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Since the thyroid gland is one of the organs most affected by autoimmune processes, many patients with thyroiditis of
Hashimoto (TH) seek medical advice on lifestyle variance and dietary modifications to improve and maintain their hyroid
function. For most TH patients, the hormone-replacement therapy with levothyroxine is indispensable. Nevertheless, an
appropriate dietary regimen and ecological lifestyle can complement the standard treatment and favor remission of TH by
improving the function of the thyroid gland. Other less significant parameters may be a repercussion of healthier body
reactions and improvement of life quality, such as better sleep and alertness. Compliance with nutritional guidelines with a
focus on the prevailing anti-inflammatory diet and controlled vitamin D dosing may help individual TH patients to reduce
the need for medicines, slow down the course of the disease, and avoid relapses.
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| 1. Introduction

The thyroid gland is the organ most affected by autoimmune processes [, Between 20% and 40% of American
Caucasians and British citizens show lymphocytic infiltration in post-mortem specimens, while the highest percentage is
typical for white females [&. The intra-thyroidal lymphocytic infiltration induces chronic inflammation and autoimmune
conditions, which most often results in autoimmune hypothyroidism or thyroiditis of Hashimoto (TH) El. TH development
leads to scarring and destruction of the thyroid gland and is manifested by by a decrease of plasma free triiodothyronine
(T3) and thyroxine (T4), elevated plasma levels of thyroid-stimulating hormone (TSH) and by the presence of antibodies to
thyroid peroxidase (Ab-TPO) and thyroglobulin (Ab-Tg) ¥. It is generally accepted that the pathogenesis of TH, like other
autoimmune diseases, represents the combination of environmental (i.e., lighting regimen, pollution, micronutrients,
variety of physical and social factors), existential (lifestyle, hormonal status, diet, gut microbiota), as well as genetic
factors that provoke immunological dysfunction and support the autoimmune destruction of the gland 4.

To treat the condition in the long term, patients with TH-associated hypothyroidism often require lifetime hormone
replacement therapy with levothyroxine BI€l. There is growing evidence of the existence of a thyroid—gut axis that controls
many autoimmune disorders, and patients frequently report changes in their quality of life and thyroid function as a result
of dietary modifications.

Genetic factors contribute to 70-80% of autoimmune thyroid diseases Z. The major histocompatibility complex genes
(HLA class | and Il), thyroid-related genes, genes associated with thyroid peroxidase antibody synthesis (BACH2, TPO),
and genes regulating immune response (CD40, CTLA4, PD1) are the common genetic factors [,

From the environmental factors, a vast variety of nutrients play an important role in the onset and development of TH.
High iodine intake, deficiencies of selenium and iron, inadequate intake of proteins, unsaturated fatty acids, and dietary
fibers could favor TH REILA  proinflammatory foods may induce dysbiosis and oxidative stress X that can cause
intestinal inflammation and spread it towards different organs, including the thyroid gland 123 The reduction and
replacement of commensal microbiota caused by dietary supplementation significantly change the immune function and
epithelial metabolism of the intestinal mucosa and the absorption of nutrients L4 Drugs such as pembrolizumab,
interferon-a, anti-retroviral therapy, and estrogens used for oral contraception or hormone replacement therapy are also
crucial for TH D8, Smoking and moderate alcohol consumption protect against TH, but quitting smoking may provoke this
disease . Immunomodulatory therapies and infections such as rubella, hepatitis C, and Epstein-Barr virus could also be
responsible for the development of TH [E],

Cyanotoxins such as cylindrospermopsin (CYN) and microcystins, in addition to their general toxicity, increase the
permeability of epithelial and model pseudo-epithelial layers of human intestines. They even possess the ability to affect
the function of the gastrointestinal epithelium and other cell types, and thus induce “leaky gut” syndrome, inflammation,



oxidative stress, and apoptosis 12, Furthermore, microcystins dose-dependently reduce thyroid hormone levels, and
influence deiodinase activity and transcription of genes related to thyroid hormones’ synthesis and metabolism . Direct
harmful effects of acute and chronic exposure to cyanotoxins on the hypothalamic—pituitary—thyroid (HPT) axis may lead
to hypothyroidism 16117,

Individual characteristics such as age, lifestyle, gender, pregnancy, and certain diseases, such as allergic rhinitis,
prolactinoma, and subacute thyroiditis, may serve as an important predisposition or triggers for TH Il Current treatment
of TH in hypothyroid subjects includes replacement monotherapy with levothyroxine, which greatly reduces relapses of
the disease and slows down the progression of thyroid damage. However, a proportion of the patients continue to
experience various symptoms and deteriorating overall quality of life. Unfortunately, there are limited data on any effective
concomitant treatment other than levothyroxine, which by itself does not target the autoimmune processes related to
disease severity. It is already known that the diet and lifestyle of patients with TH can play a key role in the management
of disease episodes, which necessitates an in-depth study of complex external and internal factors. Intensive research
shows that many dietary supplements have the potential to positively affect TH symptomatology due to their anti-
inflammatory and antidepressant activity, thus improving the overall sense of well-being. Among the most attractive
candidates which may be able to influence the severity of clinical symptoms and improve thyroid function are vitamins
from the groups A, B, C, and D, fatty acids, antioxidants, phytochemicals, but also the indole-amine melatonin /9],

The interest in dietary vitamin D and melatonin is based on research findings of their physiological role as regulators of
the production of inflammatory cytokines and prostaglandins. The controlled dietary supplementation of vitamin D and
melatonin might represent an essential strategy for treating TH via their molecular mechanisms on the cellular level. Data
suggest that appropriate nutritional protocols may help to decrease the chronic inflammation in the thyroid gland, other

tissues, and organs, as well as to suppress or stop the thyroid gland degradation and thus improve patients’ quality of life
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| 2. Nutritional Factors Linked to TH Etiopathogenesis
2.1. Nutritional Deficits or Excess

The nutritional deficit or excess of some minerals and other nutrients plays an essential role in the etiopathogenesis of
hypothyroidism and TH 28!, |ron and selenium participate in T3 (active hormone) and T4 (prohormone) formation, where
iodine is a part of these molecules, and selenium is a cofactor of deiodinases that activates T4 by converting it into T3 or
inactivates both T4 and T3 9. Zinc is important for T3 receptor activation and can influence thyroid function via other
mechanisms 1919 Reduced intake of some nutrients, such as vitamins (A, B1, B5, B6, and C), proteins, and minerals
(magnesium, sodium, potassium, phosphorus, chromium), may also provoke or support TH, and this is more evident in
deficiencies for more than one of these nutrients 29, Adequate intake of A, C, and E vitamins and group B is
recommended in prophylaxis and prevention of thyroid diseases because of their antioxidative (for vitamins C and E), anti-
neoplastic, and anti-goitrogenic protection (for vitamins A, D, and E), as well as regulation of the pituitary—thyroid axis, the
iodine intake in the thyroid gland, and T3 signaling (for vitamin A) Il10[20 |ngsitol and its most abundant metabolite myo-
inositol have a protective effect on the thyroid gland by improving TSH signaling and proinflammatory cytokine
suppression 19,

2.2. Nutritional Elements Generating Intoxication

Some trace elements such as Se, Zn, and Fe patrticipate in thyroid gland function, and their deficiency is critical for thyroid
hormone homeostasis. Others such as lead, cadmium, chromium, manganese, and fluoride are toxic for many organs and

tissues, including the thyroid gland, and may provoke or support hypothyroidism when their levels in the circulation are in
excess (L8121,

2.3. Cyanotoxins and Thyroid Function

Cyanotoxins are a diverse group of toxins produced by cyanobacteria. Their amount increases exponentially during
cyanobacteria bloom in sweet or salt waters. In this case, their poisonous substances achieve high concentrations that
are sufficient to harm or even kill animals and humans 22231, Cyanotoxins microcystins, CYN, and lipopolysaccharides
were linked to gastrointestinal complaints and effects on the immune system, including gastrointestinal inflammation 241,
Microcystin significantly alters the mouse gut microbiome and induces dysbiosis 2. Microcystins are potent and specific
inhibitors of protein phosphatases 1 and 2 A and can induce oxidative stress 28, CYN can also lead to oxidative stress,
either directly or indirectly linked to the reduction of glutathione formation 23, Furthermore, CYN may reduce the viability
of human gastrointestinal epithelial cells in culture and increases the permeability of intestinal epithelium LSI27],



Cyanotoxins are also shown to facilitate the absorption of other toxins due to their inflammatory action on the
gastrointestinal border [24],

Additionally, cyanotoxins may directly affect the thyroid gland. It was recently reported that microcystin-LR is able to affect
the HPT, the hypothalamic—pituitary—gonadal, and the hypothalamic—pituitary—adrenal endocrine axes in rats. In regard to
the HPT axis, microcystin-LR increased the concentration of TSH and decreased TRH and plasma levels of free T3 and
T4 I Al three axes under study were influenced at the gene transcription level of the hormones and the nuclear
hormone receptors. These results are in line with the effect of chronic oral administration of low doses of microcystin-LR,

which leads to activation of p38/MAPK and MEK/ERK cell signaling that up-regulates type 3 deiodinase expression in
ice [16]
mice =8l

In conclusion, drinking water and foods contaminated with cyanotoxins may indirectly influence plasma levels of free T3
and T4 via proinflammatory mucosal reaction and dysbiosis, or by a direct effect on the HPT axis and the thyroid in
particular. Some of these stimuli may challenge the thyroid function and can be linked to TH.

2.4. Diets Favoring Inflammation and Gut Dysbiosis and Their Role in Thyroiditis of Hashimoto

Diet and microbiota are among the main factors in gut inflammation and proper intestinal function 11231281 Foods rich in
antioxidants help the body control oxidative stress and exert anti-inflammatory effects. These foods are considered
healthy and good for maintaining an optimal body mass index. On the other hand, some diets are rich in proinflammatory
foods and thus have a substantial impact on the inflammation in the human body. Research shows that certain foods can
affect C-reactive protein (CRP) production, which is a serum marker of inflammation 22. The consumption of some foods
causes the release of inflammatory messengers that raise the risk of chronic inflammation, cancer, diabetes, metabolic
syndrome, autoimmune diseases, and other chronic conditions.

The disruption of gut microbiota, also known as gut dysbiosis, is influenced by the individual genetic profile, diet,
antibiotics, and inflammation. It is linked to the pathogenesis of some inflammatory diseases, such as obesity and
inflammatory bowel disease 29, Intestinal dysbiosis and increased intestinal permeability seem to favor the progress of
TH as well, while no alteration in systemic cytokines could be detected within the same group of study 3. Nevertheless,
dietary modulation of the microbial gut balance affects the inflammatory environment, most probably due to the microbiota
metabolites. Microbiota-derived metabolites, short-chain fatty acids, and Gram-negative bacterial lipopolysaccharides
(LPS) exert anti-inflammatory or proinflammatory effects by acting on macrophages, depending on their M1 and M2
phenotypes 31, Butyrate, a commensal microbial fermentation product, has been shown to favor the polarization and
function of M2 macrophages through interleukin 4 (IL-4)-mediated STAT6 transcription, which could attenuate intestinal
inflammation in mice 2.,

A simulation model of interaction between thyroid follicular cells, Thl, Th17, Tregs, and gut microbiota in TH pathogenesis
was recently proposed by Salazar-Viedma et al. B3], Their model showed that increased proliferation and differentiation of
Thl and Th17 lymphocytes indirectly trigger inflammation and apoptosis of healthy thyrocytes. Furthermore, imbalanced
gut microbiota composition results in a reduction of Treg cells and stimulation of Th17 lymphocytes, thus contributing to
inflammation processes and apoptosis of healthy thyrocytes [231,

The impact of foods, the diversity of microbiota metabolites, and their interference with the immune cells’ balance in
patients with TH are scarce and require further clarification to understand the mechanisms behind the development of this
disease and find nutritional strategies for its alleviation.

2.5. Proinflammatory Nutrients Favoring Clinical Manifestation of Endocrine and Metabolic Disease

Some foods can be described as proinflammatory or anti-inflammatory depending on their content—proinflammatory or
anti-inflammatory nutrients. A diet rich in too many proinflammatory nutrients may increase the risk of chronic inflammation
and could accelerate the inflammatory disease process. Therefore, it is essential to not only recognize foods which can
elicit inflammation, but also the inflammatory nutrients that are present in the food.

Some foods associated with weight gain and an increased risk for chronic diseases such as heart disease and type 2
diabetes are also linked to elevated inflammatory reactions. Again, it is because some of the food ingredients or nutrients
may have independent effects on inflammation.



| 3. The Role of Thyroid-Gut Axis and the Influence of Gut Microbiota on TH

There is mounting evidence for the existence of a robust thyroid—gut axis. It is reflected by a significant influence of the
intrinsic bacterial microflora in the gut on the immune system reactivity and the thyroid function B4, Furthermore, the
concomitance of thyroid- and gut-related disorders is common, such as TH/Graves’ disease and celiac disease/non-celiac
wheat sensitivity. Thyroid diseases are frequently associated with dysbiosis.

Dysbiosis may significantly impair the immune system and compromise inflammatory control, causing autoimmune
illnesses such as autoimmune thyroid diseases 14134 Moreover, microbiota influences the intake of thyroid-related
minerals such as iodine, selenium, zinc, and iron. They all have a role in thyroid function, and there is a definite correlation
between thyroid disease and changed amounts of these minerals in the body 241,

Aside from that, it appears that Lactobacillaceae and Bifidobacterium spp. have a negative association with dietary iron
and a favorable correlation with selenium and zinc. Since these bacteria are reduced in TH and Grave’s disease, it has
been assumed that gut composition and mineral regulation may play a role in both disorders 241,

Furthermore, Lactobacillaceae and Bifidobacteriaceae are frequently decreased in hypo- and hyperthyroidism.
Supplementation with Lactobacillus reuteri improved thyroid function in rats by increasing free T4, thyroid gland mass, and
physiological indices, such as more dynamic behavior. This result might be caused by interleukin-10, which is known to
enhance the T-regulatory cells 23],

Symbiotic supplementation is a mixture of pro- and pre-biotics that has been shown in a study to benefit individuals with
hypothyroidism by considerably lowering TSH, levothyroxine dosage, and exhaustion, while raising fT3. However, no
effect on anti-TPO or blood pressure was demonstrated 28],

It has not been determined whether bacterial infections can cause autoimmune thyroid diseases or influence therapy
efficacy and prognosis 4,

Considering the numerous possible effects of microbiota and micronutrients on thyroid functions and medicines,
innovative treatment methods for the management of thyroid illnesses might be developed and tailored to individuals
based on their gut flora composition. Future detailed research in humans is of particular importance to delineate the
influence of gut microbiota on thyroid function and disease.
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