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Hashimoto's disease is a chronic autoim-
mune inflammation of the thyroid gland. It is
associated with lymphocyte infiltration within
the thyroid parenchyma and the presence of
autoantibodies, most commonly to thyroperoxi-
dase (anti-TPO) and to thyroglobulin (anti-Tg)
[1]. The disease is more common in women,
most commonly presenting between the ages
of 50 and 55, and the incidence in the popula-
tion continues to rise. It can progress initially
with euthyroidism and inflammatory infiltra-
tion, followed by gradual destruction of follicu-
lar cells, decreased thyroid hormone production
and hypothyroidism, which is the most common
cause in countries without iodine deficiency
problems [2, 3]. Over time, fibrosis of the thy-
roid parenchyma and a decrease in thyroid vo-
lume occur.

Patients with Hashimoto's disease have an
increased risk of developing other autoimmune

* The study was initiated by the authors.

diseases such as celiac disease, malignant ane-
mia, Sjogren's syndrome [4], myasthenia gravis
[56] and systemic scleroderma [6].

The pathogenesis of Hashimoto's disease is
extremely complex and the development of this
disease is influenced by a number of factors,
the interaction of which increases the likeli-
hood of an autoimmune response. Genetic, en-
vironmental and hormonal factors often inte-
ract to induce an impaired immune response
against normal thyroid cells. Environmental
factors can increase the risk of disease, par-
ticularly in patients with genetic risk factors.
These include bacterial and viral infections, ex-
posure to harmful chemical products such as
phthalates, and smoking [7].

An important role in the pathogenesis is
played by Th17 helper T lymphocytes, which
significantly increase the production of cyto-
kines such as IL-21, IL-22 or 11.-23 [8]. The ra-
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tio of regulatory T cells to Th17 cells also plays
an important role, as regulatory T cells con-
trol the body's autoimmune response, whereas
Th17 cells induce and amplify this process [9].
Identification of these cells may be a future tar-
get for causal treatment of Hashimoto's disease.

Changes in the intestinal microflora are
also relevant in the context of Hashimoto's
disease. The presence of Bifidobacterium and
Lactobacillus strains significantly reduced the
risk of autoimmunity, whereas the presence of
Bacteroides fragilis strains increased the rate
of disease [10].

The aim of this study is to review the lite-
rature to fully assess the impact of micronutri-
ents on symptoms, prognosis and dynamics of
change in the context of Hashimoto's disease.
Articles were searched by entering keywords in
PubMed databases. Scientific articles covering
the period from 2016 to 2024 represent 76 %
of the items included in the literature. Studies
from specialized research centers including
meta-analyses, double-blinded randomized tri-
als, large cross-sectional studies were consi-
dered. Studies from inexperienced centers with
methodological flaws were discarded.

DESCRIPTION OF THE STATE OF KNOWLEDGE

Iodine

Iodine is undoubtedly one of the most im-
portant elements for the proper functioning of
thyroid hormone metabolism. Iodine is a neces-
sary element for the synthesis of thyroxine and
triijodothyronine. The WHO recommends a dai-
ly intake of 150 pg of iodine per day, while preg-
nant women have an increased requirement
and should take 250 pg of iodine per day [11].
One of the main sources of iodine in Poland is
salt, but in the case of cardiovascular diseases,
especially hypertension, it is recommended to
limit its intake. Other dietary sources of iodine
include seafood, fish, mineral waters with high
iodide content, and dairy products [12], (Table 1).

There is an association between excess iodi-
ne and an increased risk of Hashimoto's di-
sease. However, there are no uncontroversial
and confirmed reasons for these associations. It
1s thought that excess iodine increases the pro-
duction of cytokines, which stimulate inflam-
mation of the thyroid. Another possible process
that may play an important role in the patho-

genesis of Hashimoto's disease is excess iodine,
the processing of which in the thyroid cells
increases unfavorable lipid metabolism, lea-
ding to the induction of oxidative stress and an
increase in free radicals, resulting in thyroid
damage [13]. Patients with excessive iodine in-
take also experience increased apoptotic pro-
cesses and suppression of autophagocytic me-
tabolism [14]. It is increasingly recommended
that iodine levels be controlled to eliminate the
negative effects of iodine excess and deficiency
[15].

Selenium

Selenium is another very important ele-
ment that has many key functions in thyroid
hormone management. Sources of selenium,
in addition to supplementation in the form of
selenomethionine, include: marine fish, eggs,
seafood, innards, Brazil nuts, onions, garlic
and mushrooms [16], (see Table 1). The optimal
concentration of selenium in the body is in the
range of 60-140 png/L. Excess selenium increas-

Table 1
Micronutrient rich dietary elements
Microelements and vitamins Products
Todine Salt, seafood, fish, mineral waters, dairy products
. Marine fish, eggs, seafood, innards, Brazil nuts, onion, garlic,
Selenium
mushrooms
Zinc Red meat, cereal products, beans, seafood
Magnesium Spinach, peas, beans, bananas
Iron Red meat, poultry, eggs, spinach
Vitamin D Oily fish, fish liver oils, eggs, meat products
Vitamin B12 Red meat, milk, eggs, dairy products
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es the risk of cardiovascular disease, adversely
affects the lipid profile and its metabolism, and
interferes with carbohydrate metabolism, in-
creasing the risk of type 2 diabetes. However,
it is selenium deficiency that is a significant
risk factor for autoimmune diseases, including
Hashimoto's disease [17].

Selenium is often found in combination
with proteins as antioxidant enzymes. An ex-
ample of such an enzyme is glutathione per-
oxidase, which protects cells from oxidative
processes and whose activity depends on sele-
nium availability [18]. Excess dietary iodine
can inhibit glutathione peroxidase activity and
thus increase the intensity of oxidative pro-
cesses leading to thyroid cell destruction [19].
However, selenium supplementation may help
to reverse the pathological effects of excess io-
dine by increasing the number of regulatory
T cells. These cells can modulate the body's au-
toimmune response by reducing the production
of interleukin 2, which induces the production
of antibodies, mainly anti-TPO and anti-Tg,
by B lymphocytes [20].

Another important finding was a study
showing that in patients with Hashimoto's di-
sease, the use of both levothyroxine and sele-
nomethionine produced a greater anti-inflam-
matory effect than levothyroxine monotherapy.
This is because levothyroxine acts mainly on
impaired monocyte function and selenome-
thionine acts by inhibiting cytokine production
by lymphocytes and reducing the stimulation
of B lymphocytes to produce autoantibodies.
However, the mechanisms why this happens
are not known and further studies are needed
to clarify the mechanisms of action of these two
substances [21].

In the most recent European Thyroid As-
sociation (ETA) guidelines on Hashimoto's
disease, there are no standards for selenium
supplementation. A large majority of ETA
members stated that the current scientific
evidence was insufficient to include selenium
supplementation as a gold standard. However,
a larger proportion of members were in favor of
including selenium supplementation in patients
with Hashimoto's disease who were not recei-
ving levothyroxine [22].

In one study, women with Hashimoto's di-
sease were significantly more likely to have low

selenium levels than healthy women. Selenium-
deficient women had higher levels of both an-
ti-TPO and anti-Tg antibodies and TSH. This
confirms the negative effect of oxidative pro-
cesses on the thyroid and the stimulation of
inflammatory processes. The authors recom-
mend extending the study under conditions of
dietary modification in order to standardize
the management of selenium-deficient patients
[23].

In one study, selenium-deficient patients
with Hashimoto's disease who were euthy-
roid were given 200 ug of selenium per day for
6 months. This resulted in an increase in sele-
nium levels and a decrease in anti-TPO and an-
ti-Tg antibodies in the patients [24]. In another
study, selenium supplementation had a similar
effect, reducing anti-TPO antibodies through
selenium's antioxidant properties [25]. In the
next study, Hashimoto's disease patients with
euthyroid or subclinical hypothyroidism were
given 100 pg of selenium for 6 months. This
reduced anti-TPO and anti-Tg antibodies and
inhibited and slowed the development of full-
blown hypothyroidism [26].

Selenium supplementation at a dose of
83 ug per day for 4 months without levothy-
roxine also helped normalize TSH parameters
by maintaining a euthyroid state in selenium-
supplemented patients [27]. Selenium supple-
mentation has also been shown to increase glu-
tathione peroxidase and selenoproteins [28].

There are also studies in which selenium
supplementation did not have the expected
effects. One of these is the study by Esposito
et al. in which one group of patients received
166 pg per day for 6 months and the other
group received a placebo. Both TSH and anti-
body results showed that supplementation was
ineffective, which only confirms the fact that
selenium needs to be studied more extensive-
ly in the context of standards of practice for
Hashimoto's disease [29].

Zinc

Zinc is another element that plays an im-
portant role in the production of thyroid hor-
mones. In the diet, the highest amounts of zinc
are found in red meat, cereal products and sea-
food. However, eating large amounts of legumes
can reduce the bioavailability of zinc [30]. It
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regulates the activity of deiodinases, TRH and
TSH. A correct zinc concentration determines
the correct course of the transcription process
of the structures necessary for thyroglobulin
production [31]. Zinc, like selenium, has anti-
oxidant properties and reduces the production
of free radicals [32]. Zinc deficiency induces
inflammatory activity of the immune system
through dysfunction of regulatory lymphocytes
and increased synthesis of pro-inflammatory
cytokines. Zinc is also involved in thymic invo-
lution, which contributes to an increased risk
of autoimmune disease with age [33]. The re-
sults of a study in a group of obese patients
comparing the effects of selenium and zinc
supplementation were inconclusive. Blood con-
centrations of both selenium and zinc did not
change significantly. In the group that supple-
mented with both selenium and zinc, FT4 and
FT3 parameters increased significantly and
TSH decreased. In the group that took seleni-
um supplements only, only FT3 levels increased
significantly [34]. Further research on zinc
supplementation in patients with Hashimoto's
disease will be able to verify the real effect of
the therapy.

Magnesium

Magnesium is an important micronutrient
required by numerous enzymes to catalyze
many transformations in the human body, and
is also important in the prevention of kidney
stones and in the treatment of some cardiac
arrhythmias. Magnesium deficiency is common
in humans, but a balanced diet can ensure an
adequate intake of this element. Foods rich in
magnesium include spinach, peas, beans and
bananas [35], (see Table 1). Magnesium has
anti-inflammatory, immunomodulatory and an-
tioxidant properties. While hypomagnesemia
is a risk factor for many diseases, it is uncer-
tain whether it has a direct effect on the risk of
developing Hashimoto's disease. In one study,
patients with reduced blood magnesium levels
had increased anti-Tg antibodies and a higher
incidence of hypothyroidism, while anti-TPO
antibodies were comparable to normomagnese-
mic patients [36]. Another study looked at pa-
tients with Hashimoto's disease and antibodies
to micronutrients and found significantly lower
magnesium levels in these patients [37].

Iron

Iron is essential for normal thyroid peroxi-
dase activity and thus has an important func-
tion in the production of thyroid hormones.
Iron can be supplemented by both medication
and a balanced diet. Most iron is found in red
meat, poultry, eggs, spinach and pulses [38],
(see Table 1). Iron deficiency in patients with
Hashimoto's disease may result in decreased
peroxidase activity, elevated TSH levels, and
increased thyroid volume, which may be due
to malabsorption caused by coexisting celiac
disease or autoimmune gastritis, which is more
common in this patient population [39]. Iron
supplementation in patients with iron defi-
ciency improves erythrocyte and hemoglobin
parameters and allows for normal thyroid
hormone synthesis [40]. A study comparing pa-
tients with current elevated anti-TPO and an-
ti-Tg antibodies with healthy patients showed
that patients with autoantibodies had a signifi-
cantly higher incidence of anemia, suggesting
that patients with autoimmune thyroiditis have
an increased risk of iron deficiency anemia [41].
A recent meta-analysis has shown that iron
deficiency increases anti-TPO antibodies, con-
firming the value of concurrent iron and thy-
roid hormone management [42].

Vitamin D

Vitamin D has many functions, both as
a suppressor and an activator of certain genes.
It has immunomodulatory and anti-inflamma-
tory effects by influencing the differentiation
of CD4+ T lymphocytes. Vitamin D can be pro-
duced endogenously by exposure to sunlight
(the largest source of the active form of vita-
min D, i.e. calcitriol), ingested in the diet (most
abundant in oily fish, fish liver oils, eggs and
meat products) and supplemented in the form of
various pharmacological agents [43]. Vitamin
D deficiency has been found to be significantly
more common in patients with Hashimoto's di-
sease and other autoimmune thyroid diseases.
This may be due to diet as well as the disease
itself. Vitamin D supplementation can im-
prove thyroid hormone parameters and reduce
anti-TPO and anti-Tg antibodies [44]. In one
study, increased levels of autoantibodies and
increased production of pro-inflammatory cyto-
kines by Th1 and Th17 lymphocytes were found
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in Hashimoto's disease patients with vitamin
D deficiency compared with a group of healthy
subjects [45]. Low vitamin D levels were associ-
ated with higher TSH and mild cognitive im-
pairment in a group of patients diagnosed with
Hashimoto's disease [46]. Other study showed
reduced vitamin D levels, but only with the du-
ration of the disease and not immediately from
the time of diagnosis [47]. Vitamin D supple-
mentation at a dose of 50,000 IU per week for
3 months significantly attenuated the autoim-
mune response by reducing the production of
pro-inflammatory cytokines, having a benefi-
cial effect on the T-lymphocyte system, inhibi-
ting thyroid cell damage and reducing anti-
thyroid antibodies [48]. Studies of the effect of
vitamin D on the pathogenesis of Hashimoto's
disease are inconclusive, but some show mul-
tiple benefits of supplementation. Further stud-
ies will show whether exogenous vitamin D
supplementation has a real impact on the clini-
cal picture of the disease, whether this inter-
vention will become standard of care, and what
the optimal doses of vitamin D are for patients
to benefit most from such treatment.

Vitamin B12

Vitamin B12, or cobalamin, is an essen-
tial component in the formation of red blood
cells and is needed for many enzymes that
the body needs to function properly [49]. The
main sources of vitamin B12 are foods such as
red meat, milk, eggs and dairy products [50].
Patients with Hashimoto's disease have been
shown to have a significantly higher preva-
lence of vitamin B12 deficiency than healthy
people. Increased levels of anti-TPO antibod-
ies have also been found in patients with auto-
immune thyroiditis [51]. Malignant anemia is
significantly more common in patients with
Hashimoto's disease because of the increased
risk of other autoimmune diseases. It is caused
by vitamin B12 deficiency [52]. Because of the
increased likelihood of vitamin B12 deficiency,
it is recommended that patients have their vi-
tamin B12 levels monitored. Further research
is needed to determine whether vitamin B12
supplementation is worthwhile and at what
dose [53].

CONCLUSION

Hashimoto's disease is a disease for which
there is still no causal treatment. Patients are
treated with thyroid hormone replacement
therapy. However, hormone treatment does not
directly influence autoimmune, oxidative and
inflammatory processes. In genetically pre-
disposed patients, environmental factors over
which the patient has control play an impor-
tant role in the pathogenesis of the disease.
The presence of these factors often determines
the disease activity, the patient's condition
and the severity of the autoimmune processes.
Micronutrients such as iodine, selenium, iron,
magnesium, zinc and vitamins B12 and D are
an important part of the environmental fac-
tors. The antioxidant properties of selenium,
zinge, iron and magnesium help to control dis-
ease activity, reduce inflammation that dam-
ages thyroid cells and reduce anti-thyroid anti-
body parameters. Selenium also increases the
number of regulatory T lymphocytes, which in-
hibit the autoimmune process. In patients with

Hashimoto's disease, it is recommended that
iodine levels be monitored to minimize the ad-
verse effects of both deficiency and excess. It is
also advisable to check selenium, magnesium,
zinc and vitamin levels regularly. Particular
attention should be paid to patients with mal-
absorption and inflammatory bowel disease, in
order to establish a balanced diet, in collabo-
ration with endocrinologists and dieticians, to
limit dietary deficiencies of these micronutri-
ents. The use of prescribed pharmacotherapy
and appropriate dietary management in pa-
tients with autoimmune thyroiditis improves
quality of life, reduces complications and con-
trols disease activity. Currently, micronutrient
supplementation is not included in the guide-
lines of the endocrine societies for Hashimoto's
disease, but promising results suggest that
further research is needed to standardize and
expand the treatment of this disease to include
supplementation with these components.
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Introduction and objective. Hashimoto's disease is a chronic autoimmune thyroiditis. The chronic pro-
cess of this disease leads to hypothyroidism. Various micronutrients and vitamins play an important role in the
course of the disease and may have a significant impact on the development and treatment of Hashimoto's dis-
ease. The aim of this study is to review the literature to fully assess the impact of micronutrients on symptoms,
prognosis and dynamics of change in the context of Hashimoto's disease. Articles were searched by entering
keywords in PubMed databases. Scientific articles covering the period from 2016 to 2024 represent 76 % of the
items included in the literature. Studies from specialized research centers including meta-analyses, double-
blinded randomized trials, large cross-sectional studies were considered. Studies from inexperienced centers
with methodological flaws were discarded.

Abbreviated description of the state of knowledge. Current treatment of clinically overt hypothyroid-
ism is based on the use of levothyroxine. The dose of substitution treatment is determined individually for the
patient depending on the symptoms observed, TSH values and age. Currently, there are no recommendations for
supplementation of microelements for the disease, which is due to the need to expand research and determine
which micronutrients are worth taking to increase the quality of life of patients.

Conclusion. The number of cases of Hashimoto's disease is steadily increasing worldwide. Increasing at-
tention is being paid to elements of the patient's diet and environment, in addition to the substitution treatment
itself. The modification of a broadly defined lifestyle and the influence of environmental factors may in the near
future find a place in the standard therapeutic management of patients with chronic autoimmune thyroiditis.

Keywords: Hashimoto's disease, micronutrients, vitamins, pathophysiology, supplementation, review.
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XBopoba XamuMoTO — XPOHIYHHUN ayTOIMYHHHUH TUPEOIAUT. XPOHIUYHHUHN MPOIeC I[HOT0 3aXBOPIOBAHHS
HPU3BOIUTH JI0 TMioTHpeo3dy. PisHoMaHITHI MIKpOeJIeMEeHTH Ta BITAMIHY BiIIirpaloTh BAKJIUBY POJIb y Iepebi-
I'y 3aXBOPIOBAHHSA TA MOXKYTh MAaTH 3HAYHUN BIIJIUB HA PO3BUTOK Ta JIKyBaHHA XBopoOu Xammumoro. MeToro
I{BOTO JOCIIIYKEHHS € OTJIST JIITePaTy PH JJIsI IIOBHOI OI[IHKY BIIJINBY MIKPOEJIEeMEHTIB Ha CUMIITOMH, ITPOTHO3
1 TUHAMIKY 3MIH Y KOHTEKCT1 XBopobu XamumoTo. [Tonryk crareil mpoBOJUEBCS 34 JOTIOMOT'0I0 BEEIEHHSI KJIIO-
4oBUX CcJiB y 6asax ganux PubMed. Haykosi crarTi, mo oxomiaooTh mepiog 3 2016 mo 2024 pik, CTAHOBJIATH
76 % crarell, BKJIIOYEHUX J0 JITepaTypu. Byu po3ryissHyTi JOCIIIIKeHHS CIeiaJIi30BaAHUX JTOCIIJHUIIbKUX
IIEHTPIB, BKIIYAYN MeTa-aHaJ13M, HOABIMHI CJIIIIl PAaHIOMI30BAaH1 JOCIIIIKEHHS, BeJINK] IIepexXpecHl J0-
cmimxenss. JlocaimxeHHS HeJOCBIJUEHHUX [IEHTPIB 3 METOM0JIOTTYHUMY HEeJOJIKaAMU OYJIH BIAKUHYTI.

Cropovyenuil onuc piBHa 3Haub. CyyacHe JIIKyBaHHS KJIIHIYHO BUPAKEHOI0 IIIOTHPE03y 0a3yeThes
Ha 3acToCyBaHHI JeBoTHUPOKcHHY. Jlo3a 3amicHOI Tepamii BU3HAYAETHCA 1HIUBIAYaJbHO JIJIA HAIlEHTa 3a-
JIEJKHO B1JT BUSIBJIEHUX CUMIITOMIB, IOKA3HUKIB TUPEOTPOIIHOTO ropMoHy 1 BiKy. Hapasi memae pexomengarii
1I[0JT0 TPUHAOMY MIKPOEJIEMEHTIB IIPU JAHOMY 3aXBOPIOBAHHI, IO MOB’SI3aHO 3 HEOOX1THICTIO PO3IIUPUTH 10~
CHIIKEeHHS TA BUSHAYUTH, IK1 MIKPOEJEeMeHTH BapTO MPUUMATH IJIA I1IBUINEHHSI SKOCTI JKUTTS IIAI[I€HTIB.

Bucuosok. KinbkicTs Bunaakis xBopobu XaIrnMoTo HEBIIMHHO 3pocTae y BcboMy cBiTi. Kpim camoro 3a-
MICHOT0 JIKyBaHHS, Bce OlJIbIIa yBara NpUAlIsSeThCsa eJeMeHTaM pallioHy Ta HaBKOJUIIHLOTO CepeOBHUIINA
namienTa. Mogudikailia MAPOKO BU3HAYEHOTO CIIOCO0Y SKUTTSA Ta BIJIUB (PAKTOPIB HABKOJHUIIHLOTO Cepe-
JIOBHUIIA MOKYTh HAUOJIMAKINM 4aCOM 3HANTH MicCIle B CTAHAAPTHIN Tepalil XBOpUX Ha XPOHIYHUMA ayTOIMYH-
HUMN TUPEOITUT.

KiawyoBi cimoBa: xBopoba XamumoTo, MiKpOeJIeMEeHTH, BiITaMiHU, I1aTodi310JI0risd, JoOaBKY, OTJISAI.
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