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ABSTRACT 

Background: Chronic kidney disease (CKD) involves the irreversible loss of renal 

function to the extent that the kidneys are unable to meet the metabolic demands of the 

body. Typically, CKD progresses gradually over a period of months or years and is 

associated with a variety of complications, including electrolyte imbalances, malnutrition, 

metabolic acidosis, anemia, bone disease, and growth failure. Oxidative stress has been 

reported in chronic kidney disease due to both antioxidant depletion and increased 

production of Reactive Oxygen Species (ROS). Advanced Oxidation Protein Products 

(AOPP) serves as a marker of oxidative stress in CKD in pediatric patients on regular 

hemodialysis. The aim of work was to assess advanced oxidation protein products as a 

marker of oxidative stress in children with end-stage renal disease on regular 

hemodialysis receiving intravenous iron therapy. Patients and Methods: This study was a 

cross-sectional case-control study that was carried out on 60 children selected from the 

pediatric dialysis unit and pediatric outpatients’ clinic in Al-Zahraa University Hospital 

from June 2014 to February 2015. Results:  CKD is a state of oxidative stress as there was a 

significant increase in the mean serum level of advanced oxidation protein products (AOPP) 

in children on regular hemodialysis receiving intravenous iron therapy in comparison to 

controls. Anemia is a risk factor for increased oxidative stress as evidenced by negative 

correlations between AOPPs and Hb and HCT. Conclusion: Hemodialysis is a state of 

oxidative stress which is exaggerated by anemia especially in patients with ferritin more than 

500ng/ml also parental iron therapy could exaggerate the already present oxidative stress in 

those patients   
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INTRODUCTION 

CKD is defined as "evidence of structural 

or functional kidney abnormalities 

(abnormalities in the composition of the 

blood or urine, imaging studies, or 

histology) that persist for at least 3 

months, with or without a decreased 

glomerular filtration rate (GFR), as 

defined by a GFR of less than 60 mL/min 

per 1.73 m
2
 (1). The etiology of end-stage 

renal disease (ESRD) in children is most 

often developmental renal anomalies, 

which include aplastic, hypoplastic, and 

dysplastic kidneys, obstructive uropathies 

(posterior urethral valves), focal 

segmental glomerular sclerosis, reflux 

nephropathy, and polycystic kidney 

disease (2). 

Anemia is a universal problem among 

children with chronic kidney disease 

(CKD) which develops early in the course 

of CKD and becomes increasingly severe 

as the disease progresses, remains 

common among patients presenting for 

renal transplantation, and persists in the 

post-transplant period. Anemia, with its 

associated fatigue, cognitive impairment, 

and diminished quality of life, is a 

significant problem for dialysis patients 

(3). Other factors for the occurrence of 
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renal anemia include functional or 

absolute iron deficiency, blood loss 

(either occult or overt), the presence of 

uremic inhibitors (for example, 

parathyroid hormone, inflammatory 

cytokines), and deficiencies of folate or 

Vitamin B12 (4). 

Independent of nutritional factors, chronic 

uremia may also contribute to anemia. 

Uremic toxins have been shown to 

shorten the survival of erythrocytes and 

might also stimulate hemolysis. (5). 

 Anemia is known to increase the risk of 

developing left ventricular hypertrophy 

(LVH) independently of an elevation in 

blood pressure, which is prevalent in 

children with CKD and confers an 

increased risk of cardiovascular diseases 

(6). 

It is established that end-stage renal 

disease (ESRD) is a state of oxidative 

stress (OS), caused by the increased 

production and reduced clearance of 

oxidants. Patients undergoing 

maintenance hemodialysis have elevated 

markers of oxidative stress and blunted 

antioxidant defense mechanisms through 

inhibition of antioxidant enzymes by 

uremic toxins, decrease in renal 

antioxidant enzyme functions and 

deficiencies of trace elements distort 

antioxidant defenses (7). 

 IV iron is related to increased oxidative 

stress, renal toxicity, bacteremia, and 

mortality due to infections (7). Also, renal 

anemia which is a common complication 

of ESRD itself can augment oxidative 

stress by increasing tissue reactive 

oxygen species (ROS) generation during 

anaerobic metabolism and reducing 

antioxidant defense because of the 

diminished erythrocyte pool (8). 

Therefore, AOPPs is a good oxidative 

stress marker, which originates under 

oxidative and carbonyl stress and 

increases global inflammatory activity 

(9). 

The aim of this study was to assess 

advanced oxidation protein products as a 

marker of oxidative stress in children 

with end-stage renal disease on regular 

hemodialysis receiving intravenous iron 

therapy. 

PATIENTS AND METHODS 

This study was a across-sectional case-

control study that was carried out on 60 

children of both sexes aged between 4-16 

years in Al-Zahraa University Hospital 

from June 2014 to February 2015. 

Children included in the study were 

divided into 2 groups;  

 Group I: Included 30 children with 

end-stage renal disease (ESRD) 

(eGFR <15 ml/min/1.73 m²)  as 

defined by Kidney Disease Outcomes 

Quality Initiative (KDOQI) and 

undergoing regular hemodialysis with 

dialysis prescription of 12h/week (3 

times/week, 4 hours/time) more than 

3 months. Dialysis was carried out on 

Fresenius (4008B-4008S) and 

dialysator was from synthetic 

polysulphate, using a low flux 

hemodialyser membrane with 

vascular access through an 

arteriovenous fistula or central venous 

catheter. Hemodialysis was performed 

using bicarbonate buffered dialysate. 

 Group II (control group); Included 30 

apparently healthy children with 

matched age and sex taken from the 

outpatient clinic of pediatrics. 

Inclusion criteria: Patients with ESRD 

(eGFR < 15 ml/min/1.73 m²) on regular 

hemodialysis (3 times/week, 4 

hours/time) more than 3 months. 

Exclusion criteria: Patients with acute or 

chronic infections and those with chronic 

systemic illness (hepatic, chest, GIT, and 

heart). 
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All studied children were subjected to 

the following:  

1- Full history taking with detailed renal 

history for patients including duration 

of kidney impairment, etiology of 

chronic kidney disease, duration of 

dialysis, drug history (Erythropoietin or 

iron), history of blood transfusion, and 

history of any other disease. 

2- Thorough clinical examination 

including all systems (General, CNS, 

Cardiac,   Respiratory, Renal, and 

GIT). 

3- Laboratory investigations: 

Sample collection: Venous blood samples 

were withdrawn. Samples for complete 

blood picture were taken on EDETA 

solution. Other portions of the samples 

were left to clot and sera were separated 

without delay for the biochemical 

parameters to be done on the same day. 

Other portions of the serum sample stored 

frozen at-20c after careful labeling until 

the time of assay of serum level of AOPP. 

Routine investigations: 

-Complete blood picture was done 

automatically by coulter MD 18 

automated hematological counter (10). 

-ESR was estimated by the wester green 

technique (10). 

-CRP was done using the agglutination 

technique. 

-Serum urea and creatinine, serum 

calcium and phosphorus, serum 

cholesterol, and triglycerides. All were 

done on the HITACHII auto-analyzer 

(11). 

-Serum sodium and potassium were done 

on AVL.988  

-Serum parathyroid hormone was done on 

Elecsoys 1010 electrochemilumescence 

autoanalyzer. 

Specific investigations: Advanced 

Oxidation Protein Products (AOPP):    

Principle of the test: The kit assay Human 

AOPP level in the sample, use Purified 

Human AOPP antibody to coat microtiter 

plate wells, make solid-phase antibody, 

then add AOPP to wells, combined AOPP 

antibody which with HRP labeled, 

become antibody-antigen-enzyme-

antibody complex, after washing 

completely, add TMB substrate solution, 

TMB substrate becomes blue color At 

HRP enzyme-catalyzed, the reaction is 

terminated by the addition of  sulphuric 

acid solution and the color change is 

measured spectrophotometrically at a 

wavelength of 450 nm. The concentration 

of AOPP in the samples is then 

determined by comparing the O.D. of the 

samples to the standard curve. 

Assay procedure 

1- Dilute and add the sample to Standard: 

set 10 standard wells on the ELISA 

plates coated, add standard 100μl to 

the first and the second well, then add 

standard dilution 50μl to the first and 

the second well, mix, take out 100μl 

form the first and the second well then 

add it to the third and the fourth well 

separately. then add standard dilution 

50μl to the third and the fourth well, 

mix; then take out 50μl from the third 

and the fourth well discard, add 50μl 

to the fifth and the sixth well, then 

add standard dilution 50μl to the fifth 

and the sixth well, mix; take out 50μl 

from the fifth and the sixth well and 

add to the seventh and the eighth well, 

then add standard dilution 50μl to the 

seventh and the eighth well, mix; take 

out 50μl from the seventh and the 

eighth well and add to the ninth and 

the tenth well, add standard dilution 

50μl to the ninth and the tenth well, 

mix, take out 50μl from the ninth and 
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the tenth well discard (add sample 

50μl to each well after diluting, 

(density: 36μmol/L, 24μmol/L, 

12μmol/L,6μmol/L, 3μmol/L). 

2-Add sample: set blank wells separately 

(blank comparison wells do not add 

sample and HRP-conjugate reagent, 

other each step operation is the same), 

testing sample well, add sample 

dilution 40μl to the testing sample 

well, then add the testing sample 10μl 

(sample final dilution is 5-fold), add 

the sample to wells, don’t touch the 

well wall as far as possible, and 

Gently mix. 

3. Incubate: After closing plate with 

closure plate membrane, incubate for 30 

min at 37°. 

4. Configurate liquid: 30-fold (or 20-fold) 

wash solution diluted 30-fold (or 20-

fold) with distilled water and reserve. 

5. Washing: uncover closure plate 

membrane, discard liquid, dry by 

swing, add washing buffer to every 

well, still for 30s then drain, repeat 5 

times, dry by pat. 

6. Add enzyme: Add HRP-conjugate 

reagent 50μl to each well, except blank 

well. 

7. Incubate operation with 3. 

8. Washing: operation with 5. 

9. Color: Add Chromogen Solution A 

50ul and Chromogen Solution B to 

each well, evade the light preservation 

for 15 min at 37°. 

10. Stop the reaction: add stop 

solution50μl to each well, stop the 

reaction (the blue color change to 

yellow color). 

11. Assay: take blank well as zero, read 

absorbance at 450nm after adding stop 

solution, and within 15min. 

Ethical consideration: 

This study was approved by the medical 

ethical committee of Al-Azhar 

University. 

Statistical analysis of the data: Data 

were fed to the computer and analyzed 

using IBM SPSS software package 

version 20.0. (Armonk, NY: IBM Corp) 
(8)

. Qualitative data were described using 

number and percent. Quantitative data 

were described using range (minimum 

and maximum), mean, standard 

deviation, and median. The significance 

of the obtained results was judged at the 

5% level. 

RESULTS 
Table (1): Comparison between the two studied groups 

regarding sex, age, and anthropometric measurements    

 Control group Patients group P-value 

Sex 
Female (No, %) 15 (50.00%) 16 (53.30%) 

0.796 
Male (No, %) 15 (50.00%) 14 (46.70%) 

Mean±SD    

Age 8.91±3.53 10.3±3.7 0.142 

Wt (kg) 31.27±14.41 25.29±10.21 0.069 

Hight (cm) 129.08±24.57 123.81±17.79 0.345 

BMI 17.57±2.22 16.28±3.57 0.099 

Table 1 shows that there was no 

statistically significant difference between 

the two studied groups regarding gender, 

age, and anthropometric measurements.  
Table (2): Comparison between patients group and 

control group regarding kidney function, lipid profile, 

albumin, calcium, phosphorus, PTH, iron profile, and 

AOPP.  

 

Control 

group 

Patients 

group 

Independent t-

test 

Mean± SD Mean± SD T 
p-

value 

urea (mg/dl) 19.50±6.39 151.97±42.99 
-

16.694 
0.000 

creat (mg/dl) 0.42±0.16 8.42±2.09 
-

20.894 
0.000 

Cholestrol (mg/dl) 104.27±15.31 156.87±40.63 -6.636 0.000 

Triglycerides (mg/dl) 75.37±20.17 164.20±73.62 -6.374 0.000 

Albumin (gm/dl) 3.90±0.31 2.78±0.48 5.622 0.000 

Ca (mg/dl) 9.21±0.47 8.88±0.6 2.372 0.021 

Phos (mg/dl) 4.34±0.33 6.47±1.98 -5.815 0.000 

PTH (pg/ml) 37.41±12.84 632.62±571.50 -5.703 0.000 

Hgb (g/dL)) 12±1.2 11±1.1 2.791 0.011 

Hct (%) 37.6±3.2 34±3.1 4.354 0.012 

Iron (µg/dl) 87.27±28.89 81.83±46.53 0.541 0.591 

TIBC (µg /dl) 326.90±74.98 222.73±36.59 6.838 0.000 

Transferrin saturation 

(µg/dl) 
27.77±10.38 36.80±19.21 -2.265 0.027 

Ferritin (µg/L) 77.17±30.20 696.06±486.19 -6.959 0.000 

AOPP (ìmol/L) 0.79±0.62 21.53±11.00 
-

10.316 
0.000 

Our study revealed statistically increased 

levels of free cholesterol and triglyceride 
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in chronic hemodialysis patients than the 

control group.  

There was a statistically significant 

increase in the serum level of phosphate 

and PTH in patients with CKD on 

hemodialysis than in the control group 

with a significant decrease in serum level 

of calcium in the patient’s group than the 

control group. 

Levels of both hemoglobin (Hb) and 

hematocrit (Hct) were significantly lower 

in CKD patients on hemodialysis than in 

the control group, the level of serum 

ferritin was significantly higher in the 

patient group (CKD) than the control 

group. The serum level of AOPP was 

significantly higher in dialysis patients 

than healthy children  
Table (3): Comparison between patients receiving IV 

iron and patients did not receive IV iron regarding 

AOPP  

 

Not received IV 

iron 

Received IV 

iron 

Independent t-

test 

Mean±SD Mean±SD T 
p-

value 

AOPP 

(ìmol/L) 
20.43 6.56 23.88 5.77 2.163 0.034 

The previous table shows that there was a 

statistically significant increase in the 

level of AOPP in patients receiving IV 

iron than patients did not receive IV iron. 
Table (4): Comparison between patients with ferritin 

level > 500 µg/L and patients with ferritin level < 500 

µg/L regarding AOPPs. 

 
Ferritin < 500 Ferritin > 500 Independent t-test 

Mean±SD Mean±SD T p-value 

AOPPs (ìmol/L) 7.62 2.56 19.42 10.16 -3.518 0.001 

The previous table shows that there was a 

highly statistically significant increase in 

the mean value of AOPPs in patients with 

mean serum ferritin level > 500 µg/L, 

when compared to patients with mean 

serum ferritin level < 500 µg/L. 

DISCUSSION 

ESRD is a major health problem with 

multiple medical, social, and financial 

problems. Children constitute 1-2 % of 

the total ESRD population but the 

devastating effects of ESRD in children 

are more significant than in adults (12). 

The hemodialysis (HD) population has 

aggravated oxidative stress and blunted 

antioxidant defense mechanisms. 

However, therapeutic infusion of iron 

which plays an important role in the 

management of anemia in those patients 

may exacerbate this oxidative stress (13). 

Extracellular fluids contain only small 

amounts of antioxidant enzymes, and 

therefore plasma proteins, lipids, DNA 

and carbohydrates are prone to oxidation 

by reactive oxygen species (ROS) (14). 

Advanced oxidation protein products 

(AOPP) are carried by oxidized plasma 

proteins, especially albumin, and 

accumulate in subjects with renal disease 

and coronary artery disease, so AOPP 

represents an excellent novel marker of 

oxidative stress and their roles in the 

development of cardiovascular disease in 

ESRD might be of great importance (15). 

Our study was in accordance with 

Ghobrial et al., 2013 who studied 

oxidative stress in a group of Egyptian 

children and found that there was no 

significant difference between the two 

groups regarding sex distribution (16). 

Hypoalbuminemia is an important risk 

factor for mortality in end-stage renal 

disease patients (17). Serum albumin is an 

excellent marker of the overall health of 

dialysis patients. Increased serum 

albumin concentrations over time may 

reflect improving infection, inflammation, 

oxidative stress, nutrition, and overall 

health (18). 

It was found that our patient group had 

significantly lower albumin levels 

compared with controls. This agrees with 

the results of Dursun et al., 2009 who 

found that there was a significant 

decrease in the albumin level of patients 

on dialysis compared with controls (19); 

in contrast, Dvorkova et al. 2012 reported 

that there was no significant difference in 

albumin level between patients and 

controls (20). 



Amal G Mohamed et al  AAMJ ,VOL 13 , NO 4 , OCTOBER 2015 SUPPL-2 

 

350 |  P a g e

Our study revealed statistically increased 

levels of free cholesterol and triglyceride 

levels in chronic hemodialysis patients 

than control groups. This was in 

agreement with Balode and Khan 2013 

(21). Dyslipidemia in CKD patients is 

thought to involve impaired Triglycerides 

(TG) lipolysis, associated with increased 

apolipoprotein C-III (an inhibitor of 

lipoprotein lipase) and reduced insulin 

sensitivity in the vascular endothelium of 

skeletal muscles and other major sites of 

TG energy utilization (22). Also, CKD is 

usually associated with secondary 

hyperparathyroidism which leads to 

impaired catabolism of triglyceride–rich 

lipoproteins, which provides an additional 

mechanism for raised plasma levels of 

triglycerides (TG) in CKD (23). There 

was a statistically significant difference in 

both levels of TG and free cholesterol 

with high levels in the patient group with 

CKD on hemodialysis than the control 

group. These findings were in agreement 

with Balode and Khan 2013 (21). 

There was a statistically significant 

increase in the serum level of phosphate 

and PTH in patients with CKD on 

hemodialysis than in the control group 

with a significant decrease in serum level 

of calcium in the patient group than the 

control group. This agrees with the results 

of Dursun et al., 2009 who reported that 

there was a significant increase in 

parathyroid hormone levels in dialysis 

and pre-dialysis groups compared with 

controls. (19) 

Anemia is a common complication in 

ESRD and contributes to reduced quality 

of life, increased risk of cardiovascular 

diseases, reduced exercise capacity, 

increased prevalence of neurocognetive 

problems, and mortality (6). Patients with 

ESRD may develop anemia due to many 

causes including vitamin B12 and folic 

acid deficiency, inherited 

hemoglobinopathies, bleeding, hemolysis, 

medications, malignancies, and bone 

marrow infiltrations (24). 

Adequate dialysis can contribute to 

anemia correction through many 

mechanisms, including removal of 

molecules that may inhibit erythropoiesis 

using high – flux dialyzers. It also seems 

that the residual renal function is 

important in dialysis patients and its 

decline also contributes significantly to 

anemia, inflammation, and malnutrition 

in patients on dialysis (25). 

Our results came in agreement with 

Locatelli et al., 2013 who found that the 

levels of both Hb and Hct were 

significantly lower in CKD patients on 

hemodialysis than in control groups (26).  

Also, our results were in accordance with 

Bhatta et al., 2011 who revealed that the 

levels of both Hb and Hct were markedly 

affected in both situations of pre-dialysis 

and after dialysis. These findings revealed 

that the prevalence of anemia was 100% 

in both pre-dialysis and dialysis patient 

groups (27). Serum ferritin is an acute-

phase reactant. Its level may be elevated 

secondary to chronic inflammation or 

infection and, thus, is not always a 

reliable index of iron deficiency in 

chronic kidney disease patients, in 

contrast to normal individuals without 

underlying kidney disease (28). 

Our study revealed that the level of serum 

ferritin was significantly higher in the 

patient group (CKD) than the control 

group which can be explained by the 

chronic inflammatory state in CKD. 

These results were matched with the 

results of Malyszko et al., 2012 who 

reported that the levels of serum ferritin 

were markedly higher (more than 500 

ng/ml) in CKD on hemodialysis than the 

control group (29).  

Iron is a cellular transition element, and 

its ionic form can participate in one-
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electron transfer reaction, so it can also 

generate free radicals. It is speculated that 

long-term IV iron administration may 

increase oxidative stress potentially cause 

harm to patients with renal disease and 

may worsen the cardiovascular outcome 

of the dialysis patients (30). Even if 

exposure to intravenous iron may lead to 

oxidative stress, renal injury, infection, 

and/or cardiovascular disease, the 

magnitude of these complications is not 

really clear. The overall risk–benefit ratio 

favors the use of intravenous iron in CKD 

patients to optimize erythropoiesis and 

prevent iron deficiency (30). 

 Our study revealed that the serum level 

of AOPP was statistically significantly 

higher in dialysis patients than healthy 

children. This result was agreed with 

Elwakil et al., 2013 who demonstrated 

that the levels of protein oxidation 

products (AOPP) were markedly higher 

in HD patients than the control group 

(31). Also, our study was in agreement 

with Zaki et al., 2008 who reported that 

hemodialysis may induce repetitive bouts 

of oxidative stress primarily through 

membrane bio incompatibility and 

endotoxin challenge as proven by 

increased the serum levels of AOPP in the 

plasma of ESRD and HD patients (32). 

Our results revealed that serum levels of 

AOPP show a statistically significant 

increase in the patients with ESRD on HD 

who received IV iron than those with 

ESRD on HD who did not receive IV 

iron. This was matched with Drueke et 

al., 2002, who reported positive 

correlation between AOPP levels with 

serum ferritin and with IV iron dose (33). 

CONCLUSION 
From our study, we can conclude that; 

Patients on regular hemodialysis 

demonstrated increased advanced 

oxidation protein products (AOPP) when 

compared to controls. This is more 

prominent in those with ferritin levels 

>500 ng/ml. Also, we found that patients 

who received IV iron therapy 

demonstrated increased oxidative stress 

when compared to those who did not 

receive it. We believe that, however, 

intravenous iron may lead to oxidative 

stress and many other complications; the 

overall benefit favors its use in CKD 

patients for the prevention of iron 

deficiency and correction of anemia.  
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