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INTRODUCTION 

Chronic kidney disease (CKD) is fast becoming a 

worldwide public health problem (Shaheen and Alkader, 

2005). These patients are considered a high risk group of 

cardiovascular death. The risk of cardiovascular death is 10-

20 times higher in chronic dialysis patients with end stage 

renal disease (ESRD) than in the general population 

(Reynolds et al., 2005). 

 Vascular calcification is common in ESRD and it is a 

central characteristic of the atherosclerotic cardiovascular 

disease observed in those patients. Arterial wall stiffness 

and loss of the wall elasticity is accelerated in chronic 

dialysis patients because of calcification in the medial layer 

of the vascular wall, which is an active cellular process 

controlled by calcification inducers and inhibitors (Oikawa 

et al., 2007). A pivotal role in the inhibition of calcification 

is played by fetuin-A (Allen et al., 2007). 

 Fetuin-A also known as (alpha-2-hermans schmid 

glycoprotein) is a hepatic, calcium regulatory glycoprotein. 

Fetuin-A is taken up by the vascular smooth muscle cell 

into intracellular vesicles, where it binds to insoluble 

calcium. These vesicles are then released into the 

extracellular fluid and phagocytosed in an active process 

which inhibits calcium precipitation (Oikawa et al., 2007). 
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Ciaccio et al. (2008) reported that serum fetuin-A is negative 

acute phase protein, accordingly it seems to be involved in 

both inflammation and vascular calcification.    

 Moreover, the measurement of inflammatory markers 

such as high sensitivity C-reactive protein (hs-CRP) is 

believed to be of value in the prediction of future myocardial 

infarction, peripheral arterial disease and vascular death 

among ESRD patients (Jakub et al., 2008). Weight reduction, 

smoking cessation and exercise as well as anti-inflammatory 

and lipid lowering therapy have been shown to lower hs-CRP 

levels representing helpful measures in the primary prevention 

of cardiovascular disease (Kiran et al., 2008). 

 In addition elevated total homocysteine levels promote 

atherosclerosis by damaging the endothelium lining of the 

arteries and promote blood clotting. Accordingly, it represents 

a potential factor contributing to high risk of cardiovascular 

disease (Jakub et al., 2008).  
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AIM OF THE WORK 

 

 The aim of the present study is to determine the clinical 

utility of serum levels of fetuin-A, hs-CRP and homocysteine 

as predictive biochemical markers of atherosclerotic 

cardiovascular disease in ESRD patients subjected to regular 

dialysis.  
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I- CHRONIC KIDNEY DISEASE 

Chronic kidney disease (CKD) is a worldwide major 

public health problem, with increasing incidence, prevalence, 

high costs and poor outcomes (Graves, 2008). 

A- Definition of CKD: 

The definition of CKD is established based on the 

occurrence of kidney damage and the level of kidney 

function (glomerular filteration rate) regardless of the 

specified diagnosis. In February 2002 the Kidney Disease 

Outcome Quality Initiative (K/DOQI) of the National 

Kidney Foundation (NKF) defines CKD as either: 

-  Kidney damage for three or more months, as defined by 

structural or functional abnormalities of the kidney, with or 

without decreased glomerular filtration rate (GFR), 

manifested by pathologic abnormalities or markers of 

kidney damage, including abnormalities in the composition 

of the blood or urine or abnormalities in imaging tests. 

-  Or GFR < 60 mL per minute per 1.73 m
2
 for three months 

or more, with or without kidney damage (NKF, 2002). 

B- Incidence of CKD: 

More than 50 million people world-wide have CKD, 

and more than one million of them are receiving kidney 

replacement therapy. Additionally, because of the age-related 
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decline in GFR that may largely attributable to hypertension, 

atherosclerosis, or heart failure, the incidence of CKD 

increases with age, approximately 17 percent of persons older 

than 60 years have an estimated GFR of less than 60 mL per 

minute per 1.73 m
2
. Early detection may help slow the 

progression of kidney disease and avoid kidney failure 

(Schoolwerth et al., 2006).  

The epidemiology of end-stage renal disease (ESRD) 

in Egypt has never been examined on a national scale.  

Schistosomiasis, which is considered a common cause of 

renal failure in Egypt, is the cause of about 30 % of chronic 

renal failure, most of which is due to obstructive uropathy 

and a small percentage is due to schistosomal nephritis. 

Hypertension is responsible for 28% of ESRD cases in Egypt. 

ESRD of unknown etiology is responsible for 16% of cases 

(Barsoum, 1999). 

C- The Pathophysiology and Etiology of CKD: 

CKD is a pathophysiological process that results in 

decreasing of nephrons number and function. The 

pathophysiology of CKD involves initiating mechanisms 

specific to the underlying etiology, as well as a set of 

progressive mechanisms that are common consequence 

following long term reduction of renal mass, irrespective of 

the etiology. This reduction in renal mass causes structural 

and functional hypertrophy of surviving nephrons. The 
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compensatory hypertrophy is mediated by vasoactive 

molecules, cytokines and growth factors, such as 

transforming growth factor beta (TGF-), interleukin 6 (IL-

6), interferon-gamma (INF-) or tissue necrosis factor-α 

(TNF-α). These inflammatory factors activate resident 

lymphocytes and recruit additional cells from the peripheral 

circulation. The activated cells can cause T- cell mediated 

cell lysis, activation and proliferation of interstitial 

fibroblast activity resulting in increased extracellular matrix 

synthesis and eventually glomerular and tubular fibrosis 

(Matyus et al., 2008). 

-The etiology of CKD is simply classified as: 

1- Diseases in the native kidneys: 

They are broadly divided into: 

a) Diabetic kidney disease: 

It is a type of glomerular diseases. It is considered as 

the largest single cause of kidney failure (Zerbini et al., 

2006). 

b) Non diabetic kidney disease: 

It includes glomerular diseases such as acute and 

chronic glomerulonephritis, vascular diseases such as renal 

artery stenosis, tubulointersitial diseases including diseases 

due to obstruction, infection, stones and drug toxicity or 

allergy and cystic diseases including polycystic kidney 

disease (Johnson et al., 2004). 
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2- Diseases in the transplant kidney: 

They are mostly due to rejection, toxicity from 

cyclosporine, recurrent disease and transplant glomeru-

lopathy (Andrew et al., 2005).  

D- Markers of Kidney Damage: 

Kidney damage is ascertained by the presence or 

abscence of certain markers, rather than by kidney biopsy. 

The NKF guidelines emphasize persistent proteinuria as a 

marker of kidney damage. Proteinuria is identified readily 

using a simple office procedure. A ratio of greater than 30 mg 

of albumin to 1 g of creatinine in a two or three untimed 

(spot) urine sample usually is considered abnormal. The 

finding of proteinuria not only defines the presence of CKD, 

but also has important implications for diagnosis of the type 

of kidney disease and is associated with a worse prognosis 

for both kidney disease progression and the development of 

cardiovascular complications (Wendy, 2007). 

Other markers of kidney damage include abnormalities 

in urine sediment (casts, tubular epithelial cells) performed by 

urine microscopy and strongly support intrinsic renal disease, 

abnormalities in the composition of blood, and urine 

chemistries, that define tubular syndromes such as renal 

tubular acidosis and Fanconi syndrome, as well as abnormal 

findings on imaging studies such as polycystic kidneys, 

hydronephrosis, small echogenic kidney. However, 

percutaneous kidney biopsy routinely performed to confirm 

the diagnosis, guide treatment and gain information regarding 

prognosis. Patients who have normal kidney function but have 
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markers of kidney damage are at increased risk for adverse 

outcomes of chronic kidney disease (Richard et al., 2008). 

E-Estimation of Glomerular Filteration Rate (GFR): 

The GFR is considered the best measure of overall 

kidney function. The normal GFR varies according to patient 

age, sex, and body size. In young adults, the normal GFR is 

approximately 120 to 130 mL per minute per 1.73 m
2
 and 

declines with age. A GFR level below 60 mL per minute per 

1.73m
2
 represents loss of one half or more of the adult level 

of normal kidney function. Estimation of GFR from serum 

creatinine and prediction equations such as the Modification 

of Diet in Renal Disease (MDRD) and the Cockcroft and 

Gault equation based on age, sex, race and body size are 

recommended to avoid the misclassification of individuals on 

the basis of serum creatinine alone as shown in Table (1) 

(Sarnak et al., 2003).   

Table (1): Equations to Predict GFR Based on Serum 

Creatinine 

 

Cockcroft-Gault equation  CCr (mL/min)=(140-Age)xWeightx(0.85 if female) 

                             72xSCr   

Abbreviated MDRD Study 

equation  

GFR(mL.min
-1

 per 1.73 m
2
)=1.86x(SCr)

-1.154
 x    

                         (Age)
-0.203

x(0.742 if female) 

 x(1.210 if black)  

ccr indicates creatinine clearance; MDRD, Modification of Diet in Renal Disease; 

and SCr, serum creatinine in mg/dL. Age is given in years and weight in 

kilograms  

(Richards et al., 2008) 
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F- Risk Factors of CKD:  

The K\DOQI guidelines focus primarily on 

identifying susceptibility and initiation factors to define 

individuals at high risk of worsening kidney damage and 

subsequent loss of kidney function. The risk factors of 

CKD are discussed in Table (2): 

Table (2):  Risk Factors for Chronic Kidney Disease and 

Its Outcomes 

Type Definition Examples 

Susceptibility 

Factors 

Factors that 

increase 

susceptibility to 

kidney damage 

Older age, family history of chronic 

kidney disease, reduction    in kidney 

mass, low birth weight, non 

Caucasian especially African 

American and native American, low 

income or educational level. 

 

Initiation 

Factors 

 

Factors that directly 

initiate kidney 

damage 

 

Diabetes mellitus, high blood 

pressure, autoimmune diseases, 

systemic infections, urinary tract 

infections, urinary stones, 

obstruction of lower urinary tract, 

drug toxicity 

 

Progression 

Factors 

Factors that cause 

worsening kidney 

damage and faster 

decline in kidney 

function after kidney  

damage has started 

Higher level of proteinuria, higher 

blood pressure level, poor glycemic 

control in diabetes, smoking 

 

End-stage 

Factors 

Factors that 

increase morbidity 

and mortality in 

kidney failure 

Lower dialysis dose (Kt/V),* 

temporary vascular access, anemia, 

low serum albumin level, late 

referral for dialysis 

*—In Kt/V (accepted nomenclature for dialysis dose),  

“K” represents urea clearance, “t” represents time, and “V” represents volume 

of distribution for urea. 

(NKF, 2002) 



Review of Literature 

 

10 

G- Classification of CKD: 

 CKD  is classified into 5 stages based on the level of 

kidney function (GFR) regardless of the specific diagnosis 

as shown in Table (3):  

Table (3): NFK Classification of Chronic Kidney Disease  

 

Stage Description 

GFR (mL per 

minute) per 

1.73 m
2
) 

Action plan 

— 

At increased risk      

for chronic 

kidney disease 

> 60 (with risk 

factors for 

chronic kidney 

disease) 

Screening, reduction of risk 

factors for chronic kidney disease  

1 

Kidney damage 

with normal or 

elevated GFR 

 

≥ 90 

Diagnosis and treatment, treatment 

of comorbid conditions, 

interventions to slow disease 

progression, reduction of risk 

factors for cardiovascular disease 

2 

Kidney damage 

with mildly 

decreased GFR 

60 to 89 

Estimation of disease progression  

3 
Moderately 

decreased GFR 
30 to 59 

Evaluation and treatment of 

disease complications 

4 
Severely 

decreased GFR 
15 to 29 

Preparation for kidney 

replacement therapy (dialysis, 

transplantation) 

5 Kidney failure 
< 15 (or 

dialysis) 

Kidney replacement therapy if 

uremia is present 

Adapted with permission from National Kidney Foundation. K/DOQI 

clinical practice guidelines for chronic kidney disease: evaluation, 

classification, and stratification (NKF, 2002).  
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Stage 5 kidney failure is defined as a GFR below 15 

mL per minute per 1.73 m
2
, usually accompanied by signs 

and symptoms of uremia, which results from failure of the 

kidney to maintain adequate execratory, regulatory and 

endocrine function. The uremic syndrome evolves to 

produce stupor, coma and ultimately death unless support is 

provided by dialysis or successful kidney transplantation 

(Chen et al., 2006).  

Kidney failure is not synonymous with end-stage 

renal disease (ESRD).  ―End-stage renal disease‖ is a term 

for patients treated with dialysis or transplantation. 

However, the term does not include patients with kidney 

failure who are not treated with dialysis or transplantation. 

Thus, although the term "end-stage renal disease‖ is in 

widespread use and provides a simple operational 

classification of patients according to treatment, it does not 

precisely define a stage of severity in kidney disease 

(Zieman et al., 2005). 

 Additionally, diabetes and hypertension are the main 

causes of CKD leading to ESRD. Diabetes accounts for 

almost 45% of new dialysis patients, while hypertension is 

the underlying cause in around 25%. Both are risk factors 

that are widespread in African American population and 

responsible for increase risk of ESRD to 3-4 folds 

compared with Caucasian and other racial minority group 

(Taal and Brenner, 2008). 
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H- Complications of CKD: 

The major complications of CKD include: 

1- Progressive loss of kidney function: 

The rate of progression of CKD, irrespective of 

underlying cause, is dependent on both non-modifiable 

factors such as age, sex, race and level of kidney function 

at diagnosis and modifiable factors including proteinuria, 

blood pressure control and smoking (Johnson et al., 2004).  

Progressive loss of kidney function over time in most 

patients with CKD is a well-known outcome. Because  of the 

older age at onset for many forms of kidney disease and the 

slow rate of decline in kidney function, and the high death 

rate due to cardiovascular disease (CVD), so in fact decreased 

kidney function is far more common than kidney failure, for 

which replacement therapy (dialysis or transplantation) 

becomes necessary (Taal and Brenner, 2008). 

2- Complications from decreased kidney function 

The decreased kidney function is associated with a 

wide range of complications including: 

a) Hypertension: 

It is primarily due to increased or inappropriate high 

activity of the rennin- angiotensin and other vasoconstrictor 

systems. However, with progressive fall in GFR, salt and 
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water retention predominate. Hypertension is associated 

with increased rate of progression of the primary renal 

disease resulting in more declines in GFR (Goodman et al., 

2000). A study by Jardine and McLaughlin (2001) 

reported increased CVD risk associated with higher levels 

of blood pressure. 

b) Anemia: 

It is related primarily to decrease erythropoietin 

production by the diseased kidney, it may also arises from 

chronic blood loss or inhibition of erythropoiesis caused by 

inflammation, nutritional deficiency, secondary hyperpara-

thyroidism, or accumulation of inhibitory uremic toxins. The 

hemoglobin (Hb) concentration starts to decrease as GFR fall 

below 60 ml/min/1.73m
2
. Anemia is normocytic normo-

chromic with hematocrit of about 20-30% (McDonald et al, 

2007). Anemia in CKD when left untreated can negatively 

affect cardiac, cognitive and immune functions, as well as 

quality of life, renal disease progression and overall survival 

(Tarng, 2008).  

c) Bone diseases: 

Including osteoporosis due to failure of the kidney to 

produce activated vitamin D (calcitriol) and to excrete 

phosphorus, as a result serum calcium fall and serum 

phosphorus rise, both events stimulate parathyroid hormone 

(PTH) production. As kidney disease worsens secondary 
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hyperparathyroidism begins where the glands continue to 

produce PTH, and although they become hypertrophic, the 

number and sensitivity of their vitamin D receptors 

decreases. The consequences include ostitis fibrosa cystia, 

bony erosions and intramedullary cysts because of direct 

effects of PTH on osteoblasts and osteoclasts (Legg, 2005). 

d) Neuropathy: 

CKD is associated with many forms of neuropathy, 

mostly due to high levels of urea, creatinine and (PTH) 

hormone, as well as changes in electrolytes, fluid balance and 

acid base balance that may interfere with nerve conduction. 

The most common neuropathy is sleep disorders, others 

include encephalopathy, peripheral polyneuropathy and 

autoimmune dysfunction (Zieman et al., 2005). 

e) Malnutrition: 

  Malnutrition is a common finding in CKD. It is 

hypothesized that both metabolic and hormonal changes 

decrease appetite, also many patients have nausea from 

gastrointestinal changes, as well as decreased protein intake 

combined with metabolic acidosis can increase protein 

breakdown in CKD patients. Metabolic acidosis also 

squelches albumin synthesis which is needed as a building 

block of muscle mass. In addition, declining kidney 

function is known to adversely affect insulin and growth 

hormone, two factors needed for growth and repair 

(Andrew et al., 2005).  
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3- Development of cardiovascular disease (CVD): 

The burden of CVD is evident upon the initiation of 

replacement therapy. CVD is a complication of CKD which 

deserves special consideration, first because CVD events 

are more common than kidney failure in CKD patients 

,second CKD appears to be an independent risk factor for 

CVD and fortunately because CVDis treatable and 

potentially preventable (de Boer et al., 2008). 

I- Management of CKD: 

This include evaluation and management of comorbid 

conditions, slowing progression of kidney disease, 

cardiovascular disease risk reduction, preventing and treating 

complications of CKD and preparation for kidney 

replacement therapy. 

1- Evaluation and management of comorbid conditions: 

Comorbid conditions are conditions other than the 

primary disease. They include diseases causing CKD such as 

diabetes and hypertension and diseases unrelated to CKD 

such as malignancies and chronic inflammatory diseases. In 

all cases, management of comorbid conditions must be 

integrated into the overall case of patients with CKD, 

adjustment of drug dosages, interpretation of symptoms and 

minimizing treatment complications are necessary (NKF, 

2002). 


