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Effect of Selenium Supplementation on Recurrent 
Hyperthyroidism Caused by Graves’ Disease: A 
Prospective Pilot Study

radioactive iodine or thyroidectomy to patients 
with recurrent Graves’ disease, since a second 
course of ATDs therapy may have little chance to 
lead to successful remission. However, it is still 
unclear which is the best treatment strategy for 
patients with recurrent Graves’ disease, and 
more studies are urgently needed to explore 
more new promising treatment strategy for 
recurrent hyperthyroidism [4, 10].
Selenium is intensively involved in the immune 
response, and it also has important roles in main-
taining the normal function of thyroid [11, 12]. 
Selenium is an essential particle in the active site 
of some enzymes in the thyroid, such as glu-
tathione peroxidases (GPXs) and thioredoxin 
reductases [13, 14]. Selenium can protect thyro-
cytes against the damage from free radicals and 
oxidative stress [15–17]. Sufficient selenium sta-
tus in the body is necessary for maintaining the 
normal function of thyroid, while its deficiency 

Introduction
▼
Graves’ disease is the major cause of hyperthy-
roidism, and nearly 3 % of women and 0.5 % of 
men suffer from Graves’ disease [1]. In Graves’ 
disease, anti-TSH-receptor antibodies (TRAb) 
bind to thyroid-stimulating hormone (TSH) 
receptor and stimulate the production of thyroid 
hormones and thyroid hypertrophy [2, 3]. 
Antithyroid drugs (ATDs) inhibiting thyroid hor-
mone syntheses are the principal treatment 
method for Graves’ disease, but it is associated 
with high rate of recurrence. About 50 % patients 
will achieve remission after receiving ATDs ther-
apy for about 12–18 months [4–6], but there is 
high prevalence of recurrence in those patients 
with remission, ranging from 30 to 70 % in pub-
lished studies [7–9]. Some scholars recommend 
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Abstract
▼
The effect of selenium supplementation on 
recurrent hyperthyroidism caused by Graves’ 
disease is unclear. Our study aimed to assess the 
efficacy of selenium supplementation therapy on 
recurrent Graves’ disease. Forty-one patients 
with recurrent Graves’ disease were enrolled in 
this study. All patients received the routine treat-
ment using methimazole (MMI), while patients 
allocated to the selenium group received addi-
tional selenium therapy for 6 months. The influ-
ence of selenium supplementation on the 
concentrations of thyroid stimulating hormone 
(TSH), anti-TSH-receptor antibodies (TRAb), free 
thyroxine (FT4), and free triiodothyronine (FT3) 
were assessed. The remission rate was also com-
pared between 2 groups. There was no obvious 
difference in the demographic data and the levels 
of serum FT4, FT3, TSH, and TRAb between the 2 

groups at baseline. Both FT4 and FT3 decreased 
more at 2 months in the selenium group than the 
controls, while the TSH level increased more in 
patients receiving selenium supplementation 
(p < 0.05). The TRAb level was significantly lower 
in patients receiving selenium supplementation 
(2.4 IU/l vs. 5.6 IU/l, p = 0.04). The percentages of 
patients with normal TRAb level at 6 months was 
also significantly higher in the selenium group 
(19.0 vs. 0 %, p = 0.016). Kaplan-Meier survival 
curve showed patients receiving selenium sup-
plementation had a significantly higher rate of 
remission than controls (Log-rank test p = 0.008). 
In conclusion, selenium supplementation can 
enhance the effect of antithyroid drugs in 
patients with recurrent Graves’ disease. Rand-
omized trials with large number of participants 
are needed to validate the finding above.
Supporting Information for this article is available 
online at  http://www.thieme-connect.de/products
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can result in decreased activity of GPXs and oxidative damage in 
the thyroid. Moreover, selenium deficiency can cause impaired 
immune tolerance and autoimmune processes in the thyroid 
gland, and thus is involved in the pathogenesis of autoimmune 
thyroiditis or Graves’ disease [18, 19]. Previous studies have 
found that selenium deficiency is common in patients with 
Graves’ disease and serum selenium concentrations are corre-
lated with thyroid hormones in both hyperthyroidism patients 
and healthy controls [20–22]. Previous studies have identified 
that selenium supplementation has some efficacy on Graves’ 
orbitopathy [23], but the efficacy of selenium supplementation 
on recurrent Graves’ disease has not been studied. Our study 
aimed to assess the efficacy of selenium therapy on recurrent 
hyperthyroidism caused by Graves’ disease.

Subjects and Methods
▼
Participants and treatment
In this prospective pilot study, we consecutively enrolled 
patients with recurrent Graves’ disease as study subjects, who 
were undergoing ATDs treatment from September 2013 through 
June 2014 at our hospital. Graves’ disease was diagnosed accord-
ing to the guideline from the American Thyroid Association. All 
patients were suffering from recurrent Graves’ disease, and had 
a history of ATDs use for at least 2 years. Recurrent Graves’ dis-
ease was diagnosed by the clinical features of Graves’ disease 
recurrence including the presence of hyperthyroidism symp-
toms, increased levels of free thyroxine (FT4) and free triiodo-
thyronine (FT3), decreased level of TSH, and a history of 
hyperthyroidism remission after a finished regular ATDs ther-
apy. Patients were excluded if they were pregnant women or 
prepared for pregnancy. Patients treated with radioiodine ther-
apy or thyroidectomy were also excluded. Forty-one patients 
with recurrent Graves’ disease were finally enrolled in this 
study. Twenty-one patients were allocated to the combination 
therapy group and received additional selenium supplementa-
tion for 6 months, while all patients received a standard antithy-
roid treatment with methimazole (MMI). The method of 
allocating participants was a quasi-random method, which 
mainly allocated patients by date of consultation. This study was 
approved by the ethical committee in our hospital, and informed 
consent was obtained from all included patients. We used 
sodium selenite for the selenium supplementation with a ther-
apy strategy of 100 μg 2 × /d for 6 months, which was also used in 
previously published studies [23, 24]. All patients were followed 
at least 18 months to observe the remission rate.

Data collection and endpoints
Parameters of thyroid function used in this study included TSH, 
TRAb, FT4, and FT3. Patients were scheduled to re-check at 1 
month, 2 months, and 3 months after initiating treatment. For 
patients with normal levels of both FT4 and FT3 at 3-month 
visit, they were scheduled to re-check every 2 or 3 months. 
Serum TRAb values were determined by assay every 3 months, 
and the levels of FT4, FT3, and TSH were determined by assay on 
every visit.
The primary endpoint was the effect of selenium supplementa-
tion on the concentrations of TSH, TRAb, FT4, and FT3 during 
follow-up. The second endpoint was the remission rate. Remis-
sion was defined as keeping euthyroid with or without receiving 
low-dose MMI (e. g., 5 mg/d) for at least 12 months. Those 
patients remaining euthyroid and having normal level of TRAb 
for at least 6 months were also considered to have achieved 
remission. The difference between the 2 groups with regard to 
the dose of MMI therapy was also assessed.

Statistical analysis
Parameters in normal distributions were presented as mean 
(SD), while those without normal distributions were presented 
as median values [interquartile range (IQR)]. Parameters in nor-
mal distributions were analyzed using 2-sided t-test. Mann-
Whitney U-test was used for data not in normal distributions. 
Categorical variables were analyzed using the χ2 test or Fisher’s 
exact test. The effect of selenium supplementation on remission 
was further evaluated using Kaplan-Meier survival analysis. The 
STATA program was used, and significance was defined as 
p < 0.05.

Results
▼
Baseline characteristics
There were 21 patients in the selenium group (16 females, 
76.2 %) and 20 patients (18 females, 90.0 %) in the control group 
( ●▶ Table 1). The mean age of Selenium group and controls were 
37.4 years and 38.9 years, respectively ( ●▶ Table 1). Two patients 
were lost during follow-up in the selenium group, while one 
patient was lost during follow-up in the controls. Seventeen 
(80.9 %) patients revisited regularly in the selenium group and 
18 (90.0 %) patients revisited regularly in the controls group. 
There was no statistical difference in gender, age, and the levels 
of serum FT4, FT3, TSH, and TRAb between the 2 groups at base-
line ( ●▶ Table 1). The median time of follow-up on was 19.5 
months, ranging from 12 to 26 months. At baseline, there was no 
obvious difference between the 2 groups with regard to the dose 
of MMI therapy (17.8 mg/d vs. 18.5 mg/d; p = 0.78).

Table 1 Demographic and hormonal data of patients at inclusion by groups.

Characteristics Selenium group (n = 21) Control group (n = 20) p-Value

Mean age (years) 37.4 ± 15.0 38.9 ± 14.3 0.28
No. of females ( %) 16 (76.2 %) 18 (90.0 %) 0.23
TSH (mIU/l) * 0.005 (0.005–0.011) 0.005 (0.005–0.011) 0.97
FT4 (pmol/l) * 31.6 (27.1–40.2) 26.8 (23.6–34.1) 0.27
FT3 (pmol/l) * 13.1 (9.9–19.9) 11.1 (8.3–13.8) 0.32
TRAb (IU/l) * 10.2 (5.6–18.3) 12.4 (8.3–15.3) 0.69
No. of patients revisiting regularly ( %) 17 (80.9 %) 18 (90.0 %) 0.41
MMI dose (mg/d) 17.8 ± 7.2 18.5 ± 7.4 0.78
No. of dropouts ( %) 2 (9.5 %) 1 (5.0 %) 0.57
 *  TSH, FT4, FT3, and TRAb were shown as median values with interquartile range (IQR) in brackets
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Comparison of thyroid function and MMI therapy
The concentrations of FT4 and FT3 decreased faster in the sele-
nium supplementation group ( ●▶ Fig. 1). The FT3 concentration 
at 2 months was obviously lower in those patients allocated to 
selenium group (5.4 pmol/l vs. 7.3 pmol/l, p = 0.009), and the FT4 
concentration at 2 months was also significantly lower in those 
patients receiving selenium therapy (14.9 pmol/l vs. 18.4 pmol/l, 
p = 0.047) (Table 1S,  ●▶ Fig. 1). The TSH level at 2 months was sig-
nificantly higher in patients receiving selenium supplementa-
tion (0.023 mIU/l vs. 0.007 mIU/l, p = 0.01) (Table 1S,  ●▶ Fig. 1). 
The FT4 concentration at the final follow-up was obviously 
lower in the selenium group (15.8 pmol/l vs. 18.8 pmol/l, 
p = 0.02), and the TRAb level was also significantly lower in those 
patients receiving selenium therapy at the final follow-up 
(2.4 IU/l vs. 5.6 IU/l, p = 0.04) (Table 1S,  ●▶ Fig. 1).
The percentage of patients with normalizing level of FT4 at 
2-month visit was significantly higher in those patients receiv-

ing selenium therapy (85.7 vs. 65.0 %, p = 0.03) ( ●▶ Fig. 2). Patients 
with normalizing level of FT3 at 2-month visit were more com-
mon in those patients receiving selenium therapy (80.9 vs. 
55.0 %), though there was no statistical significance in the differ-
ence (p = 0.07) ( ●▶ Fig. 2). The percentage of patients with normal 
TRAb level at 6-month visit was also significantly higher in the 
selenium group (19.0 vs. 0 %, p = 0.016). The percentage of 
patients with normal TRAb level at the final follow-up was 33.3 % 
in the selenium group, while this percentage in the controls was 
10.0 % (p = 0.06) ( ●▶ Fig. 2).
The dose of MMI therapy in the selenium group was lower than 
that in the control group at 6-month follow-up (8.0 mg/d vs. 
15.0 mg/d; p = 0.001) and at the last follow-up (5.9 mg/d vs. 
11.1 mg/d; p = 0.009). The frequency of patients stopping MMI 
therapy tended to be lower in the selenium group than that in 
the control group (33.3 vs. 10.0 %, p = 0.09) (Table 1S).

Fig. 1 Effect of selenium supplementation in nor-
malizing serum levels of TSH, FT3, FT4, and TRAb 
in patients with recurrent Graves’ disease.

Fig. 2 Effect of selenium supplementation on the 
percentages of patients with normal TSH, normal 
FT3, normal FT4, and normal TRAb in recurrent 
Graves’ disease.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



562

Wang L et al. Selenium for Recurrent Graves’ Disease … Horm Metab Res 2016; 48: 559–564

Endocrine Care

Comparison of remission rate
There were 11 (52.3 %) patients attaining remission at the final 
follow-up in the selenium supplementation group, and the 
number of patients attaining remission in the control group was 
5 (25.0 %). There was a tendency of higher remission rate in the 
selenium supplementation group (52.3 vs. 25.0 %, p = 0.07). 
Kaplan-Meier survival curve showed patients receiving sele-
nium supplementation had a significantly higher rate of remis-
sion than controls (Log-rank test p = 0.008) ( ●▶ Fig. 3).

Discussion
▼
This study assessed the effect of selenium supplementation on 
recurrent hyperthyroidism caused by Graves’ disease. Both FT4 
and FT3 decreased more at 2 months in the selenium group than 
the controls, while the TSH level increased more in the selenium 
group. The final concentration of FT4 was significantly lower in 
those patients receiving selenium therapy (15.8 pmol/l vs. 
18.8 pmol/l, p = 0.02) and the TRAb level was significantly lower 
in the selenium group (2.4 IU/l vs. 5.6 IU/l, p = 0.04). The percent-
age of patients with normal TRAb level at 6 months was also 
significantly higher in those patients receiving selenium therapy 
(19.0 vs. 0 %, p = 0.016). The dose of MMI therapy in the selenium 
group was lower than that in the control group at 6-month fol-
low-up (8.0 mg/d vs. 15.0 mg/d; p = 0.001) and at the last follow-
up (5.9 mg/d vs. 11.1 mg/d; p = 0.009). Kaplan-Meier survival 
curve showed patients receiving selenium supplementation had 
a significantly higher rate of remission than controls (Log-rank 
test p = 0.008) ( ●▶ Fig. 3). The above findings suggest that sele-
nium supplementation can enhance the effect of antithyroid 
drugs in patients with recurrent Graves’ disease.
Previous studies have identified the beneficial effect of selenium 
therapy on Graves’ orbitopathy, but the effect of selenium ther-
apy on recurrent Graves’ disease is still unclear [23]. There was 
one finished and published trial with small sample size aiming 
to assess the effect of selenium supplementation in patients 
with newly diagnosed and untreated Graves’ disease [24]. 
Another ongoing trial assessing the effect of selenium on Grave’ 
hyperthyroidism is the GRASS trial, which also only includes 
newly diagnosed and untreated Graves’ disease and is not fin-
ished yet [25]. Therefore, our study is the first clinical study aim-

ing to assess the efficacy of selenium therapy on recurrent 
Graves’ disease. The present study showed an obvious effect of 
selenium supplementation in normalizing thyroid hormones, 
and normalizing serum TRAb in patients with recurrent Graves’ 
disease. In addition, significant results were usually seen after 2 
months therapy with selenium in our study. The levels of FT3 
and FT4 would decrease obviously after the treatment of MMI in 
both the Selenium group and the control group, and most of 
them would become normal after about 3 month of MMI treat-
ment. However, the selenium supplementation could increase 
the effect of MMI and help patients get early biochemical resto-
ration of hyperthyroidism. At the follow-up of 3 months or 6 
months, most patients in the control group also got biochemical 
restoration of hyperthyroidism, and thus there was no obvious 
difference. Therefore, the findings in our study suggest that sele-
nium supplementation can enhance biochemical restoration of 
hyperthyroidism in patients with recurrent Graves’ disease. In 
addition, the TRAb level was significantly lower in the selenium 
group at the last follow-up (2.4 IU/l vs. 5.6 IU/l, p = 0.04) and the 
percentage of patients with normal TRAb level at 6 months was 
also significantly higher in those patients receiving selenium 
therapy (19.0 vs. 0 %, p = 0.016), which suggested that selenium 
supplementation could be useful in reducing the autoimmunity 
against thyroid in patients with recurrent Graves’ disease.
Increased reactive oxygen species (ROS) generation and the 
 consequent damage of oxidative stress are involved in the devel-
opment of Graves’ disease [15, 16, 26, 27]. Restoration of euthy-
roidism with antithyroid drug is associated with a reversal of the 
biochemical abnormalities associated with oxidative stress. 
There is a gene-environment interaction in the fundamental 
process for the occurrence of Graves’ disease, and selenium is an 
important environmental factor that may concur to the onset of 
Graves’ disease [2, 14, 28, 29]. Selenium is an essential element to 
thyroid hormone economy, and has important roles in the devel-
opment of Graves’ disease. Previous studies have shown that 
patients with hyperthyroidism have lower level of plasma sele-
nium than normal controls [20–22]. Selenium deficiency proves 
to be a risk factor for orbitopathy or relapse in patients with 
Graves’ disease [30, 31]. Wertenbruch et al. found that the high-
est serum selenium level ( > 120 mg/l) was seen in the remission 
group, indicating a positive effect of selenium levels on the out-
come of Graves’ disease [31].
Antioxidants administered together with antithyroid drugs may 
lead to a more rapid control of clinical manifestations and a 
faster normalization of thyroid function. A large randomized 
clinical trial has shown that antioxidant supplementation may 
also be beneficial for mild Graves’ orbitopathy [23, 32, 33]. Vrca 
et al. reported a trial to assess the effect of antioxidants therapy 
in Graves’ disease, and they used a combination of vitamin C, 
vitamin E, beta-carotene, and selenium [34]. They found that 
patients receiving antioxidants therapy together with MMI ther-
apy recovered faster than those treated with MMI alone. The 
selenium therapy in patients with hyperthyroidism can increase 
the level of selenium in the body and thus be helpful in normal-
izing thyroid hormones [24]. The above effect may result from 
the decrease of proinflammatory cytokines caused by selenium 
administration [35, 36]. The findings from our study add new 
evidence for the efficacy of selenium therapy in patients with 
recurrent Graves’ disease, which also provides a promising treat-
ment strategy for recurrent hyperthyroidism.
There are several limitations in this prospective pilot study. First, 
there was a greater risk of selection bias owing to the quasi-ran-

Fig. 3 Kaplan-Meier survival curve showing the cumulative rate of 
remission by groups in patient with recurrent Graves’ disease (Log-rank 
test p = 0.008).
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dom in the allocation of patients. There was no statistical differ-
ence in gender, age, and the levels of serum FT4, FT3, TSH, and 
TRAb between the 2 groups at baseline ( ●▶ Table 1), the finding 
need to be validated in future randomized clinical trials. Second, 
the number of recruited patients was also limited. The small 
sample size may have led to insufficient statistical power to 
detect a slight effect, which is a major limitation to the reliability 
of the study. To get a more adequate assessment of the effect of 
selenium administration in patients with recurrent Graves’ dis-
ease, future clinical trials are needed recruiting enough number 
of patients. Third, the effect of selenium supplementation may 
be more profound in patients with selenium deficiency, which 
has not been analyzed in the present study [11, 13]. Fourth, 
there is conflicting data on the dose and form of selenium used 
for supplementation [12, 37, 38]. More clinical trials are still 
needed to find the best dose or form of selenium used for treat-
ment in recurrent Graves’ disease. In addition, owing to the pilot 
design of this study, we were able to assess the role of duration 
of selenium administration in the efficacy of treatment. Further 
studies are needed to assess the impact of the duration of sele-
nium administration in the efficacy of treatment. Finally, the 
mechanism underling the efficacy of selenium therapy in recur-
rent Graves’ disease has not been adequately explained, which 
also need further studies.
In conclusion, the findings from the study suggest that selenium 
supplementation can enhance the effect of antithyroid drugs in 
patients with recurrent Graves’ disease. In addition, more rand-
omized trials with large number of recruited participants are 
needed to validate the above findings.
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