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In the last two centuries, chronic kidney disease (CKD) and renal failure 
(RF) have been considered as the main medical problems which were 
fatal in many cases. Trace elements such as selenium, copper, and zinc 
are the components of biological enzymes which have a crucial role in 
decreasing reactive oxygen. The levels of these trace elements reduce 
in CKD patients. Close and careful nutritional support of children with 
CKD, particularly in the early stages of the disease, is necessary.
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Introduction
CKD is defined as Glomerular filtration 

rate (GFR) less than 60 ml/min per 1.73 
m2 (1). This definition is not convenient 
for children younger than 2 years, because 
their GFR level is lower than older 
children and adults (2). Some of end-
stage renal disease (ESRD) causes are 
listed as below: autoimmune disorders, 
congenital renal disease (such as polycystic 

kidney disease), renal toxic drugs or 
chemicals, glomerulonephritis, renal 
blind or penetrating trauma, kidney stones 
and infection, reflux nephropathy, and 
other kidney diseases (3). Two important 
complications of childhood CKD are 
retarded growth and renal osteodystrophy 
(ROD), all of which happened due to growth 
hormone axis abnormalities, vitamin D 
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insufficiency, nutritional deficiency, drug 
toxicity, etc. Other hormonal abnormalitis 
might occur in CKD patients such as 
hyperparathyroidism and hypogonadism 
(4).

In recent years, there is some evidence 
supported the theory of oxidative stress 
in chronic renal failure, especially in 
hemodialysis patients. Trace elements 
such as selenium, copper, and zinc are the 
components of biologic enzymes which 
have a crucial role in decreasing reactive 
oxygen (2).

On the other hand, changes in mineral 
metabolism happen with chronic kidney 
disease progression (5). Trace element 
elimination in CKD results from reduction 
in renal function and proteinuria which leads 
to (a) losing protein-bound elements (b) 
changes in gastrointestinal absorption due to 
vitamin D metabolism, and (c) the dialysis 
procedure. CKD-related complications 
such as fluid and electrolyte disturbances, 
renal osteodystrophy, anemia, hypertension, 
dyslipidemia,  endocrine abnormalities, etc  
become worse when CKD progresses into 
stage G3a and G3b (6). 

In Table1 the factors affected trace element 
concentrations have been shown.

In the first step, early and proper diagnosis 
of the underlying disease which leads to 
chronic kidney disease (CKD) is important. 

Table1. Factors affect trace element concentration

Nutritional Malabsorption  Distribution
disorders

 Inadequate
 intake (low
 income diet,
)malnutrition

 Gastrointestinal
dysfunction

 Transport
disorders

Alcoholism ___  Storage
inability

 Increased
 metabolism or
requirement

___ Stress condi-
 tions such as
MI, infec-
tions, etc

Choosing the best treatment method with 
fewer complications is the next step. The 
progression of the disease could delay or 
halt by these strategies (7). The aim of this 
study was to evaluate serum concentration 
of trace elements in children with CKD.

Trace element concentrations might 
be affected by renal failure intensity and 
renal replacement therapy methods. In 
CKD, some trace elements such as cobalt, 
arsenic, mercury, and silicon tend to rise. 
Some other elements including zinc, 
brom, and selenium might decrease. These 
trends might differ in hemodialysis and 
peritoneal dialysis (8,9). Different studies 
also reported various levels of trace element 
concentrations (Table2). In Table2 trace 
element levels have been shown in different 
studies.

Discussion
It seems that mean blood concentrations 
of trace elements have a remarkable 
difference in hemodialysis patients. Serum 
trace element levels in CKD patients had a 
great impact on patient’s general condition 
and might lead to cardiovascular diseases, 
carotid atherosclerosis, cancers, decline of 
renal function, renal osteodystrophy, insulin 
resistant, and anemia (19,20).  
Daily need of zinc in children with 
CRF varies from 4 to 9.5 mg in different 
childhood stages. These ranges for copper 
are about 0.2 to 1 microgram (10). Although 
in general population zinc supplement 
could decrease all cause death and the risk 
of infection, there are few studies supported 
the theory of trace element impact on the 
CKD patients` outcome (2-6). 
Malnourished children have a lower body 
mass index (BMI) level and are at risk of 
infection which is associated with a worse 
prognosis (8).
Zinc is required to maintain the structures 
and functions of more than 200 enzymes, 
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such as enzymes needed in transcription 
and translation of genetic material and cell 
division (11).
Lower zinc level in CKD patients might 
happen due to the increased urinary zinc 
excretion and the decreased intestinal zinc 
absorption. Hypozincemia is a cause of re-
distribution of total body zinc because liver 
tissue zinc had been increased in autopsy 
(21). 
On the other hand, decrease in zinc and 
copper serum concentrations happen in 
ESRD due to the excretion of protein and 
albumin in urine (2).
In conclusion, close and careful nutritional 
support in children with CKD, particularly in 
the early stages of the disease, is necessary.

Acknowledgement 
We would like to thank Clinical Research 

Development Center of Ghaem Hospital for 
their assistant in this manuscript. This study 
was supported by a grant from the Vice 
Chancellor for Research of the Mashhad 

University of Medical Sciences for the 
research project as a medical student thesis 
with approval number of 910392.

Conflict of Interest
 The authors declare no conflict of interest.

References

1.	 Filler G, Felder S. Trace elements in dialysis. 
Pediatr Nephrol. 2013. [Epub ahead of print]

2.	 Prasad AS. Discovery of human zinc deficiency: 
its impact on human health and disease. Adv 
Nutr. 2013;4:176-190.

3.	 Tomat AL, Costa Mde L, Arranz CT. Zinc 
restriction during different periods of life: 
influence in renal and cardiovascular diseases. 
Nutrition. 2011;27:392-398. 

4.	 Nazari H, Nourmohammadi A. Status of 
zinc, copper and agnesium in serum and hair 
of insulin-dependent diabetes. Koomesh. 
1991;1:37-41.

5.	 D’Ocon C, Alonso de Armiño V, Frasquet V. 
Levels of Zn and Cu in the serum of a diabetic 
population. Rev EspFisiol. 1978;43:335-338.

6.	 Jamshidi F, Tasalli E, Heshmat R, et al. 
Evaluation of Mg, Zn, and Cu serum levels 
in Diabetic and nondiabetic persons and their 

.Table2. Serum zinc, copper, selenium, and lead levels in patients with chronic renal failure

Author  Publication
year

Patients` age Zinc Copper Lead Selenium

Tayeb       
(10)

2009 9-17  14.56±6.09
micromol/ dl

__ __ __

Esfahani  
(11)

2013 3.64 ± 11.75 0.35 ±0.077 
ppm

 0.533±0.231
ppm

__ __

Abiri        
(12)

1994 __  0.806±0.177
ppm

__ __ __

Marjani   
(13)

2003 50.02±16.08 78.35 ±37.46 
microgram/dl

__  89.92±32.54
microgram/dl

__

Mishra     
(14)

2008 0-10    1.07±0.46
 mg/dl

 1.56±0.48
mg/dl

__ __

Ari            
(15)

2011 38 ±8        0.53±0.3
microgram/dl

 1.54±0.34
microgram/dl

__ __

Apostolidis 
(16)

2002 15 ± 54 __ __ __       44±9
nanogram/dl

Guo          
(17)

2013 6 ± 53   7.7 ± 49.2
microgram/dl

__ __ 10.2 ± 46.1
nanogram/dl

Palaneeswari 
(18)

2013 52.5 __ __  1.67 ± 07.32
microgram/dl

__



Rev Clin Med 2014; Vol 1 (No 1)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

24

Rakhshanizadeh F et al.

relationship with anemic situation in food 
regimes. Diabetes and Lipid J. 2010;9:249-259.

7.	 Metnitz GH, Fischer M, Bartens C, et al. Impact 
of acute renal failure on antioxidant status in 
multiple organ failure. Acta Anaesthesiol Scand. 
2000;44:236-240.

8.	 Bowry SK, Gatti E. Impact of hemodialysis 
therapy on anemia of chronic kidney disease: 
the potential mechanisms. Blood Purif. 
2011;32:210-219.

9.	 Zaher MM, Gaber M, Alrefaey A, et al. 
Assessment of some trace elements: copper, zinc 
and magnesium and their impact on CD3 and 
CD4 levels in children on chronic hemodialysis. 
Life Sci J. 2013;10:222- 230

10.	 El Tayeb AA, Abd El-Mottaleb NA, Abdel Aziz 
EA. Relationship between serum parathyroid 
hormone and trace elements (serum zinc 
and magnesium) in hemodialyzed chronic 
renal failure children. Biol Trace Elem Res. 
2009;128:128-134. 

11.	 Esfahani ST, Hamidian MR, Madani A, et 
al. Serum zinc and copper levels in children 
with chronic renal failure. Pediatr Nephrol. 
2006;21:1153–1156.

12.	 Yaghmaee B, Bezarafashani MR, Abiri 
M. Serum level of aluminum and zinc in 
hemodialysis patients` in kerman. Journal 
of Kerman University of Medical Sciences. 
1994;1:166-170.

13.	 MarjaniA, Moujerlou M, Mansourian AR. 
Serum zincandcopper level before and after 
haemodialysis. Journal of Gorgan University of 

Medical Sciences. 2003;5:10-14. 
14.	 Mishra OP, Pooniya V, Ali Z, et al. Antioxidant 

status of children with acute renal failure. 
Pediatr Nephrol. 2008;23:2047-2051.

15.	 Ari E, Kaya Y, Demir H, et al. The correlation 
of serum trace elements and heavy metals with 
carotid artery atherosclerosis in maintenance 
hemodialysis patients. Biol Trace Elem Res. 
2011;144:351-359. 

16.	 Apostolidis NS, Panoussopoulos DG, Stamou 
KM, et al. Selenium metabolism in patients on 
continuous ambulatory peritoneal dialysis. Perit 
Dial Int. 2002;22:400-404.

17.	 Guo CH, Chen PC, Hsu GS, et al. Zinc 
supplementation alters plasma aluminum and 
selenium status of patients undergoing dialysis: 
a pilot study. Nutrients. 2013;5:1456-1470.

18.	 Palaneeswari M S, Rajan PM, Silambanan 
S, Jothimalar. Blood arsenic and cadmium 
concentrations in end-stage renal disease patients 
who were on maintenance haemodialysis. J Clin 
Diagn Res. 2013;7:809-813.

19.	 Elshamaa MF, Sabry S, Mokhtar I, et al. 
Aluminium and lead abnormalities in children 
on haemodialysis: relationship with some 
medications. Arch Med Sci. 2010 30;6:420-429.

20.	 Tonelli M, Wiebe N, Hemmelgarn B, et al. 
Trace elements in hemodialysis patients: a 
systematic review and meta-analysis.BMC 
Med. 2009;7:25. 

21.	 Vanholder R, Cornelis R, Dhondt A, et al. 
The role of trace elements in uraemic toxicity. 
Nephrol Dial Tranplant.2002;2:2-8.


