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thyroid peroxidase (TPO) and thyroglobulin (Tg) is 
characteristic of HT.[1] In GD, the antibody against 
thyroid‑stimulating hormone (TSH) receptor is a 
specific antibody that increases the secretion of thyroid 
hormones by stimulating the TSH receptor, causing 
symptoms, such as irritability, increased heart rate, 
weight loss despite increased appetite, heat intolerance, 
warm and wet skin, and ocular manifestations (Graves’ 
orbitopathy).[3]

The pathogenesis of AITD is not established yet. 
Epidemiological studies have shown that genetic 
factors play an important role in susceptibility to 
AITDs.[4] Previous studies have reported that the 

INTRODUCTION

Autoimmune thyroid diseases (AITD) encompass 
a wide spectrum of thyroid dysfunctions, ranging 
from autoimmune hypothyroidism or Hashimoto’s 
thyroiditis (HT) to autoimmune hyperthyroidism or 
Graves’ disease (GD).[1] Approximately, 1%–2% of the 
world’s population is affected by AITDs, with a higher 
prevalence reported in 30–50‑year‑old women. In HT, the 
thyroid gland is destroyed slowly, causing symptoms, 
such as weakness, fatigue, weight gain, cold and dry 
skin, constipation, cold intolerance, muscle pain, and 
depression, mainly due to the decreased secretion of 
thyroid hormones.[2] The presence of antibodies against 
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amount and activity of selenoproteins are associated 
with single‑nucleotide polymorphisms in selenoprotein 
genes, which may contribute to the risk of disease.[5] There 
are also some other risk factors, such as age and parity, 
which play important roles in the development and 
preservation of thyroid autoimmunity. Furthermore, several 
environmental factors, including, iodine intake, smoking, 
allergens, alcohol, estrogen, stress, irradiation, infection, 
immunotherapy drugs, and selenium (Se) deficiency, have 
been reported as factors affecting the incidence of AITD.[6]

Se is a trace element that plays an important role in human 
physiology. It has anti‑inflammatory, anti‑cancer, and 
anti‑aging properties, as well as protective effects against 
oxidative stress.[7] This element is available in many tissues, 
such as the kidney, muscle tissues, and liver, although the 
highest concentration is found in thyroid tissue. Se can 
be found in the molecular structure of selenoproteins in 
the thyroid tissue including glutathione peroxidase and 
thioredoxin reductase that protect the thyroid against free 
radicals. They can be also found in the structure of Type I 
and II deiodinases that participate in the synthesis of thyroid 
hormones.[8]

Se deficiency is found in 15% of the world’s population. 
The prevalence of Se intake varies significantly in different 
regions worldwide, which can be attributed to the variable 
concentration of Se in the soil of different regions and 
differences in factors that influence the availability of food 
Se, such as type of Se, organic matter content, and soil pH.[9]

Limited studies have investigated the serum Se 
concentrations in AITDs.[10‑14] The reduced level of serum 
Se (<70 µg/L) has been reported in patients with AITDs.[11,15,16] 
Furthermore, a low concentration of Se has been reported 
in patients with GD.[17] Lower serum level of Se has been 
reported in patients with Graves’ orbitopathy, compared 
to those without Graves’ orbitopathy.[18]

In the present study, we investigated the serum Se levels of 
patients with GD, patients with HT, and euthyroid individuals 
as a control group (matched in terms of age and sex with the 
patient groups) to determine the association between serum 
Se level and thyroid function parameters in AITD.

MATERIALS AND METHODS

This case–control study was carried out on newly diagnosed 
patients with AITD (HT and GD) who were referred to 
endocrine clinics in Zahedan, Southeastern Iran; an Iodine 
sufficient area[19] between August 2018 and October 2020.

Patients with at least 18 years of age who were diagnosed 
with AITD were included in the study. GD was defined 

as follows: increased free thyroxine (FT4) and free 
triiodothyronine (FT3) in association with suppressed 
TSH (normal values: FT4: 0.8–1.8 ng/ml, normal FT3: 
2.3–4.2 pg/ml, and normal TSH: 0.4–4.2 mIU/L) and 
positive TSH Receptor Antibodies (TRAb) (Normal TRAb: 
Up to 1.75 IU/L). Furthermore, Hashimoto’s disease was 
also defined as follows: HT: decreased FT4 and FT3 in 
association with elevated TSH ≥10 and positive anti‑TPO (up 
to 40 mIU/L) or anti‑Tg (up to 100 mIU/L).[20]

Individuals with a history of thyroid surgery, history of 
structural thyroid disease, or receiving iodine contrast 
during the past 6 months were excluded from the study. 
Furthermore, people with diabetes mellitus, liver, kidney, 
or heart failure, and psychological disorders that affect 
thyroid function tests were excluded from the study, too. 
Patients on hormonal therapy such as oral contraceptives, 
estrogen replacement therapy, and also medications for 
chronic diseases such as glucocorticoids, antiepileptic drugs, 
or amiodarone were excluded from the study. Participants 
were excluded from the study if they received Se. Women 
who were pregnant or lactating were also excluded from the 
study. The EUGOGO classification is used for the diagnosis 
of Graves’ orbitopathy.[21]

The case group consisted of two groups: Hashimoto’s and 
Graves’ disease. Patients in these two groups were matched 
based on age and sex. The subjects in the control group 
were healthy euthyroid individuals who were selected 
after applying the inclusion and exclusion criteria from the 
general population. They were excluded from the study 
in case of any acute or chronic illness. The control group 
was matched with the case group in terms of age and sex. 
The geographical area of residence of all participants was 
the same.

For each participant, a questionnaire that included 
personal, past medical, and familial history was completed. 
Participants’ height was measured using a stadiometer 
and their weight was measured using a digital scale. Body 
mass index (BMI) was determined by dividing weight in 
kilograms by height squared in meters.

From all participants, blood samples were recruited and 
serum fraction was separated by centrifugation at 3000 rpm 
for 5 min. All blood samples were collected between 8 and 
9 a.m., after 12 h of fasting. After collection, serum samples 
were stored at 70°C until the day of assay. Thyroid function 
tests, thyroid antibodies, and serum levels of Se were 
evaluated in Hashimoto, Graves, and the control group.

Measurements of TSH, FT4, and FT3 were performed 
using immunochemoluminescent method by an 
automated analyzer (Diagnostic Products LIAISON, 
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2017, Italy). Anti‑TPO (normal range <16 U/ml) and 
anti‑Tg (normal range <100 U/ml) were measured by 
immunochemoluminescent assays. Se was measured by 
Atomic Absorption Spectrometer Pg Instruments (Spectra 
AA500; reference range: 46–143 µg/L) in all samples.

This study was approved by the Zahedan University Ethics 
Committee for Human Studies (ethical code number: IR. 
ZAUMS. REC.1399.071). The participants provided written 
and informed consent.

Statistical method
Continuous and categorical data are presented as 
mean ± standard deviation and frequency (percentage), 
respectively. The Shapiro–Wilk test and graphical 
approaches such as Q–Q plot and histogram were used to 
examine the normal distribution of variables.

A one‑way ANOVA test was used to compare a numerical 
variable in three study groups. An independent t‑test or a 
Mann–Whitney U‑test was used to assess the significance 
of differences for continuous variables (for normality 
and nonnormality distributed variables, respectively). 
The Chi‑square or Fisher’s exact test was used for the 
comparison of categorical variables. Bonferroni correction 
for continuous variables and Chi‑square test for categorical 
variables were used for a post hoc pairwise comparison 
of these three study groups. The correlation between 
numerical variables assessed with Pearson correlation 
coefficient. The P < 0.05 is considered statistically 
significant. All of the analyses were conducted with 
Stata statistical software: Release 14. College Station, TX: 
StataCorp LP.

RESULTS

Data from 132 patients with HT, 120 patients with GD, and 
120 healthy euthyroid subjects as a control group were 
analyzed. In this study, 81.1% of patients in the HT group, 
80% in the GD group, and 78.3% in the control group were 
female. The mean age was 34.42 years in the HT group, 
34.07 years in the GD group, and 32.25 years in the control 
group. Other laboratory characteristics were compared 
between the three groups in Table 1.

The serum Se level in patients with HT and GD was 
significantly lower than in the control group [Figure 1]. 
A comparison of the mean serum Se level in three study 
groups showed a significant difference. The difference 
in the mean value between the Hashimoto and the 
control group (104.4 vs. 122.6), and between the Graves 
and the control group (97.7 vs. 122.6) was statistically 
significant [Table 1]. The percentage of Se deficiency in 
patients with Hashimoto’s disease, GD, and control group 

was 15.2%, 2.5%, and 2.5%, respectively. The incidence of 
Se deficiency in patients with Hashimoto’s disease was 
statistically significant compared to Graves and control 
groups (P < 0.001) [Table 1].

The Se value in none of the study groups (including 
Hashimoto, Graves, and the control group) had no 
significant correlation with any of the variables FT4, FT3, 
TSH, anti‑TPO, and anti‑Tg.

In patients with GD, 34 patients (28.33%) had Graves’ 
orbitopathy. The prevalence of Graves’ orbitopathy was 
significantly higher in men than in women (58.3% vs. 
20.8%, P < 0.001). The mean age, BMI, FT4, FT3, TSH, and 
TRAb in Graves’ patients with and without orbitopathy 
were not statistically significant. Serum Se levels in 
patients with orbitopathy were significantly lower than in 
patients without orbitopathy (86 vs. 102 µg/L; P < 0.001). 
The mean values of anti‑TPO and anti‑Tg in Graves’ 
patients with orbitopathy were significantly higher than 
in nonorbitopathic patients [Table 2].

DISCUSSION

In this case–control study, the serum Se level was 
significantly lower in newly diagnosed patients with GD 
than in the control group. Furthermore, the serum Se level 
was significantly lower in newly diagnosed patients with 
HT, compared to the control group. The serum Se level 
was lower in patients with GD than in patients with HT; 
however, the difference was not statistically significant. No 
association was found between the Se concentration and 
thyroid function parameters, such as FT4, FT3, TSH, and 
thyroid antibodies.

As mentioned earlier, besides the presence of Se as a 
component of deiodinase structure and its role in the 
production of thyroid hormones, it neutralizes the 

Figure 1: Serum selenium levels in Hashimoto, Graves, and healthy control group
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dissemination and activity of hydrogen peroxide and 
maintains the integrity of thyrocytes. CD4+ T cells can 
differentiate into Th1 or Th2 cells, depending on pro‑Th1 or 
pro‑Th2 activation. Se promotes the activity of CD4+/CD25 
and T regulatory cells while suppressing the secretion of 
cytokines; therefore, it prevents follicular cell apoptosis and 
causes protection against thyroiditis.[22]

However, the serum Se level reported in the current 
study (122 µg/L) is different from another study[23] that 

reported a serum Se level of 103 µg/L. Significant differences 
in the Se concentration of foods and soil in different regions 
can explain the significant difference in the serum levels of 
the study populations. Besides, other factors, such as the 
type of Se, the organic content of the soil, and soil pH may 
explain the different levels of Se.[9,24] Se intake is sourced 
from proteinaceous food such as meat, shellfish, fish, grains, 
cereals, and offal.[7,25] However, there is no consensus on 
whether the serum Se concentration is an indicator of the 
body’s Se status or is merely a normal reference value. 
Overall, glutathione peroxidase activity is optimal at a 
serum Se level of 100 µg/L, while a serum concentration 
≤70 µg/L is defined as Se deficiency.[26]

The evaluation of Se status has some challenges, as Se 
measurements cannot accurately represent the tissue 
concentration of Se, and a normal Se concentration does 
not reject the possibility of low Se content in the thyroid 
tissue.[16] It has been also shown that inflammatory cytokines 
downregulate the Se level and reduce the selenoprotein 
expression.[27]

In addition to various genetic and environmental factors, 
Se deficiency has been suggested as a risk factor for 
AITD.[28] The association between Se level and AITD 
has been investigated in several studies. In this regard, 
Kucharzewski et al. reported 18 cases of GD in women, who 
had lower serum Se levels than patients with multinodular 
goiter or thyroid cancer.[16] In another cross‑sectional 
study, an inverse association was found between the 
serum Se level and thyroid hypoechogenecity, as an 
autoimmune thyroid marker.[29] Furthermore, a study 
in Denmark investigated 97 newly diagnosed patients 
with GD, 96 patients with HT, 92 euthyroid patients with 
TPO antibody levels >1500 U/mL, and 830 randomly 
selected individuals as the control group. They reported 
that patients with GD and HT had significantly lower Se 

Table 1: Clinical features and biochemical characteristics by the study group
Variable Hashimoto group (n=132) Graves group (n=120) Control group (n=120) P
Sex (female) 107 (81.1) 96 (80.0) 94 (78.3) 0.864
Age (years) 34.42±10.23 34.07±5.96 35.25±8.86 0.552
BMI (kg/m2) 24.17±3.54a 23.77±3.73a, b 23.02±3.99b 0.050
FT4 (ng/ml) 0.45±0.16a 3.30±0.91b 1.26±0.20c <0.001
FT3 (pg/ml) 1.62±0.50a 6.69±1.56b 3.62±0.45c <0.001
TSH (mIu/L) 79.70±20.45a 0.02±0.01b 1.55±0.78b <0.001
Anti‑TPO (Iu/L) 475.36±663.34a 344.16±610.46a 13.51±19.09b <0.001
Positive anti‑TPO (≥16) 118 (89.4)a 97 (80.8)a 14 (11.7)b <0.001
Anti‑Tg (Iu/L) 855.11±1287.96a 545.05±1149.86b 54.72±49.75c <0.001
Positive anti‑Tg (≥100) 113 (85.6)a 97 (80.8)a 14 (11.7)b <0.001
Se (µg/l) 104.36±28.62a 97.68±20.68a 122.63±20.03b <0.001
Se deficiency (<70 µg/l) 20 (15.2)a 3 (2.5)b 3 (2.5)b <0.001
a,b,cPost hoc comparison based on Bonferroni method for continuous variables and Chi‑square test for categorical variables. Different superscript letters (a, b, and c) in the 
same row of variables reflect a significant (P<0.05) difference between the means while the same superscript letters in one row reflect a nonsignificant difference between 
the means of the three groups. Data are expressed as mean±SD or n (%). SD: Standard deviation; BMI=Body mass index; TPO=Thyroid peroxidase; Tg=Thyroglobulin; 
TSH=Thyroid‑stimulating hormone; FT3=Free triiodothyronine; FT4=Free thyroxine; Se=Selenium

Table 2: Clinical features and biochemical characteristics 
in patients with and without Graves’ orbitopathy
Variable Graves’ orbitopathy P

No (n=86) Yes (n=34)
Sex

Male 10 (41.7) 14 (58.3) <0.001
Female 76 (79.2) 20 (20.8)

Age (years) 33.70±6.13 35.03±5.49 0.272
BMI (kg/m2) 23.90±3.77 23.43±3.67 0.535
FT4 (ng/ml) 3.30±0.91 3.29±0.93 0.950
FT3 (pg/ml) 6.56±1.49 7.01±1.70 0.149
TSH (mIu/L) 0.02±0.01 0.02±0.01 0.190
Anti‑TPO (Iu/L) 252.27±496.60 576.59±794.33 0.032
Anti‑Tg (Iu/L) 365.44±764.10 999.35±1722.58 0.046
Se (µg/l) 102.05±20.72 86.65±16.15 <0.001
TRAb (Iu/L) 0.65±0.38 0.68±0.42 0.737
Positive anti‑TPO (≥16)

No 18 (78.3) 5 (21.7) 0.435
Yes 68 (70.1) 29 (29.9)

Positive anti‑Tg (≥100)
No 19 (82.6) 4 (17.4) 0.195
Yes 67 (69.1) 30 (30.9)

Se deficiency (<70 µg/l)
No 84 (71.8) 33 (28.2) 1.0
Yes 2 (66.7) 1 (33.3)

Data are shown as n (%) or mean±SD. SD=Standard deviation; BMI=Body mass index; 
TPO=Thyroid peroxidase; Tg=Thyroglobulin; TSH=Thyroid‑stimulating hormone; 
FT3=Free triiodothyronine; FT4=Free thyroxine; Se=Selenium; TRAb=TSH Receptor 
Antibodies
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levels.[11] Moreover, in a study conducted in Australia, Se 
levels were significantly lower in patients with autoimmune 
hypothyroidism, compared to the healthy control group.[23] 
Another study on 41 patients with relapsed GD reported 
that the number of patients with normal thyroid antibody 
levels was significantly higher in the Se ‑recipient group 
at the end of the study.[30] Moreover, a large‑scale study 
of Se status among 6000 residents of two regions in 
China indicated the protective effects of Se adequacy by 
comparing regions with Se deficiency and adequacy. After 
adjustments for confounding factors, the prevalence of 
thyroid diseases was significantly lower in the region with 
Se adequacy (18.0 vs. 30.5%; P < 0.001).[15] The results of 
our study are consistent with another study[18] in which, 
Se depletion was associated with the presence and severity 
of Graves’ orbitopathy.

This study has several limitations. First, to determine the 
Se status of the patient group, the serum Se concentration 
was measured, which cannot exactly reflect the tissue 
concentration of Se second, this cross‑sectional study could 
not indicate the association between Se concentration and 
AITD. On the other hand, the inclusion of a euthyroid 
control group, matched in terms of age and sex with the 
patient group, and a relatively large sample size are the 
strengths of this study.

CONCLUSION

The serum Se level was significantly lower in newly 
diagnosed patients with GD than in the control group. 
Furthermore, the serum Se level was significantly lower 
in patients with HT than in the control group. The results 
showed that the level of Se was lower in patients with 
GD than those with HT; however, the difference was not 
statistically significant. In patients with GD, 28.33% had 
Graves’ orbitopathy. Serum Se levels in patients with 
orbitopathy were significantly lower than in patients 
without orbitopathy. Overall, Se deficiency can be 
considered a risk factor for AITDs.
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