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■ Abstract

Background: Trace elements are micronutrients that are present in small amounts in the body and are essential for normal functioning of 
the immune and antioxidant systems. Infl ammation and oxidative stress are major pathogenic mechanisms in the development of atopic 
dermatitis (AD). The role of micronutrients in AD has been investigated in a limited number of studies, although the results are contradictory. 
Objectives: In this study, we examined the levels of iron, copper, and magnesium in serum and the level of zinc in erythrocytes in children 
with AD. We compared our fi ndings with those of a healthy control group.
Method: The study population comprised 92 AD patients and 70 controls. We performed a complete blood count and measured levels of 
iron, copper, and magnesium in serum and levels of zinc in erythrocytes.
Results: We found that serum magnesium and erythrocyte zinc levels were lower in children with AD than in the control group; levels of 
copper and iron did not differ between the groups. The levels of micronutrients studied were not correlated with disease severity. 
Conclusion: Evaluation of zinc and magnesium levels in children with AD could prove useful. The role of micronutrients in the pathogenesis 
and course of AD warrants further study. 
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■ Resumen

Antecedentes: Los elementos traza son micronutrientes presentes en cantidades muy bajas en el organismo que son esenciales para el 
funcionamiento normal de los sistemas inmune y oxidativo. La infl amación y el estrés oxidativo constituyen mecanismos patogénicos 
importantes en el desarrollo de la dermatitis atópica.
Se ha investigado previamente sobre el papel de los micronutrientes en la dermatitis atópica pero los resultados obtenidos no son 
concluyentes.
Objetivos: En este estudio se examinan los niveles de hierro, cobre y magnesio séricos y los niveles de zinc en eritrocitos de niños afectos 
de dermatitis atópica y se comparan los resultados con los obtenidos en una población control sana. 
Métodos: Se incluyeron 92 pacientes con dermatitis atópica y 70 controles. En todos ellos se realizó un hemograma completo y se 
cuantifi caron los niveles de hierro, cobre y magnesio en suero y el de zinc eritrocitario. 
Resultados: En nuestros resultados encontramos una disminución en los valores de magnesio sérico y en los niveles de zinc en eritrocitos 
procedentes de niños con dermatitis atópicas, respecto a los controles. Los niveles de micronutrientes estudiados no se correlacionaban 
con la gravedad de la enfermedad.
Conclusión: La evaluación del Zn y Mg en los niños con dermatitis atópica puede resultar de utilidad. 
Palabras clave: Elementos traza. Zinc. Hierro. Cobre. Magnesio. Dermatitis atópica. SCORAD.
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Introduction

Atopic dermatitis (AD) is a common chronic in  ammatory 
skin disease characterized by a relapsing-remitting course that 
usually manifests during early childhood. The frequency of the 
disease has increased 2 to 3-fold over the past 3 decades [1,2]. 
The development and phenotypic expression of AD depend 
on a complex interaction between genetic and environmental 
factors [3], inlcuding nutrition [4]. 

Minerals and essential elements are key to nutrition and 
good health [5,6]. They play a crucial role in the normal 
functioning of the immune system and antioxidant mechanisms 
[7]. In  ammation and oxidative stress are considered the 
main problems in patients with AD [8]. Findings on the effect 
of some micronutrients in AD are scarce and contradictory. 
However, the role of zinc, iron, magnesium, and copper in AD 
has been investigated [9-13]. 

The aim of this study was to analyze concentrations of 
iron, magnesium, and copper in serum and levels of zinc in 
erythrocytes and evaluate their effect on disease severity in 
children with AD. 

Patients and Methods

The study population comprised children admitted to the 
Pediatric Allergy Clinic of Ankara Children’s Hematology 
Oncology Education and Research Hospital with a diagnosis of 
AD con  rmed according to consensus conference criteria [14]. 
Patients with asthma, allergic rhinitis, and acute and chronic 
diseases other than AD were excluded. Severity was graded 
using the SCORing Atopic Dermatitis Index (SCORAD) [15]. 
According to SCORAD, AD was classed as mild (SCORAD <25), 
moderate (SCORAD 25-50), or severe (SCORAD 50). The 
control group consisted of age-matched and sex-matched 
healthy children. The local ethics committee approved the 
study, and all parents gave their informed consent.  

Body weight and height were measured using the same 
instrument, and the weight-to-height ratio was determined. 
Malnutrition status was evaluated according to standard data 
for Turkish children. A weight-to-height ratio of between 80% 
and 90% was considered mild malnutrition, while 90% and 
higher was considered normal.

kit (Randox Laboratories) and Cobas kit (Roche Diagnostics), 
respectively.

Complete blood counts were performed using a Coulter 
Max M device (Beckman Coulter). Anemia was assessed using 
normal hemoglobin levels for age. Serum iron levels were 
analyzed using the Roche/Hitachi Modular P800 Analytics 
System (Roche Diagnostics). 

SPSS for Windows version 11.5 was used for the statistical 
evaluation. Continuous variables were given as mean (SD), 
and differences between groups were evaluated using the 
t test. The 2 test or Fisher exact test was used to compare 
dichotomous variables. The correlation of continuous variables 
was analyzed using the Spearman test. A 2-tailed P value of 
<.05 was considered statistically signi  cant.

Results

The study population comprised 92 AD patients and 70 
controls. Both groups were similar in terms of sex, age, and 
frequency of malnutrition (Table).

Patients with AD had signi  cantly lower serum magnesium 
levels and erythrocyte zinc levels (P=.007 and P<.001, 
respectively). In the AD group, magnesium levels were lower 
than normal in 19 patients (20.7%); none of the controls had low 
magnesium levels. Zinc de  ciency affected 94.6% and 55.7% 
of the AD and control groups, respectively (P<.001). Serum 
concentration of iron and copper did not differ signi  cantly 
between the groups (P=.913 and P=.921, respectively). Serum 
hemoglobin levels were lower in the AD group (P=.011); 14 
patients (15.2%) in the AD group and 3 patients (4.3%) in the 
control group had anemia (P=.025). Five patients (5.4%) in 
the AD group and none of control patients had copper levels 
higher than normal limits. Copper levels were lower than 
normal in 47 controls (67.1%) and 69 AD patients (76.7%) 
(P=.213). The SCORAD index did not correlate with serum 
concentrations of magnesium, copper, iron, and hemoglobin, 
and erythrocyte zinc levels (P=.211, P=.982, P=.957, P=.565, 
and P=.357 respectively) or with the frequency of anemia 
(P=.323). No differences were observed between patients 
with severe AD and patients with mild-to-moderate AD for 
serum concentrations of magnesium, copper, and iron (P=.688, 

a Values are expressed as mean (SD) unless otherwise indicated.

Table. Serum Trace Element Levels in Patients With and Without Atopic Dermatitisa

 
  Cases Control P Value
  (n=92) (n=70)
 
Age, month 27 (25.8) 22.7 (23.6) .259 
 (median, 19.5) (median, 13.5) 
Male, No. (%) 58 (63.0%) 37 (52.9%) .192
Frequency of malnutrition, No. (%) 6 (6.5%) 3 (4.3%) .733
Hemoglobin, g/dL 11.8 (1.0) 12.2 (1.1) .011
Iron, g/dL 64.1 (29.8) 64.6 (28.3) .913
Copper, g/dL 76.0 (27.3) 76.3 (14.1) .921
Magnesium, mg/dL 2.1 (0.4) 2.3 (0.4) .007
Zinc, g/dL 823.9 (120.9) 1040.9 (199.7) <.001

Fasting blood samples were taken 
from patients and controls between 
8 AM and 10 AM. A complete blood 
count was performed, and levels of 
iron, copper, and magnesium in serum 
and levels of zinc in erythrocytes were 
measured. Blood samples were mixed 
with 5 cc of isotonic saline and centrifuged 
for 3 minutes at 3000-4000 rpm. This 
process was repeated 3 times, and 
measurement was completed with 
spectrophotometry using the Randox kit 
(Randox Laboratories). Serum copper 
and magnesium levels were measured 
by spectrophotometry using the Randox 
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P=.783, and P=.295), erythrocyte zinc levels (P=.461), or the 
frequency of anemia (P=1.00).

 

Discussion

Interest in the effect of nutrition on AD and in the role 
of micronutrients in particular has grown in recent years; 
however, results are con  icting [9-13]. In this study, we showed 
that serum iron and copper levels did not vary, but that serum 
magnesium and erythrocyte zinc levels were lower in AD 
patients than in healthy controls. 

Zinc is an essential micronutrient for the proper functioning 
of the more than 100 enzymes involved in human metabolism 
that facilitate protein folding and help regulate gene expression 
[16]. It plays a central role in modulating the immune system, 
is essential for cellular function in the immune response, and 
acts as an antioxidant [17]. Because of its immunomodulatory 
effects, zinc is increasingly studied in in  ammatory diseases 
such as AD [18]. Animal models show that mice fed with a 
zinc-de  cient diet developed AD-like skin lesions [19,20]. A 
limited number of reports compare levels of zinc in patients 
with AD to those of healthy individuals, and the results are 
contradictory: some authors reported lower levels [9,10], 
whereas others found no differences [11,12]. Di Toro et al [13] 
found no differences in serum levels, although zinc levels in 
hair were lower in patients with AD. 

To our knowledge, the present study is the  rst to evaluate 
erythrocyte zinc levels in children with AD. Intracellular 
zinc levels have been reported to be a better measure of mild 
zinc de  ciency [21], and this could be the cause of the high 
frequency of zinc de  ciency detected in our study. 

Copper is an essential trace element in the antioxidant 
system and protein and DNA synthesis and is necessary for 
an ef  cient immune response [22]. Even a minimal de  ciency 
results in changes in immune status [23]. The role of copper 
in in  ammatory diseases is complex. Although the level 
of copper is increased as an acute phase reactant during 
in  ammation [24], copper itself is used in the treatment of 
some in  ammatory diseases [25]. Studies of copper levels in 
adults and children with AD revealed higher levels in patients 
than in controls, although they did not report any association 
with disease severity [10-12]. The authors reported that high 
copper levels could be the result of increased ceruloplasmin 
levels during in  ammation of the skin. In contrast, we found 
that copper levels did not differ between patients and controls. 
Di Toro et al [13] found no differences in serum copper 
levels between AD patients and controls, although they did 
report higher copper levels in hair among AD patients. The 
discrepancy between our  ndings and the medical literature 
may be the result of differences in nutritional habits, age, and 
study methodology. 

Magnesium is an essential mineral that has a key role in 
the immune response. It is a cofactor for immunoglobulin 
synthesis, immune cell adherence, antibody dependent 
cytolysis, macrophage response to lymphokines, and T-cell–B-
cell adhesion [26]. Animal models revealed that mice fed 
with a magnesium-deficient diet had increased levels of 

proin  ammatory cytokines [27] and developed skin lesions 
with a pattern similar to those of AD [14]. Ertunç et al [11] 
studied serum magnesium levels in children and adults with 
AD, although they found no differences between patients 
and controls. In contrast, serum magnesium levels in our 
patients were lower than in the control group, and magnesium 
deficiency was more frequent in the patient group. The 
presence of adult patients in the study by Ertunç et al may 
account for the differences in the results: in early childhood, 
nutrition is considered to have a major effect, whereas other 
environmental factors become more important thereafter. 
The role of magnesium in the development and course of AD 
requires further study.

Iron has an important role in immune function. In 
iron deficiency, the bactericidal activity of macrophages 
and myeloperoxidase activity of neutrophils are reduced;                     
T lymphocyte numbers and mitogenesis are decreased [22]. 
Studies on the iron status of patients with AD have shown 
lower serum iron levels [16] and lower ferritin but similar 
iron levels [17]. In our study, although serum iron levels 
were lower in patients than in controls, the difference was not 
signi  cant. Ferritin was not studied, but hemoglobin levels 
were signi  cantly lower and the frequency of anemia was 
higher in patients. The higher frequency of anemia detected 
among AD patients could be related to zinc and copper 
de  ciency, although the frequency of anemia did not differ 
between groups who had low or normal zinc and copper levels. 
All patients with anemia had low iron levels. 

To our knowledge, no previous studies have established 
a relationship between the SCORAD index and levels of 
zinc, copper, magnesium, and iron. Accordingly, we did not 
 nd a relationship between the severity of AD and levels of 

micronutrients. A recent study reported that the copper-to-zinc 
ratio was correlated with the SCORAD index [28]. We detected 
no such correlation, although zinc level was not measured in 
serum, and this may account for the difference. 

One possible reason for a de  ciency in trace elements 
is malnutrition. Our study was limited by the fact that 
dietary habits were not evaluated. However, the frequency 
of malnutrition did not differ between our study groups. 
Therefore, we did not associate the de  ciency of zinc and 
magnesium with malnutrition. 

Erikson and Kare [29] found that AD patients given 
zinc supplements, vitamin E, and -3 and -6 fatty acids 
had a decreased SCORAD index within 16 weeks. On the 
contrary, in a double-blind, placebo-controlled trial, Ewing 
et al [30] found no improvement in disease severity with oral 
zinc supplementation. Mean patient age in this study was 
considerably higher than that of our patients, and nutrition 
may have had a relatively less marked effect in older patients. 
Patients in this study were not examined for zinc status before 
receiving supplements, and to our knowledge, no studies report 
on the effects of giving zinc to AD patients with zinc de  ciency. 
Administration of magnesium supplements in AD patients 
has not been studied, although magnesium supplements 
given to atopic asthmatic children had an antioxidant effect 
[31]. Because zinc and magnesium de  ciency was frequent 
among AD patients, evaluation of zinc and magnesium levels 
could prove useful in this group, and dietary supplements 
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should be provided in cases of de  ciency. The effect of this 
supplementation on disease severity remains to be determined. 

In the absence of nutritional differences, we found that 
zinc and magnesium de  ciency were more common among 
children with AD. Therefore, it could be useful to evaluate 
zinc and magnesium levels in children with AD. The role of 
these micronutrients in the development and process of AD 
requires further study.

References 

  1. Finch J, Munhutu MN, Whitaker-Worth DL. Atopic dermatitis 
and nutrition. Clin Dermatol. 2010;28:605-14.

  2. Buggiani G, Ricceri F, Lotti T. Atopic dermatitis. Dermatol Ther. 
2008;21:96-100.

  3. Watson W, Kapur S. Atopic dermatitis. Ann Allergy Asthma Clin 
Immunol. 2011;7 Suppl 1:S4.

  4. Wang IJ, Guo YL, Weng HJ, Hsieh WS, Chuang YL, Lin SJ, 
Chen PC. Environmental risk factors for early infantile atopic 
dermatitis. Pediatr Allergy Immunol. 2007;18:441-7.

  5. Aggett PJ. Physiology and metabolism of essential trace 
elements: an outline. Clin Endocrinol Metab. 1985;14:513-43.

  6. Xiu YM. Trace elements in health and diseases. Biomed Environ 
Sci. 1996;9:130-6.

  7. Puertollano MA, Puertollano E, de Cienfuegos GA, de Pablo 
MA. Dietary antioxidants: immunity and host defense. Curr Top 
Med Chem. 2011;11:1752-66.

  8. Omata N, Tsukahara H, Ito S, Ohshima Y, Yasutomi M, Yamada 
A, Jiang M, Hiraoka M, Nambu M, Deguchi Y, Mayumi M. 
Increased oxidative stress in childhood atopic dermatitis. Life 
Sci. 2001;69:223-8.

  9. David TJ, Wells FE, Sharpe TC, Gibbs AC. Low serum zinc in 
children with atopic eczema. Br J Dermatol. 1984;111:597-601.

10. el-Kholy MS, Gas Allah MA, el-Shimi S, el-Baz F, el-Tayeb H, 
Abdel-Hamid MS. Zinc and copper status in children with 
bronchial asthma and atopic dermatitis. J Egypt Public Health 
Assoc. 1990;65:657-68.

11. Ertunç V, Parlak M, Dane , Akta  A, Karakuzu A, Altunta  . 
The serum levels of some important elements and alkaline 
phosphatase in patients with atopic dermatitis. Turk J Med Sci. 
1996;26:593-596.

12. David TJ, Wells FE, Sharpe TC, Gibbs AC, Devlin J. Serum levels 
of trace metals in children with atopic eczema. Br J Dermatol. 
1990;122:485-9.

13. Di Toro R, Galdo Capotorti G, Gialanella G, Miraglia del Giudice 
M, Moro R, Perrone L. Zinc and copper status of allergic 
children. Acta Paediatr Scand. 1987;76:612-7.

14. Eichenfi eld LF, Hanifi n JM, Luger TA, Stevens SR, Pride HB. 
Consensus conference on pediatric atopic dermatitis. J Am 
Acad Dermatol. 2003;49:1088-95.

15. European Task Force on Atopic Dermatitis. Severity scoring 
of atopic dermatitis: the SCORAD index. Consensus Report. 
Dermatology. 1993;186:23-31.

16. Saper RB, Rash R. Zinc: an essential micronutrient. Am Fam 
Physician. 2009;79:768-72.

17. Shankar AH, Prasad AS. Zinc and immune function: the 
biological basis of altered resistance to infection. Am J Clin 
Nutr. 1998;68:447S-63S.

18. Schwartz J, Weiss ST. Dietary factors and their relation to 
respiratory symptoms. The Second National Health and Nutrition 
Examination Survey. Am J Epidemiol. 1990;132:67-76.

19. Makiura M, Akamatsu H, Akita H, Yagami A, Shimizu Y, Eiro H, 
Kuramoto M, Suzuki K, Matsunaga K. Atopic dermatitis-like 
symptoms in HR-1 hairless mice fed a diet low in magnesium 
and zinc. J Int Med Res. 2004;32:392-9.

20. Takahashi H, Nakazawa M, Takahashi K, Aihara M, Minami 
M, Hirasawa T, Ikezawa Z. Effects of zinc defi cient diet on 
development of atopic dermatitis-like eruptions in DS-Nh mice. 
J Dermatol Sci. 2008;50:31-9.

21. Thompson RP. Assessment of zinc status. Proc Nutr Soc. 
1991;50:19-28.

22. Arredondo M, Núñez MT. Iron and copper metabolism. Mol 
Aspects Med. 2005;26:313-27.

23. Bonham M, O’Connor JM, Hannigan BM, Strain JJ. The immune 
system as a physiological indicator of marginal copper status? 
Br J Nutr. 2002;87:393-403.

24. Bo S, Durazzo M, Gambino R, Berutti C, Milanesio N, 
Caropreso A, Gentile L, Cassader M, Cavallo-Perin P, Pagano G. 
Associations of dietary and serum copper with infl ammation, 
oxidative stress, and metabolic variables in adults. J Nutr. 
2008;138:305-10.

25. Duncan C, White AR. Copper complexes as therapeutic agents. 
Metallomics. 2012;4:127-38.

26. Tam M, Gómez S, González-Gross M, Marcos A. Possible 
roles of magnesium on the immune system. Eur J Clin Nutr. 
2003;57:1193-7.

27. Weglicki WB, Phillips TM, Freedman AM, Cassidy MM, Dickens 
BF. Magnesium-defi ciency elevates circulating levels of 
infl ammatory cytokines and endothelin. Mol Cell Biochem. 
1992;110:169-73.

28. Hon KL, Wang SS, Hung EC, Lam HS, Lui HH, Chow CM, Ching 
GK, Fok TF, Ng PC, Leung TF. Serum levels of heavy metals in 
childhood eczema and skin diseases: friends or foes. Pediatr 
Allergy Immunol. 2010;21:831-6.

29. Eriksen BB, Kare DL. Open trial of supplements of omega 3 
and 6 fatty acids, vitamins and minerals in atopic dermatitis. J 
Dermatol Treat. 2006;17:82-85.

30. Ewing CI, Gibbs ACC, Ashcroft C, David TJ. Failure of oral 
zinc supplementation in atopic eczema. Eur J Clin Nutr. 
1991;45:507-10.

31. Bede O, Nagy D, Suranyi A, Horvath I, Szlavik M, Gyurkovits 
K. Effects of magnesium supplementation on the glutathione 
redox system in atopic asthmatic children. Infl amm Res. 
2008;57:279-86.

 Manuscript received February 10, 2012; accepted for 
publication March 29, 2012.

  Can Naci Kocaba
Ankara Children’s Hematology Oncology
Education and Research Hospital
Department of Pediatric Allergy 
Alt nda  / Ankara 06100 Turkey
E-mail: cankocabas@yahoo.com




