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Objective. The main objective of this study is to evaluate the clinical efficacy of antithyroid drugs combined with antioxidant
supplementation represented by selenium in the treatment of Graves’ disease. Methods. Relevant randomized controlled trials
(RCTs) were searched in PubMed, MEDLINE, Embase, the Cochrane Library databases, and the Chinese Medical Association. The
search was conducted from the time of library construction to December 20, 2022. Three writers gradually examined, evaluated,
and graded the literature and then used RevMan 5.3 to analyze the data and develop conclusions. Results. A total of seven papers
were screened according to the search requirements. The results showed that free triiodothyronine (FT3) (WMD = -2.29, 95% CI:
-3.55 to —1.02, P = 0.0004), free thyroxine (FT4) (WMD =-0.62, 95% CI: -1.05 to —0.18, P = 0.0005), thyrotropin receptor
antibody (TRAb) (WMD =-1.31, 95% CI: -1.63 to —0.99, P < 0.00001), and thyroid peroxidase antibody (TPOAb) (WMD = -9.8,
95% CI: —16.57 to —3.03, P = 0.005) in the observation group (selenium supplementation combined with antithyroid drugs) were
significantly lower than those in the control group (antithyroid drugs combined with or without placebo). In addition, selenium
supplementation can increase serum selenium (WMD =33.29, 95% CI: 30.7 to 35.87, P<0.00001), selenoprotein levels
(WMD =1.3,95% CI: 0.8 to 1.8, P < 0.00001), and blood lipid levels (WMD = 32.3, 95% CI:17.87 to 46.74, P < 0.0001). It cannot be
excluded that the process of selenium supplementation treatment will affect the patient’s lipid levels. Conclusion. Selenium is
a trace mineral that is crucial for human health. In patients with Graves’ disease, the use of antithyroid medications along with
selenium supplementation can considerably enhance thyroid function. It has the potential to drastically lower TPOAb and TRAb
levels as well as FT3 and FT4 levels, which is crucial for the treatment, recovery, and prognosis of hyperthyroid patients. Further
research is required to determine whether the impact of antioxidant supplementation on blood lipids will restrict the use of this

medication.

1. Introduction

Graves’ disease (GD) is the most common cause of hy-
perthyroidism. It is an autoimmune disease with complex
immunopathogenesis, and thyrotropin receptor antibody
(TRAD) is the ultimate cause of hyperthyroidism [1]. Three
methods have historically been used to treat hyperthy-
roidism: medication, '*'I, and surgery. Patient adherence to
therapy is hampered by the disease’s high risk of recurrence
and lengthy medication regimen. There is no optimum
treatment for the autoimmune response of the thyroid gland,
although Graves’ illness is receiving more and more at-
tention as its prevalence rises year after year. Glucocorticoids

are mainly applied to improve the autoimmune response,
but their serious adverse effects limit their clinical use [2].

Additionally, research has shown that selenium plays
a significant part in the therapy of hyperthyroidism by acting as
an antioxidant. In medicine, the disruption of the balance
between oxidants and antioxidants in favor of oxidants is called
oxidative stress (OS) [3]. Oxidative stress is thought to play an
important role in Graves’ hyperthyroidism [4-6]. The in-
flammatory response due to autoimmunity is mainly reflected
in the imbalance between the oxidative and antioxidant sys-
tems of the body, with increased production of reactive oxygen
radicals and cytokines, which in turn drive the development of
Graves' disease [7]. The typical hypermetabolic state of
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hyperthyroidism leads to the release of large amounts of re-
active oxygen species (ROS) from peripheral tissues. In the
thyroid, ROS can cause damage to thyroid epithelial cells and
expose autoantigens to the immune system, leading to the
worsening of autoimmunity. In peripheral tissues where thy-
roid hormones act, ROS can cause tissue damage, which leads
to the clinical manifestations of hyperthyroidism [8].

Selenium occupies a unique place in the immune system. It
efficiently enhances the body’s humoral and cellular immune
functions. When lacking, both cellular and humoral immune
functions may be compromised. In addition, selenium plays an
important role in the synthesis, activation, and metabolic
processes of thyroid hormones and the immune system [9, 10].
In animals and humans, there is a Se-dependent enzyme called
glutathione peroxidase [11, 12], which is an important per-
oxidolytic enzyme widely present in the organism and can be
used as an indicator to assess the body’s resistance to perox-
idation. Moreover, as a component of selenoprotein, selenium
has structural and enzymatic functions. In the context of the
latter, it can act as an antioxidant and catalyst for the pro-
duction of active thyroid hormones [13].

At present, there are different reports on the efficacy of
selenium supplementation in the treatment of GD, and its
effectiveness needs to be further clarified. At the same time,
there is a lot of disagreement regarding selenium’s impact on
blood lipids. To further assess the impact of selenium
supplementation on individuals, this study aimed to compile
randomized controlled trials (RCTs) on this research issue
for a systematic review and meta-analysis. The pretopic of
the article included in this paper was a randomized con-
trolled trial on Graves’ disease. The topic was to compare the
efficacy of antithyroid drugs alone and antithyroid drugs
combined with antioxidants for Graves’ disease. Outcome
indicators included thyroid function, lipids, serum selenium,
and serum selenoprotein. Thyroid function included free
triiodothyronine (FT3), free thyroxine (FT4), thyrotropin
receptor antibodies (TRAb), and thyroid peroxidase anti-
bodies (TPOAD). Articles that did not meet the inclusion
criteria or did not report the outcome indicators for this
study were excluded.

2. Methods

2.1. Search Strategy. A number of database resources, in-
cluding MEDLIN, Embase, the Cochrane Library databases,
Pubmed, and the Chinese Medical Association were
searched from the inception of each resource to December
2022, using the strategy of subject term joint free word
search (Supplementary Description) (available here). Two
review authors (Song and Ji) independently reviewed the
titles and abstracts of the search records to identify articles
that met the inclusion criteria. When there is disagreement,
it will be determined through communication and consul-
tation with the third author.

2.2. Selection Criteria. 'The included studies must meet the
following criteria: (1) study type: the type of included articles
must be RCT studies; (2) study population: patients with
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Graves’ disease who meet the diagnostic criteria of the 2016
American Thyroid Association (ATA) guidelines; (3) in-
terventions: the experimental group is antithyroid medi-
cation combined with selenium supplementation; the
control group is antithyroid medication combined with
blank control or placebo use. The duration of treatment was
not limited. (4) Outcome indicators: must include thyroid
function indicators, such as FT3, FT4, TPOAb, and TRAb.
Exclusion criteria were defined as follows: (1) non-
randomized controlled trials, reviews, etc.; (2) animal ex-
periments, non-Graves’ patients (mainly including Graves’
ophthalmopathy, autoimmune thyroiditis patients, or pa-
tients with other autoimmune diseases); (3) the treatment
plan does not conform to the article in this study, such as
patients treated with '*'T or surgery; (4) studies that do not
include the outcome indicators that must be included in this
paper; (5) studies in which the form of outcome data is not
available or the full text is not available; and (6) repeated
published research or secondary analysis.

2.3. Data Extraction. Two researchers independently
screened, extracted, and cross-checked the literature
according to the inclusion and exclusion criteria. The articles
that met the requirements were pooled after completing the
screening. If there is any disagreement, it will be resolved
through discussion with the third researcher. The data we
extracted included the first author, the year of publication,
the number of subjects in the two groups in the article, the
sex ratio, the age range, the outcome measures, the duration
of follow-up, the dose used, and the observed results.

24. Quality Assessment. Two authors independently
assessed the quality of the included articles according to the
Cochrane Handbook for Systematic Reviews of In-
terventions. Divergence will be communicated with the third
author, and the final results will be plotted as a graph. The
details of quality evaluation include (1) random sequence
generation; (2) allocation concealment; (3) the blinding of
participants and personnel; (4) the blinding of outcome
assessment; (5) incomplete outcome data; (6) selective
reporting; and (7) other bias.

2.5. Statistical Analysis. Each included outcome was esti-
mated by calculating the change from baseline to outcome
by means + standard deviation (M + SD) as provided in the
article. If not explicitly provided, it was calculated using
other available data. For time points where data on multiple
outcome indicators existed, we took the data from the last
time point for statistical analysis. A meta-analysis was
performed using Review 5.3, and heterogeneity between
studies was assessed using the y* test and I. The fixed-effect
model was used if I? < 50% and the random-effect model was
used if I* > 50%. The fixed-effect model was used when the
number of studies included in the meta-analysis was less
than 5 [14]. Also, when significant clinical heterogeneity was
observed, subgroup analysis was performed to find possible
causes. Publication bias was detected by the funnel plot.
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3. Results

3.1. Study Selection. Based on the search strategy, we
searched the database for 232 records and found no addi-
tional records through other sources. After removing 45
duplicate records, we initially screened 187 articles. Sub-
sequently, 134 articles were excluded by reading the titles
and abstracts. We read the full text of the remaining 53
studies and excluded 46 studies due to article type and data
availability. Finally, 7 articles met the criteria and were
included in our meta-analysis. The flow chart of the research
screening process is shown in Figure 1.

3.2. Study Characteristics. A total of 209 patients were in-
cluded in seven studies [15-21]. The basic characteristics of the
included studies are summarized in Table 1. Of all seven studies,
seven included FT3 and FT4, five focused on TRAb indicators,
and four included TPOAb antibody indicators; three articles
included serum selenium levels; two articles compared serum
selenoprotein levels; and two included lipid levels.

3.3. Quality Assessment. Based on the limited information
provided in the articles, we evaluated the quality bias of the
articles as follows (Figure 2). Among the seven included
articles, three explicitly specified the randomization method
and two explicitly assigned the hidden method; for blinding,
four articles explicitly used blinding; all seven outcomes data
reporting was complete; five articles did not selectively re-
port risk; one did not introduce bias from other sources; and
the risk profile of the remaining articles could not be judged.

4. Results Analysis

4.1. Improvement in the FT3 Level (Figure 3(a)). FI3 levels
were significantly lower in the observation group compared
with the control group, and the difference was statistically
significant (WMD=-2.29, 95% CL. -3.55 to -1.02,
P =0.0004; P for heterogeneity=0.01, I’=64%). Further
subgroup analysis by the duration of treatment revealed dif-
ferences in subgroup heterogeneity. The heterogeneity was
significantly lower for treatment duration <3 months (I = 0%,
P = 0.96), and the difference in FT3 levels within the group was
statistically significant (WMD = -2.41, 95% CI: —3.34 to —1.48,
P <0.00001); the heterogeneity was higher for treatment du-
ration >3 months (I? = 82%, P = 0.0010), and the difference in
FT3 levels within the group was statistically significant
(WMD =-2.64, 95% CI: -3.16 to —2.11, P <0.00001). The
results of the subgroup analysis suggest that the degree of
control of the disease with increasing duration of treatment
may be responsible for the heterogeneity. The results of the
overall analysis showed that selenium combined with anti-
thyroid drug treatment improved FT3 levels better than the
control group in patients with Graves’ disease.

4.2. Improvement in the FT4 Level (Figure 3(b)). The results
showed that FT4 levels were significantly lower in the obser-
vation group compared with the control group, with statisti-
cally significant differences (WMD =-0.62, 95% CI: —1.05 to

—0.18, P = 0.0005; P for heterogeneity <0.00001, I*=89%).
Similarly, subgroup analysis by treatment duration showed
differences in within-group heterogeneity: heterogeneity was
significantly lower for treatment duration <3 months (I* = 24%,
P =0.27), and the difference in FT4 levels within this group
was statistically significant (SMD =-1.18, 95% CI: —-1.54 to
—0.82, P <0.00001); heterogeneity was higher for treatment
duration >3 months (I*=93%, P<0.00001) and a statistically
significant difference in FT4 levels (SMD =-0.59, 95% CI:
-0.62 to —0.57, P <0.00001). The results of the subgroup
analysis were similar to the appeal, and the duration of
treatment may be the main reason for the heterogeneity; the
overall analysis showed that selenium combined with anti-
thyroid drug treatment could better reduce FT4 levels in pa-
tients with Graves’ disease.

4.3. Improvement in TPOAb (Figures 3(c)) and TRAD
(Figure 3(d)) Levels. Further analysis is needed for selenium
effects on TPOAb and TRADb levels. The results showed that
TPOAb (WMD =-9.8, 95% CI: —16.57 to —3.03, P = 0.005; P
for heterogeneity=021; I’=34%) and TRAb levels
(WMD=-1.31, 95% CIL. -1.63~-0.99, P<0.00001; P for
heterogeneity = 0.12; I’ = 45%) were significantly lower than the
control group. The difference was statistically significant. The
results indicated that the use of selenium in the experimental
group could significantly reduce TPOADb and TRAD levels and
improve the clinical prognosis of patients with Graves® disease.

Further analysis of the effects on serum selenium
(Figure 4(a)). The result showed that the serum selenium
levels in the combined selenium treatment group were
significantly higher than those in the control group, with
statistically significant differences (WMD =33.29, 95% CI:
30.7 to 35.87, P<0.00001; P for heterogeneity <0.00001,
I*=96%) similar to the serum selenoprotein (Figure 4(b))
levels (WMD =1.3, 95% CI: 0.8 to 1.8, P<0.00001; P for
heterogeneity = 0.17; I* =48%). The results showed that the
treatment of selenium combined with an antithyroid drug
significantly increased serum selenium and selenoprotein
levels in patients with Graves’ disease. Regarding the effect of
selenium supplements on lipid levels in patients, the results
(Figure 4(c)) showed that selenium supplementation af-
fected lipid levels and led to further elevated lipid levels
(WMD=32.3 95% CI 17.87 to 46.74, P<0.0001; P for
heterogeneity = 0.05, I* = 73%), the outcome was statistically
significant. However, this conclusion has certain limitations
due to the limited number of included articles.

5. Publication Bias

The results of FT'3 were used to make funnel plots for
evaluation (Figure 5). Two studies were outside the 95% CI,
and many studies were concentrated at the top of the funnel
plots, which were approximately symmetric.

6. Discussion

The pathophysiology of Graves’ disease is still not completely
understood. According to the currently prevalent idea, the
condition is defined by hereditary predisposition and causes
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an immunological malfunction in vivo when infection,
mental trauma, and other variables interact. To keep the
thyroid gland functioning normally, it has an associated
antioxidant system and oxidative metabolism. Selenium is
an essential trace mineral and nutrient for the synthesis of
selenocysteine, which is synthesized into many selenopro-
teins. So far, 25 human genes encoding selenoproteins are
known, most of which are enzymes [22]. The human thyroid
contains a large amount of selenium because it produces
H,O0, for the oxidation of thyroid hormone synthesis and
protects itself from oxidative damage through the expression
of selenium peroxidase [23]. In the thyroid hormone syn-
thesis step, iodine oxidation is carried out by a special en-
zyme, thyroid peroxidase, which utilizes superoxide of
hydrogen produced physiologically by thyroid tissue. On the
one hand, the synthesis of thyroid hormones requires the
formation of hydrogen peroxide, which is a highly reactive
oxidant. Hydrogen peroxide and iodine oxide are used in the
peroxidation reaction, which is catalyzed by thyroid per-
oxidase. The thyroid gland has an efficient antioxidant
mechanism that shields thyroid cells from reactive oxygen
species. Peroxiredoxin, glutathione peroxidase, thioredoxin,
and catalase are all involved in this antioxidant system.
Selenium is located in the catalytic site of GPX and is im-
portant for the antioxidant effect of the enzyme, which
protects the body from oxidative stress by reducing H,O, to

H,O [24]. Graves’ disease is characterized by increased
oxidative stress. The effect of H, O, on normal thyroid
follicular epithelial cells is to promote the synthesis of
thyroid hormone. However, the pathological process occurs
when the concentration of thyroglobulin is greater than
required by the iodination process. The continuous accu-
mulation of H,0,, a free radical generator, in thyroid fol-
licular cells leads to additional cell membrane destruction
and a cascade of harm. Thyroid tissue should contain
a relatively high concentration of selenium as the basic
component of glutathione peroxidase [25, 26]. This enzyme
is involved in cell defense because it reduces the concen-
tration of toxic free radicals and hydroperoxides in tissues.

It is critical to track changes in pathogenic antibodies as
well as thyroid hormone levels while treating hyperthy-
roidism. The return of thyroid function is typically quicker
with medication than the serum TRAb. At the end of the
course of drug treatment, if the TRADb value exceeds the
normal value, it indicates the recurrence of hyperthyroidism
[27]. Therefore, the measurement of serum TRAD levels and
positivity in patients with Graves™ disease is clinically im-
portant in determining efficacy [28]. TRAD is the pathogenic
antibody of this disease. In patients with hyperthyroidism,
paying attention to the change in TRAb titer is very im-
portant. In this paper, it was found that selenium combined
with antithyroid drugs had a significant effect on the
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FIGURE 2: Risk of bias summary.

decrease of antibody titer compared with antithyroid
drugs alone.

TPO is very common in autoimmune thyroid and plays
an important role in the occurrence and development of
many diseases [29]. It destroys thyroid cells through
complement-mediated cytotoxicity, which is a sign of au-
toimmune damage. The increase in antibody levels can be
used as one of the indicators of the severity and prognosis of
hyperthyroidism. Abnormally increased serum levels of
antibodies not only trigger the development of autoimmune
inflammation but also give a chronic character to autoim-
mune thyroid disease (AITD) with hyperthyroidism and
correlate with the progression of chronic prolonged in-
flammatory lesions. When TPO is inactivated, the body is
stimulated to produce TPOAb, which can directly damage
thyroid cells and cause autoimmune thyroid diseases
[30, 31]. TPO is a potential autoantigen. Elevated levels of
TPOAD occur in 90% of Hashimoto thyroiditis (HT) cases
and 70% of GD [32].

In addition, some studies have shown that antioxidant
therapy may improve some clinical manifestations of hy-
perthyroidism without changing serum thyroid hormone
concentration [33]. Regarding the effect on blood lipids, the
results of the current study are divergent. Several studies

have found that serum selenium is related to the increase of
TC (total cholesterol) level [34-37] and TG (triglycerides)
level [35-38]. In addition, some studies found that serum
selenium was associated with the decrease of TC and TG
levels [39], but there was also a report that there was no
statistical correlation between selenium and TG [34]. Other
studies have shown that the relationship between selenium
and blood lipids is dose-dependent, and high normal levels
of selenium may increase the risk of diabetes [40]. Of course,
these studies include racial differences as well as regional
differences. Selenoprotein P (SePP) is the most abundant
serum selenoprotein and is produced by the brain and testes
via the apolipoprotein E receptor [41]. Some experiments
have shown the regulatory role of selenium in lipoprotein
biosynthesis [42]. The decreased lipid levels in patients
supplemented with selenium maybe possibly explaining this.

There are some limitations in this paper: (1) The duration
of hyperthyroidism is not taken into account, and the in-
fluence of the length of the course on the therapeutic effect is
ignored; (2) Effects of different ATD and Se dosages and
treatment times on the outcome; (3) The included articles
partly did not describe in detail the specific randomization
grouping method, the setting of blinding, selectivity bias,
and publication bias, which to some extent limits the
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FIGURE 3: Forest plot of selenium supplementation’s effects on thyroid hormones and antibody level. CI: confidence interval; SMD: standard
mean difference. (a) FT3. (b) FT4. (c) TPOADb. (d) TRAD.
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FIGURE 4: Forest plot of selenium supplementation effects on selenium and selenoprotein levels and blood lipids. (a) Selenium, (b)

selenoprotein, and (c) blood lipids.
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reliability of this article; and (4) The number of articles
included is small, and the interpretation of the influence
significance has certain limitations. Therefore, more high-
quality, large-sample, long-term studies are needed to
support the effectiveness of selenium supplements in ad-
juvant therapy for Graves’ disease.

7. Conclusion

This study demonstrated that antithyroid medications
combined with selenium supplementation can significantly
lower the levels of FT3 and FT4 in Graves’ disease and also
contribute to the reduction of related antibody levels (TRAb
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and TPOAD titers). In addition, it can increase serum se-
lenium and selenoprotein levels. However, whether the effect
on lipid levels will limit this drug’s use needs to be further
explored.
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