value <.05 . In contrast  this difference was not noticed 

in cases of  male patients . 
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Table 18.  The  difference in  LDL/HDL ratio with gender in hemodialytic-diabetic patient 

and control groups 

                                                                   LDL/HDL ratio                                                                  

  Gender/ Group                      1st  test                 2nd  test                 3rd test              Mean of 3 tests   

                                                                     Mean ± SD           Mean ± SD           Mean ± SD             Mean ± SD 
 
 • Males  
     Group A                            4.3  ±  1.3              3.6  ±  1.7             3.2   ±  1.4              3.5  ±  1.2 
     Group B                            4.5  ±  2.1              3.5  ±  1.3             2.7  ±  0.9               3.5  ±  1.0 
 
     Total (A&B)                     4.4  ±  1.7 *           3.6  ±  1.4             2.9  ±  1.1                3.5  ±  1.1 
     Control group                   3.3  ±  0.9              3.2  ±  1.3             2.6  ±  1.1                2.9  ±  0.8                
 
 • Females  
     Group A                            6.4  ±  2.3*‡         3.8  ±  1.8              4.5  ±  1.6               4.9  ±  1.6 *‡    
     Group B                            3.6  ±  1.3              2.9   ±  0.6            2.5  ±  1.5               2.9  ±   0.9   
 
     Total (A&B)                     5.0  ±  2.3 *           3.4  ±  1.4             3.3  ±  1.8               3.7  ±  1.5 *  
     Control  group                   2.6  ±  1.0             2.8  ±  1.1             2.6  ±  1.1               2.4  ±  0.7  
                
* P-value  <  0.05 compare to control group.   
‡ P-value  <  0.05 compare to group B. 
                                                                                                                                                              

 

4.3.3    Triglycerides (TG) levels among the study groups 

Measurement of TG levels were done for all groups. Table 19, shows the mean serum 

TG level in each group at the three different intervals of study during the study period.    

The mean level of serum TG in control group was higher than its level in hemodialysis 

diabetic patients (193.9 ± 70.8 vs. 147.5 ± 67.2). This  difference was  significant at             

P-value  < 0.05. 

Patients in group B had a mean TG level lower than that found in group A (133.0 ±71.7 

vs. 166.9 ± 57.8 mg/dl), but this difference was not significant at 0.05 P-value.  Also,  

patients in group B had a mean TG level lower than the level in control group                

(133.0 ±71.7 vs. 193.9 ± 70.8 mg/dl) and the  difference showed significance  at  P < 0.05 

value. 
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Table 19. Triglycerides  ( TGs)  levels   in  patient  and  control  groups 

                                                                                                                                          Mean of 
Group  /   TGs                    1st  test                  2nd  test                  3rd test                   3 tests   
 

 
•  Hemodialytic diabetic Patient  

-  Group  A                              (N=21)                    (N=18)               (N=12)                  (N=12) 
      Mean ±SD                     179.6±86.0‡            124.6±68.7         155.4±71.9           166.9 ± 57.8    
      Range                               41 – 396                  28 – 266             54 – 293               75 – 292.7       
 
-  Group B                              (N=20)                    (N=19)                    (N=16)                  (N=16) 
      Mean ±SD                     105.7±72.8 *           117.7±77.9            173.3±95.7          133.0 ± 71.7* 
      Range                               45 – 388                23 – 376                 54 – 393              65.7 – 360.7     
 
Total  Patients(A&B)            (N=41)                      (N=37)                 (N=28)                  (N=28) 
      Mean ±SD                     143.5±87.3               121.05±72.6        165.6±85.3 *         147.50±67.2 * 
      Range                              41 - 396                     23 – 376              54 – 393               65.7 - 360.7 
                                                       
• Control   group                    (N=25)                   (N=25)                  (N=21)                  (N=21) 

     Mean (±SD)                     182.8±101.2          156.6±73.8            218.3±75.2            193.9 ±70.8   
     Range                                  34 – 389                56 – 311                84 – 384              95.7 – 355.7 

*  P-value <0.05 : compared with control group . 
‡  P-value <0.05 : compared with group B. 

 

Triglyceride values in the three groups are shown in figure 15. As it is obvious from the 

figure, control group TG levels are significantly higher than TG levels seen in either group 

A or group B. 

 

Figure 15. Shows the  difference in  triglyceride  levels (mg/dl) among                               
the  study groups during the study period. 
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According to ATP-III of  NCEP, the border line for risk by TG is ≥ 150mg/dl, using this 

criteria, we found a higher percentage of the control group  above the borderline 66.7%    

(N=14 from total 21). In hemodialytic-diabetic patients, there was 53.8 % (N=7 from           

total 13) of  group A patients and 31.2% (N=5 from total 16) of group B  patients with TG 

values above the borderline. Figure 16, illustrates  the proportion of individuals with                

a mean TG levels above the  borderline risk level. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 . Frequency of  individuals in the study groups with a mean TG values above the  
borderline risk level.   

 

4.3.4  Total Cholesterol (TC) levels among the study groups 

Results on TC level measurements are represented in table 20, where it shows the 

difference between the patient and the control groups. The mean total cholesterol levels 

was different significantly among the study groups whereby the mean TC in control            

group was higher than in hemodialytic diabetic patient group (196.6 ±34.3 vs. 171.1 ± 34.3 

mg/dl) at P-value <0.05. The mean TC level in group B was lower than in group A             

(163.1 ± 27.4  vs. 181.6 ± 40.6 mg/dl), but  this difference was not significant at  P-value    

< 0.05. 
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Table 20 .  Shows the Total Cholesterol   (TC)  levels (mg/dl)   in  patient  and  control 
groups during the study period 

                                                                                                                                           Mean of 
Group  /   TC                     1st  test                  2nd  test                 3rd test                       3 tests   

 
•  Hemodialytic diabetic Patient group 

-  Group  A                             (N=21)                  (N=18)                    (N=12)                    (N=12) 
      Mean ±SD                     192.0±50.7            169.8±52.1              171.3±51.3           181.6 ± 40.6 
      Range                             101 – 316              100 – 285                  71 – 238              99.7 -  243 
 
-  Group B                              (N=20)                    (N=19)                   (N=16)                  (N=16) 
      Mean ±SD                     166.9±43.7             158.5±33.0 *          171.3±39.5 *        163.1 ± 27.4* 
      Range                             74 – 242                  102 -236                  109 -260             124.3  -  222   
 
Total  Patients(A&B)           (N=41)                     (N=37)                     (N=28)                  (N=28) 
      Mean ±SD                     179.8±48.5            164.0±43.1 *            171.3±44.1 *        171.1 ± 34.3* 
      Range                              74 -316                 100- 285                   71 – 260               99.7 -  243 
                                                       
• Control   group                 (N=25)                   (N=25)                      (N=21)                   (N=21) 

     Mean (±SD)                  193.0 ±45.1             189.1±36.7               199.4±35.2           196.6 ± 34.3 

     Range                             124 – 305                135 – 311                149 – 282           153.7  -  283.7                    

*  P-value <0.05 : compared with control group. 
     

Total cholesterol levels for the three different groups A/B and control  over the ten 

months study period are shown in figure 17. From the figure, it was obvious that 

hemodialytic diabetic patients (both group A&B) had a lower levels for serum cholesterol 

than the level in healthy controls. This reduction in total cholesterol level may be 

attributabled to the nutrition state among these patients.                           

 

Figure  17.  illustrates the total cholesterol levels during the study period in the three 
different groups (A,B &Control). 
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According to ATP-III of NCEP (2001) , the borderline for the risk of  TC is ≥ 200 

mg/dl, using this criteria, we found 33.3% (N=7 from total 21) of  the control group, 33.3% 

(N=4 from total 12) of  group A patients and 12.5% (N=2 from total 16) of group B 

patients having a higher levels of  TC than 200 mg/dl. Figure 18 , illustrates the percent of 

indivduals with TC – risk value above borderline  in each  group. 

 

 
Figure 18.  Frequency of individuals in  hemodialytic diabetic patient (A&B) and control 

groups with mean TC levels above borderline  risk value.  
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4.4   Correlations between the A1C and  serum lipid profile 

Table 21,  shows the correlations between A1C (%) and serum lipid levels. The obtained 

data  indicate that, there was a negative correlation between HDL level and A1C  (%).  This 

negative correlation was found in all participants (patients and controls), but this 

correlation was not significant at P-value <0.05. 

In hemodialysis diabetic patients, there was a significant positive correlation in a 

triglyceride and  total cholesterol levels with A1C % in the third test. 

Table 21. The correlations  between  mean A1C (%)  with serum lipid levels in 
hemodialytic diabetic  patient  and  control  groups 

Study 
participants A1C HDL LDL TG TC 

Patient  

Group (A&B) 

 

1st Test (N=41) 
r 

P-value 
0.16 
0.31 

0.26 
0.10 

-0.10 
0.54 

0.23 
0.16 

2nd Test (N=37) 
r 

P-value 
-0.11 
0.51 

0.04 
0.82 

0.26 
0.13 

0.10 
0.58 

3rd Test (N=28) 
r 

P-value 
-0.23 
0.24 

0.38 
0.05 

0.60* 
0.001 

0.49* 
0.01 

Mean of 
3 tests 

(N=28) 
r 

P-value 
-0.11 
0.58 

0.23 
0.24 

0.31 
0.11 

0.31 
0.10 

Control Group 

 

1st  Test (N=25) 
r 

P-value 
-0.23 
0.27 

-0.10 
0.65 

0.37 
0.07 

-0.02 
0.91 

2nd Test (N=25) 
r 

P-value 
-0.06 
0.78 

0.20 
0.34 

0.22 
0.29 

0.27 
0.19 

3rd Test (N=28) 
r 

P-value 
-0.12 
0.61 

-0.04 
0.86 

0.01 
0.95 

-0.07 
0.78 

Mean of 
3 tests (N=21)                   

r 
P-value 

-0.19 
0.41 

0.04 
0.87 

0.28 
0.22 

0.15 
0.53 

       * : Correlation is significant at the 0.05 P-value  level  
        r : Pearson's Coefficient ,  N : number of individuals 
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4.5   Mortality among the hemodialytic diabetic patients  

The results of our study showed a high mortality rate (30%) among the hemodialytic 

diabetic patients. From the 50 patients who participated in the study, fifteen patients               

(8 females & 7 males) died during the study period (Dec 2007 - Aug 2008) and the high 

percent of dead patients (N=10)  were with a history of hypertension before dialysis. 

Unfortunately,  there was no available  documented data in dialysis centers about the death 

causes. 

All of dead patients were from type 2 diabetes, five of them were on Statin therapy,               

13 were on Furosemide, and 6 were on insulin therapy. The mean age for  the dead was 

61.7±7.3 years, BMI was 26.7 ±7.3 kg/m2 , and  dialysis period 22.4 ±16.3 months. 
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5 – DISCUSSION 

5.1 General  Aspects 

The present study was conducted to investigate the adequacy of glycemic control              

represented by the percentage of hemoglobin A1C and the effect of insulin use  and 

dyslipidemia in diabetic patients on hemodialysis, especially those with a history of 

hypertension. To achieve this purpose, fifty hemodialysis patients diagnosed as diabetics 

were selected from the hemodialysis centers in Al-Shifa, Nasser, Al-Aqsa Martyr and 

Martyr Mohammed Yosif El-Najar hospitals in Gaza Strip-Palestine. Male patients                

(N=29) represented 58 % of the patient groups and Females were 42% (N= 21). Patients 

were followed-up for a period of ten months and five laboratory parameters (hemoglobin 

A1C, HDL-Cholesterol, LDL-Cholesterol, Total Cholesterol, and Triglycerides) were 

measured, three times during the ten months study period.  

Results showed several significant abnormal levels in the forementioned parameters. In 

contrast, we took 25 healthy participants as controls (volunteers), males were twelve  

(48%) patients and females were thirteen (52%) individuals. Our results highlights the 

importance of controlling the levels of glycemia and serum lipid profile among the 

hemodialytic diabetic patients.  As illustrated in our present research work, the case-control 

study has indicated a prevalence of inadequate glycemic control and dyslipidemia among 

the hemodialytic diabetic patients in Gaza-Strip. Also resistance for insulin  therapy  in       

a high proportion of these patients was noticed, and  a negligible number of patients had 

treatment and follow up for dyslipidemia.    

To the best of our knowledge, when the study was started, there were no similar reports 

available in Palestine related to this study. 

5.2  Reported patients characteristics related to kidney failure 

Diabetes mellitus was prevalent in hemodialysis Palestinian patients with                       

a percentage of  23%, this percentage is higher than that seen in Egypt (14.5%), and similar 

to that found in Canada (23%) and in Japan (22%) and less than that seen in USA ( 32%), 

Australia & Newzland (30%), or Jordan (29.3) (Schena, 2000; Afifi,  et al., 2004; Abdallah 

et al., 2007). Also this percentage matches  the percentage found in India, which was 

recorded by the study of Bhagwat, et al., (1997) and indicated that about 22.8% of patients 

with  CRF  had a history of diabetic kidney disease.  
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This ratio for diabetes prevalence among hemodialysis Palestinian patients may be 

higher than 23%, but the higher death rate among these patients may be the reason that  

appears this prevalence less than in developed countries. 

In our  study, the hemodialytic diabetic patients were considered at higher risk to 

develop coronary heart disease due to the presence of multiple risk factors. In addition to 

diabetes, hypertension and CRF, these patients were elderly people (mean 59.9 ±7.8) and 

significant proportion of them were considered obese. All these factors together would  

increase the risk of CHD occurrence .  

According to the measured mean BMI for the patient groups, they were considered as 

overweight people  (had BMI  25 – 29.9). There was 15 patients (30%) considered obese 

(had BMI >30) and 17 patients (34%) were overweight. The obesity was higher among 

patients with history of hypertension before dialysis (44% of group A had BMI >30).             

It is well known that, obesity has effects on both mortality and morbidity and the 

relationship between obesity and death risk, was found in results from population studies, 

such as that of Framingham study (which investigate an epidemic of coronary disease in the 

USA) that showed a clearly increased risk of death with increasing body weight (Hanlon  et 

al., 2007). So, the obesity may play an important role in the death risk among the 

hemodialytic diabetic patients with history of hypertension in our study. 

5.3  Mortality among hemodialytic diabetic patients  

At the end of the present  study, our findings showed  high death rate, 30 % of patients 

(N=15), along the study period (10 months) especially among those patients who had  a 

history of  hypertension before starting dialysis. This death ratio is higher than that 

mentioned by Abu Shahla F. MA., (2003) for general Palestinian patients on hemodialysis, 

where the death rate among Palestinian patients on dialysis was  7-8%.  Additionally, this 

death  ratio was higher than that found in the USA, where the mortality rate of patients on 

dialysis is approximately 18-20 % per year (Singh &Brenner, 2005;  Sarnak  et. al., 2003). 

The mean time period between starting dialysis and  death was  22.4 ± 16.3 months, this  

low survival rate in diabetics with stage 5 chronic kidney disease (kidney failure) was 

observed by other researchers. There are many studies that indicate the survival of patients 

with diabetes-related kidney failure undergoing  dialysis is  markedly  lower than  for  non-

diabetic  patients with kidney failure, with < 20% of diabetic patients survive after five 

years of dialysis (Arkouche, 1999;  Johnson, 1999;  Abdallah  et al., 2007). 
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    This result can be explained by higher risk of CHD in these patients, which is implicated 

by the presence of  kidney Failure, DM, HTN, obesity and dyslipidemia in these patients. 

Additionally, these patients used drugs chronically that aggravate the dyslipidemia such as 

Furesamid and β-blockers (Walker, 2003; p357). Unfortunately, there was no documented 

data in hemodialysis centers about the principle cause of death in these patients.  

5.4   Glycemic control  

    The present study revealed that,  more than forty percent (41%) from the  hemodialytic 

diabetic patients were with inadequate glycemic control along the study period. In contrast, 

all individuals in the control group were with good glycemic level. 

5.4.1  Adequacy of glycemic control in hemodialytic diabetics  

 Using  a percentage of A1C ≤ 6.5% as cutoff value for adequate glycemic control which 

is recommended by ACE in modern guidelines (2002), our finding revealed that, there was 

a high proportion of diabetics on dialysis with inadequate glycemic control.  About 41.2% 

had  A1C percentage  > 6.5 , this proportion  does not differ from the proportion by cutoff 

value A1C  result < 7 for adequate glycemic control  which is  recommended  by ADA as  

goal of  therapy (ADA 2007), whereby there was 13 patients from a total of 34 with 

inadequate glycemic control, representing  38.2% of patients.  

 This result is similar to that  found  by other researchers; such as the result in the cross-

sectional study carried out in Kingston General Hospital (KGH), southeastern Ontario in 

Canada that was  published  by  Tascona et al. in  2006,  and  indicated that 54% of 

hemodialysis patients with diabetes in their study  had A1C   > 7 %.  Also, these results are 

similar to those found by Coon and Zulkowski (2002), in an epidemiological study which 

showed that 53% of patients had an A1C >7%  in the general rural diabetic population of  

Montana. 

In comparing patients with A1C ≤ 6.5  and those with A1c > 6.5 , depending on the 

available data about patients characteristics, we found that there was no significant 

difference in characteristics of patients in both categories. Also, most patients were  

anemic, and the mean blood hemoglobin was similar in both (with adequate& inadequate 

glycemic control) categories. This  means that, the differences in the percent of  glycated 

hemoglobin among  the hemodialysis diabetic patients were affected principally by the 

level of glycemia among those patients. 
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5.4.2  Insulin therapy  

In our study, half the patients underwent insulin therapy, and only  32% of  patients  

used self-monitoring of blood glucose (SMBG) test and 30%  of them  continued to follow 

up diabetes with endocrinologist.. This means that, a large proportion of diabetic patients  

have uncontrolled hyperglycemia between dialysis sessions and  they were unaware and 

taken their insulin therapy without any follow-up for its effectiveness.   

According to ADA recommendations (ADA 2007); SMBG is recommended for all 

insulin-treated patients with diabetes and most individuals with diabetes should attempt to 

achieve and maintain blood glucose levels as close to normal as is safely possible.   With 

the availability of SMBG and glycated protein testing, routine laboratory blood glucose 

testing by health care providers should no longer be used to assess glycemic control except 

to supplement information obtained from other testing methods and to test the accuracy of 

SMBG .  

Few patients used oral hypoglycemic therapy with /or without  insulin therapy. Among 

the total patients, there were 14% of patients on Sulfonylurea therapy and 4% on  

Biguanides therapy. These patients with kidney failure are contraindicated to use such 

drugs, and this requires re-evaluate their therapeutic regimen. 

A high proportion of hemodialytic diabetic patients (about 44%) stopped the treatment 

by oral hypoglycemic or insulin therapies. This result could explain the decreased 

metabolism of insulin by the kidney in uremic stat in CRF, that often results in a decrease 

in the insulin requirement of diabetic patients (Rabkin et al., 1984).   

Our finding also revealed  that, there was a high proportion of  patients who were on 

insulin therapy (≈56%) with inadequate glycemic control, and the dose of insulin 

administered between dialysis sessions  was increased with increases in A1C. This would 

indicate an increase in insulin resistance in those patients and the need to control the 

disease with diet at first. This increased resistance to insulin in a state of uremia among 

hemodialysis diabetic patients had been described by other researchers in many different 

studies before  (Mak & DeFronzo, 1992; Kraus LM &  Kraus AP JR.,  2001; Kraus et al.,  

2004 ).    
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5.5  Serum lipid profile  

The dyslipidemia was obvious in hemodialysis diabetic patients and the most noticeable 

was a lower level of HDL-C  than in the control group. Also it was noticeable that, all lipid 

parameters in patients, was lower than that  in the control group. This may be attributable 

to the nutrition state and diet restriction of these people. But the risk imposed by the 

LDL/HDL ratio in patients was higher than in control group.    

5.5.1  HDL –Cholesterol  

      The lower HDL levels were common in hemodialytic diabetic patients, this result 

consolidates the characteristic dyslipidemia with a low HDL-C level in hemodialytic 

patients. Almost all patients in the present study had a serum level of HDL lower than that 

recommended by ATP-III of NCEP (2001). According to this criteria,  there was 81.3 % of 

males and 91.7% of females of the  hemodialytic diabetic patients with HDL level  lower 

than recommended. Also in the control group, there was 63.6% of males and 60% of 

females with a serum HDL-C level lower than recommended by ATP-III of NCEP (2001). 

Diabetic patients on hemodialysis had  HDL-C level lower than in controls throughout 

the study period.  The difference was highly significant between the  mean HDL-C level in 

hemodialytic diabetic patients  ( 32.5 ± 8.8 mg/dl ) and healthy controls (42.7 ± 9.1) at           

P-value < 0.05. The mean HDL-C level in our finding, was higher than that found by 

Bhagwat  et. al., 1997 and lower than that found by Agaba  et. al., (2005) .   

In a study of Bhagwat et. al. (1997), which comprised 114 patients with ESRD in the 

Choithram Hospital & Research Centre in India, the mean HDL level  was found to be 

significantly low in various groups of CRF patients (20 ± 11 mg/dl) and the lower level 

was in  patients with history of diabetics nephropathy (15 ± 10 mg/dl). In a study by Agaba          

et al., (2005) that was carried out in the Nephrology Unit of the Jos University Teaching 

Hospital in Nigeria, the HDL-C level in diabetics with ESRD was 59.9 ± 44.1 mg/dl. Also, 

our control group  had HDL-C lower than that found in their study where their controls had 

HDL-C level of  92.1 ± 22.1 mg/dl (Agaba et. al., 2005). This large difference may be 

attributable to the races difference whereby the HDL-C levels in white people is lower than 

in blacks (Maron, 2000). 



74 
 

The  mean HDL-C level was lower in both females and males hemodialytic diabetic 

patients (34.2 ± 9.4  mg/dl  vs. 31.3 ± 8.4 mg/dl ; respectively). In healthy controls , the 

males had good HDL levels (40.1 ± 6.6 mg/dl), while females had lower levels than 

recommended  (45.60±10.92 mg/dl) . 

These results indicate that the hemodialytic diabetic patients in  the present study  were 

at higher risk  of coronary heart disease  implicated by lower HDL  level.  

5.5.2   LDL –Cholesterol  

     Findings of the present study, showed no significant difference between patients and 

controls in LDL-C levels throughout the study period. The mean value of LDL-C  level  in 

hemodialytic diabetic patients in the present study  was 110 ± 26.9 mg/dl, which was not 

different from the level in normal controls 111.1 ± 33.1 mg/dl.  This result agrees with the 

levels known in such cases, whereby levels of total and LDL cholesterol usually are 

normal or may even be below normal in hemodialysis patients (European Renal 

Association, 2002). 

Our finding is similar to that found by Agaba et. al. (2005), where the LDL-C levels 

was 111.1 ± 80.1 mg/dl  in diabetic patients with kidney failure. Also , these results are 

some what greater than results obtained  by  Bhagwat  et al., (1997) where the mean          

LDL-C in dialysis  patients with history of diabetic nephropathy was 93 ± 21 mg/dl. 

    Patients of  the present study are considered among the first category, that have coronary 

heart disease risk, which may  necessitate  the LDL cholesterol level be below the 100 

mg/dl in these patients. Serum lipid level measurements showed that  35.7% of patients 

were in the low risk category for LDL-cholesterol (<100 mg/dl), while 46.4% were among 

the moderate risk category (100-129 mg/dl) and 17.9 % were among the  high risk category 

(≥130 mg/dl) .   

The proportion of patients with low risk is consistent with the results found in a recent 

study that examined data from the National Health and Nutrition Examination Survey 

(NHANES) 1999-2002, which indicated that, only 36% of diabetics had LDL-C  < 100 

mg/dl   (Resnick et. al., 2006). 
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5.5.3  LDL/HDL Cholesterol  Ratio  

    The risk of cardiovascular disease (CVD) is determined by the ratio between the bad 

(LDL) and good (HDL) lipoproteins. According to this ratio;  our results shows that risk 

was higher in patients than in healthy control group. As seen in the foregoing discussion, 

the hemodialytic diabetic patients were with a mean LDL-C values above the risk level 

(>100 mg/dl), and at the same time they had a low HDL-C levels.  

The mean LDL/HDL ratio in total patients (A&B) was higher and different significantly 

from that of controls, 3.6 ± 1.3 vs. 2.7 ±0.8; respectively  (P-value < 0.05).  Our finding 

was similar to that found by Agaba et. al., (2005) study, where the LDL/HDL cholesterol 

ratio in diabetics with kidney failure was (3.65 ± 3.97). This similarity in the results, even 

though the racial difference, proves the prevalence of dyslipidemia among these patients. 

Total controls (males & females) in our study were with higher LDL/HDL ratio than that 

in the controls of  Agaba et al., study (2.7 ± 0.8 vs. 0.61 ±0.30; respectively), this result 

difference is expected, due to higher HDL-C serum level in black people. 

     Patients with history of hypertension  had LDL/HDL ratio higher than others, this may 

be due to the higher  atherogenicity among these patients. This result might explain the 

high mortality rate which was reported in these patients.  There was an obvious effect of 

gender on the results. Female patients were with the higher LDL/HDL ratio than others.   

The ratio was higher in female patients (A&B) than in female controls, 3.7 ± 1.5 vs. 2.4 ± 

0.7 respectively (P-value <0.05). Females in group A (with hypertension history) were 

with LDL/HDL ratio higher than in group B.  In males, the difference was not as 

significant between patients and controls where the values were   3.5 ± 1.1 vs. 2.9 ± 0.8 

mg/dl;  respectively. These results indicate that hemodialytic diabetic patients female who 

were more exposed than others to risk of cardiovascular disease, due to an increase in the 

LDL/HDL ratio among them. 

5.5.4  Total Cholesterol (TC)  

The TC level in patients of the present study was under the border line risk level (<200 

mg/dl)  as it is common in dialysis patients . However, the mean TC in patients  was 

different significantly and lower than  in controls where the values were 171.1 ± 34.3 vs. 

196.6±34.3 mg/dl; respectively (P-value <0.05). Patients with history of hypertension 

before dialysis  had higher level of  TC (181.64 ± 40.6 mg/dl) than patients without history 

of hypertension (163.1 ± 27.4 mg/dl), however the difference was not signif icant. 
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 Our result was similar to that obtained by  Bhagwat et al study 1997, where the TC in 

CRF (in general) patients was 171±43 mg/dl and in CRF patients with diabetic 

nephropathy history  was 151±32 mg/dl . 

It is important to mention the paradox in cholesterol level  in relation with mortality risk 

among  patients with kidney failure. Whereby the prospective observational studies in the 

general population have shown that the relation between risk of coronary artery disease 

and blood cholesterol is roughly log-linear (European Renal Association 2002). Also, an 

inverse associations was observed among hemodialysis patients between blood cholesterol 

and mortality.  The risk of death is 4.3 times greater in hemodialysis patients with serum 

cholesterol <100 mg/dl (2.6 mmol/l) than in those with values between 200 and 250 mg/dl  

(Lowrie & Lew 1990).  

Because cholesterol and LDL cholesterol levels are normal in most hemodialysis  

patients, coupled with the lack of long-term lipid-reducing studies in this population, the 

debate continues about the role of lipid-reducing therapy in kidney failure, particularly 

about who should be targeted  as had been previously stated by Wheeler, 1996. 

5.5.5  Triglycerides (TGs) 

The measured TGs level in patients of this study was similar to those of  TC, and where 

different significantly and lower than in controls, 147.5 ± 67.2 vs. 193.9 ±70.8 mg/dl; 

respectively (P-value <0.05). In patients with hypertension history before  dialysis (group 

A) the TG level was 166.9 ± 57.8  mg/dl, which is higher than those without history of 

hypertension (group B), where the values were 133.0 ± 71.7 mg/dl. However, this  

difference was not statistically  significant at  P-value <0.05.   There was a high proportion 

(53.8%) of patients with hypertensive history before dialysis with borderline level of TG    

(≥150 mg/dl) and 31.2% of patients without this history. However, high proportion 

(66.7%) of the control group had TG levels above the borderline. 

The triglyceride level  in the hemodialysis patients of our study, was lower than that  

observed in other hemodialysis patients, whereby the hemodialysis patients exhibit a 

characteristic dyslipidemia consisting of hypertriglyceridemia and low HDL (Europen 

Renal Association, 2002). This level was lower than in  Bhagwat et al. study, where the TG 

level showed a marked hypertriglyceridemia level of 232 ± 77 mg/dl. Such a result could 

be related to the nutrition state in these patients. 
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6 - CONCLUSIONS 

 The  glycated hemoglobin test carried out in our study revealed that inadequate 

glycemic control  is prevalent  among hemodialytic diabetic patients (≈ 41%). 

 The study showed that the therapy  used  failed to treat the hyperglycemia in                        

a significant proportion of hemodialytic diabetic patients, such result was also seen in 

patients who underwent insulin therapy, more than half (≈56%) of them were with 

inadequate glycemic control.  

 Some patients with renal failure have used drugs that contraindicated in the case of 

kidney failure such as Biguanides and Sulfonylurea, and this requires re-evaluate their 

therapeutic regimen. 

 Our results indicate that the dyslipidemia was predominate in hemodialytic diabetic 

patients with a low  HDL-C levels in all patients (32.5±8.8 mg/dl). 

 Cardiovascular  risk as imposed by lipid abnormalities is elevated in those patients in 

comparison  to healthy persons. The LDL/HDL ratio in patients was  higher than that 

found in controls with values  of  3.6 ± 1.3 vs. 2.7 ± 0.8; respectively. 

 The results indicate that female hemodialytic diabetic patients in group A (with 

hypertension history) have been more exposed than others to risk of cardiovascular 

disease, due to an increase in the LDL/HDL ratio among them. 

 Hemodialytic diabetic patients with history of hypertension before kidney failure, had  

a higher mortality rate than  those without hypertension history. 

 There is a strong need to carry out analytical tests, which assess the adequacy of 

glycemic control and serum lipid abnormalities, in the routine clinical follow-up of  

hemodialytic diabetic patients in Gaza-Strip. 
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7 - RECOMMENDATIONS  

 Since inadequate glycemic control was seen even with the use of insulin therapy in 

different doses among patients, and it was difficult to precisely control the glycemia 

between dialysis sessions in diabetic patients, we strongly recommend : 

1. Self-monitoring of blood glucose levels (SMBG) is recommended for all hemodialytic 

diabetic patients especially those on insulin therapy. This is needed for more accurate 

individual dose adjustments and to achieving glycemic goals. 

2. Routinely perform the analytical tests (A1C or  glycated serum proteins tests) that 

reveal the adequacy of glycemic control between the dialysis sessions, in order to 

manage and follow-up the hyperglycemia in hemodialytic diabetic patients. 

 Because of insulin resistance is prevalent among hemodialytic diabetic patients, we 

recommend to control the glycemia in these patients by nutritional management and diet 

control at first, and more clinical follow-up for them. 

 Assessing the cardiovascular disease risk by performing  routine tests for serum lipid 

profile in hemodialytic diabetic patients.  

 Patients with chronic kidney diseases who suffered from hypertension accompanying to 

diabetes need further follow-up more than others to assess the risk of cardiovascular 

diseases periodically.  

 Diabetic patients with kidney failure should be treated according to the new guidelines 

recommendations of associations that are interested in diabetes care as ADA, AACE or 

European Renal Association. 

 It is very important to set up mandatory disease-history registers in hospitals for patients, 

to  get better  information on the disease  and its complications. 

 Reliable information on causes of death is essential to the development of national and 

health policies for prevention and control of  diseases . 

 Long term studies using larger  number of hemodialysis patients and for longer period of 

time are  warranted. 

 Diabetes and hypertension are playing a significant role in the initiation and progression of 

chronic kidney disease. So, the patients who suffer from hypertension accompanying to 

diabetes they are needing (more than others) to follow up their kidney function routinely. 
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