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INTRODUCTION

There are approximately 330,000 hemodialysis patients 
in Japan, accounting for more than one in 400 individuals, 
and the number is increasing every year.1) Many hemodialy-
sis patients have serious constraints in daily life including 
treatment that requires several hours every other day, and the 
need to adhere to strict diet and fluid restrictions. In addition, 
hemodialysis patients often suffer from complications includ-
ing hypertension, anemia, osteoporosis, and pruritus accompa-
nied by dry skin. Studies have reported that pruritus occurs in 
at least 80% of hemodialysis patients.2–4) In addition, moder-
ate to severe pruritus causes sleep problems and affects mor-
tality.4,5) Therefore, treating pruritus is critical to improving the 
patient's QOL.

The pathophysiology of pruritus in hemodialysis patients 
has yet to be completely understood, but several factors are 
likely to be involved in its occurrence. Recent hypothe-
ses have suggested that changes in immunity and the opi-
oid system cause pruritus.6) Other factors include the devel-
opment of secondary hyperparathyroidism, increase in blood 

urea nitrogen, calcium, phosphorus, aluminum, magnesium, 
β2-macroglobulin, ferritin, vitamin A, and white blood cells, 
decrease in erythropoietin, transferrin and albumin, anemia, 
increase in chemical mediators released from mast cells, and 
dry skin caused by atrophy and dehydration of sweat glands.7,8) 
Hemodialysis patients exhibit a variety of dermatological 
symptoms. Oral antihistamines, topical steroids, moisturiz-
ers and the like have been commonly used for the treatment of 
pruritus. In 2009, nalfurafine hydrochloride, a κ-opioid recep-
tor agonist that has a therapeutic effect on pruritus caused by 
central factors, was launched in Japan, expanding the range of 
treatment options. Medicines such as gabapentin and pregab-
alin may also be effective on pruritus caused by central fac-
tors.9,10) Although various treatment strategies have been pro-
posed, they are ineffective for many patients, and satisfaction 
with treatment for pruritus is by no means high.11)

It is known that renal dysfunction and hemodialysis cause 
abnormal blood concentration of metals such as zinc that are 
involved in maintaining skin homeostasis.12–15) Furthermore, 
several metals, such as iron and zinc, are found in blood cells 
as well as serum. Therefore, when examining blood met-
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al concentrations, its concentrations in blood cells and whole 
blood cannot be ignored. Few studies have reported simulta-
neous measurement of the concentrations of multiple metals in 
whole blood and serum. The purpose of this study is to exam-
ine the relationship between pruritus and metal concentrations 
in serum and whole blood in hemodialysis patients in order to 
develop new potential treatments.

MATERIALS AND METHODS

Study Participants   Between November 2017 and March 
2018, patients who underwent hemodialysis treatment at  
Shoujunkai Takeuchi Hospital (Tsu city, Mie prefecture, 
Japan) were enrolled in the study. Patients with wounds or 
obvious skin lesions on the forearm or the area to be observed, 
and patients taking zinc preparations or supplements were 
excluded from the study. The control group included non-dial-
ysis patients without scratches.

Itch Assessment   The presence or absence and the degree 
of itch were evaluated using Shiratori’s criteria.16,17) Shiratori’s 
criteria are used to subjectively evaluate the symptoms of itch 
during the day and night and are rated on a 5-point scale rang-
ing from 0 to 4 points. Subjective symptom scores of 0 and 
1 do not include scratches. Thus, patients with a daytime or 
nighttime score of 2 or higher were classified as the scratching 
group, and patients with both daytime and nighttime scores of 
1 or lower were classified as the non-scratching group.

Measurement of Blood Metal Concentrations   Blood 
was collected at the start of hemodialysis in order to meas-
ure the concentration of metals (magnesium, calcium, manga-
nese, iron, copper, zinc) in serum and the whole blood. Blood 
was collected between 9 am and 2 pm. BD Vacutainer® blood 
collection tubes were used to collect serum samples, and BD 
Vacutainer® heparin blood collection tubes were used for 
whole blood samples (3 mL each). Linkable anonymization of 
the samples was done by the information manager at Takeuchi 
Hospital. The blood samples were kept at 2–8°C and transport-
ed to Suzuka University of Medical Science within a few hours 
of collection. Serum was separated from the samples by cen-
trifugation at 3000 rpm for 10 min using a centrifuge LC-200  
(TOMY DIGITAL BIOLOGY CO., LTD., Tokyo, Japan). Sub-
sequently, serum and whole blood samples were frozen at 
–20°C and transported to Kyoto Pharmaceutical University 
under the responsibility of a researcher at Suzuka University of 
Medical Science. The metal concentration in serum and whole 
blood was measured by an inductively coupled plasma-mass 
spectrometer (ICP-MS) at Kyoto Pharmaceutical University.  
Details of the ICP-MS method are described in the next section.

On the day of testing, both the patients and those in the 
control group took no food prior to blood collection and blood 
was collected at the same time interval.

Determination of Trace Metal Elements Concentration    
Determination of trace metal elements concentration was car-
ried out by referring to previous studies.18,19) Briefly, one hun-
dred microliters of serum and whole blood samples were 
placed in tall 50 mL beakers and heated to 150°C on a hot-
plate. Then 2 mL of 60% (v/v) nitric acid (HNO3 for poison-
ous metal determination; Kanto Chemical, Tokyo, Japan) 
was added. Three minutes after the addition of nitric acid,  
2 mL of 60% (v/v) perchloric acid (HClO4 for poisonous met-
al determination; Kishida Chemical, Osaka, Japan) was added. 
After additional 3 min, 2 mL of 30% (v/v) hydrogen peroxide 

(H2O2 for atomic absorption spectrochemical analysis; Kishida  
Chemical) was added. This process was repeated thrice, then 
another 2 mL of 30% (v/v) H2O2 was added and the samples 
were heated until digestion was complete. The liquid was evap-
orated, and the sample residues were cooled, then 5 mL of 5% 
(v/v) HNO3 was added and the sample ash residues were dis-
solved overnight. The solutions were then transferred to sam-
ple cups. All tall beakers and sample cups used in this exper-
iment were pretreated with 1% (v/v) HNO3 to avoid metal 
contamination. The trace elements (magnesium, calcium, man-
ganese, iron, copper, zinc) in the solutions were identified and 
quantitated by ICP-MS (Agilent7700/Mass Hunter, Agilent 
Technologies, Santa Clara, CA, USA). Standard curves were 
plotted by preparing 1,000 µg/mL (ppm) standard solutions 
of magnesium, calcium, manganese, iron, copper, and zinc  
(Fujifilm Wako Pure Chemical Industries Ltd., Osaka, Japan) 
and diluting them in 5% (v/v) HNO3 to final metal concentra-
tions of 0, 1, 2, 5, 10, 20, 50, 100, and 200 ng/mL (ppb). For 
quality control, 1 ng/mL (ppb) of a reference internal standard 
(indium; In) was measured along with the samples. The stand-
ard curves of each trace metal exhibited good linear regres-
sion (over r = 0.999) in the concentration range of 1–200 ng/
mL (ppb).

Assessments of Skin Conditions   A Tewameter® TM300 
and Corneometer® CM825 (both Courage + Khazaka electronic  
GmbH, Koln, Germany) were used to measure transepider-
mal water loss (TEWL) and stratum corneum moisture con-
tent, respectively. TEWL is the amount of water that passive-
ly evaporates through skin to the external environment due to 
water vapor pressure gradient on both sides of the skin barrier 
and is expressed in g/m2·h. Stratum corneum moisture content 
is expressed in arbitrary unit (a.u.).20,21) Measurements were 
taken 3 times each within 15 min from the start of hemodialy-
sis on the inner side of the forearm on the non-shunt limb side. 
The mean of the three measured values was used for statistical 
calculations. Patients were instructed not to use lotion or mois-
turizer on the forearm for one day prior to measurement, and 
to expose the forearm from their clothing for at least 15 min 
before measurement. The measurement conditions were an air 
temperature of 24.2 ± 1.3°C and a humidity of 40.0 ± 5.4%.

Statistical Analysis   Data are expressed as mean ± S.D. 
The differences in stratum corneum moisture content and 
TEWL among the scratching group, non-scratching group, and 
control group were analyzed using the Tukey–Kramer multi-
ple comparison test. The differences in serum and whole blood 
metal concentrations were analyzed using the Mann–Whitney 
U test, and the correlations between the stratum corneum mois-
ture content or the TEWL and metal concentrations were ana-
lyzed using the Spearman correlation coefficient. All statistical 
analyses were performed using EZR (Saitama Medical Center,  
Jichi Medical University, Saitama, Japan, version 1.33), 
which is a graphical user interface for R (the R Foundation  
for Statistical Computing, Vienna, Austria, version 3.3.1). More 
precisely, it is a modified version of the R commander (version 
2.3-0) designed to add statistical functions frequently used  
in biostatistics.22) A p value < 0.05 was considered significant.

Ethical Approval   The study was performed in accordance  
with the Declaration of Helsinki and was approved by the 
institutional review board of Suzuka University of Medical 
Science (Approval No.318, June 29, 2017).

Informed Consent   Written informed consent was obtained  
from all patients.
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  RESULTS  

   The study group consisted of 44 patients (25 males, 
19 females, age: 66.5 ± 10.9 years). The control group consisted 
of 12 patients (3 males, 9 females, age: 79.8 ± 5.9 years). Within 
the study group, the scratching and non-scratching groups con-
sisted of 15 patients (8 males, 7 females, age: 66.5 ± 9.5 years) 
and 29 patients (17 males, 12 females, age: 70.7 ± 7.5 years), 
respectively.   

   The stratum corneum moisture content and TEWL were 34.9 
± 8.3 a.u. and 9.8 ± 1.9 g/m 2 ·h in the scratching group, 41.5 ± 
8.3 a.u. and 10.5 ± 2.7 g/m 2 ·h in the non-scratching group, and 
43.6 ± 8.4 a.u. and 10.5 ± 3.3 g/m 2· h in the control group. The 
stratum corneum moisture content in the scratching group was 
signifi cantly lower than that in the non-scratching and control 
groups, indicating the development of dry skin in the scratch-
ing group. On the other hand, no significant difference in 
TEWL was observed among the groups ( Fig. 1 ). In the study 
group, there was a signifi cant negative correlation between the 
stratum corneum moisture content and the sum of the daytime 
and nighttime Shiratori scores ( Fig. 2 ).   

   Serum and whole blood metal concentrations (ng/mL) in 
the study and control groups are shown in  Table 1 . In the study 
group, serum magnesium and whole blood calcium, manga-
nese (Mn), and zinc values were signifi cantly higher than those 
in the control group, while serum calcium, iron, copper, and 
zinc, and whole blood iron were signifi cantly lower than those 
in the control group. In particular, the level of whole blood 
Mn in the study group was remarkably high, approximately 
8 times larger than that in the control group (168 ± 42 ng/mL 
vs 22 ± 15 ng/mL). In contrast, no signifi cant diff erence was 
observed between the scratching and non-scratching groups.   

   We also examined the correlation between the stratum cor-
neum moisture content, TEWL, and all metal concentrations 
in patients in the study group. There was a signifi cant negative 
correlation between the stratum corneum moisture content and 
the whole blood Mn concentration ( Fig. 3 ). No other signifi -
cant correlation was observed.   

  DISCUSSION  

   It is known that blood metal concentrations in hemodialy-
sis patients vary compared to those in healthy individuals. Our 
study demonstrated that the whole blood Mn levels are signif-
icantly elevated in hemodialysis patients. In a previous study 
of 40 adult hemodialysis patients (18 males, 22 females, 52.4 
± 11.6 years) in Japan, high blood cell Mn and low serum Mn 
were observed.  23)  In another study that examined 57 patients in 
Spain, serum nickel, whole blood arsenic and lead were found 
to be high, while serum copper, zinc, and selenium levels were 
low, but serum and whole blood Mn levels were normal.  24)  A 
study of 53 adult hemodialysis patients aged between 23 and 
79 years in Iran reported high serum magnesium and zinc as 
measured by atomic absorption spectrometry.  25)  On the oth-
er hand, a meta-analysis that examined blood metal concen-
trations in serum, plasma, and whole blood showed that dial-
ysis patients have high copper and low Mn and zinc.  14)  The 
inconsistencies between studies may be due to the low number 

Fig. 1.       Comparison of Stratum Corneum Moisture Content and TEWL between Scratching, Non-Scratching and Control Groups 
 The presence or absence and the degree of itch were evaluated using Shiratori’s criteria. Patients with a daytime or nighttime score of 2 or higher were classifi ed as the scratch-

ing group (n = 29), and patients with both daytime and nighttime scores of 1 or lower were classifi ed as the non-scratching group (n = 15).   Date show mean ± S.D.*p < 0.05, one 
way ANOVA with Tukey–Kramer multiple comparison test. There are no signifi cant diff erences in TEWL.  

Fig. 2.       Correlation between Stratum Corneum Moisture Content and Shiratori’s Score 
 Evaluation with Spearman's correlation coeffi  cient shows a signifi cant negative cor-

relation between the stratum corneum moisture content and Shiratori’s score.  
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of subjects in each study and the difference in measurement 
methods. Blood metal concentrations in hemodialysis patients 
were compared with the results from previous studies in Jap-
anese patients, as in the present study. The results for serum 
zinc, iron, copper, and Mn described in the literature were in 
general agreement with the results of previous studies.23,26,27) 
Blood metal concentrations in the control group were com-
pared with those in healthy Japanese as reported by the Japan 
Association of Prefectural and Municipal Public Health Insti-
tutes,28) and were in general agreement, except for serum zinc, 
whole blood magnesium, and iron. The control group in the 
present study was limited to the elderly, which may have led 
to differences from previous studies. Furthermore, the stud-
ies described above did not examine the association between 
blood metal levels and adverse events such as itching that 
affect patient QOL.

In our study, serum and whole blood concentrations of six 
metals were simultaneously measured by ICP-MS. Because 
ICP-MS can simultaneously measure multiple samples under 
the same conditions, it is expected to provide highly relia-
ble results. Low serum concentrations were observed for iron, 
copper, zinc, and Mn and for whole blood iron in hemodial-
ysis patients. This result was considered reasonable because 
renal anemia develops in patients with chronic renal failure 
due to decreased production and secretion of erythropoietin, 
suggesting a decrease in blood iron levels. On the other hand, 
high concentrations of serum magnesium and in whole blood 
calcium, zinc, and Mn were observed. In our hemodialysis 
patients, the serum concentration of zinc was actually 1/3 or 
less than the normal value and more than twice the normal val-
ue in whole blood. The majority of zinc in the blood is present 
in red blood cells. This suggests that transporters expressed in 
red blood cells may be involved in fluctuations in blood zinc 
concentrations in hemodialysis patients. Experiments in mice 
have shown that ZNT1, Zip8, and Zip10 are expressed in red 
blood cells.29) The increase of zinc concentration in red blood 
cells observed in this study may be due to the expression of 
Zip8 and Zip10 that specifically affect zinc uptake.

In the present study, the whole blood Mn levels in hemo-
dialysis patients was about 8 times higher than those in non-
dialysis patients. In addition, there was a negative correlation 
between the whole blood Mn and the stratum corneum mois-
ture content. Furthermore, since the stratum corneum moisture 
content was significantly different depending on the presence 

or absence of scratching. But unfortunately there was no direct 
correlation between blood metal concentration and itching.

In recent years, it has become clear that many transporters 
are involved in maintaining the homeostasis of Mn in vivo.30,31) 
Zinc transporters ZNT10, Zip8, and Zip14 have been report-
ed to be involved in the influx and efflux of Mn and zinc from 
cells.32) Zip8, which is reportedly expressed in red blood cells, 
might increase the uptake of Mn into red blood cells, thereby 
increasing the Mn concentration in the whole blood in hemo-
dialysis patients.29)

In addition to the above, it is known that eccrine sweat 
glands atrophy in hemodialysis patients and the amount of 
sweating decreases.33,34) Human sweat contains a certain 
amount of Mn and other metals.35) In hemodialysis patients, 
metal excretion outside the body is decreased due to decreased 
sweating, which may affect the whole blood Mn levels.

Mn is widely contained in variety of foods, with vegeta-
bles and especially whole grains, beans, nuts, and tea leaves 
being the major source.36) Since the normal nutritional require-
ments of Mn is very small, there is almost no deficiency in the 
normal diet. Excessive levels of Mn are limited to rare cas-

Table 1.   Concentrations of Trace Elements in Hemodialysis and Non-Dialysis Group
Magnesium Calcium Manganese Iron Copper Zinc

Serum

Non-hemodialysis group 17200 ± 1800 83400 ± 9700 21 ± 10 2680 ± 800 1330 ± 170 2430 ± 1310
Hemodialysis group 19700 ± 3600 74500 ± 9600 15 ± 11 1540 ± 590 1050 ± 290 670 ± 640

Non-scratcing group 19900 ± 3600 73200 ± 9900 16 ± 12 1590 ± 630 1040 ± 300 610 ± 640
Scratching group 19500 ± 3600 76900 ± 8600 14 ± 9 1440 ± 510 1070 ± 270 780 ± 620

p value 0.0102 0.0109 n.s. (0.0737) < 0.00001 0.00117 < 0.00001

Whole 
blood

Non-hemodialysis group 17500 ± 6700 32000 ± 12000 22 ± 15 288000 ± 90000 930 ± 290 4820 ± 2510
Hemodialysis group 18700 ± 3700 42000 ± 12200 168 ± 42 228000 ± 45000 840 ± 440 9260 ± 5130

Non-scratcing group 18700 ± 3700 40800 ± 12300 168 ± 44 219000 ± 47000 880 ± 520 8980 ± 5330
Scratching group 18700 ± 3700 44400 ± 12000 168 ± 41 245000 ± 36000 770 ± 210 9790 ± 4870

p value n.s. (0.629) 0.0166 < 0.00001 0.0139 n.s. (0.0954) 0.0019
Unit: ng/mL
Data are expressed as mean ± S.D.
Hemodialysis group: n = 44, Non-hemodialysis group: n = 12.
Of hemodialysis group, Scratching group: n = 15, Non-scratching group: n = 29.
The boldface shows significantly larger.

Fig. 3.   Correlation between Stratum Corneum Moisture Content and Whole  
Blood Manganese Concentration

The correlation between the stratum corneum moisture content, TEWL, and all 
metal concentrations were tested for the patients in the study group. Examination with 
Spearman's correlation coefficient shows a significant negative correlation between stra-
tum corneum moisture content and whole blood Mn concentration.
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es such as parenteral nutrition, dust inhalation, and drinking 
contaminated water, and major Mn overload has been known 
to cause neurological symptoms.37–39) On the other hand, there 
have been few reports of overexposure to skin. Mn func-
tions as a component and an activator of metalloenzymes in 
vivo. Enzymes containing Mn include arginine-degrading 
enzyme, lactate decarboxylase, and Mn superoxide dismutase 
(MnSOD).40,41) It has been reported that MnSOD, mainly local-
ized in mitochondria, may regulate both immunosuppressive 
and proinflammatory signals through alteration of dendritic 
cells and T cell function in the skin and may be involved in the 
defense of inflammation due to aging.42) Since blood Mn con-
centration does not correlate with tissue Mn concentration,43) 
the high blood Mn concentration found in the present study 
does not indicate an excessive amount of Mn in the body. In 
hemodialysis patients, it was speculated that Mn in tissues was 
transferred to the blood by some other factors. As a result, the 
activity of MnSOD in mitochondria may be reduced, and this 
may be a factor in developing dry skin. In order to examine 
this hypothesis further, it is necessary to research Mn concen-
tration in tissues as well as in whole blood.

The major limitation of the present study is that age is sig-
nificantly different between the study group and the control 
group. However, the correlation between whole blood Mn 
and stratum corneum moisture content, which is an important 
result in the present study, was recognized even in the study 
group. Also, the small sample size limits the statistical power 
of the study. Furthermore, since this study is a cross-sectional 
study, causality cannot be proven.

Our study suggests that the high level of whole blood Mn 
in hemodialysis patients is involved in the development of 
dry skin. Dry skin is commonly associated with a decrease 
in skin barrier function, and is known to have adverse effects 
on daily life that include skin wounds, soft tissue infections, 
reduced ability to concentrate, and sleep disorders, in addi-
tion to itching.44) Skin hydration is generally lower in hemodi-
alysis patients. Itching in hemodialysis patients is caused by a  
variety of factors, including dry skin. Our study showed at 
least an association between whole blood manganese levels 
and dry skin.

Conclusions   Whole blood Mn concentration in hemo-
dialysis patients was 8 times higher than that in non-dialy-
sis patients. Furthermore, a negative correlation was observed 
between whole blood Mn concentration and stratum corneum 
moisture content, and stratum corneum moisture content was 
significantly different depending on the presence or absence of 
scratching. Patients with high levels of whole blood Mn exhib-
ited dry skin and developed itching. Further study of the role 
of elevated Mn may lead to the development of methods to 
improve dry skins in hemodialysis patients.
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