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ABSTRACT

Objective: The aim of this narrative review was to summarize the current state of knowledge regarding the role of the gut
microbiome in the pathogenesis of Hashimoto’s disease and to discuss potential microbiome-targeted therapeutic strategies.
Methods: A narrative literature review was conducted using publications indexed in the PubMed, Google Scholar and
Scopus databases. Original research articles, systematic reviews, and meta-analyses focusing on Hashimoto’s disease and
gut microbiota interactions were included. Most studies were selected from the past 10-15 years, with approximately 80%
of the included literature published within the last five years (2021-2025), ensuring up-to-date evidence.

Key findings: Available evidence indicates that patients with Hashimoto’s disease exhibit gut dysbiosis characterized by
reduced microbial diversity, decreased abundance of short-chain fatty acid-producing bacteria, and an overrepresentation of
potentially pathogenic microorganisms. These alterations are associated with impaired intestinal barrier integrity, increased
systemic inflammation, and dysregulation of immune responses, particularly an imbalance between regulatory T cells and
Th17 lymphocytes. Furthermore, microbiome disturbances may contribute to thyroid autoimmunity through mechanisms
such as molecular mimicry and translocation of bacterial antigens. Emerging studies suggest that dietary modification,
probiotic and synbiotic supplementation, and fecal microbiota transplantation may positively influence thyroid function and
immune regulation.

Conclusions: Although levothyroxine replacement remains the standard treatment for Hashimoto’s disease, modulation of
the gut microbiome represents a promising adjunctive therapeutic approach. Further well-designed clinical trials are required
to clarify causal relationships and evaluate the efficacy of microbiome-targeted interventions in autoimmune thyroid disease.
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Introduction

Hashimoto’s disease (HD) is an autoimmune disease that destroys thyroid follicular cells via cell- and
antibody-mediated mechanisms. This disease is also known as chronic autoimmune thyroiditis, chronic
lymphocytic thyroiditis and Hashimoto’s thyroiditis (HT). HD is the most common cause of hypothyroidism
in developed countries. The overall global prevalence of this disease is estimated at 7.5%. It is higher in low-
and middle-income areas - around 11.4% (Hu et al., 2022). This condition was initially described by a Japanese
physician, Haruto Hashimoto, in 1912 as "struma lymphomatosa" after he found enlarged thyroids having
lymphocytic infiltration (Antonini et al., 2025). Along with Graves’ disease, it belongs to the spectrum of
autoimmune thyroid diseases.

Terms microbiome and microbiota are often used interchangeably, while the meaning behind them
varies. Microbiome is a collection of all microorganisms (including bacteria, archaea, viruses, fungi) and their
collective genetic material that residue within human body. Whereas microbiota is strictly restricted to the
organisms found in specific environment (Hou et al., 2022). The key milestone in microbiome research was
naming gut microbiota as “second genome” due to its large gene content exceeding that of the human genome
and therefore bringing the attention to the importance of the influence it might have on health (Grice & Segre,
2012). Interventions aimed at modifying the gut microbiome (GM) are increasingly investigated as potential
adjunctive interventions for supporting endocrine and immune homeostasis. New evidence suggests that
microbial dysbiosis may contribute to autoimmune thyroid diseases, including HD and Graves’ disease,
through immunomodulatory and metabolic pathways (Sawicka-Gutaj et al., 2022). The gut-associated
lymphoid tissue (GALT), which contains approximately 70% of the body’s immune cells, plays a central role
in immune regulation and host-microbiome interactions. GALT comprises various types of lymphoid tissues
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that store immune cells, such as T and B lymphocytes, which which mediate immune responses against
antigens (Fang & Ning, 2024).

Probiotics are defined as live microorganisms that, when administered in adequate amounts, confer a
health benefit on the host. Prebiotics are non-living, nondigestible food ingredients that beneficially affect host
health by selectively stimulating the growth and activity of bacteria in the colon, including digestion-resistant
oligosaccharides and dietary fiber (C. H. Kim, 2023). They are found naturally in many foods, such as wheat,
onions, bananas, honey, garlic, or leeks. Synbiotic, a combination of probiotic and prebiotic may exert
synergistic effects on microbial composition and function (Rawat et al., 2024). Dietetary interventions are
increasingly investigated as potential adjunctive strategies to support immune and endocrine homeostasis in
autoimmune thyroid disease.

The gut-thyroid axis is an emerging area of research that highlights the interaction between the GM and
the endocrine system. This narrative review summarizes recent evidence examining the role of the GM in HD.
We outline how microbiome alterations may contribute to autoimmune thyroid dysfunction and discuss the
potential of microbiome-based therapies, including diet, probiotics and fecal microbiota transplantation, as
emerging strategies in the management of HD.

Methodology

A narrative review was conducted based on a comprehensive search of the available scientific literature.
Major biomedical databases, including PubMed, Google Scholar, and Scopus, were systematically searched to
identify publications relevant to HD, HT, and the potential role of the GM in thyroid autoimmunity. Search
terms included combinations of the following keywords: “Hashimoto thyroiditis”, “Hashimoto disease”,
“autoimmune thyroid disease”, “gut microbiome”, “intestinal microbiota”, “thyroid autoimmunity”, “immune
modulation”, and “immune tolerance”. The search strategy was designed to capture studies exploring the
relationship between microbial composition, immune regulation, and the development or progression of
autoimmune thyroid disorders. Preference was given to peer-reviewed original research articles, systematic
reviews, and meta-analyses published within the past 10-15 years to ensure the inclusion of the most recent
scientific evidence. Approximately 80% of the included sources were published within the last five years
(2021-2025) to ensure the incorporation of the most up-to-date scientific evidence.

Hashimoto’s Disease

HD is the most common autoimmune thyroid disease and the leading cause of hypothyroidism in
populations with adequate iodine intake. The disease occurs significantly more frequently in women, with a
female-to-male ratio reaching up to 5-10:1 (Caturegli et al., 2013). The predominance of HD in women is
associated with the influence of sex hormones on the regulation of the immune response as well as the presence
of genetic predispositions. In addition, the disease occurs more frequently in patients with Turner syndrome
and Down syndrome (Aversa et al., 2015). Currently, HD is considered a polygenic disease. Variants in genes
such as CTLA4, PTPN22, CD40, FoxP3, CD25, as well as the HLA region, which are involved in the control
of immune tolerance, increase the risk of disease development (Zaletel & Gaberscek, 2011). However, it should
be noted that no single genetic variant is sufficient to cause the disease in the absence of environmental factors.
As in many allergic and autoimmune diseases, the prevalence of HD is higher among individuals living in
more hygienic environments with reduced exposure to microbial factors (Wiersinga, 2016). The combined
influence of genetic and environmental factors leads to a loss of immune tolerance to thyroid antigens and
infiltration of the thyroid gland by activated autoreactive T lymphocytes and B lymphocytes differentiating
into plasma cells that produce antithyroid antibodies: anti-thyroid peroxidase (anti-TPO) and anti-
thyroglobulin (anti-Tg) (Rydzewska et al., 2018). CD8" T lymphocytes play a key role in immune dysfunction;
these cytotoxic cells infiltrate the thyroid gland, leading to inflammation and, consequently, destruction of
thyroid follicular cells (Ehlers et al., 2012). CD4* T lymphocytes activate other immune cells, primarily
macrophages and B lymphocytes, resulting in the production of autoreactive antibodies. Various subsets of
CD4* T lymphocytes, including Th1, Th2, Th17, and Treg cells (regulatory T cells) perform distinct functions,
and disturbances in their balance contribute to disease pathogenesis (Rydzewska et al., 2018) Importantly,
Treg lymphocytes play a crucial role in promoting immune tolerance and preventing excessive immune
responses; in HD the number of Treg cells is reduced (Pyzik et al., 2015). Through chronic lymphocytic
infiltration, production of proinflammatory cytokines, and cytotoxic mechanisms, progressive fibrosis occurs,
leading to gradual destruction of thyroid follicular cells and a consequent decline in thyroid hormone synthesis
(Avramidou et al., 2023). HD may remain clinically asymptomatic or subclinical for a long period; however,
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as thyroid hormone production decreases, symptoms such as chronic fatigue, dry skin, weight gain, and mood
disturbances begin to appear. The diagnosis of HD includes assessment of thyroid hormone levels thyroid-
stimulating Hormone (TSH), free triiodothyronine (fT3) and free thyroxine (fT4), evaluation of antithyroid
antibodies, and ultrasonographic examination, in which a heterogeneous, hypoechoic thyroid parenchyma is
characteristic. This ultrasonographic appearance reflects the underlying chronic inflammatory process.

Human Gut Microbiome

Out of all microbiomes in human body, (e.g. in uterus, skin, oral mucosa, lung) GM is the most
significant (Hou et al., 2022). On average, the human body contains approximately 38 trillion bacteria, the vast
majority, representing up to 3000 different species are found in gastro-intestinal system. Different studies
estimate the total weight of GM to be between 0,2 to 2kg, with body mass being a key influencing factor
(Cheng et al., 2022; Sender et al., 2016). Rather than static state, microbiome’s composition is a constantly
changing environment due to various factors such as age, diet, stress, physical activity, medications or
comorbid condition (Rehner et al., 2025). Currently it is well known that GM plays a major role in homeostasis
of physical as well as mental well-being (Barb & Wallen, 2025). Dominant bacteria in healthy individuals are
Bacteroidetes and Firmicutes phyla, accounting for 90% of the total community, along with less abundant like
Actinobacteria and Proteobacteria. It is important to take into consideration that these findings might vary
greatly depending on geographical and technical differences in conducting research (Sun et al., 2024).
Additionally, the composition of the gut microbiota varies across different anatomical regions of the
gastrointestinal tract (Milani et al., 2017). Although components of the GM beyond bacteria - such as archaea,
viruses, and fungi - are relatively few, they have a significant impact on the microbial ecosystem. The gut
virome composed mainly by bacteriophages, remains a largely unexplored component of the microbiome,
although its direct impact in different therapies in gastrointestinal diseases such as fecal microbial
transplantation (Feng et al., 2025). Mycobiome - composed mostly of Candida, Saccharomyces and
Cladosporium, help maintain intestinal barrier function and modulate the immune system while forming
different relationship with bacteria. For example, fungi can prevent bacteria from growing by producing
alcohol, whereas some bacterial pathogens take advantage of fungal iron carriers to boost their own growth (H.
Y. Liu et al., 2025). It is believed that development of human microbiome starts at birth, with some new
research suggesting that vertical transmission may occur already in uterus during pregnancy (Walker et al.,
2017). Birth is a crucial element of starting of development of child’s own microbiome. Human microbiota
can be passed like genetics from mother to child and the method of delivery seems to have an impact. Neonates
delivered vaginally exhibited a GM with higher diversity than those delivered by cesarean delivery. Intestinal
colonization with Staphylococcus aureus, connected with higher level of gut inflammation, was higher in the
cesarean delivery babies, with maternal skin flora being the proposed source of colonization (Pahirah et al.,
2024). Infant’s GM depends greatly on its mother’s gut, skin, vaginal microbiome, gestational age,
environmental exposure and type of feeding (Mady et al., 2023). Systematic review proved that formula-fed
infants have reduced microbial diversity and lower levels of beneficial bacteria such as Lactobacillus and
Bifidobacterium compared to breastfed group. This supports the thesis that diet is one of the strongest, if not
the strongest - modifiable factor shaping GM (Asnicar et al., 2025). One of many studies on diet and GM
showed that diet rich in animal proteins can lead to increased production of trimethylamine-N-Oxide from
intestinal microbiota and increasing the risk of cardiovascular disease, while plant-based proteins could
positively influence gut microbial homeostasis. Western-type diet with high intake of saturated fats and omega-
6 PUFA can lead to dysbiosis, gut barrier alterations, and metabolic disorders. These revelations open the
possibility of diet as a therapeutic modulator of all the diseases connected with microbiome disbalance
(Rinninella et al., 2023). Microbial communities become more stable and begin to resemble the ‘adult-like’
GM when a child is between 1 and 2 years old (Sommer & Béackhed, 2013). The importance of the microbiome
lies in its involvement in multiple physiological pathways and functions. From early life onwards, it contributes
to the development of the intestinal epithelium and immune system maturation., it is taking part in development
of intestinal epithelium and immune system. It influences the characteristics of the mucus layer, supports the
formation of lymphoid structures, regulates the activation and differentiation of various lymphocyte
populations, and helps maintain a balance in the production of immunoglobulin A and antimicrobial peptides.
Another important mechanism to mention is metabolites produced by bacteria, that can connect with receptors
on immune cells of intestine and modulate the immune response. The most known being short-chain fatty acids
(SCFA), produced from fermentation of fiber delivered to the intestine with food. SCFA are associated with
increased immunoglobulin production. They modify gene expression, encourage neutrophil migration and can
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be considered indicators of a healthy gut ecosystem (S. Kim et al., 2025,Fusco et al., 2023). Any imbalance in
GM might be linked to numerous health conditions, not only within gastrointestinal system (e.g. inflammatory
bowel disease, celiac disease) but also considering metabolic diseases (e.g. diabetes and obesity), psychiatry
(e.g. anxiety, depression), neurodegenerative (e.g. Alzheimer’s, Parkinson’s) and oncology (e.g. colorectal,
breast cancer) (Olvera-Rosales et al., 2021).

Importance of human microbiome in pathogenesis of Hashimoto’s disease

Significant gut dysbiosis has been observed in HD. A commonly reported finding is a reduction in
microbial diversity accompanied by alterations in bacterial composition. A decreased abundance of commensal
bacteria such as Bifidobacterium, Lactobacillus, Megamonas, and other bacteria belonging to the order
Clostridiales has been described, along with an increase in populations of potentially pathogenic strains,
including Klebsiella, Bacteroides, members of the Proteobacteria group, and Desulfobacterota, as confirmed
by published analyses (Kovenskiy et al., 2025). This study additionally demonstrated that Romboutsia and
Haemophilus, whose abundance is associated with FT3 levels alterations, may contribute to the progression of
HD, whereas Faecalibacterium and members of the Lachnospiraceae family, regulated by FT4, appear to exert
a protective effect on the host (J. Liu et al., 2022). This dysbiosis consequently leads to metabolic disturbances
within the gut. One of the most significant effects appears to be a reduction in the production of SCFAs. As
previously mentioned, SCFAs play a crucial role in strengthening intestinal mucosal defense mechanisms and
maintaining gut barrier integrity. Decreased SCFA production results in disruption of immune homeostasis,
leading to impairment of the intestinal barrier and alterations in T lymphocyte subset distribution. (Jiang et al.,
2025)(Gong et al., 2024) In the presence of SCFA deficiency, there is also an increased production of
proinflammatory cytokines such as IFN-y and TNF-a, along with critical disturbances in the balance between
Treg and Th17 cells. (Zhu et al., 2024) Furthermore, increased intestinal permeability (leaky gut syndrome)
allows for the translocation of lipopolysaccharide (LPS) and other bacterial antigens into the bloodstream,
thereby amplifying systemic inflammation. This process promotes the loss of thyroid immune tolerance,
manifested by the production of anti-TPO and anti-Tg autoantibodies characteristic of HD (Jiang et al., 2025).
Molecular mimicry has been proposed as one of the mechanisms, whereby protein fragments of certain
Lactobacillus and Bifidobacterium strains share structural similarity with thyroid antigens such as thyroid
peroxidase and thyroglobulin. Additionally, some Lactobacillus species may increase the proportion of Th17
lymphocytes at the expense of a reduced number of Treg cells in the gut, thereby favoring the development of
autoimmune diseases (Sessa et al., 2025). Although gut bacterial dysbiosis in HD is well documented, the role
of the gut virome, including bacteriophages, remains largely unexplored and is currently limited to indirect
evidence suggesting a potential modulatory effect through microbiome-immune system interactions (Fujimoto
et al., 2022). Emerging evidence supports a bidirectional relationship within the gut-thyroid axis, where gut
microbiota composition may influence thyroid autoimmunity, while thyroid hormone levels in turn modulate
microbial diversity and metabolic activity. This dynamic interaction suggests that dysbiosis in HD may
represent both a contributing factor to disease development and a consequence of altered thyroid function
rather than a unidirectional process (Parveen et al., 2025).

Treatment

Currently, the treatment for HD focuses on managing hypothyroidism and is based on administering
synthetic thyroid hormone (levothyroxine). The drug is administered orally, in the morning on an empty
stomach for optimum absorption. No prevention or cure of the disease has been proven yet. Diet remains one
of the non-invasive approaches that can provide benefits in HD. Foods rich in nutrients such as vitamin D,
antioxidants, unsaturated fatty acids, magnesium, and zinc help reduce thyroid inflammation. lodine and
selenium are essential in thyroid hormone synthesis, therefore foods such as dairy, eggs, seafood might be
recommended to ensure adequate intake of these elements (Danailova et al., 2022). Correction of selenium,
iron, or vitamin D deficiencies appears to contribute to lower risk and more efficient treatment of HD (Antonini
et al., 2025). Recent evidence suggests that selenium supplementation may reduce TSH levels in patients not
receiving thyroid hormone replacement therapy. While anti-TPO levels were lower in patients supplementing
selenium, with or without levothyroxine therapy (Huwiler et al., 2024). Eliminating gluten and lactose is not
recommended in the diets of patients without gastrointestinal disorders, but only in groups with confirmed
intolerance or celiac disease. Anti-inflammatory diets are characterized by high intake of plant food, omega-3
fatty acids, proteins, fiber and antioxidants, with limited saturated fats, sugars, and refined carbohydrates. One
example is Mediterranean diet, which has been shown to lower oxidative stress parameters and as a result
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might reduce inflammatory processes in thyroid (Osowiecka & Myszkowska-Ryciak, 2023) Hollywood et al.
reported that paleolithic diet, which is based on lean meats, fish, fruits, vegetables, may reduce thyroid
autoantibody levels and influence thyroid hormone concentrations in patients with autoimmune thyroid
diseases (Hollywood et al., 2023). Probiotics are commonly used in treating antibiotic-associated diarrhea,
gastrointestinal disorders, respiratory infections, bacterial vaginosis or atopic eczema. They maintain mucosal
integrity by strengthening the epithelial junctions and enhance intestinal barrier function (preventing leaky gut
syndrome). Recent meta-analysis results indicates that probiotics and synbiotics oral supplementation leads to
a significant reduction in TSH and increased T3 and T4 levels. The mechanism behind it is strengthening the
gut barrier, lowering systemic inflammation by downregulating IL-6 or TNF-0, modifying the hypothalamic-
pituitary-thyroid axis and enhancing the absorption of essential micronutrients for thyroid hormone production,
including selenium, zinc, and iodine (Karimi et al., 2025). A recent study proposed a comprehensive evaluation
of nutritional intervention using the probiotic Lactiplantibacillus plantarum 299v (Lp299v) in patients with
HD. According to this study, personalized nutrition education may improve nutritional status and quality of
life, with the Lp299v strain potentially enhancing these benefits, particularly regarding quality of life
(Osowiecka et al., 2025). Prebiotics have been less extensively studied as independent interventions in HD,
however, they exert the effects of probiotics by selectively promoting the growth of beneficial gut bacteria,
such as Faecalibacterium and Bifidobacterium, and by increasing the production of SCFAs, which possess
immunomodulatory and anti-inflammatory properties. In recent years, fecal microbiota transplantation (FMT)
has emerged as a potential therapeutic strategy for several diseases associated with microbiome dysbiosis. By
optimizing the donor selection strategy, FMT exhibited the highest effectiveness (more than 90%) in treating
intestinal infections, such as recurrent Clostridioides difficile infection (Tian et al., 2024).Experimental studies
provide compelling evidence for the functional consequences of dysbiosis in HD. In one experimental model,
fecal microbiota transplantation from patients with HD into healthy mice resulted in exacerbated thyroid
inflammation, reflected by elevated titers of thyroid autoantibodies (notably anti-Tg) and disrupted T-cell
population balance. Conversely, transplantation of microbiota from healthy donors into animal models
attenuated autoimmune manifestations (Zhang et al., 2024). A randomized, double-blind, placebo-controlled
trial (IMITHOT) is undertaken in the Netherlands, to test whether FMT can pause disease progression and
improve thyroid function in patients with HD. Participants receive allogenic or autologous FMT with follow-
up at 6, 12, and 24 months to assess thyroid hormone release. Positive results from this trial may open
possibilities for the future clinical applications of microbial-targeted therapy in individuals with HD
(Fenneman et al., 2023). At present, this method is still an experimental approach, but it underscores the
importance of the GM in thyroiditis pathogenesis.

Diet rich in vitamin D, magnesium, zinc, antioxidants, and unsaturated fatty acids
Correction of iodine and selenium deficiencies
Mediterranean diet and Paleolithic diet
Gluten-free diet in patients with celiac disease and gluten intolerance
Synbiotic supplementation
Nutritional education + Lactiplantibacillus plantarum 299v supplementation
Fecal microbiota transplantation (FMT)

Positive influence

~

Vs

L

S~

Fig. 1. Potential microbiome-related therapeutic factors in Hashimoto’s disease
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Conclusions

HD is a condition with a complex pathogenesis in which, alongside genetic and environmental factors,
disturbances in immune system regulation play a significant role. Patients with HD exhibit characteristic
alterations in gut microbiota composition, including reduced microbial diversity and a shift toward bacteria
with pro-inflammatory potential. Gut dysbiosis may contribute to the development and progression of thyroid
autoimmunity through impairment of intestinal barrier function, reduced production of SCFAs, disruption of
T-lymphocyte subset balance, and amplification of inflammatory processes. Findings from experimental and
clinical studies indicate that modulation of the gut microbiome may influence the course of HD, as well as
thyroid function parameters. Dietary interventions, supplementation with probiotics and synbiotics, and
correction of micronutrient deficiencies when present, may serve as valuable adjuncts to standard HD treatment.
FMT remains an experimental approach. However, available data highlight its therapeutic potential and
underscore the importance of the GM in the pathogenesis of the disease. Further well-designed clinical trials
are required to clearly determine the efficacy and safety of microbiome-targeted therapies in patients with
autoimmune thyroid diseases.

List of abbreviations

HD Hashimoto’s disease

HT Hashimoto’s thyroiditis

GM gut microbiome

Treg regulatory T cells

GALT gut-associated lymphoid tissue
anti-TPO anti-thyroid peroxidase antibodies
anti-Tg anti-thyroglobulin antibodies
TSH thyroid-stimulating hormone
fT3 triiodothyronine

fT4 thyroxine

SCFA short-chain fatty acids

FMT fecal microbiota transplantation.
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