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Abstract 

Introduction. Hashimoto's disease (HD) is the main cause of hypothyroidism in countries 

where there is no iodine deficiency in the diet. Characteristic antibodies for it are anti-thyroid 

peroxidase (anti-TPO) and anti-thyroglobulin (anti-Tg) and their level positively correlates 

with the severity of HD. Whereas its occurrence is related to genetic, environmental and 

existential factors. 

Aim of study. The aim of this study was to analyze dietary factors (protein, fat, vitamin D, 

iodine, selenium, gluten) and intestinal microbiota on the risk of developing Hashimoto's 

disease and the influence of each of these factors on its course. 

Materials and methods. More than 90 articles addressing these issues were analyzed. They 

were found using the PubMed search engine, and the time frame of these publications covered 

the last 10 years. 

Results. Excess iodine is the most important environmental factor influencing the 

development of Hashimoto's disease. Also, selenium deficiency contributes to the 

development of HD. On the other hand, the concentration of vitamin D is lower in patients 

with Hashimoto's disease than in the general population. Furthermore, Vitamin D 

supplementation reduces the concentration of anti-Tg antibodies without significantly 

affecting the reduction of anti-TPO antibodies. In addition, different types of dietary fat affect 

thyroid hormone levels differently. For example, vaccenic acid and elaidic acid in humans 

were positively associated with the ratio FT3/FT4, while all TFAs and their sum were 

negatively associated with the ratio FT4/TT4. However, a deficiency of protein in the diet 

causes an increase in TSH and a decrease in thyroid hormones. Moreover, changes in the gut 

microbiome have been observed in people suffering from Hashimoto's disease. 

Conclusions.  The risk of developing Hashimoto's disease can be increased and decreased by 

diet and diet allows for the modification of hormone levels in the hypothalamus-pituitary-

thyroid axis. 

 

KEY WORDS: Hashimoto’s thyroiditis, vitamin d, diet, selenium, protein, gut microbiome, 

fat 

 

INTRODUCTION 

The thyroid is a small organ located at the base of the neck, adjacent to the trachea, consisting 

of two lobes connected by an isthmus, and its function is primarily the production of 

triiodothyronine (T3) and thyroxine (T4), which is regulated mainly by hormones secreted by 

the hypothalamus - thyrotropin-releasing hormone (TRH) and through the pituitary gland-

thyrotropin (TSH) [1, 2, 3, 4, 5]. The production of thyroid hormones requires, among others, 

amino acids and iodine, and the main task of these hormones is to regulate the body's 

metabolism [6, 7, 8]. 
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Diseases that may affect the thyroid gland include hypothyroidism and hyperthyroidism 

(mainly caused by autoimmune diseases - Hashimoto's disease and Graves' disease), 

thyroiditis (e.g. subacute - de Quervain's disease), goiter, thyroid nodules and thyroid tumors 

[3, 9, 10, 11, 12, 13, 14, 15, 16]. 

Hashimoto's disease (also known as Hashimoto's thyroiditis, chronic lymphocytic thyroiditis) 

is a common cause of primary hypothyroidism and is an autoimmune disease characterized by 

the production of autoantibodies - against thyroperoxidase (anti-TPO) and against 

thyroglobulin (anti-Tg) [17, 18]. There are forms of this disease - atrophic, with normal 

thyroid volume or with goiter, its course may be characterized by euthyroidism or 

hypothyroidism, and it is diagnosed primarily by laboratory tests (concentration of 

autoantibodies, hormonal tests and imaging - mainly ultrasound) [19, 20]. 

High prevalence of autoimmune diseases (such as Hashimoto's disease; systemic connective 

tissue diseases, such as systemic lupus erythematosus, rheumatoid arthritis and juvenile 

idiopathic arthritis; inflammatory bowel diseases, which include ulcerative colitis and Crohn's 

disease; celiac disease; type 1 diabetes and diseases affecting mainly the nervous system, such 

as myasthenia gravis and multiple sclerosis), as well as their tendency to co-occur, prompted 

considerations on the impact of diet (especially high-protein, meat and meat-free diet, 

selenium, iodine and vitamin D supplementation) and other factors (such as intestinal 

microbiota), on the risk of their occurrence and course [21, 22, 23, 24, 25, 26, 27, 28, 29, 30]. 

Protein, in addition to carbohydrates and fats, is a basic component of a balanced diet, and its 

roles in the body include proper growth and development during adolescence, stimulating 

tissue regeneration, participation in the synthesis of enzymes and hormones, as well as 

influencing immunity, so in the case of hypothyroidism caused by disease Hashimoto, it is 

possible to link the role of protein and its properties in the context of hormone synthesis, 

generating the body's immunity, as well as its beneficial effect on metabolism, which is 

slowed down in the course of this disease [31, 32, 33]. 

A meatless diet is very popular, and its type includes fish in the menu (rich in omega-3 acids, 

which have a beneficial effect on the cardiovascular system, which may suffer in the course of 

hypothyroidism, and the immune system, the defect of which leads to Hashimoto's disease), 

may have a beneficial effect on health due to the limited consumption of saturated fatty acids, 

lower caloric value (which is very important in the case of excess weight that often 

accompanies hypothyroidism) and a lower degree of food processing [34, 35, 36]. However, 

there are concerns that harmful compounds contained in some products (especially in fish, 

which results from accumulation) may have an adverse effect on human health [37, 38]. 

An issue worth considering is iodine supplementation in the case of Hashimoto's disease, 

because on the one hand it is a substrate for the production of thyroid hormones, and on the 

other hand, there is a risk of induction of Hashimoto's disease, as well as the risk of the Wolff-

Chaikoff effect (blockade of the synthesis of thyroid hormones due to excessive supply 

iodine) [39, 40, 41]. 

The role of selenium is emphasized in the context of its beneficial effect on the body's 

immune system and participation in the synthesis of thyroid hormones, which may have a 

helpful effect in the case of hypothyroidism caused by Hashimoto's disease, in which both the 

production of thyroid hormones and the immune system are disturbed [42, 44]. 
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The key functions of vitamin D in the body are the regulation of calcium and phosphate 

metabolism, the impact on bone metabolism and the immune system, and therefore the 

relationship between vitamin D deficiency and the increased risk of developing autoimmune 

diseases, including Hashimoto's disease, as well as the impact of supplementation are 

observed. on the course of existing diseases [43, 44, 45, 46, 47, 48, 49]. 

Intestinal microbiota is a set of microorganisms inhabiting the lower gastrointestinal tract, the 

balance of which is of great importance in the context of the functioning of the digestive, 

immune and hormonal systems, and the effects of dysbiosis (i.e. disruption of this harmony, 

which may be the result of an incorrect diet, the use of certain medications and stress) may be 

hormonal disorders or an increase in the risk of developing autoimmune diseases, so it can be 

assumed that there is a connection between dysbiosis and Hashimoto's disease [50, 51, 52, 53, 

54, 55]. 

This paper will discuss issues regarding the impact of diet and supplementation on 

Hashimoto's disease and the resulting hypothyroidism [56, 57]. 

 

ROLE OF PROTEIN 

Thyroid hormone levels are regulated by many feedback mechanisms functioning within the 

hypothalamus-pituitary-thyroid axis (HPT). The key importance in adaptive changes of the 

axis is the hypophysiotropic thyrotropin-releasing hormone (TRH). [58] Many factors 

regulate the synthesis and secretion of TRH - in addition to the negative feedback regulation 

by thyroid hormone, there are also arcuate nucleus (ARC) neurons. [59] Some of these 

neurons stimulate TRH secretion, while others inhibit it. Nevertheless, all of them are 

regulated by metabolic and hormonal signals, including leptin, insulin, peptide YY (PYY), 

and ghrelin. [60] Therefore, food significantly influences HPT axis activity. [58] 

It is not only the amount of food supply that plays a role in regulating thyroid hormone 

homeostasis but also diet composition, especially protein intake. Protein content varies 

depending on various factors, such as health conditions or specific targets of dieting of an 

individual. [58, 61] We would like to review the literature on its influence on the thyroid 

hormone levels in Hashimoto’s thyroiditis. 

Low-protein intake is frequently observed in patients with autoimmune thyroid diseases. Both 

low-protein content and starvation downregulate the HPT axis. Protein-calorie malnutrition 

can cause thyroid gland damage, thus influencing thyroid hormone activities, especially in 

children. [62, 63, 64]. A significant correlation between TSH activity and body mass index 

(BMI) was also observed. Patients with protein-energy deficiency tend to have higher activity 

of TSH than well-nourished individuals. It is probably a result of the body’s natural adaptive 

response which is stimulation of the pituitary gland by TRH to secrete TSH. [63] 

Often protein-calorie malnutrition can play a significant role also in iodine deficiency, which 

can also influence thyroid gland activity. Not only can low-protein intake be the reason for 

low-iodine intake, but it can also lower the bioavailability of iodine, resulting in worse iodine 

absorption. [63] 

Hence, one of the nutritional recommendations for Hashimoto patients is a sufficiently high 

intake of protein, meeting the daily requirement in the state of Hashimoto’s thyroiditis, which 

is higher than the daily requirement of a healthy person.  
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Ihnatowicz et al. suggest increasing the supply of protein from the recommended 10-15% 

total dietary energy intake to 15-20% or even 25%. [56, 64] Proper protein intake improves 

the nutritional status of patients, which can help to restore the normal function of the thyroid 

gland. Protein sources suggested for Hashimoto thyroiditis patients are oily fish, chicken eggs 

from organic farming, and organic cow meat, as they also provide appropriate iodine, iron, 

zinc, and omega-3 acids intake. [56, 60] 

 

IODIUM AND SELENIUM 

Selenium is one of the trace elements present in the human body. The recommended daily 

intake of selenium ranges from 30 to 75 micrograms, with an optimal amount of 55 

micrograms per day [70]. Foods rich in selenium, for example, are tuna, pork, beef, turkey, 

chicken, unprocessed cereal products, sunflower seeds, and mushrooms [70, 56]. Selenium 

plays a crucial role in many biological processes, possessing antioxidant and anti-

inflammatory properties. It is essential for the proper functioning of selenoenzymes, which 

have a multifaceted impact on the body. Selenium significantly regulates thyroid function, 

accumulating in large quantities in this organ, particularly in cases of deficiency throughout 

the body. Selenium is a component of iodothyronine deiodinases and determines their 

enzymatic activity, facilitating hormone conversion reactions in peripheral tissues and the 

thyroid gland. Glutathione peroxidase present in thyrocytes, along with its isoforms, is also 

selenium-dependent. Isoforms GPX1 and GPX4 participate in intracellular antioxidant 

defense mechanisms, while GPX3, secreted into the thyroid colloid, reduces hydrogen 

peroxide levels, crucial for inhibiting oxidation, iodine organification, and coupling of 

iodotyrosines. Thioredoxin reductase reduces thioredoxin (Trx) and other substrates, 

regulating key redox reactions in thyroid cells [65, 66, 67, 70]. 

Studies on animal models suggest that selenium deficiency may contribute to fibrotic 

processes, thyroid cell damage, and impaired regeneration [66]. Furthermore, it may be 

associated with impaired functioning of T lymphocytes and B lymphocytes, leading to 

decreased immunity [66]. Selenium deficiency increases the Th1/Th2 lymphocyte ratio and 

intensifies the immune response, contributing to the development of autoimmune thyroiditis 

[67]. 

Patients with Hashimoto's disease often have significantly lower selenium levels in their 

blood compared to healthy individuals [65, 56]. Those with Hashimoto's disease and mild 

thyroid insufficiency, with selenium levels below 80 µg/L, exhibit significantly higher levels 

of C-reactive protein than patients with higher selenium levels [65]. 

Researchers worldwide are studying the impact of selenium on thyroid function and its role in 

thyroid diseases. The majority of studies suggest a beneficial effect of selenium 

supplementation in Hashimoto's disease, by inhibiting the production of anti-TPO antibodies 

[65, 66, 67, 69]. Additionally, selenium supplementation has been shown to reduce anti-Tg 

levels and serum TSH levels [66, 67]. Despite promising research findings, there is 

insufficient evidence to recommend routine selenium supplementation for treating 

autoimmune thyroid dysfunction. Further research with larger sample sizes, varying selenium 

doses, and consideration of other factors influencing anti-Tg antibody levels is necessary [67, 

68]. 
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Iodine is a trace element essential for the proper functioning of the human body. It is 

recommended that adults consume 150 µg of iodine daily, while pregnant and lactating 

women should intake up to 250 µg [70, 72, 56]. Iodine is primarily obtained from diet. Foods 

rich in iodine include seafood, animal products, cranberries, and eggs [70, 71 72]. In the 20th 

century, the WHO and UNICEF recommended the use of iodized salt in many countries to 

increase iodine intake from food [70, 71]. 

Iodine plays a critical role in the synthesis of thyroid hormones. It is taken up by thyrocytes 

and subsequently combines with selected residues of thyroglobulin in the lumen of thyroid 

follicles [72]. 

The impact of iodine on thyroid function and its influence on autoimmune diseases, including 

Hashimoto's thyroiditis, is the subject of extensive scientific research. Excessive iodine intake 

has been shown to increase the risk of autoimmune diseases and can contribute to both 

hypothyroidism and hyperthyroidism [72, 74]. This is associated with the generation of 

reactive oxygen species, which likely enhance the expression of ICAM-1, playing a role in the 

early stages of the inflammatory response occurring in thyroid follicular cells. Excessive 

iodine also increases the immunogenicity of thyroglobulin and contributes to elevated levels 

of H2O2, which can damage thyrocytes [73, 56]. Excess iodine inhibits enzymes containing 

selenocysteine residues, such as glutathione peroxidase and thyroid peroxidases, leading to 

reduced enzymatic activity and subsequent inhibition of antioxidant enzyme activity. Studies 

conducted in rats have shown that selenium supplementation alongside excess iodine limits 

thyroid pathology and reverses changes induced by excessive iodine intake [75]. 

 

VITAMIN D 

Vitamin D is a group of steroid compounds whose main function is to regulate calcium-

phosphate metabolism. Through this, it conditions bone health [76]. A growing number of 

research indicates that vitamin D also plays a role in modulating the immune system. It turns 

out that vitamin D receptors – VDRs are expressed in many immune cells. First, in vitro 

studies show that vitamin D inhibits the differentiation and production of antibodies by B 

lymphocytes [77]. Additionally, it modulates the activity of T lymphocytes, reducing their 

ability to induce autoimmune responses [78, 79]. Besides, vitamin D decreases the production 

of pro-inflammatory cytokines (e.g., IL-17, IL-21) [80] and increases the production of anti-

inflammatory cytokines (e.g., IL-10). 

Promising in vitro studies on the immunomodulatory role of vitamin D have led to an 

increasing number of studies examining whether a similar effect can be induced in the human 

body and, consequently, whether vitamin D can influence autoimmune diseases, including 

autoimmune thyroid diseases (ATD). 

Vitamin D levels in patients with Hashimoto's disease (HD) are lower than in the general 

population. G. Tamer et al. observed that the study group of 161 patients with HD had lower 

vitamin D levels compared to a control group of 162 matched for age and sex [81]. However, 

it is not clear whether the lower vitamin D levels in HD patients are a consequence of the 

disease or one of its causes. 

The level of antibodies against thyroperoxidase (anti-TPO Ab) and antibodies against 

thyroglobulin (anti-Tg Ab) is positively correlated with the severity of HD [82].  
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Interesting results were shown in a study by R. Chahardoli et al., which aimed to determine 

whether vitamin D supplementation affects the concentration of anti-TPO Ab and anti-Tg Ab 

and thyroid hormone profile (TSH, T3, T4) in patients with HD [83]. The results showed a 

significant reduction in anti-Tg Ab and TSH hormone levels in the group receiving vitamin D 

supplementation compared to the beginning of the study, while the placebo group did not 

show a similar decrease. However, no significant decrease in anti-TPO Ab concentration was 

found in the vitamin D group compared to the placebo group. No significant changes were 

observed in the serum levels of T3 and T4 hormones. 

Similar conclusions can be observed in a meta-analysis conducted by J. Zhang et al. [84]. It 

was concluded that vitamin D supplementation in HD patients leads to a decrease in anti-TPO 

Ab and anti-Tg Ab concentrations. Additionally, it was suggested that to achieve a beneficial 

effect, supplementation should last at least 3 months. However, the meta-analysis had several 

limitations. Firstly, no conclusions were drawn about the dose to be supplemented. Secondly, 

there was significant heterogeneity among the included studies, and thirdly, the power of the 

analysis might be limited due to the limited number of studies and population size. 

Therefore, it is worth considering what supplementation dose of vitamin D could affect the 

reduction of the severity of HD. Simsek Y et al. observed a decrease in anti-TPO Ab and anti-

Tg Ab concentrations after administering 1000 IU/day of vitamin D for a month in patients 

with ATD and concomitant vitamin D deficiency. They concluded that vitamin D 

supplementation could be recommended as adjunctive therapy, especially in patients with 

vitamin D deficiency [85]. On the other hand, in a study by Chaudhary S et al., a group of 

patients with newly diagnosed ATD received vitamin D supplementation, cholecalciferol 

60,000 U once a week for 8 weeks along with calcium 500 mg/day. After 3 months of 

observation, a significant decrease in serum TPO-Ab titers was noted in the treated group 

compared to the control group. However, they showed that the decrease in anti-TPO Ab titers 

was significant only in patients with baseline serum TSH concentrations ≤ 10 mIU. Therefore, 

the benefits of adjunctive vitamin D therapy may be most effective in patients with low 

disease activity [86]. 

There is still a lack of large, multicenter studies that could unequivocally confirm the thesis 

that vitamin D supplementation can beneficially affect disease activity in HD patients, 

considering the immunomodulatory potential of vitamin D. Moreover, there is a need for 

evidence and guidelines to establish the specific supplementation dose and minimum duration 

of therapy. However, taking into consideration the population-wide vitamin D deficiency and 

the fact that vitamin D supplementation therapy is low-cost and has minimal side effects, it 

may be recommended for patients with HD. 

 

THE ROLE OF FAT CONSUMPTION 

Evidence suggests that a diet rich in fat, especially animal and saturated fats may have 

detrimental effects on thyroid function. In a study involving rats, it was observed that a high-

fat lard diet resulted in elevated levels of triglycerides in the bloodstream and thyroid, as well 

as decreased levels of TT4 and FT4 hormones, and increased levels of TSH hormone. The 

rats on the high-fat diet also exhibited enlarged thyroid glands with altered characteristics 

[87]. Another study on female rats found that a high-fat diet led to thyroid inflammation and 

decreased thyroid function, resembling Hashimoto's thyroiditis in humans.  
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These effects were associated with changes in the PD-1 pathway, increased immune cell 

activity in the thyroid, as well as thyroid fibrosis and cell death [88]. A study involving male 

rats fed a high-fat diet rich in saturated and monounsaturated fatty acids showed decreased 

thyroid iodine uptake, hypothyroxinemia, and elevated TSH levels [89]. 

Researchers discovered various links between specific trans fatty acids (TFAs) and thyroid 

hormones in humans. They observed that palmitelaidic acid and elaidic acid were positively 

linked with TT4, while palmitelaidic acid showed a positive association with TT3. 

Linolelaidic acid was associated with higher levels of TSH but negatively associated with 

FT4. Furthermore, all four TFAs and the total sum of TFAs were positively associated with 

FT3. In addition, vaccenic acid, elaidic acid, linoelaidic acid, and the total sum of TFAs were 

positively associated with the ratio FT3/FT4, while all TFAs and their sum were negatively 

associated with the ratio FT4/TT4. These associations were still significant when the data was 

analyzed separately for women. In men, linolelaidic acid negatively affected FT4 levels, while 

elaidic acid and the total sum of TFAs were positively associated with FT3. The relationships 

between TFAs and the ratio FT3/FT4 also remained significant in men [95]. 

There is evidence suggesting that the ketogenic diet (KD) may lead to thyroid dysfunction and 

women with obesity who undergo Very Low-Calorie Ketogenic Diet may experience 

reductions in T3 levels [92, 93]. Randomized study on humans showed that a KD resulted in a 

decreased level of T3, an increased level of T4, and no effect on TSH [90]. Randomized 

controlled trial on breast cancer patients showed no impact of KD on thyroid hormones [91]. 

Men who adhered to a ketogenic diet exhibited a substantial reduction in TSH levels 

compared to those who adhered to a carbohydrate-based diet. Moreover, there was a notable 

decrease in both T4 and T3 levels among individuals on the ketogenic diet compared to those 

on the carbohydrate-based diet [94]. 

 

GUT MICROBIOME  

According to numerous studies, alterations in gut microbiota are significant factors 

contributing to the development of inflammatory and autoimmune diseases, including 

Hashimoto's Thyroiditis (HT). Characterization of the gut microbiota in patients with this 

condition has confirmed that it is altered compared to that found in healthy individuals [96]. 

Based on substantial evidence, it is known that gut dysbiosis, bacterial overgrowth, and 

increased intestinal permeability promote the development of HT [98, 99]. Commensal 

bacteria inhabiting the gut directly affect innate, cellular, and humoral immunity by 

interacting with epithelial and mucosal immune cells through receptors located on them. 

Depending on the metabolites produced, the microbiota can activate either pro-inflammatory 

or anti-inflammatory pathways [100]. Gut bacteria can influence thyroid hormone levels by 

regulating iodine uptake, degradation, enterohepatic circulation of these hormones, and the 

bioavailability of L-thyroxine. The microbiota can affect the hypothalamic-pituitary axis and 

dopamine production via neurotransmitters, consequently modulating TSH secretion [98]. 

A study conducted on a cohort of 93 Brazilians, including 40 individuals with HT and 53 

healthy controls, demonstrated that the gut microbiota of participants in the study group 

exhibited an increased number of Bacteroidetes and a decreased number of Bifidobacterium. 

The study also showed that the intestines of the patients were more permeable, and that 

dysbiosis in these patients led to the creation of an inflammatory environment. These changes 
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were also influenced by dietary intake [98]. Similar conclusions were reached by the authors 

of four studies conducted on a Chinese population, comparing the gut microbiota of patients 

in euthyroidism with those suffering from HT hypothyroidism [101, 102, 103, 104]. 

As evidenced by the aforementioned studies, dysbiosis is a common feature in thyroid 

disorders. The composition of the microbiota can modulate the immune response, promoting 

inflammation, reducing immune tolerance, damaging the intestinal barrier, and consequently 

increasing intestinal permeability. This leads to higher exposure to antigens and local 

inflammation. Altered gut microbiota can directly affect thyroid hormone levels through its 

enzymatic activity and inhibition of TSH. There is a clear connection between thyroid 

dysfunction and altered levels of essential minerals required for its function, which are 

absorbed by gut commensals. Probiotic use has been shown to be beneficial in thyroid 

diseases and can positively impact the absorption of trace elements such as selenium, zinc, 

and copper. Gut bacteria can act as a reservoir for T3 and may prevent fluctuations in thyroid 

hormone levels, thereby potentially reducing the need for T4 supplementation [105]. 

 

GLUTEN  

Gluten is a protein found mainly in wheat, barley, rye and oats which is sometimes processed 

in a contaminated environment by other products that contain gluten. Gluten is not fully 

digested by human gastrointestinal tract, because nondigestible protein may cause 

autoimmune response that is called celiac disease. Typically, undigested gluten does not cause 

any damage to the intestines in patients that are not genetically predisposed (without HLA-

DQ2 or HLA-DQ8 antigens) [106, 107]. This Autoimmune disease affects 1% of the 

population and results in symptoms such as diarrhea, constipation, bloating, nausea, and 

vomiting [108]. 

Celiac disease involves production of specific antibodies (anti-gliadin [AGA], anti-tissue 

transglutaminase type 2 [anti-TG2], anti-endomysial [EMA], anti-deamidated gliadin peptides 

[anti-DGP]) and an autoimmune inflammatory reaction leading to villous atrophy of the small 

intestinal mucosa [109]. Therefore, absorption surface of small bowel is decreased, for this 

reason smaller amounts of selenium are ingested from consumed food.  

Selenium is a component of selenoproteins (for e.g glutathione peroxidases (GPx), 

thioredoxin reductases and iodothyronine deiodinase families), its deficiency may lead to 

incorrect thyroid hormone metabolism [110]. 

Celiac disease and Hashimoto's thyroiditis have common characteristics because in each of 

these diseases there is an enhancement of immune sensitivity [70]. They are often noticed in 

combination with each other [108]. 

 

CONCLUSIONS 

Hashimoto's disease is one of the most common autoimmune diseases in developed countries. 

In addition to substitution treatment, patients should also lead an appropriate lifestyle. The 

above review shows that proper diet and supplementation support thyroid hormone 

homeostasis. Unless they have any contraindications, patients should follow a high-protein 

diet, with particular emphasis on foods rich in selenium and iodine. In case of deficiency of 

these microelements, their supplementation should be considered. In these patients, a 

ketogenic diet (high in fat) should be avoided.  
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Safe vitamin D supplementation and the supply of good-quality probiotics may also have a 

beneficial effect on the course of Hashimoto's disease. Due to the possible co-occurrence of 

celiac disease, patients should be made aware of the symptoms characteristic of this disease in 

order to speed up its possible diagnosis and implementation of treatment. 

 

REFFERENCES 

1. Padur AA, Kumar N, Guru A, Badagabettu SN, Shanthakumar SR, Virupakshamurthy 

MB, Patil J. Safety and Effectiveness of Total Thyroidectomy and Its Comparison 

with Subtotal Thyroidectomy and Other Thyroid Surgeries: A Systematic Review. J 

Thyroid Res. 2016;2016:7594615. doi: 10.1155/2016/7594615. Epub 2016 Feb 24. 

PMID: 27006857; PMCID: PMC4783568. 

2. Torrejon-Moya A, Izquierdo-Gómez K, Pérez-Sayáns M, Jané-Salas E, Marí Roig A, 

López-López J. Patients with Thyroid Disorder, a Contraindication for Dental 

Implants? A Systematic Review. J Clin Med. 2022 Apr 25;11(9):2399. doi: 

10.3390/jcm11092399. PMID: 35566524; PMCID: PMC9102443. 

3. Schmidbauer B, Menhart K, Hellwig D, Grosse J. Differentiated Thyroid Cancer-

Treatment: State of the Art. Int J Mol Sci. 2017 Jun 17;18(6):1292. doi: 

10.3390/ijms18061292. PMID: 28629126; PMCID: PMC5486113. 

4. Velentza L, Tolia M, Christakou C, Nikolaou M, Zerdes I, Tsoukalas N, Hajiioannou 

J, Tsanadis K, Rigas G, Mitsis M, Theodorou K, Pistevou-Gombaki K, Tsekeris P, 

Kyrgias G. Addressing the post-irradiation hypothalamic-pituitary endocrine 

abnormalities of brain tumors in pediatric patients. J BUON. 2017 Sep-

Oct;22(5):1240-1245. PMID: 29135108. 

5. Fischer S, Ehlert U. Hypothalamic-pituitary-thyroid (HPT) axis functioning in anxiety 

disorders. A systematic review. Depress Anxiety. 2018 Jan;35(1):98-110. doi: 

10.1002/da.22692. Epub 2017 Oct 24. PMID: 29064607. 

6. Zhang X, Zhang F, Li Q, Aihaiti R, Feng C, Chen D, Zhao X, Teng W. The 

relationship between urinary iodine concentration and papillary thyroid cancer: A 

systematic review and meta-analysis. Front Endocrinol (Lausanne). 2022 Oct 

31;13:1049423. doi: 10.3389/fendo.2022.1049423. PMID: 36387866; PMCID: 

PMC9659619. 

7. Zhang X, Sun J, Han W, Jiang Y, Peng S, Shan Z, Teng W. The Type 2 Deiodinase 

Thr92Ala Polymorphism Is Associated with Worse Glycemic Control in Patients with 

Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis. J Diabetes Res. 

2016;2016:5928726. doi: 10.1155/2016/5928726. Epub 2016 Sep 29. PMID: 

27777960; PMCID: PMC5061950. 

8. Urrea CR, Pedroso AP, Thomazini F, do Carmo ACF, Telles MM, Sawaya AL, 

Franco MDCP, Ribeiro EB. Thyroid axis hormones and anthropometric recovery of 

children/adolescents with overweight/obesity: A scoping review. Front Nutr. 2023 Jan 

13;9:1040167. doi: 10.3389/fnut.2022.1040167. PMID: 36712547; PMCID: 

PMC9880327. 

9. Wang S, Liu Y, Zheng G. Hypothyroidism as a risk factor for open angle glaucoma: A 

systematic review and meta-analysis. PLoS One. 2017 Oct 25;12(10):e0186634. doi: 

10.1371/journal.pone.0186634. PMID: 29069095; PMCID: PMC5656411. 



11 

10. Petca A, Dimcea DA, Dumitrașcu MC, Șandru F, Mehedințu C, Petca RC. 

Management of Hyperthyroidism during Pregnancy: A Systematic Literature Review. 

J Clin Med. 2023 Feb 24;12(5):1811. doi: 10.3390/jcm12051811. PMID: 36902600; 

PMCID: PMC10003540. 

11. Meftah E, Rahmati R, Zari Meidani F, Khodadadi S, Chitzan-Zadeh K, Esfahanian F, 

Afshar S. Subacute thyroiditis following COVID-19: A systematic review. Front 

Endocrinol (Lausanne). 2023 Apr 5;14:1126637. doi: 10.3389/fendo.2023.1126637. 

PMID: 37091856; PMCID: PMC10115182. 

12. Liu ZW, Masterson L, Fish B, Jani P, Chatterjee K. Thyroid surgery for Graves' 

disease and Graves' ophthalmopathy. Cochrane Database Syst Rev. 2015 Nov 

25;2015(11):CD010576. doi: 10.1002/14651858.CD010576.pub2. PMID: 26606533; 

PMCID: PMC11189635. 

13. Osborne D, Choudhary R, Vyas A, Kampa P, Abbas LF, Chigurupati HD, Alfonso M. 

Hashimoto's Thyroiditis Effects on Papillary Thyroid Carcinoma Outcomes: A 

Systematic Review. Cureus. 2022 Aug 16;14(8):e28054. doi: 10.7759/cureus.28054. 

PMID: 36120263; PMCID: PMC9476374. 

14. Sorensen JR, Bonnema SJ, Godballe C, Hegedüs L. The Impact of Goiter and Thyroid 

Surgery on Goiter Related Esophageal Dysfunction. A Systematic Review. Front 

Endocrinol (Lausanne). 2018 Nov 20;9:679. doi: 10.3389/fendo.2018.00679. PMID: 

30524374; PMCID: PMC6256339. 

15. Kujdowicz M, Januś D, Taczanowska-Niemczuk A, Lankosz MW, Adamek D. Raman 

Spectroscopy as a Potential Adjunct of Thyroid Nodule Evaluation: A Systematic 

Review. Int J Mol Sci. 2023 Oct 13;24(20):15131. doi: 10.3390/ijms242015131. 

PMID: 37894812; PMCID: PMC10607135. 

16. Zhao M, Li R, Song Z, Miao C, Lu J. Efficacy and safety of tyrosine kinase inhibitors 

for advanced metastatic thyroid cancer: A systematic review and network meta-

analysis of randomized controlled trials. Medicine (Baltimore). 2024 Apr 

12;103(15):e37655. doi: 10.1097/MD.0000000000037655. PMID: 38608050; 

PMCID: PMC11018224. 

17. Nygaard B. Hypothyroidism (primary). BMJ Clin Evid. 2014 Feb 21;2014:0605. 

PMID: 24807886; PMCID: PMC3931439. 

18. Hu X, Wang X, Liang Y, Chen X, Zhou S, Fei W, Yang Y, Que H. Cancer Risk in 

Hashimoto's Thyroiditis: a Systematic Review and Meta-Analysis. Front Endocrinol 

(Lausanne). 2022 Jul 12;13:937871. doi: 10.3389/fendo.2022.937871. PMID: 

35903279; PMCID: PMC9318815. 

19. Saraf SR, Gadgil NM, Yadav S, Kalgutkar AD. Importance of combined approach of 

investigations for detection of asymptomatic Hashimoto Thyroiditis in early stage. J 

Lab Physicians. 2018 Jul-Sep;10(3):294-298. doi: 10.4103/JLP.JLP_72_17. PMID: 

30078965; PMCID: PMC6052823. 

20. Mincer DL, Jialal I. Hashimoto Thyroiditis. 2023 Jul 29. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2024 Jan–. PMID: 29083758. 

21. Mendes D, Alves C, Silverio N, Batel Marques F. Prevalence of Undiagnosed 

Hypothyroidism in Europe: A Systematic Review and Meta-Analysis. Eur Thyroid J. 



12 

2019 Jun;8(3):130-143. doi: 10.1159/000499751. Epub 2019 May 17. PMID: 

31259155; PMCID: PMC6587201. 

22. Huda R. Inflammation and autoimmune myasthenia gravis. Front Immunol. 2023 Jan 

30;14:1110499. doi: 10.3389/fimmu.2023.1110499. PMID: 36793733; PMCID: 

PMC9923104. 

23. Oliveira MC, Elias JB, Moraes DA, Simões BP, Rodrigues M, Ribeiro AAF, Piron-

Ruiz L, Ruiz MA, Hamerschlak N. A review of hematopoietic stem cell 

transplantation for autoimmune diseases: multiple sclerosis, systemic sclerosis and 

Crohn's disease. Position paper of the Brazilian Society of Bone Marrow 

Transplantation. Hematol Transfus Cell Ther. 2021 Jan-Mar;43(1):65-86. doi: 

10.1016/j.htct.2020.03.002. Epub 2020 Apr 29. PMID: 32418777; PMCID: 

PMC7910166. 

24. Moudgil KD, Venkatesha SH. The Anti-Inflammatory and Immunomodulatory 

Activities of Natural Products to Control Autoimmune Inflammation. Int J Mol Sci. 

2022 Dec 21;24(1):95. doi: 10.3390/ijms24010095. PMID: 36613560; PMCID: 

PMC9820125. 

25. Xian W, Wu D, Liu B, Hong S, Huo Z, Xiao H, Li Y. Graves Disease and 

Inflammatory Bowel Disease: A Bidirectional Mendelian Randomization. J Clin 

Endocrinol Metab. 2023 Apr 13;108(5):1075-1083. doi: 10.1210/clinem/dgac683. 

PMID: 36459455; PMCID: PMC10099169. 

26. Robinson GA, Wilkinson MGL, Wincup C. The Role of Immunometabolism in the 

Pathogenesis of Systemic Lupus Erythematosus. Front Immunol. 2022 Jan 

26;12:806560. doi: 10.3389/fimmu.2021.806560. PMID: 35154082; PMCID: 

PMC8826250. 

27. Jia J, Li J, Yao X, Zhang Y, Yang X, Wang P, Xia Q, Hakonarson H, Li J. Genetic 

architecture study of rheumatoid arthritis and juvenile idiopathic arthritis. PeerJ. 2020 

Jan 15;8:e8234. doi: 10.7717/peerj.8234. PMID: 31988799; PMCID: PMC6969553. 

28. Jang S, Kwon EJ, Lee JJ. Rheumatoid Arthritis: Pathogenic Roles of Diverse Immune 

Cells. Int J Mol Sci. 2022 Jan 14;23(2):905. doi: 10.3390/ijms23020905. PMID: 

35055087; PMCID: PMC8780115. 

29. Primavera M, Giannini C, Chiarelli F. Prediction and Prevention of Type 1 Diabetes. 

Front Endocrinol (Lausanne). 2020 Jun 2;11:248. doi: 10.3389/fendo.2020.00248. 

PMID: 32670194; PMCID: PMC7326081. 

30. Ashok T, Patni N, Fatima M, Lamis A, Siddiqui SW. Celiac Disease and Autoimmune 

Thyroid Disease: The Two Peas in a Pod. Cureus. 2022 Jun 23;14(6):e26243. doi: 

10.7759/cureus.26243. PMID: 35911325; PMCID: PMC9312543. 

31. Brandhorst S, Longo VD. Protein Quantity and Source, Fasting-Mimicking Diets, and 

Longevity. Adv Nutr. 2019 Nov 1;10(Suppl_4):S340-S350. doi: 

10.1093/advances/nmz079. PMID: 31728501; PMCID: PMC6855936. 

32. Jing L, Zhang Q. Intrathyroidal feedforward and feedback network regulating thyroid 

hormone synthesis and secretion. Front Endocrinol (Lausanne). 2022 Sep 

15;13:992883. doi: 10.3389/fendo.2022.992883. PMID: 36187113; PMCID: 

PMC9519864. 



13 

33. Simonson M, Boirie Y, Guillet C. Protein, amino acids and obesity treatment. Rev 

Endocr Metab Disord. 2020 Sep;21(3):341-353. doi: 10.1007/s11154-020-09574-5. 

PMID: 32827096; PMCID: PMC7455583. 

34. Diab A, Dastmalchi LN, Gulati M, Michos ED. A Heart-Healthy Diet for 

Cardiovascular Disease Prevention: Where Are We Now? Vasc Health Risk Manag. 

2023 Apr 21;19:237-253. Doi: 10.2147/VHRM.S379874. PMID: 37113563; PMCID: 

PMC10128075. 

35. Salman HB, Salman MA, Yildiz Akal E. The effect of omega-3 fatty acid 

supplementation on weight loss and cognitive function in overweight or obese 

individuals on weight-loss diet. Nutr Hosp. 2022 Aug 25;39(4):803-813. English. doi: 

10.20960/nh.03992. PMID: 35815739. 

36. Gutiérrez S, Svahn SL, Johansson ME. Effects of Omega-3 Fatty Acids on Immune 

Cells. Int J Mol Sci. 2019 Oct 11;20(20):5028. doi: 10.3390/ijms20205028. PMID: 

31614433; PMCID: PMC6834330. 

37. Ho QT, Frantzen S, Nilsen BM, Nøstbakken OJ, Azad AM, Duinker A, Madsen L, 

Bank MS. Congener-specific accumulation of persistent organic pollutants in marine 

fish from the Northeast Atlantic Ocean. J Hazard Mater. 2023 Sep 5;457:131758. doi: 

10.1016/j.jhazmat.2023.131758. Epub 2023 Jun 2. PMID: 37320901. 

38. Kindgren E, Guerrero-Bosagna C, Ludvigsson J. Heavy metals in fish and its 

association with autoimmunity in the development of juvenile idiopathic arthritis: a 

prospective birth cohort study. Pediatr Rheumatol Online J. 2019 Jul 2;17(1):33. doi: 

10.1186/s12969-019-0344-3. PMID: 31266504; PMCID: PMC6604193. 

39. Bernier J, Brousseau P, Krzystyniak K, Tryphonas H, Fournier M. Immunotoxicity of 

heavy metals in relation to Great Lakes. Environ Health Perspect. 1995 Dec;103 Suppl 

9(Suppl 9):23-34. doi: 10.1289/ehp.95103s923. PMID: 8635436; PMCID: 

PMC1518818. 

40. Köhrle J. Selenium, Iodine and Iron-Essential Trace Elements for Thyroid Hormone 

Synthesis and Metabolism. Int J Mol Sci. 2023 Feb 8;24(4):3393. doi: 

10.3390/ijms24043393. PMID: 36834802; PMCID: PMC9967593. 

41. Campos AC, Cruz Carvalho I, Sarmento S, Fonseca T. Iodine-Induced 

Hypothyroidism After Chemoembolization With Ethiodized Oil: A Case of Failure to 

Escape From Wolff-Chaikoff Effect (WCE). Cureus. 2023 May 22;15(5):e39352. doi: 

10.7759/cureus.39352. PMID: 37351229; PMCID: PMC10284623. 

42. Cai T, Du P, Suo L, Jiang X, Qin Q, Song R, Yang X, Jiang Y, Zhang JA. High iodine 

promotes autoimmune thyroid disease by activating hexokinase 3 and inducing 

polarization of macrophages towards M1. Front Immunol. 2022 Oct 17;13:1009932. 

doi: 10.3389/fimmu.2022.1009932. PMID: 36325332; PMCID: PMC9618622. 

43. Huwiler VV, Maissen-Abgottspon S, Stanga Z, Mühlebach S, Trepp R, Bally L, Bano 

A. Selenium Supplementation in Patients with Hashimoto Thyroiditis: A Systematic 

Review and Meta-Analysis of Randomized Clinical Trials. Thyroid. 2024 

Mar;34(3):295-313. doi: 10.1089/thy.2023.0556. Epub 2024 Feb 16. PMID: 

38243784; PMCID: PMC10951571. 



14 

44. Khazai N, Judd SE, Tangpricha V. Calcium and vitamin D: skeletal and extraskeletal 

health. Curr Rheumatol Rep. 2008 Apr;10(2):110-7. doi: 10.1007/s11926-008-0020-y. 

PMID: 18460265; PMCID: PMC2669834. 

45. Saponaro F, Saba A, Zucchi R. An Update on Vitamin D Metabolism. Int J Mol Sci. 

2020 Sep 8;21(18):6573. doi: 10.3390/ijms21186573. PMID: 32911795; PMCID: 

PMC7554947. 

46. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune function. Nutrients. 

2013 Jul 5;5(7):2502-21. doi: 10.3390/nu5072502. PMID: 23857223; PMCID: 

PMC3738984. 

47. Bikle DD. Vitamin D Regulation of Immune Function. Curr Osteoporos Rep. 2022 

Jun;20(3):186-193. doi: 10.1007/s11914-022-00732-z. Epub 2022 May 4. PMID: 

35507293; PMCID: PMC9065668. 

48. Sîrbe C, Rednic S, Grama A, Pop TL. An Update on the Effects of Vitamin D on the 

Immune System and Autoimmune Diseases. Int J Mol Sci. 2022 Aug 29;23(17):9784. 

doi: 10.3390/ijms23179784. PMID: 36077185; PMCID: PMC9456003. 

49. Dipasquale V, Lo Presti G, Milani GP, Corsello A, Agostoni C, Romano C. Vitamin D 

in Prevention of Autoimmune Diseases. Front Biosci (Landmark Ed). 2022 Oct 

24;27(10):288. doi: 10.31083/j.fbl2710288. PMID: 36336872. 

50. Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G. Vitamin D: 

Metabolism, Molecular Mechanism of Action, and Pleiotropic Effects. Physiol Rev. 

2016 Jan;96(1):365-408. doi: 10.1152/physrev.00014.2015. PMID: 26681795; 

PMCID: PMC4839493. 

51. Gong B, Wang C, Meng F, Wang H, Song B, Yang Y, Shan Z. Association Between 

Gut Microbiota and Autoimmune Thyroid Disease: A Systematic Review and Meta-

Analysis. Front Endocrinol (Lausanne). 2021 Nov 17;12:774362. doi: 

10.3389/fendo.2021.774362. PMID: 34867823; PMCID: PMC8635774. 

52. Weiss GA, Hennet T. Mechanisms and consequences of intestinal dysbiosis. Cell Mol 

Life Sci. 2017 Aug;74(16):2959-2977. doi: 10.1007/s00018-017-2509-x. Epub 2017 

Mar 28. PMID: 28352996; PMCID: PMC11107543. 

53. Knezevic J, Starchl C, Tmava Berisha A, Amrein K. Thyroid-Gut-Axis: How Does the 

Microbiota Influence Thyroid Function? Nutrients. 2020 Jun 12;12(6):1769. doi: 

10.3390/nu12061769. PMID: 32545596; PMCID: PMC7353203. 

54. Cayres LCF, de Salis LVV, Rodrigues GSP, Lengert AVH, Biondi APC, Sargentini 

LDB, Brisotti JL, Gomes E, de Oliveira GLV. Detection of Alterations in the Gut 

Microbiota and Intestinal Permeability in Patients With Hashimoto Thyroiditis. Front 

Immunol. 2021 Mar 5;12:579140. doi: 10.3389/fimmu.2021.579140. PMID: 

33746942; PMCID: PMC7973118. 

55. Fröhlich E, Wahl R. Microbiota and Thyroid Interaction in Health and Disease. 

Trends Endocrinol Metab. 2019 Aug;30(8):479-490. doi: 10.1016/j.tem.2019.05.008. 

Epub 2019 Jun 27. PMID: 31257166. 

56. Ihnatowicz P, Drywień M, Wątor P, Wojsiat J. The importance of nutritional factors 

and dietary management of Hashimoto's thyroiditis. Ann Agric Environ Med. 2020 

Jun 19;27(2):184-193. doi: 10.26444/aaem/112331. Epub 2019 Oct 2. PMID: 

32588591. 



15 

57. Osowiecka K, Myszkowska-Ryciak J. The Influence of Nutritional Intervention in the 

Treatment of Hashimoto's Thyroiditis-A Systematic Review. Nutrients. 2023 Feb 

20;15(4):1041. doi: 10.3390/nu15041041. PMID: 36839399; PMCID: PMC9962371. 

58. Pałkowska-Goździk E., Lachowicz K. and Rosołowska-Huszcz D. Effects of Dietary 

Protein on Thyroid Axis Activity DOI: 10.3390/nu10010005 

59. Lopez, M.; Alvarez, C.V.; Nogueiras, R.; Diéguez, C. Energy balance regulation by 

thyroid hormones at central level. Trends Mol. Med. 2013, 19, 418–427. doi: 

10.1016/j.molmed.2013.04.004 (6 z [1]) 

60. Kageyama, H.; Takenoya, F.; Hirako, S.; Wada, N.; Kintaka, Y.; Inoue, S.; Ota, E.; 

Ogawa, T.; Shioda, S. Neuronal circuits involving neuropeptide Y in hypothalamic 

arcuate nucleus-mediated feeding regulation. Neuropeptides 2012, 46, 285–289. doi: 

10.1016/j.npep.2012.09.007 (7 z [1]) 

61. Morrison, C.D.; Reed, S.D.; Henagan, T.M. Homeostatic regulation of protein intake: 

In search of a mechanism. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2012, 302, 

917–928. doi: 10.1152/ajpregu.00609.2011 

62. Kawicka A, Regulska-Ilow B. [Metabolic disorders and nutritional status in 

autoimmune thyroid diseases]. Postepy Hig Med Dosw (online) 2015; 69: 80–90 

(Polish). https://doi.org/10.5604/17322693.1136383. 

63. Danailova, Y.; Velikova, T.; Nikolaev, G.; Mitova, Z.; Shinkov, A.; Gagov, H.; 

Konakchieva, R. Nutritional Management of Thyroiditis of Hashimoto. Int. J. Mol. 

Sci. 2022, 23, 5144. https://doi.org/ 10.3390/ijms23095144  

64. Brahmbhatt S.R., Brahmbhatt R.M., Boyages S.C.: Impact of protein energy 

malnutrition on thyroid size in an iodine deficient population of Gujarat (India): is it 

an etiological factor for goiter. Eur. J. Endocrinol., 2001; 145: 11-17. doi: 

10.1530/eje.0.1450011 

65. Zagrodzki P., Kryczyk J.,  The importance of selenium in Hashimoto’s disease, 

Advances in Hygiene and Experimental Medicine, 2014 

66. Sturniolo G., Mesa J., Selenium supplementation and autoimmune thyroid diseases, 

Endocrinología y Nutrición (English Edition), 2013 

67. AkbariRad M.,  Khorasani Z., Beizae B., et al. Effect of selenium on anti-Tg antibody 

in patients with autoimmune hypothyroidism: A randomized controlled trial, Caspian J 

Intern Med, 2024 

68. Wang Y-S., Liang S-S., Ren J-J., The Effects of Selenium Supplementation in the 

Treatment of Autoimmune Thyroiditis: An Overview of Systematic Reviews, 

Nutrients 2023 

69. Kryczyk-Kocioł J., Zagrodzki P., Prochownik E. et al.,  Positive effects of selenium 

supplementation in women with newly diagnosed Hashimoto's thyroiditis in an area 

with low selenium status , International Journal of Clinical Practice, 2021 

70. Liontiris M., Mazokopakis E., A concise review of Hashimoto thyroiditis (HT) and the 

importance of iodine, selenium, vitamin D and gluten on the autoimmunity and dietary 

management of HT patients. Points that need more investigation, Hell J Nucl Med 

2017 

71. Keating E., Pinto E., Almeida A., Editorial: Iodine in health and disease, Front Nutr. 

2023 

https://doi.org/10.5604/17322693.1136383
https://doi.org/


16 

72. Gong B., Wang X., Wang Ch., et al., Iodine-induced thyroid dysfunction: a 

scientometric study and visualization analysis, Front Endocrinol (Lausanne). 2023 

73. Zhao H., Tian Y., Liu Z., et al., Correlation between iodine intake and thyroid 

disorders: a cross-sectional study from the South of China, Biol Trace Elem Res, 2014 

74. Kim S., Kwon Y.S., Kim J.Y., et al. Association between Iodine Nutrition Status and 

Thyroid Disease-Related Hormone in Korean Adults: Korean National Health and 

Nutrition Examination Survey VI (2013–2015), Nutrients,  2019 

75. Xu J., Liu X.-L., Yang X.-F., et al., Supplemental Selenium Alleviates the Toxic 

Effects of Excessive Iodine on Thyroid, Biol Trace Elem Res, 2011 

76. Bhattoa HP, Konstantynowicz J, Laszcz N, Wojcik M, Pludowski P. Vitamin D: 

Musculoskeletal health. Rev Endocr Metab Disord. 2017 Sep;18(3):363-371. doi: 

10.1007/s11154-016-9404-x. PMID: 28032296. 

77. Sheng Chen, Gary P. Sims, Xiao Xiang Chen, Yue Ying Gu, Shunle Chen, Peter E. 

Lipsky; Modulatory Effects of 1,25-Dihydroxyvitamin D3 on Human B Cell 

Differentiation. J Immunol 1 August 2007; 179 (3): 1634–1647. 

https://doi.org/10.4049/jimmunol.179.3.1634 

78. Cippitelli M, Fionda C, Di Bona D, Di Rosa F, Lupo A, Piccoli M, Frati L, Santoni A. 

Negative regulation of CD95 ligand gene expression by vitamin D3 in T lymphocytes. 

J Immunol. 2002 Feb 1;168(3):1154-66. doi: 10.4049/jimmunol.168.3.1154. PMID: 

11801650. 

79. Xie Z, Chen J, Zheng C, Wu J, Cheng Y, Zhu S, Lin C, Cao Q, Zhu J, Jin T. 1,25-

dihydroxyvitamin D3 -induced dendritic cells suppress experimental autoimmune 

encephalomyelitis by increasing proportions of the regulatory lymphocytes and 

reducing T helper type 1 and type 17 cells. Immunology. 2017 Nov;152(3):414-424. 

doi: 10.1111/imm.12776. Epub 2017 Jul 10. PMID: 28617989; PMCID: 

PMC5629429. 

80. Yong Zhang, Donald Y. M. Leung, Brittany N. Richers, Yusen Liu, Linda K. 

Remigio, David W. Riches, Elena Goleva; Vitamin D Inhibits Monocyte/Macrophage 

Proinflammatory Cytokine Production by Targeting MAPK Phosphatase-1. J Immunol 

1 March 2012; 188 (5): 2127–2135. https://doi.org/10.4049/jimmunol.1102412 

81. Tamer G, Arik S, Tamer I, Coksert D. Relative vitamin D insufficiency in 

Hashimoto's thyroiditis. Thyroid. 2011 Aug;21(8):891-6. doi: 10.1089/thy.2009.0200. 

Epub 2011 Jul 13. PMID: 21751884. 

82. Bossowski A, Urban M. Serum levels of cytokines in children and adolescents with 

Graves' disease and non-toxic nodular goiter. J Pediatr Endocrinol Metab. 2001 

Jun;14(6):741-7. doi: 10.1515/jpem.2001.14.6.741. PMID: 11453524. 

83. Chahardoli R, Saboor-Yaraghi AA, Amouzegar A, Khalili D, Vakili AZ, Azizi F. Can 

Supplementation with Vitamin D Modify Thyroid Autoantibodies (Anti-TPO Ab, 

Anti-Tg Ab) and Thyroid Profile (T3, T4, TSH) in Hashimoto's Thyroiditis? A Double 

Blind, Randomized Clinical Trial. Horm Metab Res. 2019 May;51(5):296-301. doi: 

10.1055/a-0856-1044. Epub 2019 May 9. PMID: 31071734. 

84. Zhang J, Chen Y, Li H, Li H. Effects of vitamin D on thyroid autoimmunity markers 

in Hashimoto's thyroiditis: systematic review and meta-analysis. J Int Med Res. 2021 

https://doi.org/10.4049/jimmunol.179.3.1634
https://doi.org/10.4049/jimmunol.1102412


17 

Dec;49(12):3000605211060675. doi: 10.1177/03000605211060675. PMID: 

34871506; PMCID: PMC8711703. 

85. Simsek Y, Cakır I, Yetmis M, Dizdar OS, Baspinar O, Gokay F. Effects of Vitamin D 

treatment on thyroid autoimmunity. J Res Med Sci. 2016 Oct 18;21:85. doi: 

10.4103/1735-1995.192501. PMID: 28163731; PMCID: PMC5244647. 

86. Chaudhary S, Dutta D, Kumar M, Saha S, Mondal SA, Kumar A, Mukhopadhyay S. 

Vitamin D supplementation reduces thyroid peroxidase antibody levels in patients 

with autoimmune thyroid disease: An open-labeled randomized controlled trial. Indian 

J Endocrinol Metab. 2016 May-Jun;20(3):391-8. doi: 10.4103/2230-8210.179997. 

PMID: 27186560; PMCID: PMC4855971. 

87. 1.Shao SS, Zhao YF, Song YF, Xu C, Yang JM, Xuan SM, Yan HL, Yu CX, Zhao M, 

Xu J, Zhao JJ. Dietary high-fat lard intake induces thyroid dysfunction and abnormal 

morphology in rats. Acta Pharmacol Sin. 2014 Nov;35(11):1411-20. doi: 

10.1038/aps.2014.82. Epub 2014 Sep 29. PMID: 25263336; PMCID: PMC4220075. 

88. Liao Z, Kong Y, Zeng L, Wan Q, Hu J, Cai Y. Effects of high-fat diet on thyroid 

autoimmunity in the female rat. BMC Endocr Disord. 2022 Jul 16;22(1):179. doi: 

10.1186/s12902-022-01093-5. PMID: 35840950; PMCID: PMC9287994. 

89. Zhang X, Chen W, Shao S, Xu G, Song Y, Xu C, Gao L, Hu C, Zhao J. A High-Fat 

Diet Rich in Saturated and Mono-Unsaturated Fatty Acids Induces Disturbance of 

Thyroid Lipid Profile and Hypothyroxinemia in Male Rats. Mol Nutr Food Res. 2018 

Mar;62(6):e1700599. doi: 10.1002/mnfr.201700599. Epub 2018 Feb 28. PMID: 

29363248. 

90. Iacovides S, Maloney SK, Bhana S, Angamia Z, Meiring RM. Could the ketogenic 

diet induce a shift in thyroid function and support a metabolic advantage in healthy 

participants? A pilot randomized-controlled-crossover trial. PLoS One. 2022 Jun 

3;17(6):e0269440. doi: 10.1371/journal.pone.0269440. Erratum in: PLoS One. 2023 

Nov 27;18(11):e0295112. doi: 10.1371/journal.pone.0295112. PMID: 35658056; 

PMCID: PMC9165850. 

91. Khodabakhshi A, Seyfried TN, Kalamian M, Beheshti M, Davoodi SH. Does a 

ketogenic diet have beneficial effects on quality of life, physical activity or biomarkers 

in patients with breast cancer: a randomized controlled clinical trial. Nutr J. 2020 Aug 

22;19(1):87. doi: 10.1186/s12937-020-00596-y. PMID: 32828130; PMCID: 

PMC7443288. 

92. Kose, Engin, Guzel, Orkide, Demir, Korcan and Arslan, Nur. "Changes of thyroid 

hormonal status in patients receiving ketogenic diet due to intractable epilepsy" 

Journal of Pediatric Endocrinology and Metabolism, vol. 30, no. 4, 2017, pp. 411-416. 

https://doi.org/10.1515/jpem-2016-0281 

93. Chapela, S.P., Simancas-Racines, A., Ceriani, F. et al. Obesity and Obesity-Related 

Thyroid Dysfunction: Any Potential Role for the Very Low-Calorie Ketogenic Diet 

(VLCKD)?. Curr Nutr Rep 13, 194–213 (2024). https://doi.org/10.1007/s13668-024-

00528-w 

94. OBAID, Khamael Hasan; MAJEED, Maysaa Jalal. Exploring the Impact of the 

Ketogenic Diet on Thyroid Function. Modern Sport, 2024, 23.2. 

https://doi.org/10.1515/jpem-2016-0281
https://doi.org/10.1007/s13668-024-00528-w
https://doi.org/10.1007/s13668-024-00528-w


18 

95. WANG, Xiaoqian, et al. The association between circulating trans fatty acids and 

thyroid function measures in US adults. Frontiers in Endocrinology, 2022, 13: 928730. 

96. Zmiany mikrobioty jelitowej u pacjentów z zapaleniem tarczycy Hashimoto, Fuya 

Zhao 1, Jing Feng 1, Jun Li 1, Lei Zhao 1, Yang Liu 1, Huinan Chen 1, Ye-jin 1, 

Biqiang Zhu 1, Yunwei Wei 1 

97. Wykrywanie zmian w mikrobiomie jelitowej i przepuszczalności jelit u pacjentów z 

zapaleniem tarczycy Hashimoto, Leonardo César de Freitas Cayres 1, Larissa 

Vedovato Vilela de Salis 2, Guilherme Siqueira Pardo Rodrigues 1, André van 

Helvoort Lengert 3, Ana Paula Opiekunka Biondi 1, Larissa Donadel Barreto 

Sargentini 1, João Luiz Brisotti 1, Eleni Gomes 2, Gislane Lelis Vilela de Oliveira 

98. Fröhlich E, Wahl R. Microbiota and thyroid interaction in health and disease. Trends 

Endocrinol Metab TEM. (2019) 30:479–90. 10.1016/j.tem.2019.05.008  

99. Knezevic J, Starchl C, Tmava Berisha A, Amrein K. Thyroid-gut-axis: how does the 

microbiota influence thyroid function? Nutrients. (2020) 12:1769. 

10.3390/nu12061769 

100. Levy M, Kolodziejczyk AA, Thaiss CA, Elinav E. Dysbiosis and the immune 

system. Nat Rev Immunol. (2017) 17:219–32. 10.1038/nri.2017.7 

101. Fenneman AC, Rampanelli E, Yin YS, Ames J, Blaser MJ, Fliers E i in.. 

Mikrobiota jelitowa i metabolity w patogenezie chorób endokrynologicznych . 

Biochem Soc Trans. (2020) 48 :915–31. 10.1042/BST20190686 

102. Ishaq HM, Mohammad IS, Guo H, Shahzad M, Hou YJ, Ma C. Molekularna 

ocena zmian w składzie mikroflory jelitowej u pacjentów z zapaleniem tarczycy 

Hashimoto . Biomed Pharmacother Biomedecine Pharmacother. (2017) 95 :865–74. 

10.1016/j.biopha.2017.08.101  

103. Liu S, An Y, Cao B, Sun R, Ke J, Zhao D. Skład mikrobiomu jelitowego u 

pacjentów z zapaleniem tarczycy Hashimoto z eutyreozą i niedoczynnością tarczycy . 

Int J Endocrinol. (2020) 2020 :5036959. 10.1155/2020/5036959 

104. Su X, Zhao Y, Li Y, Ma S, Wang Z. Dysbioza jelitowa jest związana z 

pierwotną niedoczynnością tarczycy i oddziałuje na oś jelitowo-tarczycową . Clin Sci 

Lond Engl. (1979) (2020) 134 :1521–35. 10.1042/CS20200475 

105. Oś tarczyca-jelita: Jak mikrobiota wpływa na funkcjonowanie tarczycy; Jovana 

Knezevic, Christina Starchl, Adelina Tmava Berisha, Karin Amrein 

106. Current Evidence on the Efficacy of Gluten-Free Diets in Multiple Sclerosis, 

Psoriasis, Type 1 Diabetes and Autoimmune Thyroid Diseases, Moschoula Passali,1,2 

Knud Josefsen,3 Jette Lautrup Frederiksen,1,2,* and  Julie Christine Antvorskov3 

107. Gastrointestinal microbiome and gluten in celiac disease, Xingxing Wu,a Lin 

Qian,a Kexin Liu,a Jing Wu,b and  Zhaowei Shana 

108. The Gluten-Free Diet for Celiac Disease and Beyond, Bara Aljada, Ahmed 

Zohni, and  Wael El-Matary* 

109. Celiac disease: a comprehensive current review, Giacomo Caio,#1,2 Umberto 

Volta,#3 Anna Sapone,2,4 Daniel A. Leffler,4,5 Roberto De Giorgio,1 Carlo 

Catassi,#2,6 and Alessio Fasano#2 



19 

110. Stazi AV, Trinti B. Carenza di selenio nella malattia celiaca: rischio di 

tireopatie autoimmuni [Selenium deficiency in celiac disease: risk of autoimmune 

thyroid diseases]. Minerva Med. 2008 Dec;99(6):643-53. Italian. PMID: 19034261. 

 


