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Purpose: To compare serum selenium levels in Graves patients and non-Graves control participants and to evaluate associa-
tions between serum selenium levels and clinical features of Graves orbitopathy (GO).

Methods: We conducted a single-center, retrospective case-control study among 33 patients with Graves disease without
GO (GD), 31 patients with diagnosed GO, and 27 unaffected healthy participants enrolled between 2013 and 2020 at Sever-
ance Hospital. We compared serum selenium concentrations between the GD, GO, and healthy control groups, and analyzed
associations between serum selenium and GO patients’ clinical activity scores, severity (assessed through modified NOSPECS
scores), and other clinical features using multivariate linear regression analysis.

Results: Mean serum selenium levels were 109.30 + 16.39, 111.39 + 14.04, and 126.09 + 21.09 ng/mL in GO patients, GD
patients, and healthy control participants, respectively. Mean serum selenium levels in Graves patients with and without or-
bitopathy were significantly lower than those in the healthy control group (p < 0.05), and mean selenium levels were slightly
lower in GO than those in GD patients (p = 0.594). Serum selenium levels were significantly lower in GO patients with eyelid
retraction than in patients without retraction (p = 0.038). However, serum selenium levels were not associated with clinical
activity scores and modified NOSPECS scores (p = 0.241 and 0.801, respectively).

Conclusions: Serum selenium levels were significantly lower in Graves patients with or without GO, compared to non-Graves

control participants. Selenium levels were not associated with clinical activity scores or NOSPECS scores, though we observed

an association with eyelid retraction.
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Graves orbitopathy (GO) is an autoimmune inflammato-
ry disease of the orbit and periorbital tissues that occurs in
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approximately 20% to 50% of patients with Graves disease
[1]. GO is characterized by eyelid retraction and swelling,
redness, exophthalmos, and diplopia. These clinical fea-
tures can cause significant sequelae if appropriate treat-
ment is not initiated in the early stages of the disease. The
pathogenesis of GO is yet to be clarified, though the acti-
vation of orbital fibroblasts is known to play a key role in
the development of the disease.

Selenium is an essential trace element that is an important
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component of several major metabolic pathways, such as
thyroid hormone metabolism and immune function. Several
epidemiological studies have reported that low selenium
status is linked to an increased prevalence of benign thyroid
disease, including Graves disease and thyroiditis [2-4]. As a
result, oral selenium administration has become increasing-
ly prevalent in the medical treatment of thyroid disease.

A prospective randomized trial revealed that selenium
administration significantly reduced ocular involvement,
improved quality of life, and reduced disease progression
in mild GO patients [5]. Based on this study, the European
Thyroid Association/European Group on Graves Orbitopa-
thy recommend a 6-month period of selenium supplemen-
tation in patients with mild GO of short duration [6]. How-
ever, there are some limitations to the aforementioned
study. First, the baseline serum selenium level was not
measured prior to oral selenium supplementation. There-
fore, it is not known whether correcting selenium deficien-
cy (vs. raising selenium levels with or without a deficiency)
improved ocular involvement. An additional concern is
that it is difficult to ascertain how serum selenium levels
relate to clinical symptoms of GO, even within gold-stan-
dard randomized prospective trials. Second, selenium defi-
ciency is common in Europe, where the study was con-
ducted. However, selenium intake is generally high in
North America and East Asia [7,8]. Hence, it is unclear
whether selenium supplementation would have the same
therapeutic effect in GO patients within countries where
selenium deficiency is relatively rare. In fact, the American
Thyroid Association has not endorsed the European guide-
lines for oral selenium supplementation due to these re-
gional differences [9].

In this study, we investigated serum selenium levels among
patients with Graves disease while comparing them to non-
Graves healthy control participants. Our study was conduct-
ed in South Korea, where selenium intake is relatively high
[10,11]. We also attempted to examine associations between
serum selenium levels and clinical features of GO.

Materials and Methods

Patients

This study was conducted among patients with Graves
disease who initially visited both Departments of Endocri-
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nology and Ophthalmology at Severance Hospital at the
Yonsei University College of Medicine from 2013 to 2020.
These participants were retrospectively enrolled in our
study. The healthy control group was comprised of partici-
pants with selenium blood tests conducted during an eval-
uation for antioxidant capacity at the Severance health
check-up center. This study was approved by the institu-
tional review board of the Yonsei University College of
Medicine (No. 4-2020-1222). Informed consent was waived
because of minimal risk of personal information. The
study was conducted in accordance with the provisions of
the Declaration of Helsinki.

This study included 33 patients with Graves disease
without GO (GD), 31 patients with GO, and 27 healthy
control participants. The controls were age-matched with
patients participating in the study. We abstracted demo-
graphic and medical information, including sex, age, treat-
ment of Graves disease, and other medical history, from
hospital medical records. Thyroid function tests, including
thyroid stimulating hormone, tri-iodothyronine, free thy-
roxine, and thyroid stimulating hormone receptor antibody
levels, were conducted using archived blood samples. All
patients had been examined for clinical ophthalmologic
symptoms by one ophthalmologist (JSY) using the follow-
ing assessments: slit-lamp examination, visual acuity, in-
traocular pressure, exophthalmometry measured with a
Hertel exophthalmometer, the Hess screen test, the binocu-
lar single vision test, and an orbital computed tomography
scan.

Clinical Graves disease orbitopathy evaluation

GO clinical activity was assessed using the clinical ac-
tivity score (CAS), as described by Mourits et al. [12].
There are seven signs of inflammation of the orbit: sponta-
neous retrobulbar pain, pain during eye movement, eyelid
erythema, conjunctival injection, chemosis, swelling of the
lacrimal caruncle, and eyelid oedema or fullness. The CAS
grading scale ranges from 0 to 7. GO patients were divided
into two groups according to CAS grade: 0 to 2 and 3 to 7,
corresponding to inactive and active disease, respectively.

The severity of GO was evaluated through a modified
NOSPECS score based on each of these symptoms:
soft-tissue involvement, proptosis, extraocular muscle in-
volvement, lid retraction, site difference, corneal defect,
and optic nerve compression [13], and scored on a scale of
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0 to 17. Patients were divided into two groups based on the
modified NOSPECS scores: 0 to 4, and 5 to 17, which cor-
respond to mild and moderate to severe disease, respec-
tively.

Determination of serum selenium levels

Blood samples were centrifuged for 15 minutes at 2,500
rpm. Serum was separated into acid-washed tubes and
stored at -20°C until being thawed at room temperature for
analysis. A working standard solution (10 pg/mL) was pre-
pared from a 1 mg/mL selenium stock solution (SPEX
CertiPrep, Metuchen, NJ, USA). During the analysis, all
serum samples and working solutions were prepared by
dilution (1 : 19, v/v) in an acidic solution (1% HNO3, 0.01
mM EDTA, 0.07% Triton X-100, 1.5% 1-butanol) [14]. Se-
rum selenium level measurement was conducted through
automated inductively coupled plasma mass spectrometry
technology, using an Elan DRC-II apparatus (Perkin-El-
mer, Waltham, MA, USA). The results are expressed as
nanograms per milliliter of serum (ng/mL).

Statistical analysis

All statistical analyses were performed using IBM SPSS
ver. 19.0 (IBM Corp., Armonk, USA). Data were expressed
as mean values with respective standard deviations. The

Table 1. Clinical characteristics of the study population

normal distribution of the data was confirmed using the
Kolmogorov-Smirnov test. Categorical data were analyzed
using the chi-square test. For the non-parametric data, the
Kruskal-Wallis test was used to perform statistical com-
parisons among three groups, and the Mann-Whitney
U-test was used to perform statistical comparisons be-
tween two groups. Independent #-tests were used for the
comparison of serum selenium levels between the mild
and moderate to severe GO groups. Associations between
serum selenium levels and the clinical features of GO were
analyzed using Pearson correlation and multiple regression
analysis. Statistical significance was defined as p < 0.05.

Results

This study retrospectively enrolled 91 participants. To
analyze differences in serum selenium status among GD
and GO patients, participants were divided into three
groups: a healthy group of control participants (n = 27), the
GD group (n = 33), and the GO group (n = 31). Participants’
baseline characteristics are summarized in Tables 1 and 2.
Of the enrolled participants, 72 (79.1 %) were female and
19 (20.9 %) were male.

Mean serum selenium levels were 109.30 + 16.39 ng/mL
in GO patients, 111.39 + 14.04 ng/mL in GD patients, and
126.09 £ 21.09 ng/mL in the healthy control group. Mean

Characteristics GO (n=31) GD (n=33) Control (n=27) p-value
Age (yr) 36.96 +13.21 38.21 +£8.33 35.00 + 8.63 0.39
Sex (male : female) 4:27 7:26 8:19 0.29
Disease duration of Graves disease (mon) 34.78 £48.79 28.36 £33.44 - 0.32
Disease duration of GO (mon) 24.94 + 40.98 - - -
Thyroid stimulating hormone (uIU/mL) 1.04 +2.22 0.79 £ 1.51 - 0.30
Tri-iodothyronine (ng/mL) 1.86 + 1.46 2.16 £2.01 0.23
Free thyroxine (ng/dL) 1.62+1.22 1.76 £ 0.89 - 0.30
Anti-thyroid stimulating hormone antibody (IU/L) 13.53 + 14.65 11.45+£13.92 - 0.28
Clinical activity score (range, 0—6) 2.00 + 1.46 - - -
Clinical severity score (modified NOSPECS, 0-17) 4.67 +2.66 - - -
Serum selenium level (ng/mL) 109.30 £ 16.39 111.39 + 14.04 126.09 +21.09 <0.05"

Values are presented as mean + standard deviation or number; Continuous variables were assessed with Kruskal-Wallis tests and Mann-
Whitney U-test, while categorical data (sex) were assessed with chi-square test.

GO = Graves orbitopathy; GD = Graves disease without GO
A p-value less than 0.05 was considered statistically significant.
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Table 2. Characteristics of Graves disease with orbitopathy
patients with ocular manifestations

Ocular manifestation No. of patients (%)

Proptosis (mm)

<17 5(16.1)
17-18 7 (22.6)
19-22 12 (38.7)
>22 7(22.6)
Diplopia 12 (38.7)
Extraocular muscle enlargement 14 (45.1)
Lid retraction 14 (45.1)
Compressive optic neuropathy 3(9.7)
250 _ p<0.05
p<0.05
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Fig. 1. Comparison between the mean selenium levels in the
study groups. Serum selenium levels in Graves disease without
Graves orbitopathy (GO) (GD) and with GO patients were sig-
nificantly lower than in the healthy group (each p < 0.05). Mean
selenium levels were lower in GO than in GD patients, but this
difference was not statistically significant (p = 0.594). The results
are expressed as the mean + standard deviation. Error bars repre-
sent standard deviation.

serum selenium levels in GD and GO patients were signifi-
cantly lower than in the healthy group (each p < 0.05) (Fig.
1). Mean selenium levels were lower in GO than in GD pa-
tients, but this difference was not statistically significant (p
= 0.594).

The mean CAS and modified NOSPECS score among
GO patients were 2.00 & 1.46 and 4.67 + 2.66, respectively.
We examined the serum selenium status among GO pa-
tients who were categorized into an inactive group (CAS,
0-2) and an active group (CAS, 3-7), and into a mild
group and a moderate to severe group according to clinical
severity. The mean serum selenium level was higher in the
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Fig. 2. Comparison of selenium status by Graves orbitopathy (GO)
clinical activity. GO clinical activity was assessed using the clin-
ical activity score (CAS). The CAS grading scale ranges from 0
to 7. GO patients were divided into two groups according to CAS
grade: 0 to 2, and 3 to 7, corresponding to inactive and active GO
disease, respectively. The mean serum selenium level was higher
in the inactive GO group (109.67 + 17.80 ng/mL) than in the ac-
tive GO group (108.71 + 14.63 ng/mL), but this difference was not
statistically significant (p = 0.877). Error bars represent standard
deviation.
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Fig. 3. Comparison of selenium status by Graves orbitopathy (GO)
severity. GO clinical severity was evaluated using assessed using
the modified NOSPECS score. The modified NOSPECS score
ranges from 0 to 17. Patients were divided into two groups based
on the modified NOSPECS scores: 0 to 4, and 5 to 17, which
correspond to mild and moderate to severe disease, respectively.
The mean serum selenium level was higher in the mild GO group
(110.52 + 14.42 ng/mL) than in the moderate to severe GO group
(107.82 + 18.97 ng/mL), but this difference was not statistically
significant (p = 0.566). Error bars represent standard deviation.
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Table 3. Linear regression analysis for the association of serum selenium level with clinical and biochemical factors of Graves or-

bitopathy

S Univariate Multivariate

Beta p-value Beta p-value
Sex 0.436 0.014" 0.241 0.155
Age 0.042 0.822 -0.050 0.785
Disease duration -0.129 0.496 - -
Tri-iodothyronine 0.008 0.967 - -
Free thyroxine -0.343 0.059 -0.324 0.066
Anti-thyroid stimulating hormone receptor antibody -0.030 0.872 - -
Visual acuity 0.081 0.664 - -
Intraocular pressure -0.256 0.165 - -
Clinical activity score 0.068 0.716 0.243 0.241
Modified NOSPECS -0.100 0.592 0.062 0.801
Proptosis 0.112 0.549 - -
Diplopia -0.043 0.818 - -
Eyelid retraction -0.425 0.017" -0.396 0.038"
Extraocular muscle enlargement 0.060 0.749 - -
Compressive optic neuropathy -0.212 0.253 -0.330 0.114

"A p-value less than 0.05 was considered statistically significant.

inactive group (109.67 £ 17.80 ng/mL) than in the active
group (108.71 + 14.63 ng/mL) and was higher in the mild
group (110.52 £ 14.42 ng/mL) than in the moderate to se-
vere group (107.82 + 18.97 ng/mL), though these differenc-
es were not statistically significant (p = 0.877 and 0.656,
respectively) (Fig. 2, 3).

Univariate analyses of GO clinical manifestations with
respect to serum selenium levels were conducted using a
linear regression model; sex (beta = -0.436, p = 0.014) and
eyelid retraction (beta = -0.425, p = 0.017) were significant-
ly related to serum selenium level. Multivariable analysis
indicated that eyelid retraction showed a significant nega-
tive correlation with serum selenium level (beta =
-0.396, p = 0.038) (Table 3).

Discussion

Since the publication of a multicenter, placebo con-
trolled, randomized study on the effects of short-term oral
selenium supplementation in patients with mild GO in a
European population in 2011, oral selenium supplementa-
tion therapy has become globally popular [5,6]. In fact, al-
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most all responders (94%) within a survey of European
Thyroid Association members recommended selenium
supplementation for GO patients [15].

Several observational studies have also been conducted
to determine the relationship between GO and selenium.
Khong et al. [16] revealed that serum selenium was lower
in patients with GO than in those without GO and suggest-
ed that selenium deficiency could be a risk factor for clini-
cal manifestation of GO in GD patients. Dehina et al. [17]
also confirmed that serum selenium levels in GO were
lower than in healthy control participants but did not
demonstrate an association between selenium levels and
GO severity.

In this study, we compared serum selenium status be-
tween GD patients, GO patients, and normal healthy con-
trol participants presenting at a hospital in South Korea,
where selenium intake is relatively high. We also explored
associations between clinical manifestations of GO and se-
rum selenium levels in GO patients. The mean serum sele-
nium level among the healthy control participants was
126.09 + 21.09 ng/mL. This value did not differ significant-
ly from those previously reported in Korea [10,11]. These
results reaffirm previous findings of abundant selenium



intake in the Korean population, similar to that of the
United States and Japanese populations [18].

Selenium is an important component of antioxidant en-
zymes, such as glutathione peroxidase (GPx), thioredoxin
reductase, and iodothyronine deiodinase [19]. A number of
recent studies have demonstrated that oxidative stress may
play a role in the pathogenesis of GO [20,21]. Overproduc-
tion of reactive oxygen species (ROS) resulting from an
imbalance in the antioxidant system is known to have a
major impact on the development of GO, by promoting the
proliferation of orbital fibroblasts and the release of gly-
cosaminoglycans, as well as the secretion of inflammatory
cytokines and the expression of other factors (heat shock
protein-72, human leukocyte antigen-DR, intercellular ad-
hesion molecule-1) involved in the expression of GO [21].
The human thyroid gland is known to contain the highest
amount of selenium per gram of tissue than any other
body organ, and selenium plays an important role in the
removal of excessive ROS derived from thyroid metabo-
lism [22]. Thus, removing excessively generated ROS in
Graves disease requires more selenium than the necessary
amount among healthy participants, and hence lower se-
rum selenium levels may be observed among GD and GO
participants compared to healthy control participants. This
decreased level of selenium caused by the consumption of
selenium to relieve oxidative stress in the body is observed
not only in Graves disease but also in other systemic dis-
cases that cause an increase in oxidative stress [23,24].

It is noteworthy that serum selenium levels in GD and
GO patients in this South Korean study were even higher
than those of normal healthy people in European studies
[7,8]. This result raises questions about whether treatment
with oral selenium supplementation will be effective in
patients with GD and GO in areas with relatively high se-
rum levels of selenium due to sufficient selenium intake.
The activity of GPx, which plays a major role in the anti-
oxidant effect among selenoproteins, is generally known to
increase as the concentration of selenium increases. How-
ever, several studies have shown that GPx activity is no
longer significant if the level of serum selenium increases
above a certain level [25-27]. Based on these studies, the
concentration of serum selenium required for optimal
plasma GPx activity is reported to be 100 ng/mL [27,28].
In other words, previous studies conducted in Europe
showed that the majority of patients did not meet the re-
quirements for optimal GPx activity due to low serum se-
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lenium levels, necessitating oral selenium supplementation
to improve clinical manifestations of GO. However, as
shown in this study, oral selenium supplementation may
not have a significant effect on GPx activity or may not be
effective in improving GO clinical symptoms in certain
populations. Furthermore, excessive selenium intake may
cause other complications, such as diabetes [29]. Hence,
measuring blood levels of selenium might be helpful prior
to recommending oral selenium supplementation in a med-
ical setting, and further clinical trials are needed to inform
objective selenium intake guidelines for GO patients in
populations with sufficient selenium intake, weighing the
risks and benefits of therapeutic supplementation.

We observed no significant correlation between serum
selenium levels and the clinical activity and severity of GO
in this study, with the exception of the finding that lower
serum selenium concentrations were associated with eyelid
retraction. In a multicenter placebo controlled clinical trial,
a significant improvement in eyelid retraction was appar-
ent in the selenium supplementation group for mild GO
patients [5]; however, it is not yet clear how selenium af-
fects this GO phenotype. Muller’s muscle is a smooth mus-
cle adjoining the levator palpebrae muscle that helps ele-
vate the upper eyelid; this muscle is controlled by the
sympathetic nervous system [30]. In GO patients, eyelid
retraction can occur because of hyperactivity of the supe-
rior tarsal muscle due to overactivity of the sympathetic
nervous system [31,32]. Eyelid retraction could also occur
because of infiltration of macrophages and mast cells into
Muller’s muscle, causing adhesion between Muller’s mus-
cle and the surrounding tissue [31]. Smith and Douglas [33]
speculated that selenium might influence the sympathetic
tone of the ocular muscles as well as reducing inflamma-
tion of the Muller’s muscle. Several existing studies have
reported that ROS can stimulate sympathetic nervous sys-
tem activity, thereby affecting systemic diseases [34,35],
and ROS generated by hypermetabolism in Graves disease
may induce eyelid retraction through activation of the
sympathetic nervous system. If the selenium level in the
body is sufficient to produce an optimal antioxidant effect,
it could relieve sympathetic nerve overactivity by reducing
oxidative stress, though there is no mechanistic evidence
to prove its therapeutic value in the reduction of eyelid re-
traction.

A substantial strength of this study is that it was con-
ducted in areas with relatively sufficient selenium intakes,
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while most previous studies were conducted in areas with
insufficient selenium intake. However, we acknowledge
several limitations of this study, including its relatively
small sample size, measuring selenium levels at one time
point only, and using serum selenium level as the sole indi-
cator of selenium status in the body.

In summary, we found that selenium levels among GD
and GO patients were significantly lower than among
healthy participants in a study conducted in South Korea.
However, serum selenium was not associated with GO ac-
tivity and severity, except for eyelid retraction. Further
studies are needed to provide evidence for the effective-
ness of oral selenium supplementation in GO patients pre-
senting within selenium-abundant populations, as well as
evidence of how selenium affects the clinical features of
GO.
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