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Abstract

Background: Evidence suggests that selenium supplementation could be useful in the treatment of Hashimoto thyroiditis Q
but the available trials are heterogeneous. This study investigates clinically relevant effects of selenium supplementation in patients
with HT.

Methods: A systematic search was performed in PubMed, Web of Science, EMBASE, Scopus, and the Cochrane Library. The
latest update was performed on December 3, 2022. We investigated the changes in thyroid peroxidase antibodies (TPOAb) and
thyroglobulin antibodies (TgAb) after selenium supplementation. The effect sizes were expressed as weighted mean difference
(WMD) with 95% confidence intervals (Cls).

Results: After screening and full-text assessment, 7 controlled trials comprising 342 patients were included in the systematic
review. The results showed that there was no significant change in TPOAb levels (WMD = —124.28 [95% Cl: —-631.08 to 382.52],
P = .631, I = 94.5%) after 3 months of treatment. But there was a significant decrease in TPOAb levels (WMD = —284.00 [95%
Cl: =553.41 to —14.60], P < .05, I? = 93.9%) and TgAb levels (WMD = —159.86 [95% Cl: —293.48 to —26.24], P < .05, I = 85.3%)
after 6 months of treatment.

Conclusions: Selenium supplementation reduces serum TPOAb and TgAb levels after 6 months of treatment in patients with
HT, but future studies are warranted to evaluate health-related quality or disease progression.

Abbreviations: Cl = confidence interval, HT = Hashimoto thyroiditis, TgAb = thyroglobulin antibodies, TPOAb = thyroid

peroxidase antibodies, WMD = weighted mean difference.
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1. Introduction

Hashimoto thyroiditis (HT) is an autoimmune thyroid disorder
and affects approximately 1 to 2% of the general population,
especially children and women.!"?l HT is characterized by lym-
phocyte infiltration, elevated plasma thyroid peroxidase anti-
bodies (TPOAD), thyroglobulin antibodies (TgAb), and reduced
echogenicity of thyroid parenchyma.? The slowly developing
chronic autoimmune damage of the thyroid follicular cells fre-
quently leads to hypothyroidism.!"!

In recent years, selenium supplementation is proposed for
the treatment of HT patients. The thyroid gland has the highest
selenium concentrations per unit weight among all tissues.>*!
Selenium is considered to have substantial structural and
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functional roles in thyroid cell physiology and thyroid hormone
metabolism.”! Its deficiency could induce thyroid cell damage
and autoimmune destruction of the gland.!®*!

However, in human experiments, the efficacy of selenium sup-
plementation in HT patients remains controversial. The major-
ity of these studies have focused on serum TPOAb and TgAb
autoantibody levels.l'*1¢1 Some studies showed that selenium
supplementation has a beneficial effect on thyroid autoimmu-
nity in patients with HT.[!"%! But, others showed that selenium
supplementation has no significant effect on serum thyroid auto-
antibody levels.!'>! Therefore, the objective of this systematic
review and meta-analysis was to assess the available evidence of
the effect of selenium supplementation on thyroid autoantibody
levels in patients with HT.
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2. Material and methods
2.1. Search strategy

Using the search terms “selenium” AND “Hashimoto,”
“selenium” AND “thyroiditis,” “selenomethionine” AND
“Hashimoto” and “selenomethionine” AND “thyroiditis,” we
searched the following databases: PubMed, Web of Science,
EMBASE, Scopus, and the Cochrane Library. The latest update
was performed on December 3, 2022. We also screened the ref-
erence lists of all retrieved articles to identify other potentially
relevant literature. This meta-analysis was performed in accor-
dance with the 2009 Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols.!”!

2.2. Inclusion and exclusion criteria

Studies were included if they met all the following criteria:
patients with HT (positive TPOADb, reduced echogenicity of thy-
roid parenchyma); underwent selenium supplementation ther-
apy; the data of TPOAD or TgAb were available.

Studies were excluded if they met any of the following char-
acteristics: nonhuman studies; duplicate studies; lack the data
of TPOAb and TgAb. Two investigators (Xiao-Qing Quan and
Gui-Ying Qiu) read the literature independently of each other.
Disagreements were solved by discussion with other investigators.

2.3. Data extraction and quality assessment

The following data were extracted: the first author, publication
year, country of patients, sample size (the number of patients
and the ratio of men to women), mean age, study design, out-
comes, duration, baseline thyrotropin levels, the data of TPOAb
and TgAb (mean with standard deviations). The Newcastle—
Ottawa Scale was used to assess the quality of each included
study. One star was assigned to each quality feature and denoted
a score of 1. The total scores were calculated for each study. A
study with Scores 4 and 5 was considered low quality, Scores 6
and 7 considered intermediate quality, and Scores 8 and 9 con-
sidered high quality.

2.4. Ethics

In this study, ethical approval was not necessary because the
included data was based on previously published articles, and
no original clinical data was collected or utilized.

2.5. Statistical analysis

All statistical analyses in the present study were conducted with
STATA statistical software (version 13.1). If the data were pre-
sented as mean with interquartile range, the standard deviation
was estimated using the method as interquartile range/1.35.
This meta-analysis investigated the changes in antibodies after
3-month and 6-month selenium supplementation. We used
weighted mean difference (WMD) and its 95% confidence inter-
vals (CIs) to express the effect sizes. A 2-sided P value < 0.05
was considered statistically significant.

Meta-regression analyses were used to assess the correlation
between sample size, percentage of females, mean age, baseline
antibody (TPOAD and TgAb) levels, baseline thyrotropin levels,
and WMD. Subgroup analyses were performed based on base-
line antibody (TPOADb and TgAb) levels. Cochrane O and I*
texts were used to assess between-study heterogeneity. I* < 25%
was regarded as low amounts of heterogeneity. An I? value of
25 to 50% was regarded as moderate amounts of heterogeneity.
I> > 50% was regarded as a high amount of heterogeneity. A
fixed-effects model was applied in the absence of significant het-
erogeneity (I* < 50%), or the random-effect model was applied
(> > 50%).
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In order to evaluate the stability of the overall effect size,
we conducted a sensitivity analysis using the 1-study remove
approach. Potential publication bias was explored using Egger
test. A P value > 0.05 was considered that there was no publi-
cation bias.

3. Results

3.1. Study identification and selection

A flowchart of our search strategy and results was shown
in Figure 1. Initially, a total of 1362 studies were included
after the primary search from multiple databases. Search
results were shown in Supplemental Table 1, Supplemental
Digital Content, http:/links.lww.com/MD/J2. After remov-
ing duplicate articles, screening titles, and abstracts, a total
of 14 papers remained. Three of the remaining studies lacked
the data of TPOADb and TgAb, and 4 studies had an ineligible
study population (not HT patients). Eventually, 7 studies pub-
lished from 2008 to 2019 were selected for our meta-analy-
sis.l1-1¢1 The quality assessment of inclusion studies based
on the Newcastle-Ottawa Scale was shown in Supplemental
Table 2, Supplemental Digital Content, http://links.lww.com/
MD/J3.

The main characteristics of the included literature were
summarized in Table 1. A total of 342 subjects were included.
Three studies were conducted in Poland by Krysiak et al
(named Krysiak A, Krysiak B, Krysiak C),[1%!514 Krysiak A
enrolled only adult male patients,!'” Krysiak B enrolled only
female patients who were recruited between 2016 and 20171
and Krysiak C enrolled female patients who were recruited
before 2012.1" Two studies were conducted in Italy by Nordio
et al (Named Nordio A, Nordio B),/'>!¥] patients in Nordio A
received only selenomethionine treatment!'?! and in Nordio B
received only myo-inositol plus selenomethionine treatment.!’!
One study was conducted in Turkey!"” and one in Austria.!"®!
Patients of 4 studies received the treatment of selenomethi-
onine 200 pg/day.'1L14161 The remaining patients of 3 studies
separately received selenomethionine 50 pg/day,!’’! selenium
83ng/day!"?! and myo-inositol 600mg/day plus selenium 83 pg/
day.!*! Five studies compared the antibody (TPOADb and TgAb)
levels before and after treatment,!'*-'3!5 2 studies compared the
antibody levels between experimental and placebo groups.!'*1¢l

3.2. Change in TPOADb levels and TgAb levels

We compared the antibody (TPOAD and TgAb) levels after sele-
nium supplementation. The results showed in Figures 2 and 3.
The results indicated that the antibody levels (TPOAb levels
and TgAb levels) were significantly decreased in HT patients
after selenium supplementation. Interestingly, there was no sig-
nificant change in TPOAD levels (WMD = -124.28; 95% CI:
-631.08 to 382.52], P = .631, I> = 94.5%, Fig. 2A)!1* 191 after
3 months treatment. Only 2 studies counted TgAb levels after
3 months of treatment, and the results indicated that selenium
supplementation had no significant effect on TgAb levels in HT
patients (WMD = -18.54 [95% CI: -638.49 to 601.42], P =
953, I = 80.8%, Fig. 3A).'"*151 This result might be related to
the sample size. But there was a significant decrease in TPOAb
levels (WMD = -284.00 [95% CI: -553.41 to -14.60], P < .05,
I? = 93.9%, Fig. 2B)"14 and TgAb levels (WMD = -159.86
[95% CI: -293.48 to -26.24], P < .05, I? = 85.3%, Fig. 3B)l1*-14I
after 6 months of treatment.

3.3. Meta-regression and subgroup analyses

Because of the high amounts of heterogeneity between studies,
we conducted meta-regression and subgroup analyses. In our
meta-regression analyses, we investigated the correlation between
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Figure 1. Flow diagram of literature search and study selection.
Table 1
Characteristics of included studies.
Sample size Mean Baseline TPOAb Baseline TgAb Duration

Study Country (male/female) age (yr) levels (mean = SD) levels (mean = SD) Study design Outcomes (mo)
Krysiak A Poland 17 (17/0) 34 878 +286 783+312 Selenomethionine (200 pg/d) vs TPOAD, TgAb, 6

2019010 pretreatment TSH, fT4, T3
Krysiak B Poland 22 (0/22) 48 892 +247 810+301 Selenomethionine (200 pg/d) TPOAD, TgAb, 6

201801 vs pretreatment TSH, ft3
Nordio A [taly 84 (10/74) 40.9 820.13+513.99 415.43+275.89 L-selenomethionine (selenium TPOAD, TgAb, 6

201702 83pg/d) vs pretreatment TSH, fT4, T3
Nordio B [taly 87 (8/79) 42.3 720.67 +52.39 344.96+23.77 Myo-inositol 600mg/d plus sele- TPOAD, TgAb, 6

201709 nium 83 pg/d Vs pretreatment TSH, T4, fT3
Krysiak C Poland 73 (0/73) 40.5 1682 +395 1720+498 selenomethionine (200 pg/d) TPOAD, TgAb, 3,6

201204 vs placebo TSH, fT4, T3
Onal Turkey 23 (7/16) 12.3 210+349 272712 50 pg L-selenomethionine TPOAD, TgAb, 3

20120 vs pretreatment TSH, T4
Karanikas Austria 36 (0/36) 47 524 +452 NA Selenomethionine (200 pg/d) TPOAD, TSH, 3

200808 vs placebo T4, Se

fT3 = triiodothyronine, fT4 = thyroxine, NA = not available, SD = standard deviations, TgAb = thyroglobulin antibodies, TPOAb = thyroid peroxidase antibodies, TSH = thyrotropin.

sample size, percentage of females, mean age, baseline antibody
(TPOAb and TgAb) levels, baseline thyrotropin levels, and WMD.
The results showed that only baseline antibody (TPOAb and
TgAD) levels were correlated with WMD at 6 months of studies
(TPOAD, P = .004, Fig. 4; TgAb, P = .02, Fig. 5).

According to the baseline antibody (TPOAb and TgAb) lev-
els, we conducted subgroup analyses. The results were shown in
Table 2. In TPOAb or TgAb > 1000 IU/mL subgroup, there was
a significant decrease in antibody (TPOAD and TgAb) levels after

3 months or 6 months of selenium supplementation therapy. In
TPOAD < 1000 IU/mL subgroup, there was a significant decrease
only in TPOADb levels after 6 months of treatment (WMD =
-150.33 [CI: -225.25 to -75.42], P < .05, I> = 0%, Table 2).

3.4. Sensitivity analysis

In our sensitivity analysis, we used the leave-one-out strategy
to assess the stability of overall results. Serum TPOADb levels
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Figure 2. Association between admission antibody TPOAD levels and selenium supplementation after (A) 3 months or (B) 6 months. ClI = confidence interval,
TPOAD = thyroid peroxidase antibodies, WMD = weighted mean difference.

A
Study WMD (95% Cl) Weight %
After 3 months
Krysiak C (2012) —_————— -293.00 (-493.19, -92.81) 13.34
Onal (2012) < 346.00 (-165.05, 857.05) 4.63
Subtotal (I-squared = 80.8%, p = 0.022% T -18.54 (-638.49, 601.42) 17.96
B
After 6 months
Krysiak A (2019) — -213.00 (-400.99, -25.01) 13.90
Krysiak B (2018) e -165.00 (-321.78,-8.22)  15.36
Nordio A (2017) - 6.60 (-73.99, 87.19) 18.68
Nordio B (2017) — -56.12 (-121.43, 9.19) 19.19
Krysiak C (2012) —_— -453.00 (-619.45, -286.55) 14.91

Subtotal (I-squared = 85.3%, p = 0.000) <>

Overall (I-squared = 82.4%, p = 0.000) <

NOTE: Weights are from random effects analysis

-169.86 (-293.48, -26.24)

-156.09 (-280.23, -29.95)
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I
-857 0
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Figure 3. Association between admission antibody TgAb levels and selenium supplementation after 3 months (A) or 6 months (B). Cl = confidence interval,
TgAb = thyroglobulin antibodies, WMD = weighted mean difference.

still had a significant decrease after 6 months of treatment.
However, as Krysiak C (study of patients with the highest
serum antibody levels at baseline)!* left out, serum TgAb levels

no longer showed a significant decrease after 6 months of treat-
ment (WMD = -75.53 [CI: ~156.80 to 5.57], P = .069, I* =
56.2%).
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Figure 4. Meta-regression analysis assessing the impact TPOAb on WMD. TPOAb = thyroid peroxidase antibodies, WMD = weighted mean difference.
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Figure 5. Meta-regression analysis assessing the impact TgAb on WMD. TgAb = thyroglobulin antibodies, WMD = weighted mean difference.

3.5. Publication bias

Because there was heterogeneity between studies, all outcomes
were downgraded for inconsistency. Publication bias was
assessed using Egger test. The results showed that there was no
evidence of publication bias.

4. Discussion

HT is the commonest cause of spontaneous hypothyroidism in
children and adolescents and is mainly prevalent in women. HT
is characterized by the presence of complement-fixing autoanti-
bodies to TPOAb and TgAb, which are closely associated with
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Subgroup analyses based on baseline antibody (TPOAb and TgAb) levels.

Subgroup Number of studies WMD 95% Cl P P(P) P value for overall effect
Baseline TPOAD levels
After 3 mo
>1000 104 -540.00 —661.57 t0 —418.43 NA NA <.05
<1000 2015161 105.07 —126.57 10 336.72 39.9% 197 374
After 6 mo
>1000 104 —-805.00 —947.66 to —662.34 NA NA <.05
<1000 4110-13] -150.33 —225.25 10 -75.42 0% 569 <.05
Baseline TgAb levels
After 3 mo
>1000 104 —293.00 —493.19 10 —-92.81 NA NA <.05
<1000 109 346.00 —165.05 t0 857.05 NA NA 185
After 6 mo
>1000 104 —-453.00 —619.45 t0 —286.55 NA NA <.05
<1000 411013 —75.53 —-156.80t0 5.75 56.2% 077 .069

Cl = confidence interval, NA = not available, TgAb = thyroglobulin antibodies, TPOAb = thyroid peroxidase antibodies, WMD = weighted mean difference.

autoimmune destruction of the thyroid and overt thyroid dys-
function.!"'®! Selenium may catalyze the extra thyroid production
of T3 from T4, and a selenium deficiency can increase thyroid
necrosis and reduce compensatory epithelial regeneration.!*2

Previous studies have reported that selenium is important for
antioxidant defense and adjuvant supplementation decreased
TPOADb and TgAb.?'?? We conducted this meta-analysis to
assess the effect of selenium supplementation on thyroid auto-
antibody levels in patients with HT. The present study showed
that selenium supplementation for 3 months did not reduce
serum TPOAD and TgAb levels, but selenium supplementation
for 6 months might be an effective method to reduce serum anti-
body levels.

Selenium is an essential trace element that is required in
small amounts for the correct functioning of the immune sys-
tem and the thyroid gland.?3?* One of the organs with the
highest selenium concentration is the thyroid gland. Enhance,
the content of selenium is essential for normal thyroid func-
tion and thyroid hormone homeostasis. Selenium can be
incorporated into selenoproteins by synthesizing tRNA of
selenocysteine-bound.®! These selenoproteins are produced
in the liver and exert actions in the selenium and other tissues,
mainly having a role in antioxidant functions. Selenoproteins
are involved in thyroid hormone metabolism and regula-
tion of the redox state and reduce the inflammatory status
in patients with HT.'>2¢l Selenium deficiency contributes to
decreased activity of glutathione peroxidases and deiodinases,
which can lead to oxidative damage and the synthesis of
triiodothyronine. 7!

Due to the high degree of heterogeneity between studies, we
conducted meta-regression and subgroup analyses based on
sample size, percentage of females, mean age, baseline antibody
(TPOADb and TgAb) levels, and baseline thyrotropin levels. The
results showed that baseline antibody (TPOAD and TgAb) levels
might be the source of heterogeneity. Baseline antibody (TPOAb
and TgAb) levels were a negative correlation with WMD at 6
months of selenium supplementation. In other words, the higher
the baseline serum antibody (TPOAb and TgAb) levels, the
lower of WMD after 6 months of selenium supplementation.
We hypothesized that patients with high serum antibody levels
might benefit from selenium supplementation. After sensitivity
analysis, the results of TPOAb were still robust and indicated
that selenium supplementation was effective. But we need to
be cautious about the results of selenium supplementation to
reduce TgAb levels.

There are some limitations of our meta-analysis. Firstly, we
hypothesized that selenium supplementation might have a ben-
eficial effect in patients with high serum antibody levels, but
we were unclear of the exact mechanism based on the available

evidence. Secondly, because few studies investigated selenium
supplementation at 3 months in patients with HT, we were
not sure whether there was also a negative correlation between
baseline serum antibody (TPOAb and TgAb) levels and WMD.
Thirdly, the sample size included in our meta-analysis was small,
so the results would have more bias.

Based on the current evidence, selenium supplementation ther-
apy might reduce serum TPOAD and TgAb levels after 6 months
of treatment in patients with HT. Meanwhile, it was reasonable
to speculate that patients with high serum antibody levels would
benefit from selenium supplementation. The above results did
not mean that selenium supplementation must be routinely used
in clinical treatment, because the reduction of antibodies did not
mean the improvement of thyroid function. Future prospective
cohort studies are warranted to provide more evidence.
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