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Abstract This review aims to present the importance of nutrients for thyroid health in light of autoimmune
Hashimoto’s disease. Authors focus mainly on vitamin D and selenium function in the body, metabolism, serum
concentration in patients, replenishment outcome after singular or combined the treatment and dose. Vitamin D is
essential for immune regulation and yields inflammatory properties. Selenium plays an important role in thyroid
metabolism by protecting it from oxidative damage during iodine metabolism and by taking part in thyroid hormone
production. Hashimoto is a complex disease and cross-curricular therapies probably will find more interest than oneway therapy.
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1. Introduction
Hashimoto’s (HT) disease is one of the autoimmune
thyroid diseases associated with thyroid hypofunction,
lymphocytic infiltration and increased antithyroid
antibodies titers especially thyroglobulin (TG-Ab) and
thyroperoxidase (TPO-Ab) titers. HT is a lymphocyte
T-mediated immune disorder with constant thyroid
gland damage caused by the interaction of environmental
factors with particular genes in susceptible patients.
Ones of those factors are vitamin D (VD), iodine and
selenium (Se) status [1]. This literature review is based on
an electronic search in PubMed and Google Scholar
database published from January 2011 to March 2019
regarding HT and use of over-mentioned compounds as
individual supplements or in combination with other on
HT patients in clinical trials. Both importance, functions
of those nutrients and studies results are presented in the
review. Any relevant papers to the subject were included
either.

2. Vitamin D
VD is mostly produced in the skin through sun
exposure initially as an inactive precursor. Then it is
converted in the liver to cholecalciferol – 25(OH)D,
and then in the kidney to its active form known as
calcitriol – 1,25(OH)2D. Serum cholecalciferol level
is used as a marker of VD saturation. Despite the way

it is synthesised in the body, VD deficiency is a
worldwide problem in all age groups [2]. Calcitriol
by binding with vitamin D receptor (VDR) regulates
many genes which processes includes immunological
modulation. This interaction yields to an anti-inflammatory
effect on both innate and regulatory and suppressive
action on adaptive immunity [3]. Regulatory action of
VD on T cells, subpopulation Th1, Th2 and Th17 [3,4]
and dendritic and B cells, monocyte and macrophages
activity and functions [3] may explain why lower levels of
VD might contribute to HT and other autoimmune
diseases [5].

2.1. Serum Vitamin D Concentration in
Hashimoto Patients
Wang et al. meta-analysis showed, that VD was lower
in HT patients compared with healthy controls and
autoimmune thyroid disease development was more likely
to develop on those with a low level of VD [4].
VD deficiency among HT patients were reported by
others [1,6-17]. In a Turkish HT population severity of
VD deficiency correlated with duration of the disease,
thyroid volume and antibody levels [8]. Although there
are still conflicting results regarding the association
between VD level and HT [3,18,19]. The low VD levels
might be a risk factor [10,15] as well as a consequence of
disease like malabsorption [20]. Food is one source of VD
but it scares [21]. Inadequate dietary intake of VD was
reported in polish HT patients. This gives a point about
the importance of nutritional assistance for HT patients
[22].
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2.2. Association between Serum VD
Concentration and Hashimoto’s Disease
Low VD level is associated with increased thyroid
antibodies level in HT patients [6,8,12,13,15,23-26] and
worsen thyroid functions [6,7,13]. Nutritional improvement
attenuates thyroid functions and/or decreases antibodies
levels in HT patients [1,8,12,17,25,27,28] and healthy
people at higher risk of hypothyroidism [29]. However,
Ma et al. reported in a cross-sectional case-control study
that an increase of each 2 ng/mL VD concentration was
associated with a 1.62-fold reduction in HT risk without
the association of VD concentration with thyroid
antibodies or thyroid hormones [27]. Immunoregulating
functions of VD like regulation of inflammatory cytokine
production may be responsible for these effects [30].
Among participants in Mirhosseini study (n=11,017),
VD deficiency was found to existing in 80% (n=1946) of
those considered to be at higher risk of developing
autoimmune thyroid disease (n=2433). Serum level of VD
≥50 ng/mL was associated with a 30% and 32% reduced
risk of elevated anti-thyroid antibodies and hypothyroidism.
This result suggests that level ≥50 ng/mL might be
necessary for optimal thyroid function in healthy person
and protection from hypothyroidism [29]. In contrast,
Effraimidis et al. in cross-sectional, longitudinal study did
not find an association between low VD level and early
stages of thyroid autoimmunity [18].

2.3. Vitamin D metabolism in Hashimoto
Patients
In fact, vitamin status can be related to HT pathogenesis
but does not have to. Hypothyroid patients may not
absorb VD from the intestine properly [9]. Moreover,
an association between VD binding protein (DBP),
1α-hydroxylases [31], particular VDR single-nucleotide
polymorphisms (SNPs) and risk of autoimmune thyroid
diseases development was found [11,16,32]. This leads to
the belief that interaction between VD and VDR, and so
the ability of VD to act on the immune system might be
more important. Currently, the role of VD in HT is not
completely known and more studies are needed. In fact
achievement of appropriate VD concentration might be
critical to achieve positive results in HT and it might be
necessary to use the active form of VD – calcitriol instead
of cholecalciferol in order to avoid VD conversion
blockage by DBP in immune cells [30].

2.4. How Much Vitamin D Hashimoto
Patients Need?
Categorization of VD status is usually defined as
deficient for the level below 20 ng/mL (50 nmol/L) and
insufficient for 20-29 ng/mL (50-72.5 nmol/L). Holick et
al. points for results from epidemiological studies, that
level above 30 ng/mL reduces the risk of autoimmune
diseases [21]. Heaney concludes, that an adequate level of
serum VD for the proper physiological function is
40-52 ng/mL (100-130 nmol/L) [33]. In light of
Mirhosseini et al. study results, it seems reasonable to
achieve a serum level of 50 ng/mL [29]. Nodehi et al. used
50,000 IU VD weekly (7143 IU daily) for 3 months in HT

patients what increased mean VD concentration from 25.9
to 42.3 ng/mL in the intervention group. Despite positive
results of TH17/Tr1 ratio in HT patients indicating an
improvement of disease control and immune regulatory
effect of VD other immune measured factors was not
changed. Authors conclude that it might be different when
a higher dose of VD would be used [30] what might be
true if achieved serum VD concentration would be higher
than 50 ng/mL [29].
Generally, recommended an upper limit of serum VD
concentration is 50 or 60 ng/mL (125-150 nmol/L) [34].
In HT patients it seems reasonable to keep it at a level
higher than 50 ng/mL [29] what seems to be safe [34].
Daily supplementation with doses of 3000-5000 IU should
let obtain and maintain such level. Although the dose of
VD supplementation depends on age, weight, ethnicity
and environment besides serum concentration [34] and
individual response to VD supplementation may vary
widely [35]. Obese adult patients should take 2.5-3 times
more VD than the recommended dose for a normal weight
person. As Pludowski et al. stated in guidelines VD
dosage should be adjusted based on regional or national
recommendations with the treatment duration of 1 to 3
months [34].

2.5. Vitamin D Supplementation, Thyroid and
Immune Functions in Hashimoto Patients
Mazokopakis et al. found an inverse correlation
between VD and TPO-Ab level. They showed that
TPO-Ab level is significantly higher in VD deficient
(<20 ng/mL) euthyroid HT patients compared with HT
patients without deficiency. 186 of 218 patients (85%) had
VD level below 20 ng/mL. After 4 months of VD
supplementation (1200-4000 IU/d) in order to achieve
serum VD level of 40 ng/mL, a decrease of 20.3% (from
361 to 290 IU/mL) TPO-Ab was observed [25]. In an
Iranian population with overt or subclinical hypothyroidism,
Mansournia et al. conducted a cross-sectional study in
which found an inverse association between serum VD
level and HT. Each 5 ng/mL increase were associated with
a 19% decrease in the risk of HT [10]. During one month
of 1000 IU/d of VD supplementation, Simsek et al. in
prospective study on autoimmune thyroid diseases
(AITDs) patients reported a significant increase in VD
level from 10.9 to 21.4 ng/mL and decrease of thyroid
antibodies. TPO-Ab and TG-Ab dropped significantly
from 278.3 to 267.9 IU/mL (3.8%) and from 331.9 to
275.4 IU/mL (17.1%) respectively. There were no changes
in thyroid functions in the intervention group. As VD
level increased barely above 20 ng/mL it can be
speculated that higher supplemental dose would give
better results [36].
In an open-labelled randomized controlled trial (RCT)
Chaudhary et al. found that TPO-Ab concentration in
newly diagnosed patients with autoimmune thyroid
disease (TPO-Ab >34 kIU/L and/or sonographic evidence
of thyroiditis) were highest among those in the lowest VD
quartile. 93% patients had abnormal in VD level (<30
ng/mL) and 74% were deficient (<20 ng/mL). Analysed at
3 months, after 8 weeks of 60,000 IU VD intake weekly
with 500 mg calcium/d they reported 46.73% (from 739.1
to 387 kIU/L) decrease in TPO-Ab in the intervention
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group (n=50) compared with 16.6% drop in the control
group (n=50) receiving only calcium. Reduction of
TPO-Ab greater than 25% was achieved by 68% and 44%
patients in the interventional and control group [12].
Pan’kiv used a lower dose of VD for a longer time. He
conducted a randomized study on 52 patients with newly
diagnosed hypothyroidism on the background of autoimmune
thyroid disease. As common, most patients were VD
deficient (94.2%). In the interventional group, patients
received VD 2000 IU/d with calcium 1000 mg/d for 12
weeks. Control group received only calcium 1000 mg/d in
addition to levothyroxine. There was a significant negative
correlation between VD concentration and TPO-Ab. The
intervention group decreased significantly the level of
TPO-Ab by 48.1% in which 73.1% of patients reduced it
of at least 25% [37]. Aminian et al. in clinical trial divided
52 female patients with subclinical hypothyroidism and
inappropriate VD status (100% of patients had VD level
<30 ng/mL and 75% <20 ng/mL) into 2 groups: TPO-Ab
positive (TPO-Ab >75 IU/mL, n=29) and TPO-Ab
negative (<75 IU/mL, n=29). After 8 weeks of VD
supplementation 50,000 IU/wk, they improved VD level
from 14.32 to 52.72 ng/mL [28]. It seems to be
appropriately achieved level based on literature [21,29,33].
As a result, they reported a significant decrease of TPOAb and TSH concentration only in TPO-Ab positive group
from 755.57 to 535.37 IU/mL (29.15%) and from 7.96 to
7.51 mIU/L (5.66%) respectively [28].
VD supplementation improves thyroid function as well.
Talaei et al. for 12-week in a randomized, double-blind,
placebo-controlled trial gave 50,000 IU VD weekly to 102
hypothyroid patients on their stable levothyroxine dose
and TSH level 0.5-5 mIU/L for more than one year. Serum
VD concentration increased from 17.1 to 43.7 ng/mL and
calcium by 0.4 mg/dL, TSH and parathormone level
decreased by 0.4 mIU/L and 3.8 pg/mL respectively.
There were no significant changes in T3, T4, alkaline
phosphatase and albumin levels [17].
A recent meta-analysis including 6 RCT conducted by
Wang et al. in patients with AITDs found that 6-months
VD supplementation significantly decreased TPO-Ab
(3 studies, standardized mean difference [SMD]: -1.11,
95% CI -1.52 to -0.70, P <0.01) and TG-Ab titers
(SMD: -0.12, 95% CI: -0.69 to 0.44, P = 0.67) compared
with controls [38].
Most studies have found an association between VD
status and HT. However, there is still a gap in the
intervention studies for VD and HT and more need to be
done to establish the potential of VD supplementation in
the treatment of HT. There is also a need for more studies
of combined VD and levothyroxine treatment in HT
patients as it seems to be beneficial even with normal VD
status (>30 ng/mL) [39]. Current results support the need
for those randomized and controlled studies. Usually,
cholecalciferol is used in HT patients, although active
form calcitriol might be more beneficial as DBP may
block the conversion of inactive VD form and thus blocks
its function on immune cells [30].
It is worth to mention, that elevated VD level increases
serum calcium and phosphorus level and in a result may
increase calcification of soft tissues (like kidneys and
blood vessels). It is generally accepted, that VD
concentration up to 100 ng/mL is safe for both children
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and adults except those hypersensitive to VD (those
with idiopathic infantile hypercalcemia, Williams-Beuren
syndrome, granulomatous disorders and some lymphomas).
Serum VD concentration should be measured after at least
8-12 weeks after initiation of treatment. Either serum
calcium and phosphorus concentration, as well as kidney
function should be measured if serum VD level exceeds
toxic concentration >100 ng/mL while VD supplementation
has to be stopped immediately [34].

2.6. Magnesium-dependent Vitamin D
Metabolism
Inactive VD forms need to be converted to active
calcitriol and these conversions are magnesium (Mg)
dependent. It acts either as a cofactor for VD-binding
protein. As VD metabolism depends on Mg bioavailability
and action it was reported that adequate presence is
necessary for VD action. It’s deficiency results in
decreased levels of calcitriol. As Mg supplementation let
rickets patients reduce their resistance to VD treatment,
same results can be expected in HT patients [40]. In a
WOMED study done on patients with thyroid disease
(hyper- and hypothyroidism) Mg deficiency was
associated with thyroid functions what was attenuated
after Mg supplementation [41]. Mg is necessary for iodine
uptake by thyroid cells and its deficiency decreases it
leading to hypothyroidism as well as an increase in TSH
concentration [41,42]. Mg is rarely studied nutrient in HT
patients while it seems it might be one of the critical
factors in undernourished patients. Because of the
relationship between Mg metabolism and thyroid
hormones it seems to be true, that some disease symptoms
related to thyroid function are in fact a result of Mg
deficiency [41].
There is one study describing an association between
Mg level and thyroid antibodies. In an observational
cross-sectional study Wang et al. associated deficient
serum Mg levels (<0.55 nmol/L) with an increased risk of
TG-Ab positivity, mainly subclinical hypothyroidism and
the prevalence of HT. However, no association was found
between TPO-Ab and Mg level. Authors speculate that
these phenomena suggests that Mg deficiency influence
on inflammation and oxidative stress and may aggravate
disease symptoms rather than be a cause of them [42].

3. Selenium
As VD regulates genes expression [3] Se is the main
structure of selenoproteins affecting thyroid function as
glutathione peroxidase (GPXs), thioredoxin reductases
(TRs), and iodothyronine deiodinases (DIO). As a part of
the antioxidant defence system, those enzymes protect the
thyroid from oxidative stress because of hydrogen
peroxide generated naturally from iodide oxidation during
the production of thyroid hormones. Se is also an essential
trace element for the synthesis of T3, rT3 and T2 by being
a part of DIO. As a result of Se deficiency increased T4
[43], fT4 [44] and reduced T3 level are observed [43]. The
thyroid gland contains the highest amount of Se per gram
in the whole human body [45]. Its deficiency directly
impacts thyroid metabolism and immune function and
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leads to radical and autoimmune destruction of the gland
[43] and formation of fibrotic tissue [46].
Despite the fact that Se sources are widely eaten there is
still seen inadequate daily intake in Europe (about 40 µg
per day) and other parts of the world. Scientific
Committee on Food of the European Commission
recommends a daily intake of 55 µg of Se daily [46].

3.1. Serum Selenium Concentration in HT
Patients
Decreased plasma Se concentration is reported in HT
patients what can be reversed by supplementation the
treatment [41]. There are a few points that need to be
addressed regarding HT patients. In literature there are
conflicting results regards Se supplementation in thyroid
parameters no matter if subjects are deficient of it [43].
Secondly, even if Se repletion in HT deficient patients
demonstrates a significant increase in plasma Se
concentration it doesn’t have to lead to thyroid function
improvement. Although standard serum Se level range is
60-120 µg/L what is related to dietary intake, it doesn’t
reflect tissue saturation. Currently, there is no reliable
marker of thyroid gland Se saturation. Thus dose and
duration the treatment still cannot be evaluated [45].
Despite the unclear relationship between serum Se level
and intrathyroid repletion, some studies correlate its
deficiency with increased thyroid cells damage and
impairment of thyroid diseases [47]. As worth to note, in
rare situations excess Se (selenosis) with its toxic effect
was reported in literature mainly by acute poisoning or by
prolonged exposure to high levels (200 µg/d) [46,48]. In
one controlled trial Se intake of 200 µg/d in a long-term
(~7.7 years) increased the relative risk of type 2 diabetes
by 2.7 compared with placebo [45]. Wichman et al. in
systemic review and meta-analysis reported an adverse
effect of Se supplementation which was gastric discomfort,
headache, hair loss and skin rash in some patients in the
intervention groups [49]. Plasma Se concentration
depends directly on its intake, especially bioavailability.
Therefore, long-term supplementation treatment should be
under control of repetitive measurement of serum Se
concentration in order to avoid potential adverse effects of
Se toxicity [45,48].

3.2. Association between Serum Selenium
Concentration and Hashimoto’s Disease
Se supplementation in autoimmune thyroid diseases
seems to alleviate inflammatory processes and immune
antioxidative defence [48,50]. Those properties probably
let, at least at some point to reversed changes in the
echostructure in HT patients after Se replenishment [51].
It is believed that enhance of plasma selenoproteins are
responsible for those effects [43]. Organic Se compounds
(selenomethionine and selenocysteine) have a better
absorption rate than inorganic (selenite and selenate). It
seems reasonable to use former compounds than the latter
in HT the treatment [48]. Selenomethionine inhibits
production of inflammatory cytokines IFN-γ, TNF-α and
IL-2 especially when the treatment is accompanied by
levothyroxine (LT4). With Se deficiency the oxidative

stress can occur which decreases suppressor T cells
activity and consequently increased IL-2 production leads
to activation of autoreactive T cells and finally to
autoantibodies production [48, 50]. It is probable that nonsignificant results of selenite treatment used in clinical
trials result from two-third absorption of selenomethionine
and thus, might be dose-dependent [49].
Epidemiological results from studies done in China and
Europe points for negative impact of Se deficiency for
thyroid function, thyroid volume, risk of thyroid
enlargement and multiple nodules development as well as
prevalence of pathological thyroid conditions (hypothyroidism,
subclinical hypothyroidism, autoimmune thyroiditis and
enlarged thyroid gland) compared with regions with
adequate Se status [52].
RCTs bring conflicting results [43] eg. in Esposito et al.
study although, despite no change in TSH, TPO-Ab and
CXCL10 there were a significant positive amelioration in
fT3 and fT4 concentration in Se group [53]. Those already
done RCTs puts the use of Se supplementation in the
treatment of HT at the positive site. In an RCT done on
newly diagnosed and previously untreated euthyroid HT
women with adequate iodine intake (median urinary iodine
concentration – 123 µg/L). 200 µg selenomethionine daily for
6 months significantly reduced inflammatory cytokine release
by lymphocytes. When LT4 were supplemented, a
different effector system was noticed such as suppression
of monocyte inflammatory compounds and monocyte
chemoattractant protein-1. When both of those agents
were administered together, the decrease in cytokine
release and plasma C-reactive protein were stronger [50].
Recently Kachouei et al. conducted RCT on subclinical
hypothyroid patients with 3-months LT4 treatment. The
intervention group was taking 200 µg sodium selenite
daily and control group placebo. Plasma Se level
increased only in the Se-treated group by from 86.5 to 123
µg/l (42.1%). Levothyroxine was administered in order to
keep the TSH level in the lower range (0.3-2 mIU/L).
After 3 months fT3 and fT4 dropped in both groups at the
same level. In control group, there were no changes in
antithyroid antibodies while Se group significantly
decreased TPO-Ab concentration from 682.18 to 522.96
U/L (23.3%) and TG-Ab from 226.01 to 155.12 U/L
(31.4%). Se may be helpful in decreasing antithyroid
antibodies concentration with LT4 treatment [54].
Singular RCT positive results of Se supplementation in
HT patients found confirmation in Fan et al. and
Wichman et al. meta-analysis [47, 49] but not in Cochrane
collaboration [55] and recent meta-analysis by Winther et al.
[56]. Fan et al. conducted meta-analysis in which
nine RCTs were analysed finally. Efficacy of Se
supplementation in different chemical forms was
determined for the treatment of AITDs collectively.
TPO-Ab titers decreased at 6 month (three studies: SMD:
−1.516; 95% CI −2.823 to −0.210; P=0.023) and 12
months (two studies: SMD: −4.940; 95% CI −5.887
to −3.992; P <0.001) while TG-Ab only at 12 months
(two studies: SMD: −2.210; 95% CI −2.956 to −1.464;
P <0.001). The intervention group had a higher chance to
improve mood [47]. Changes had a large effect in
SMD (>0.8) [57]. There were no adverse effects of
supplementation except mild gastric discomfort in few
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patients and again, limitations of the study unable to
define firm conclusions [47]. Although a year before in
Cochrane systemic review authors assessed the effect of
Se supplementation on HT with a conclusion that there is
no evidence to support or refute the efficacy on Se
treatment on HT patients because of incomplete data,
unclear to high risk of bias and, therefore unclear clinical
relevance [55].
Cochrane meta-analysis results [55] stands in contradiction
with Wichman et al. meta-analysis. Results of controlled
trials on patients with AITDs and Se supplementation
versus placebo both with or no LT4 treatment were
collected. After screening 11 controlled trials were included
in in quantitative synthesis. As a result Se groups with
LT4 treatment reduced TPO-Ab concentration at 3 months
(seven studies: WMD= −271 [CI: −366 to −175];
p <0.0001), 6 months (three studies: WMD= −469
[CI −617 to −322]; p <0.001) and 12 months (one study:
WMD= −423 [CI: −450 to −396]; p <0.0001) and in Se
treated LT4 free population at 3 months (three studies:
WMD= −512 [CI: −626 to −398]; p <0.0001) but not at 6
and 12 months. Relative changes across studies following
three months, TPO-Ab titers dropped significantly by
24% compared with 6% in control groups. In a subgroup
meta-analysis the five of seven studies reported a
positive results on TPO-Ab reduction after use of
selenomethionine (200 µg/d) at 3 months (five studies:
WMD= −267.99 [CI: −341.97 to −194.01]; p <0.0001)
while another two with use of sodium selenite (200 µg/d)
did not reported significant changes. TG-Ab titers
decreased at 12 months (one study: WMD= −176
[CI −199 to −153]; p <0.0001) in Se-L4 treatment group
and at 3 months (two studies: WMD= −215 [CI: −407
to −24]; p= 0.027) in Se-treated L4-naive group [49]. Se
supplementation had stronger impact in combination with
LT4 treatment.
A recent meta-analysis by Winther et al. concludes
fairly that there were conflicting results regards Se
supplementation used in the treatment of AITDs including
HT [56]. Although Se deficiency is accompanied with
benefits in deficient patients, exceeding serum concentration
above normal range is associated with possible health risk,
hypothyroidism exacerbation and other diseases development
[58]. Thus, Winther et al. conclude that currently Se
treatment use in HT patients with normal Se status should
be discouraged [56].

3.3. Selenium and Myo-inositol
Se supplementation seems to have a better impact when
administered together with myo-inositol. In Nordio et al.
RCT 83 μg selenomethionine intake for 6 months
decreased significantly TPO-Ab and TG-Ab from 905.6 to
522.6 mIU/mL (42%) and from 1080.8 to 670.1 (38%) in
subclinical hypothyroidism patients. A stronger effect
such as decrease from 913.9 to 516.1 (44%) and from
1019 to 533.9 mIU/mL (48%) was reported in myo-ino-Se
treatment arm, where Myo-inositol (600 mg) were used
concomitantly with Se. Se level in myo-ino-Se and Se
group increased from ~128 to 225.4 and 223.5 µg/L,
respectively. The TSH concentration decreased only in
Myo-ino-Se group by 31% [59]. Those results stand in a
line with another study done in HT patients with TSH
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level 3-6 mIU/L, elevated TPO-Ab, TG-Ab and normal
fT4 and fT3 level. After 6 months of 600 mg myo-inositol
intake with 83 µg Se in the form of selenomethionine the
TSH, TPO-Ab and TG-Ab level decreased by 28% (from
4.32 to 3.12 mIU/L), 16.3% (from 720.67 to 620.38
IU/mL) and 14% (from 344.96 to 288.84 IU/mL),
respectively. There were slight but significant increase of
fT3 and fT4 by 4.5% (from 2.67 to 2.79 pg/mL) and
13,8% (from 0.94 to 1.07 ng/mL), respectively. The
myo-inositol role in increasing TSH sensitivity in HT
patients and regulation of H2O2-mediated iodination
explains seen results [60]. Phosphatidylinositol signal
transduction pathway is important for thyroid function
and myo-inositol takes a role in its function which
activity is regulated by calcitriol [51]. Combination of
selenomethionine supplementation with myo-inositol
seems to be efficacious and safe for the treatment of HT
patients [59,60]. The effectiveness of combined therapy
was reported also in patients with AITDs [61]. It can be
speculated that myo-ino-Se-VD treatment in patients with
low VD status would benefit more from such the
intervention.

3.4. Selenium and Iodine
A meta-analysis by O'Kane et al. based on observational
and the interventional studies concluded that the status of
Se is positively associated with iodine status. Iodine is an
important compound for expression and function of
proteins and enzymes necessary for the metabolism of
thyroid hormones and biosynthesis. Besides iron and zinc,
Se deficiency can diminish iodine metabolism and
effectiveness of iodine supplementation in HT deficient
patients [62,63]. Iodine deficiency needs to be corrected
concomitantly with Se deficiency [62]. There is an
importance of keeping iodine level within normal range as
accordingly to U shape disease risk, deficiency and excess
of iodine might exacerbate thyroid dysfunction and
develop iodine-induced hypothyroidism [64]. As
mentioned before, Mg is necessary for iodine uptake by
thyroid and replenishment of it might increase iodine
bioavailability for the gland [41].

3.5. Selenium and Vitamin D
Krysiak et al. have conducted the first study with
concomitant use of cholecalciferol (4000 IU/d) and
selenomethionine (200 µg/d) in young (20-45 years old)
euthyroid polish women with HT thyroiditis from Upper
Silesia [65]. It is known that polish population intake of
iodine is adequate thankfully to salt iodization and with
low Se status. Serum Se level wasn’t measured in the
study. Although Kłapcińska et al. study made in the same
area as Krysiak et al. proved that Se status was low
especially in women (57.5 ±18.9 µg/L) [66] who were the
only gender included in the study [65]. Other, more recent
studies done on polish population confirms Kłapcińska et
al. results [67,68]. There were 47 subjects divided into 2
groups: Se-treated (n=23) who were supplementing
selenomethionine for at least 12 months before the start of
the study and throughout its duration and Se-naïve group.
Both groups were treated with 4000 IU of VD every day.
Serum VD level from mean 20-21 ng/mL increased to
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43.2 and 41.1 ng/mL in Se-treated and Se-naïve group,
respectively. At the end of the study (6 months) decrease
of TPO-Ab by 38.5% (from 896 to 551 U/mL) and 21.5%
(from 975 to 765 U/mL), TG-Ab by 33.8% (from 829 to
549 U/mL) and 22.6% (from 867 to 671 U/mL) and
increase of SPINA-GT by 17.4% (from 2.59 to 3.04
pmol/s) and 11.1% (from 2.7 to 3.0 pmol/s) were reported
in Se-treated and Se-naïve groups, respectively. The
difference between Se-treated and Se-naïve group in TPOAb, Tg-Ab and SPINA-GT were 39.1%, 30% and 27.9%,
respectively. SPINA-GT index indicates the secretory
capacity of the thyroid gland. Changes were stronger in
Se-treated than Se-naïve group. The difference in
antithyroid antibodies titers level at the beginning of the
study and at the end of it were significantly different
between tertiles of VD status while higher tertile led to
better treatment response. TPO-Ab concentration also
correlated with SPINA-GT index. The Se-treated group at
the beginning of the study had higher values of fT3:fT4
ratio and SPINA-GD index (indicating total activity of
deiodinases which are selenoproteins) indicating the
effectiveness of Se treatment. Although no change at the
end of the study of those markers indicates the
immunological effect of VD-Se combination therapy than
the attained concentration of these nutrients. Differences
between groups in SPINA-GD index indicates that Se
intake enhanced VD action and decrease resistance
to VD treatment. Authors propose possible mechanisms
responsible for seen effects which are Se and VD effect on
redox and inflammatory processes regulating enzymes as
well as their role on inflammatory cells. Another possible
mechanism is increased 1α-hydroxylation of VD to its
active form calcitriol by organoselenium resin and
increased Se uptake by self-reactive T cells mediated by
calcitriol observed in independent studies. In conclusion,
Se potentiates the effect of VD on thyroid autoimmunity
[65].
In another study, Krysiak et al. compared the
intervention of selenomethionine to VD in men. 37 young
drug-free euthyroid men (20-50 years) with untreated
autoimmune thyroiditis, recently diagnosed were treated
for 6 months with either VD (group A, n=20, 4000 IU/d)
or selenomethionine (group B, n=17,200 µg/d). The
baseline VD level changed from 25 and 26 to 42 and 27
ng/mL in group A and B in which 50% and 53% patients
were VD deficient (<30 ng/mL), respectively. TPO-Ab
decreased by 26.4% (from 846 to 638 U/mL) and 26.1%
(from 878 to 649 U/mL) and TG-Ab by 25.7% (from 756
to 562 U/mL) and 27.2% (from 783 to 570 U/mL),
SPINA-GT increased by 11.1% (from 2.07 to 2.38 pmol/s)
and 10.2% (from 2.15 to 2.37 pmol/s) consecutively in
both groups. As in another Krysiak et al. study [65], the
greatest benefits were achieved by subjects with very high
antithyroid titers in both treatment arms and with low VD
status compared with normal in VD treatment arm. Worth
to mention is that selenomethionine decreased TPO-Ab
and TG-Ab independently of subjects VD status.
Predictably, SPINA-GD increased in Se-treated group
only by 11.7% (from 20.69 to 23.12 nmol/s). Reported
changes indicate increased thyroid secretory capacity by
inhibition its autoimmunity by applied the interventions
and peripheral deiodinases in Se-group [51].

3.6. Supplement Dose of Selenium
in HT Patients
It is worth to note that non-rare Se deficiency seen in
HT patients’ needs to be replenished in a caution of
potentially toxic effects of plasma Se excess level >140
µg/L. Because some adverse health effects were observed
in studies using generally accepted as sage 200 µg of Se
daily (alopecia, dermatitis, squamous cell carcinoma, type
II diabetes) in non-deficient Se patients the therapeutic
dose should be addressed individually. Se supplementation
should be discarded if plasma Se level is adequate
(~125 µg/L) as there is a U-shaped relationship between
Se concentration and disease risk. In an RCT of UK
elderly patients, a dose of 100 µg/d increased plasma Se
concentration from 91.3 µg/L to ~140 µg/L which is well
enough for selenoproteins synthesis [58]. We believe that
the dosage of 200 µg/d of Se in deficient patients is safe.
Although, it is prudent to check Se status before initiating
any the treatment with it uses.

4. Conclusion
VD plays an important role in immune regulation by
the influence of genes expression. Its deficiency increases
the risk of HT development and correlates negatively
with severity of disease and prognosis in ill patients.
The interventional treatment by oral VD supplementation
seems to alleviate disease symptom. This effect is stronger
when accompanied by levothyroxine, Mg or Se. Mg is
important for VD conversion to its active form while the
latter has anti-inflammatory and antioxidant properties as
well as is necessary for thyroid hormone metabolism. Se,
especially in the form of selenomethionine decreases
antithyroid titers concentration and improves thyroid
function. Those effects are stronger in combined therapy
with levothyroxine, iodine in deficient patients or
myo-inositol. At patients with excess iodine intake,
Se replenishment decreases thyroid gland destruction
by iodine toxicity. Exceeding serum Se concentration
higher than 140 µg may increase risk of other diseases
development in a time of years. Its concentration
should be measured, especially in a long-time treatment
(more than 12 months). There is still a big gap
in the literature regarding all of those compounds and
HT. More well-designed, large-sample, double-blinded,
placebo-controlled randomized trials with long-term
follow-up and studies with combined therapies are needed.
Reporting compounds status and disease stage would help
in an assessment of the efficacy of the treatment.
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