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gists should thoroughly evaluate eruptive hemangiomas 
when they are accompanied by polyneuropathy without 
other underlying causes. Early identification is important to 
allow a multidisciplinary management and avoid complica-
tions associated with thrombotic diatheses, including embo-
lism, vascular dissection or necrosis, and volume overload 
including ascites, pleural effusion, and pericardial effusion1.
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Hair Mineral Analysis in Children with Atopic Dermatitis
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Dear Editor:
Minerals and essential elements are important compo-
nents of nutrition1. These elements play crucial roles in 
the normal functioning of the immune system and anti-
oxidant mechanisms which are related to the pathogenesis 
of atopic dermatitis (AD)2. Previous studies have hypothe-
sized that AD is associated with a non-specific decrease 
concerning trace metals3,4. Furthermore, we previously re-
ported that zinc (Zn) supplementation led to clinical im-
provement in AD patients with low hair Zn levels5. 
However, there is little data on other hair mineral levels in 
AD. Therefore, the aim of this study was to analyze the 
concentrations of trace elements in hair and to evaluate 

their relevance to disease severity in children with AD. 
A total of 66 children (37 boys, 29 girls; mean age, 5.88 
years; range, 1∼14 years) with confirmed diagnoses of 
mild to moderate AD (eczema area and severity index 
[EASI] scores ＜26) were enrolled. A sex- and age-matched 
control group consisted of 25 children (15 boys, 10 girls; 
mean age, 6.12 years; range, 2∼12 years) without derma-
tological disorders. The study protocol was approved by 
the ethics committee at Hanyang University Seoul 
Hospital (IRB no. 2011-R-34).
Participants were asked not to chemically process their 
hair for at least 8 weeks prior to mineral analysis. Mineral 
measurements were performed using a microwave tem-
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Table 1. Comparison of hair mineral contents in atopic dermatitis (AD) patients and controls

Element AD patients Controls p-value

Ca 470.303±242.379 1,180.800±1,352.756 ＜0.001
Mg 25.076±18.247 69.040±76.482 ＜0.001
Na 308.788±365.415 121.600±103.105  0.001
K 462.879±524.498 80.800±77.132 ＜0.001
Cu 16.318±10.959 40.520±60.075  0.028
Zn 101.515±38.280 164.000±58.166 ＜0.001
P 133.485±22.497 148.400±24.610  0.001
Fe 7.652±3.165 8.240±6.508  0.130
Mn 0.246±0.177 0.179±0.144  0.004
Cr 0.583±0.163 0.412±0.088 ＜0.001
Se 0.580±0.187 0.584±0.528  0.058
Hg 0.665±0.236 0.708±0.355  0.809
Cd 0.052±0.065 0.015±0.012 ＜0.001
Pb 1.606±1.021 1.080±0.277  0.009
Al 9.167±4.954 7.520±3.549  0.158
As 0.140±0.058 0.067±0.026 ＜0.001
Be 0.011±0.005 0.010±0.000  1.000
B 0.864±0.964 0.616±0.625  0.292
Co 0.012±0.004 0.012±0.007  0.574
Mo 0.091±0.062 0.028±0.009 ＜0.001
S 41,622.576±3,837.940 39,822.000±3,172.150  0.071
U 0.112±0.497 0.118±0.480  0.745
Zn/Cu 7.401±3.362 8.410±5.021  0.360

Table 2. The correlation between clinical parameters and hair 
mineral levels in AD patients

Nutritional 
element

EASI TEWL
VAS for 
pruritus

VAS for 
sleep 

disturbance

Ca  0.102 −0.006 −0.015 −0.043
Mg  0.108 −0.053   0.014 −0.080
Cu −0.100 −0.026 −0.031 −0.048
Zn  0.008   0.099   0.025 −0.016
P  0.124   0.238   0.126 −0.009
Na −0.099   0.027 −0.027 −0.031
K  −0.245* −0.071 −0.222 −0.168
Mn −0.165   0.111 −0.130 −0.117
Cr −0.072 −0.210   0.007 −0.004
Cd  0.059    0.405†   0.188  0.114
Pb −0.165   0.045 −0.063  0.104
As −0.037 −0.210   0.110  0.039
Mo  0.204 −0.138    0.263*  0.153

AD: atopic dermatitis, EASI: eczema area and severity index, 
TEWL: trans-epidermal water loss, VAS: visual analogue scale.
Analyzed by Pearson’s or Spearman’s correlation, *p＜0.05, †p
＜0.01.

perature-controlled digestion technique and Perkin-Elmer 
Mass Spectrometer (SciexElan 6100; Perkin-Elmer Corpo-
ration, Foster City, CA, USA)6. The mineral concentrations 
are expressed as mg% (mg/100 g of hair). The reference 

ranges determined by US Trace Elements Inc. (TEI), which 
has been derived comprehensively from numerous data 
and widely used in the several studies, were used in this 
study.
The EASI score, trans-epidermal water loss (TEWL) using a 
Tewameter TM210Ⓡ (Courage & Khazaka, Cologne, Ger-
many), and visual analogue scales (VAS) for pruritus and 
sleep disturbance were assessed. 
Fifteen nutritional elements and seven toxic elements 
were analyzed. The nutritional elements included calcium 
(Ca), magnesium (Mg), sodium (Na), potassium (K), copper 
(Cu), Zn, phosphate (P), iron (Fe), manganese (Mn), chro-
mium (Cr), selenium (Se), boron (B), cobalt (Co), molybde-
num (Mo), and sulfur (S). The toxic elements included ura-
nium (U), arsenic (As), beryllium (Be), mercury (Hg), cad-
mium (Cd), lead (Pb), and aluminum (Al). 
Among the nutritional elements, Ca, Mg, Cu, Zn, P levels 
were statistically lower and Na, K, Mn, Cr, and Mo levels 
were statistically higher in the AD patients compared to 
those in the control group. However, the mean levels of 
all these minerals were within the TEI reference ranges, 
except for K, which was higher than the reference range. 
Among the toxic minerals, Cd, Pb and As were sig-
nificantly higher in AD patients than in control patients. In 
both groups, the mean levels of Cd and Pb were below 
the lower reference limit. Similarly, the mean level of As 
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was within the reference range in the AD patients (Table 1).
Next, we analyzed the significance of the relationship be-
tween numerical value of minerals that showed difference 
between two groups and the parameters of clinical severity 
and found a statistical significance for a few minerals. The 
increased levels of K in AD patients were negatively corre-
lated with EASI scores. The Cd level was positively corre-
lated with TEWL, but the mean level of Cd in AD patients 
was lower than the normal reference range. Although there 
was a statistical significance between Mo level and VAS for 
pruritus, they showed a weak correlation (Table 2). Based 
on the clinical parameters used, we did not find that these 
minerals were clinically relevant to AD.
There is growing interest in the role of minerals and mi-
cronutrients in AD. There have been several studies on 
mineral concentrations in AD patients, but the reported re-
sults have been contradictory. Zn is the most widely stud-
ied mineral that has clinical relevance in AD patients3,4. In 
this study, we found that the hair Zn level was sig-
nificantly lower in AD patients as in our previous study5. 
Ca is involved in cellular physiology and is a major com-
ponent of bone and teeth mineralization. Mg is an essen-
tial mineral that plays a critical role in the immune 
response. The lower levels of Ca and Mg in AD patients 
may reflect an avoidance of dairy products and nuts. Cu is 
an essential trace element in antioxidant systems and 
DNA synthesis7. Hon et al.4 suggested that the Cu/Zn ratio 
were increased in AD patients and positively correlated 
with the clinical severity3,4,8. However, in this study, there 
was no difference in the Cu/Zn ratio between the two 
groups or correlation with the clinical severity. This dis-
crepancy between studies may result from differences in 
nutritional habits, age, or study methodology. K was the 
only element whose level exceeded the upper limit of the 
reference range in AD patients. However, since essential 
minerals interact with one another, there could be an im-
balance in AD patients9. 
There seems to be low risk of environmental hazards from 
heavy metal intoxication in Korean children with AD, be-
cause levels of toxic elements which were significantly high-
er in AD patients than in normal controls were below or 
within the reference ranges. Regardless, caution must be tak-
en to prevent intoxication with such elements in AD patients. 
To our knowledge, no previous studies have evaluated the 
hair levels of various mineral levels in AD patients and es-
tablished a relationship between the clinical severity and 
the mineral levels. Despite some differences between the 
two groups with regard to mineral levels, we did not find 
meaningful clinical relevance between the severity of AD 
and the micronutrient levels. 
Although we did not evaluate the subjects’ diets, the lev-

els of trace elements may have differed due to nutritional 
imbalances in atopic patients. Nevertheless, most mineral 
levels were within the reference ranges. This finding in-
dicates that atopic children did not have severe mineral 
deficiencies. Based on our findings, mildly reduced miner-
al levels are likely insufficient to produce clinical changes10. 
Large supplementation trials are needed to assess the clin-
ical efficacy of replacing depleted minerals in AD patients. 
Indiscriminate commercial exploitation of mineral supple-
ment product should be sublated before the confirmation 
of therapeutic effects of mineral supplementation. 
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