
519 
Journal of Applied Sciences Research, 9(1): 519-526, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES 
 

Corresponding Author:  Maged A. El Wakeel, Child Health Department, National Research Centre, Cairo, Egypt. 
 
 

Retinol Binding Protein-4 in children on Chronic Hemodialysis 
 

1Maged A. El Wakeel, 2Ragia M. Ali, 1Ghada M. El-Kassas, 3Nagwa Abd EL-Ghaffar 
Mohammed, 4Gamila SM. EL-Saeed, 5Hanan A Fathy, 1Gihan A. Fathy 
 

1Child Health Department, National Research Centre, Cairo, Egypt. 
2Department of Pediatrics, Ain Shams University, Cairo, Egypt. 
3The Departments of Clinical and Chemical Pathology, National Research Centre, Cairo, Egypt. 
4Medical Biochemistry, National Research Centre, Cairo, Egypt. 
5Pediatric Department, National Center for Radiation Research and Technology, Cairo, Egypt. 
 
ABSTRACT 
 

Objective: The aim of the current study is to investigate Retinol-binding protein-4 (RBP)-4 serum levels in 
children on chronic hemodialysis (CD) in Department of Nephrology, Pediatric Hospital, Ain Shams University 
compared with control subjects. Methods: Serum RBP-4 was determined by enzyme-linked immunosorbent 
assay in CD patients (n=32) and control subjects (n=32) and correlated with clinical and biochemical measures 
of renal function, blood glucose, lipid metabolism, and inflammation in both groups. Results: Mean serum 
RBP-4 levels were about threefold higher in CD patients (91.4± 13.8 µg/ml) compared with control subjects 
(32.1± 5.1µg/ml). In addition, serum RBP-4 concentrations were positively correlated with serum creatinine, 
serum urea, CRP and fasting blood glucose in CD patients. Furthermore, serum RBP-4 was negatively 
correlated with Glomerular filtration rate (GFR), systolic blood pressure and Hb level. In contrast, markers of 
lipid metabolism were not independently related to serum RBP-4 in CD patients or control subjects. 
Conclusion: the present study shows that serum RBP-4 levels may be closely related to renal function in 
children on CD and emphasize that renal function should be considered in studies regarding the relationship 
between serum RBP-4 and metabolic diseases. 
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Introduction 
 

Chronic kidney disease (CKD) was defined according to the work group of National Kidney Foundation's 
Kidney Disease Outcomes Quality Initiative (NKF- K / DOQI) by the following criteria: 

1) Kidney damage for ≥3 months, as defined by structural or functional abnormalities of the kidney, with 
or without decreased GFR, manifested by one or more of the following features: abnormalities in the 
composition of the blood or urine, abnormalities in imaging tests, abnormalities on kidney biopsy 

2) GFR <60 ml/min/1.73 m2 for ≥3 months, with or without the other signs of kidney damage described 
above. The stage of CKD is defined by the level of GFR, with higher stages representing lower GFR levels 
(National Kidney Foundation, 2002)  

The term of end-stage renal disease (ESRD) is used to describe the phase when the patient's renal 
dysfunction has progressed to the point at which homeostasis and ultimately survival cannot be sustained with 
native renal function, and either dialysis or renal transplantation is required (Sebestyen and Warady, 2011). The 
incidence of end stage renal disease (ESRD) is approximately 1 to 3 children per million total population. 
Causes of CRF in Egypt are reflux nephropathy 15%, glomerulonephritis 26%, urinary obstruction 31% and 
unknown in 28% (Moustafa, 2003) 

Retinol–binding protein 4 (RBP4) is a 21 kDa plasma protein, which is mainly secreted from the liver and 
adipose tissue and is known to transport retinol (ROH) in the blood. The binding of ROH to RBP4 guarantees 
the homeostatic regulation of plasma ROH levels, which are an essential aspect for a variety of physiological 
processes (Christou et al., 2012). Recently, RBP4 levels have been reported to be elevated in insulin resistant 
subjects as well as in subjects with obesity and type 2 diabetes (T2DM) (Esteve et al., 2009). These diseases 
involve liver and kidney disorders in late stages (Tönjes et al., 2010). 

Mechanistic studies have suggested that RBP-4 impaired insulin sensitivity by inhibition of insulin receptor 
substrate-1 phosphorylation and phosphatidylinositol 3-kinase activation in muscle and by induction of glucose 
production in liver via Phosphoenolopyruvate Carboxykinase (PEPCK) stimulation (Wolf, 2007; Yang et al., 
2005). 



520 
J. Appl. Sci. Res., 9(1): 519-526, 2013 
 

 

Several studies have determined the connection of RBP-4 with several metabolic parameters in children. 
Increased serum RBP-4 levels were associated with BMI, waist-to-hip ratio (WHR), serum triglycerides, and 
systolic blood pressure in another study (Von Eynatten and Humpert, 2008) 

Whereas the connection of RBP-4 with several metabolic parameters has been studied in detail, little is 
known about the relation of this adipokine to renal function, especially in children with severe decrease in 
(GFR). Therefore, we determined RBP-4 serum levels in 32 chronic hemodialysis (CD) children and 32 control 
subjects and correlated RBP-4 to clinical and biochemical measures of renal function, glucose and lipid 
metabolism, and inflammation in both groups. 
 
Material and Methods 

 
This is a cross-sectional study conducted on 32 children with age range between 7 and 18 years suffering 

from CRF of variable duration on regular hemodialysis therapy from the Department of Nephrology, Pediatric 
Hospital, Ain Shams University. Maintenance HD was carried out for 3-4 h each session, three times a week 
with a blood flow rate of 150-220 ml/min and with a dialysate flow rate of 500 ml/min. HD was performed with 
single-use hollow fiber dialyzers equipped with polysulfone membranes. This group is further subdivided into 
two subgroups according to fasting blood glucose, normal and impaired fasting glycemic groups, the later 
subgroup was defined when fasting blood glucose was> 110mg/dl (WHO, 2007). Patients with severe 
conditions such as generalized inflammation or end-stage malignant diseases were excluded from the study. 
Thirty two age and sex matched healthy children were included as a control group. Full history was taken from 
the parents including the original renal disease, previous interventions for renal problems, Child's previous 
growth and development and precise timing and sequence of the physical milestones. Clinical examination and 
anthropometric measurements were done. Height was measured by Harpenden stadiometer in centimetres. 
Weight was recorded in kilograms using an electronic weight scale. Body mass index was calculated by weight 
in kg/ (height in meters)2. Waist and hip circumferences were measured in centimetres and WHR was calculated. 
The study was approved by the local ethics committee, and parents of all subjects gave written informed consent 
before taking part in the study.  
 
Assays: 

 
About 3 ml of fasting (12 hours) venous blood samples were taken from each child (patient and control 

groups) participating in the study, and divided into 2 aliquots: The 1st aliquot was about 1 ml of fasting venous 
blood for determination of hemoglobin using Coulter Counter T890 (Coulter Counter, Harpenden, UK). The 2nd 
aliquot was 2ml of fasting venous blood that left to clot then the serum was separated by centrifugation and 
stored at -20°C for determination of the following parameters: Urea, creatinine, fasting blood glucose, 
cholesterol, triglycerides, CRP and RBP4. Fasting blood glucose was immediately determined using glucose 
oxidase on Hitachi auto analyzer, Hitachi 736. Serum urea, serum creatinine, serum cholesterol and serum 
triglyceride were determined also on Hitachi auto analyzer, Hitachi 736 (Roche Diagnostics GmbH, D-68298 
Mannheim, USA) using colorimetric techniques. C-reactive protein wad determined using latex agglutination 
technique (Wadsworth, 1984). Serum RBP4 was determined using quantitative sandwich enzyme immunoassay 
technique (Mazaki-Tovi et al., 2010) and the kit was supplied from R & D Systems Europe, Ltd. (19 Barton 
Lane, Abingdon Science, United Kingdom). 

Protein catabolic rate (PCR) which reflects the breakdown of protein was calculated for HD patients using 
the following formula (Garred et al., 1997): PCR =0.22+ ((0.036*B*24)/A) Where, B: BUN rise in mg/dL since 
last hemodialysis. A: Hours since last hemodialysis 

The adequacy of dialysis is measured by (Kt/V) where K: stands for the dialyzer clearance, the rate at 
which blood passes through the dialyzer, expressed in (mL/min). t: stands for time. V: is the volume of water a 
patient's body contains (Piccoli et al., 2001) 
 
Statistical analysis: 

 
Measurements of weight, height were adjusted for age and sex, and transformed into Z-scores using the 

Growth Vision Program v 2.0 (Novartis, Basel, Switzerland). Reference values were as per the Tanner and 
Whitehouse standards in 1973 (Tanner and Whitehouse, 1973). The Z-score, also called the SD score (SDS), 
can be calculated using the formula [SDS=(X–Xi)/SD], where X is the actual measurement and Xi and SD are 
the mean and standard deviation for the age band of the appropriate sex. 

Analysis of the obtained data was performed using Statistical Package for Social Science (SPSS) program 
version 14 (IBM, Chicago, IL, USA) (Dudley et al., 2004). Data were summarized as mean± SD. 
Nonparametric tests (Mann–Whitney U-test) were used for the analysis of two independent quantitative data and 
Wilcoxon’s test was used for two dependent quantitative data as the data were not distributed symmetrically. 
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Simple linear correlation (Spearman’s correlation) for quantitative data was also performed. P value of ≤0.05 
was considered as statistically significant in all analyses. 
 
Results: 

 
In total, 64 children were included in the study: 32 CRF patients on regular hemodialysis and 32 controls. 

Table I shows the characteristics of the study group. 
 
Table I: Clinical Characteristics of the study groups (mean ±SD) 

Character CD patients Controls P- value 
Age 12.4± 3.3 12.2± 2.8 0.7 
Gender M/F 15/17 14/18  
Weight Z score -1.9± 0.6 -0.4± 0.1 <0.001* 
Height Z score -3.1±0.9 -0.5±0.4 <0.001* 
BMI 16.5± 2.9 18±3 0.05* 
WHR 0.9±0.03 0.8±0.5 0.01* 
Systolic BP 115.9±18.1 116.4±12.4 0.9 

P ≤ 0.05 = statistically significant, P ≤ 0.01* = statistically highly significant 
 
The previous table (Table I) shows a significant decrease in weight, height Z score and BMI in children on 

chronic hemodialysis compared to controls. However there was no significant difference in age, gender or 
systolic blood pressure between the two groups 

RBP-4 serum levels were found to be higher in CD patients compared with control subjects. Also fasting 
blood glucose and CRP levels were significantly increased while Hb level was lower in former group (Table II) 
 
Table II: Biochemical Characteristics of the study groups (mean ±SD) 

Parameter 
CD patients 
Mean± SD 

Controls 
Mean± SD 

P- value 

RPB-4 (µg/ml) 91.4± 13.8 32.1± 5.1 <0.001* 
Creatinine (mg/dl) 9.1± 1.6 1.2 <0.001* 
Urea (mg/dl) 175.5± 49 45.3±12.7 <0.001* 
GFR (ml/min /1.73 m2) 5.7±1.0 87.7±10.3 <0.001* 
Fasting blood glucose (mg/dl) 114.3± 36 90.3± 27.2 0.04* 
Hb (g/dl) 9.7± 1.3 10.6± 1.2 0.003* 
Cholesterol (mg/dl) 136.2± 68.4 144± 47.5 0.6 
Triglyceride (mg/dl) 131.3± 69.1 138.3± 83.2 0.7 
CRP (mg/dl) 14.6±12.2 3.8± 2.9 <0.001* 

P ≤ 0.05 = statistically significant, P ≤ 0.01* = statistically highly significant 
 
Furthermore, the biochemical characteristics of the subgroups further divided into normal and impaired 

fasting glycemic subjects are presented in (Table III).  
 
Table III: Biochemical Characteristics of the CD groups further divided into impaired and normal fasting blood glucose subgroups (mean 
±SD) 

Parameter 
Impaired fasting glycemia 
Mean± SD 

Normal fasting blood glucose 
Mean± SD 

P- value 

RPB-4 (µg/ml) 92.0± 12 72.0± 15 0.04* 
Creatinine (mg/dl) 9.5± 1.2 9.5± 1.9 0.9 
Urea (mg/dl) 180.5± 36.3 172.2±56.8 0.6 
Hb (g/dl) 8.9±1.2 10.1±1.2 0.01* 
Cholesterol (mg/dl) 149.8± 64.3 126.8±71.2 0.6 
Triglyceride (mg/dl) 143.0± 70.4 114.2± 65.7 0.3 
CRP (mg/dl) 17.8± 2.9 11.6±12.2 0.01* 

P ≤ 0.05 = statistically significant, P ≤ 0.01* = statistically highly significant 
 
In contrast to results in table 2, a significant difference in serum urea, creatinine, cholesterol and 

triglyceride levels could not be demonstrated depending on presence of fasting hyperglycemia. However, 
hemoglobin level was lower and serum RPB-4 and serum CRP level were higher in impaired fasting glycemia 
group. 

In CD patients, serum RBP-4 concentrations were positively correlated with creatinine (r=0.9, p<0.001) 
(Fig. 1), urea (r=0.6, p=0.001), fasting blood glucose (r=0.6, p=0.002) and CRP (r=0.5, p=0.03). Furthermore, 
RBP-4 was negatively correlated with GFR (r=-0.8, P<0.001) (Fig. 2) and systolic blood pressure (r=- 0.04, P= 
0.05). 
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Fig. 1: Positive correlation between serum RBP-4 and serum creatinine in CD patients. 

 

 
 
Fig. 2: Negative correlation between serum RBP-4 and GFR in CD patients. 

 
In control subjects, serum RBP-4 levels were positively correlated with serum creatinine and serum urea 

and negatively with GFR (data not shown). In contrast, serum RBP-4 was not correlated with markers of insulin 
sensitivity (BMI, WHR, fasting glucose), lipid metabolism (cholesterol and triglycerides), and inflammation 
(CRP) in this group (data not shown) 

We also investigate the relationship of the adequacy of hemodialysis (represented by Kt/v and GFR) and 
surrogates of nutrition (represented by PCR, anthropometric measurements and Hb levels) with serum RBP-4 in 
CD patients. There was significant negative correlation between serum RBP-4 and Kt/V (r=-0.4, p=0.03) (Fig. 
3), GFR, Hb (r=-0.4, p=0.005) level and BMI (r=-0.3, p=0.04) whereas a positive correlation was found between 
serum RBP-4 and PCR (r=0.5, p=0.002) (Fig. 4) 
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Fig. 3: Negative correlation between serum RBP-4 and Kt/V in CD patients. 
 

 
 
Fig. 4: Positive correlation between serum RBP-4 and PCR in CD patients. 
 
Discussion: 

 
RBP4, the circulating transporter for vitamin A, has recently been recognized as an important mediator of 

insulin resistance in humans, but its potential role in end stage renal disease is presently a matter being 
researched (Ziegelmeier et al., 2007). This is one of the few studies to examine RBP4 in children with chronic 
renal failure undergoing chronic hemodialysis 

Our study showed that serum RBP-4 levels are almost threefold higher in CD patients compared with 
control subjects. These data confirm prior work suggesting that RBP-4 concentrations are significantly increased 
in end stage renal disease and that renal excretion is a primary pathway for RBP-4 clearance. Interestingly, 
similar mechanisms of elimination have been proposed for other adipokines (Jaconi et al., 1995; Papavasileiou 
et al., 2008). These findings indicate that markers of renal function should be included in studies concerning 
RBP-4 physiology. 

Serum RBP-4 concentrations were also found to be increased in patients with impaired fasting glycemia 
compared with those with normal fasting blood glucose levels. These findings coincide with previous works that 
serum RBP4 correlated positively with the presence of insulin resistance in individuals with impaired glucose 
tolerance or type 2 diabetes (Pullakhandam et al., 2012). Elevated serum RBP4 concentrations were an 
independent predictive biomarker at early stages of insulin resistance identifying individuals at risk of 
developing diabetes and were even found in healthy individuals with a strong family history of type 2 diabetes. 
(Park et al., 2012). 
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Growth parameters were evaluated in the current study. There was a significant decrease in weight, height Z 
score and BMI in children on chronic hemodialysis compared to controls. Our results are supportive of data 
from multiple centers showing that children with a history of ESRD have poor growth and low BMI compared 
with children in general population (Fischbach et al., 2011). Growth retardation in CRF is related to alteration in 
body composition. The pathogenesis of growth failure in children with ESRD is clearly multifactorial but recent 
research by (Fine, 2010) has shown that endocrine-related factors might be largely responsible for growth 
impairment in these children with renal failure. The profound growth failure of children with CRF is associated 
with many abnormalities of the serum Growth hormone- Insulin like growth factor-1 (GH-IGF-1) axis. In 
addition, (Hodson, 2012) and (Tönshoff, 2005) stated that serum IGF-1 levels were lower in cases of CRF with 
or without dialysis. 

The patients in this study exhibit low Hb level compared to controls. This was in agreement with previous 
works (Jander et al., 2012; Azhir et al., 2007) which reported that CRF was followed by renal anemia which has 
been contributed to several factors as erythropoietin deficiency, decrease erythrocyte survival and increase 
blood loss. 

The adequacy of dialysis in this study was assessed by Kt/v which revealed mean value 1.2 (range 0.9 to 
1.6). Mammen et al., 2010 suggest continued reduction of mortality as Kt/v is increased to 1.6 by prolonging 
dialysis time. It is clear that defining adequacy of dialysis requires careful examination of outcome measures, 
which must include growth and development of pediatrics. 

CRP and Fasting blood glucose levels were significantly higher in dialysis group this may be explained by 
Elshamaa et al., 2009 who stated that pediatric patients with end-stage renal disease undergoing hemodialysis 
(HD) are exposed to oxidative stress associated with an impairment of antioxidant defense and an 
overproduction of oxidative stress markers. Oxidative stress plays a significant role in the development of 
inflammation in these patients. Also, impaired glucose tolerance in patients with chronic renal failure has 
multiple etiological factors, which the two most important of them being insulin resistance at target organs and 
impaired insulin secretion from the pancreas (Argani et al., 2004) 

In CD patients, serum RBP-4 concentrations were positively correlated with serum creatinine, serum urea, 
serum cholesterol and fasting blood glucose. These results are supportive of data from Frey et al., 2008 who 
found that elevated serum creatinine levels, a marker for kidney dysfunction, are associated with high serum 
concentrations of RBP4. This is due to the loss of functional tissue and/or the entire nephron in kidney failure, 
which leads to decreased filtration of creatinine and abnormal survival of small serum proteins resulting in an 
increase of their serum levels (Fassinger et al., 2010). These findings were also in agreement with Ziegelmeier 
et al., 2007 and were explained by that, insulin maintains normal glucose levels in the blood by binding to its 
receptor on fat cells through the GLUT4 transporter, as well as inhibition of glucose production in the liver. 
RBP4 may be the link between GLUT4 suppression and insulin resistance. Elevated concentrations of RBP4 
impair insulin signaling in the muscle, inhibits glucose uptake, and interfere with insulin-mediated suppression 
of glucose production in the liver, causing elevation of blood glucose concentrations. 

In the present study we found that there was a significant negative correlation between serum RBP-4 and 
Both Kt/V (representing dialysis adequacy) and GFR whereas a positive correlation was found between serum 
RBP-4 and PCR and CRP. These finding may be supported by Papavasileiou et al., 2008 who implies that in 
hemodialysis, elevated sRBP-4 is associated with treatment inadequacy and protein malnutrition. This finding is 
of considerable interest because malnutrition has been closely related to inflammation and mortality in this 
patient group (Ziegelmeier et al., 2007). Taking into account that sRBP-4 correlated with C-reactive protein, one 
may readily assume that there is some relationship between protein malnutrition, sRBP-4 and inflammation in 
hemodialysis that is yet to be clarified. 

In conclusion, the present study shows that serum RBP-4 levels may be closely related to renal function in 
children on CD. Our findings reinforce prior observations that renal filtration is an important route of serum 
RBP-4 elimination and emphasize that renal function should be considered in studies regarding the relationship 
between serum RBP-4 and metabolic disease. These interesting findings also suggest that treatment inadequacy 
and protein malnutrition might, along with renal impairment, contribute to increased serum RBP-4 
concentrations in hemodialysis patients. In future studies, it will be interesting to determine whether circulating 
RBP-4 is also associated with nutritional status in patients with normal renal function. 
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