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Selenium Concentration in Korean Patients with
Thyroid Disease: a Preliminary Report
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Background and Objectives: Selenium is an important frace element for thyroid hormone metabolism, and its
deficiency can cause hypothyroidism. Serum selenium concentration is the best biomarker to reflect selenium
infake and reserve, although other markers can reflect. Therefore, we preliminarily assessed serum and urine
selenium concentrations in patients with thyroid disease compared to those of a healthy population. We also
investigated the correlation between serum and urine selenium concentration, thyroid hormone and urinary
iodine concentration (UIC). Materials and Methods: A fotal of 97 patients (32 men, 65 women, 52.4+14.7 years)
with benign thyroid nodules or thyroid dysfunction who visited the Samsung Medical Center between 2008 and
2013 were included. Data for 175 healthy subjects provided by Lee et al. were used as the control. Serum
13, free T4, and thyroid stimulating hormone (TSH) were measured using commercialized RIA or IRMA kits.
Serum/urine selenium and UIC were measured by inductively coupled plasma-mass spectrometry (ICP-MS).
Results: Median serum selenium concenfrafion was 110 «g/L (95% CI, 73-156). Median urine selenium
concentration was 66.3 1 g/gCr (95% Cl, 28.7-283.5). Compared fo 175 healthy subjects (serum 84 xg/L (95%
Cl, 30-144), urine 34.5 1g/gCr (95% CI, 0.8-107.2)), serum and urine selenium concentrations of patients with
thyroid disease were significantly higher than those of healthy subjects (0 <0.001). Serum selenium concentration
was significantly correlated with urine selenium concentration affer log fransformation (r=0.88, p=0.022), but was
not significantly correlated with UIC, T3, free T4 and TSH. Conclusion: Selenium concentrations of patients with
thyroid disease were significantly higher than those of healthy subjects. Serum selenium concentration was
significantly correlated with urine selenium concentration.
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expresses several specific selenoproteins for thyroid
)

Introduction

Understanding of the essential role of selenium in
human health and thyroid disease has progressed in
recent olecades,HU The thyroid gland contains ex—
ceptionally high selenium content, Selenium is im—
portant for biosynthesis of a small number of seleno—
cysteine—containing selenoproteins. The thyroid gland

hormone metabolism and antioxidant properﬂes,2
Selenoproteins protect the thyroid gland from excess
hydrogen peroxide generated from thyroid hormone

sproduction.”””

Selenium—dependent iodothyronine
deiodinases make active thyroid hormone, tri—iodo—
thyronine (T3), from its inactive precursor, thyroxine
(T4),7'8> A randomized controlled trial of selenium sup—

plementation in 368 euthyroid elderly patients with low
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to moderate selenium status in the United Kingdom
showed no evidence of any effect of selenium on thy—
roid function or on the ratio of T4 to T3.° No clinical
data on the effect of selenium intake on thyroid func—
tion have demonstrated an apparent relationship be—
tween deiodinase expression/activity and selenium
status. Several studies have evaluated the effects of
selenium supplements on thyroid function in different
population groups of industrialized countries. Four
studies showed significantly increased plasma sele—
nium concentrations in patients taking selenium sup—
plementation compared with control groups. However,
selenium supplementation only affected thyroid hor—
mone concentrations in two studies.” " Therefore, the
association between serum selenium concentration
and thyroid hormone remains controversial. Several
studies have suggested the immunological benefit of
selenium in thyroid disease. Numerous studies have
demonstrated by ultrasonography that selenium sup—
plementation decreased anti—thyroid peroxidase (TPO)
antibody titers and improved morphological changes
in patients with Hashimoto’s thyroiditis."* '® Negro et
al'? also reported that selenium supplementation in
pregnant women significantly decreased the preva—
lence of postpartum thyroiditis and definitive hypothy—
roidism. A few studies showed that selenium supple—
mentation resulted in achieving euthyroid status more
rapidly in patients with Graves’ disease and appeared
to have a beneficial eftect on mild ophthalmopathy,zom
However, increased risk of type 2 diabetes mellitus
and dyslipidemia has been

reported  following

long—term, high— dose selenium supplememation,zzfm

As mentioned in several papers, selenium have
protective effect of thyroid disease. But there is no da—
ta to demonstrate comparison of selenium concen—
tration between patient with thyroid disease and nor—
mal persons, directly. So we preliminarily assessed
serum and urine selenium concentrations in patients
with thyroid disease compared to those of a healthy
normal population.

Serum or plasma selenium concentration is the best
biomarker of selenium intake and reserve.”® A strong
correlation has been established between selenium
intake and urinary selenium excretion in a wide range
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of populations with different selenium intake,%) However,
there are no clinical data showing a correlation be—
tween serum selenium concentration and urinary se—
lenium excretion. Therefore, we also investigated the
correlation between serum selenium concentration
and urine selenium concentration, thyroid hormone
levels and urinary iodine concentration (UIC).

Materials and Methods

Patients and Study Design

A total of 134 patients with benign thyroid nodules
or thyroid dysfunction who visited the thyroid clinic at
Samsung Medical Center between January 2008 and
December 2013 were initially screened in this study.
Among them, seven patients with serious infection or
malignancy and 30 patients taking levothyroxine were
excluded. After exclusion, 97 patients were finally en—
rolled in this study. Data of 175 healthy subjects pro—
vided by Lee et al”” were used as the control. The
Institutional Review Board of Samsung Medical Center
approved this study (SMC 2016—03-160).

Measurements

Serum T3 and free T4 concentrations were meas—
ured using commercialized radioimmunoassay Kits
(Immunotech, Marseille, France). Serum TSH concen—
tration was measured using an immunoradiometric
assay kit (Immunotech, Marseille, France). All samples
were run in duplicate. The reference ranges of T3,
free T4, and TSH were 1.1-2.9 nmol/L, 10—23 pmol/L,
and 0.40-5.0 mU/L, respectively. Serum titers of
anti-TPO antibody and anti—thyroglobulin (Tg) anti—
body were measured using a commercialized radio—
(BRAHMS  AG, Hennigsdorf,
Germany). Titers less than 60 U/mL were considered
negative. TSH—receptor antibody titer was measured
by a radioreceptor assay using the TRAK human Kit
(Brahms GmbH, Hennigsdorf, Germany). Values less
than 1.0 mU/L were considered negative.

Serum/urine selenium and UIC were measured by
inductively coupled plasma—mass spectrometry (ICP—
MS) using the Agilent 7500 series instrument (Agilent

immunoassay kit



Technologies, Inc., Tokyo, Japan), which is extremely
accurate for measuring UIC.ZS)
of variation for UIC ranged from 0.3 to

The intraday coefficient
1.2%, and the
interday coefficient of variation ranged from 1.4 to
3.3%. UIC was expressed as «g/L from spot urine
samples.

Statistical Analysis

Statistical analysis was performed using SPSS sta—
tistics 21.0 (SPSS Inc., Chicago, IL, USA). A Mann—
Whitney test and t test were used to assess con—
tinuous variables. A multiple regression test was used
to examine association of serum selenium concen—
tration with urine selenium concentration and thyroid
hormone values, Selenium concentration and thyroid
hormone values were not normally distributed even
after log transformation. Therefore, median values were
compared using the Kruskal—=Wallis test for selenium
concentrations (serum or urine) and thyroid hormone
values. With normally distributed parameters, mean=+
standard deviations (SD) were compared using a
non—paired t test between the two groups. P values
less than 0.05 were considered statistically significant,
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Results

Clinical Characteristics of Enrolled Patients and
Healthy Subjects

The clinical characteristics of 97 patients with thy—
roid disease are provided in Table 1. Of the 97 pa—
tients, 32 (33%) were men and 65 (67%) were women,
Mean age was 52 years with a range from 20 to 83
years. Of the 97 patients, 53 patients (55%) had eu—
thyroid benign thyroid nodules, 5 patients (5%) had
Graves’ disease, 17 patients (18%) had hypothyroidism,
and the remaining 22 patients (23%) had subclinical
thyroid dysfunction (4 had subclinical thyrotoxicosis
and 18 had subclinical hypothyroidism). Of the 84 pa—
tients with measured anti—TPO or anti—Tg antibodies,
51 patients (61%) had either positive antibody titer
(>60 U/mL) while 9 patients (11%) had a positive
TSH-receptor antibody titer (>1.0 mU/L).

Selenium (serum and urine) Concentration and
Urine lodine Concentration

The median serum selenium concentration of 97
patients with thyroid disease was 110 «g/L (95% Cl,
73—156) with a range from 67 to 169 xg/L. Compared

103 healthy subjects (median, 84 g/L; 95% C|,
30—144) with a range from 26 to 172 «g/L, the serum
selenium concentrations of patients with thyroid dis—

Table 1. Clinical characteristics of 97 patients with thyroid disease
All Men Women p value

Number 97 32 65

Age (years) 52.4+147 52.6+17 5231136 NS
Selenium, serum ( «g/L) 110 (73-156) 113 (67-150) 109 (73-153) NS
Selenium, urine (£g/gCr) 663 (28.7-283.5) 9.7 (335-117) 68.0 (21.3-420.5) NS
UIC (g/L) 3 (31-4061) 678 (53—4000) 847 (27—4000) NS
T3 (nmol/L) 6 (09 3.0) 1.6 (0.8-2.5) 1.6 (1.0-3.4) NS
Free T4 (pmol/L) 15 (1- ) 15 (5-24) 14 (09 43) NS
TSH (mU/L) 4.48 (0.01-80.6) 3.27 (0.01-59) 453 (0.01-92.92) NS
Anti—-TPO Ab (U/mL) 30 (6— 9 600) 21 (1-5, 100) 31 (6-12, 291) NS
Anti-Tg Ab (U/mL) 73 (1 8 8 3 5) 58 (18—4, 100) 74 (2 2 6 559) NS
TRADb (mU/L) 0.1 (0. 0.8) 0.1 (0.1-6.5) 0.1 (0 6.8) NS

Data were expressed as median (95%

Ab: antibody, NS: not significant, Tg: thyroglobulin, TPO: thyroid peroxidase, TRADb:

UIC: urinary iodine concentration

confidence intervals) or mean+SD

TSH-receptor antibody, TSH: thyrotropin,
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ease were significantly higher than those of healthy
subjects (p<0.001). The median urine selenium con—
centration of 69 patients with thyroid disease was 66.3
£9/9Cr (95% Cl, 28.7—283.5) with a range from 14.4
to 489.0 #g/gCr. Compared to 175 healthy subjects
(median, 34.5 1g/gCr; 95% Cl 0.8-107.2), the urine
selenium concentrations of patients with thyroid dis—
ease were also significantly higher than those of
healthy subjects (p<0.001, Fig. 1). Men had higher
serum selenium levels (113 vs, 109 «g/L) and lower
urine selenium levels (59.7 vs. 68.0 «g/gCr) than
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Fig. 1. Comparison of serum and urine selenium concen—
trations of patients with thyroid disease to those of healthy
subjects.
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Fig. 2. Comparison of serum selenium concentrations of
patients with various thyroid diseases to those of healthy

subjects. Hyperthyroidism vs. controls; hypothyroidism vs.
controls; nodule vs. controls, p<0.001.
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women, but the differences were not significant (p=
0.099 and p=0.168, respectively). When 97 patients
were classified into 3 groups (hyperthyroidism, hypo—
thyroidism, and benign thyroid nodule), and compared
to 175 healthy subjects, the serum and urine selenium
concentrations of patient groups were not different
from each other, but they were significantly higher
than those of healthy subjects (p<0.001, Figs. 2, 3).
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Fig. 3. Comparison of urine selenium concentrations of
patients with various thyroid diseases to those of healthy
subjects. Hyperthyroidism vs. controls; hypothyroidism vs.
controls; nodule vs. controls, p<0.001.
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Correlation of Serum Selenium with Urine Selenium,
Urinary lodine, and Thyroid Hormone Levels

Correlations of serum selenium with urine selenium,
urinary iodine, and thyroid hormone concentrations
were evaluated using multiple regression tests. Serum
selenium concentration was  significantly correlated
with urine selenium concentration after log trans—
formation (r=0.88, p=0.022) but was not significantly
correlated with UIC, T3, free T4 and TSH concen—
trations (Fig. 4).

Discussion

Selenium is an essential trace element in humans
that has both antioxidant and anti—inflammatory eﬁects.z's)
Selenium is present in specific selenoproteins as
selenocystein, The major selenoproteins include glu—
tathione peroxidase, deiodinase, and thioredoxin re—
ductase, which are expressed in the thyroid gland.
Glutathione peroxidase plays an important role in pro—
tection against damage caused by oxygen free radicals,
The main function of deiodinase is conversion of T4
into its active form, T3. Thioredoxin reductase plays a
role in antioxidant processes and the regulation of
some transcription factors/gene expression.zﬁ*g)

The body’s selenium pool body depends on its di—
etary intake. Meat, fish, eggs, and cereals have high
selenium content®® A combined deficiency of sele—
nium and iodine can cause severe hypothyroidism,
called ‘myxoedematous cretinism,” which is charac—
terized by persistence of hypothyroidism despite iodine
supp\ementaﬂon.w Selenium supplementation without
prior iodine repletion may aggravate hypothyroidism.g”
Plasma selenium concentrations of the healthy pop—
ulation ranges between 60 and 120 «g/L. It is not
recommended to measure plasma or serum selenium
levels in routine practice because selenium deficiency
is very rare. However, plasma or serum selenium
measurement may be useful for screening patients
who may be undernourished.””
compared the median serum selenium concentration
of 97 patients with thyroid disease with 103 healthy
subjects. Interestingly, the serum selenium concen—

In this study, we
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trations of 30% of healthy subjects were less than 60
1g/L, but no patients with thyroid disease had serum
selenium concentrations less than 60 «g/L. Because
of an unequal distribution, the serum selenium con—
centrations of patients with thyroid disease were sig—
nificantly higher than those of healthy subjects (p<
0.001).

Daily selenium dose recommendations vary by
country (55—75 ug/day). Also selenium intakes are
different by country because food and the nature of
the soil is different, Choi et aI.SZ) reported that selenium
intake of Korea 1282 ug, which dose are higher
than recommended dose of 50 «g/day. And this
study was conducted from 2006 to 2007. Global var—
jation in selenium status can be expressed by plasma
or serum selenium concentration. Maximal selenopro—
tein expression is associated with plasma selenium
concentration around 80 «g/L. Selenium intake is
variable in many countries. Populations in some areas
of China, Egypt, New Zealand, and many European
countries are likely to have sub—optimal selenium lev—
els, with average plasma or serum selenium concen—
trations less than 100 ng/mL. On the contrary, pop—
ulatons in Venezuela and Guatemala have average
selenium concentrations of more than 150 rg/L.**
High selenium intake has an anti—-tumorigenic effect,
but selenium doses should not exceed 400 r«g/day.
Extremely high selenium intake of more than 1000 «g/

2034) Therefore, it is

day can cause acute intoxication.
important to assess selenium status by measuring se—
lenium biomarkers such as plasma/serum or urine
selenium concentrations. Plasma or serum selenium
concentrations are the best biomarkers to reflect sele—
nium intake and reserve. Combs et al®® found that
plasma or serum selenium concentration increased
when selenium intake increased in non—deficient
Americans. Aside from two studies, thyroid hormone
concentration did not increase after selenium supple—

-13,36,37)

mentation in most studies,9 In other studies,

urine selenium concentration also increased when

. . . —41
selenium intake mcreas,ed.38 )

However, no study
has investigated the direct relationship between plas—
ma/serum and urine selenium concentrations. We an—

alyzed the relationship between serum and urine se—
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lenium concentrations via linear regression after log
transformation because values did not have a normal
distribution. Significant positive correlation was found
between serum and urine selenium concentrations
(r=0.88, p=0.022). This is the first report to describe
the relevance of serum and urine selenium con—
centrations.

In this study, there was no significant correlation
between selenium and thyroid hormone concentrations,
Type 1 and type 2 deiodinases convert T4 into T3,

2942 Deiodinase

the active thyroid hormone in humans,
shows maximal expression at a lower concentration
than other selenoproteins, such as glutathione perox—
idase or selenoprotein P.zmg) Maximal expression of
glutathione peroxidase 3 may occur at lower selenium
concentrations of around 66 «g/L compared to max—
imal selenoprotein P expression,MAS) In this study,
selenium might not affect deiodinase expression be—
cause the serum selenium concentrations of most
patients with thyroid disease were more than 70 «g/L.
However, additional research is needed to clarify rela—
tion between thyroid hormone and selenium con—
centration.

But the this study has several limitations, First, in—
vestigation period of healthy control with thyroid pa—
tients was different. The data of healthy control was
surveyed in 2002, But our data of patients with thyroid
disease was investigated between 2008 and 2013.
Selenium concentration was strongly influenced by the
selenium concentration of soils and food which may
be differed over time. Second, our data did not inves—
tigate medication, consumed food and glucose
contraction, Patients with thyroid disease may take
medication including selenium because of concern for
health. And because foods could include selenium,
whether or not for the meal could influence serum and
urine selenium concentration. Although our study rep—
resented that patients with thyroid disease had higher
serum and urine concentration of selenium, further
prospective study is needed in this area. But in spite
of this limitation, there is a further significance because
of first study to compare healthy control’s selenium
concentration with patients of thyroid disease and to
describe the relevance of serum and urine selenium
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concentrations.

In conclusion, selenium concentrations of patients
with thyroid disease were significantly higher than
those of healthy subjects. Serum selenium concen—
tration was significantly correlated with urine selenium
concentration,
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