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Autoimmune thyroiditis (AITD) is a T-cell-mediated, organ- specific autoimmune disease caused by interactions between genetic and environmental factors. Patients with AITD show thyroid lymphocyte infiltration and an increase in the titer of thyroid autoimmune antibodies, thereby altering the integrity of thyroid follicle epithelial cells and dysregulating their metabolism and immune function, leading to a decrease in multi-tissue metabolic activity. Research has shown that patients with AITD have a significantly higher risk of adverse pregnancy outcomes, such as infertility and miscarriage. Levothyroxine(LT4) treatment can improve the pregnancy outcomes of normal pregnant women with thyroid peroxidase antibodies(TPOAb) positivity, but it is not effective for invitro fertilization embryo transfer (IVF-ET) in women with normal thyroid function and positive TPOAb. Other factors may also influence pregnancy outcomes of patients with AITD. Recent studies have revealed that the gut microbiota participates in the occurrence and development of AITD by influencing the gut-thyroid axis. The bacterial abundance and diversity of patients with Hashimoto thyroiditis (HT) were significantly reduced, and the relative abundances of Bacteroides, fecal Bacillus, Prevotella, and Lactobacillus also decreased. The confirmation of whether adjusting the composition of the gut microbiota can improve pregnancy outcomes in patients with AITD is still pending. This article reviews the characteristics of the gut microbiota in patients with AITD and the current research on its impact in pregnancy.
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1 Background

Autoimmune thyroiditis (AITD) is a T-cell-mediated, organ-specific autoimmune disease that mainly manifests as Hashimoto’s thyroiditis (HT) and Graves’ disease (GD) (Antonelli et al., 2015). The incidence rate of AITD is approximately 5%, and is more common in women of childbearing age (Lee et al., 2015). It is accompanied by lymphocyte infiltration and elevated titers of thyroid autoimmune antibodies, such as thyroid peroxidase antibodies (TPOAb) and thyroid globulin antibodies (TgAb) (Fröhlich and Wahl, 2017), which are associated with varying degrees of hypothyroidism (Caturegli et al., 2014). Infiltrating lymphocytes can directly produce cytotoxicity in thyroid follicular cells or may indirectly affect their vitality and function through cytokines; this alters cell integrity and dysregulates their metabolism and immune function, leading to thyroid gland enlargement, gland fibrosis, decreased thyroid hormone (TH) levels, and ultimately reduced metabolic activity in multiple tissues (Ajjan and Weetman, 2015; Mori et al., 2012). It can cause a decrease in cardiovascular contractility and intestinal activity, coronary artery disease, hyperlipidemia, infertility, and neurosensory and musculoskeletal changes (Chaker et al., 2017).Therefore, it is crucial to reduce the incidence of AITD.

The etiology of AITD remains unclear. Epidemiological studies have shown that AITD is caused by interactions between genetic and environmental factors (Taylor et al., 2018). Genetic susceptibility plays a crucial role in autoimmune disorders, and immune modification genes (such as human leukocyte antigen classes I and II) and sites related to cytotoxic T lymphocyte-associated protein 4 (CTLA-4) may be involved in the autoimmune process. The interactions between these gene loci and environmental factors may affect the phenotype and severity of HT (Ajjan and Weetman, 2015). Environmental factors that may trigger the development of AITD include excessive iodine intake; deficiencies in selenium, iron, zinc, and vitamin D; intake of gluten (Liontiris and Mazokopakis, 2017), and alcohol; excessive stress; pregnancy; and the use of interferon, key immune modulators, such as iprimumab and alenzumab (Topliss, 2016).However, a study has found that smoking can reduce the risk of AITD (Effraimidis and Wiersinga, 2014). Recently, extensive research has indicated that the gut microbiota may play an important role in triggering AITD (Köhling et al., 2017), thus providing new ideas for treating AITD.




2 The correlation between AITD and gut microbiota



2.1 Gut microbiota

Gut microbiota is a general term for the microorganisms that parasitize the human intestine. It comprises bacteria, fungi, viruses, and archaea, with bacteria accounting for the majority. There are approximately 2000 species of gut microbiota, and more than 100 species have been identified by phylum classification. The main phylum categories include Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, and Verrucomycetes (Hardin et al., 2019). Among them, Firmicutes and Bacteroidetes account for > 90% of gut microbiota. The Firmicutes phylum has the highest number of bacteria, consisting of over 200 genera, including Lactobacillus, Mycoplasma, Bacillus, and Clostridium. The phylum Bacteroidetes includes more than 20 genera (Benson et al., 2010).

The gut microbiota undergoes corresponding changes owing to factors such as host genetics, diet, and environment, which can promote the growth of pathogenic bacteria (Kashtanova et al., 2016). Dysfunction of the gut microbiota not only causes a variety of gastrointestinal diseases, such as diarrhea, constipation, and enteritis, but can also induce chronic diseases, such as obesity, cardiovascular disease, diabetes, and metabolic syndrome (Marchesi et al., 2016; Cho and Blaser, 2012). Recent research has also shown that the intestinal flora and its metabolites may play a key role in the regulation of the immune system response and the development of autoimmune diseases, such as rheumatoid arthritis (RA) (Sun et al., 2019),multiple sclerosis (MS) (Cantoni et al., 2022), systemic lupus erythematosus(SLE) (Luo et al., 2018), type 1 diabetes(T1D) (Knip and Honkanen, 2017), and HT (Belvoncikova et al., 2022). The abundance of Prevotella in the feces of RA patients is higher (Alpizar-Rodriguez et al., 2019), and the genera Faecalibacterium and Bacteroides are reduced (Maeda and Takeda, 2019). Prevotella and Pseudomonas typically shows a decrease in the feces of patients with MS (Miyake et al., 2015), while the Akkermansia muciniphila typically increase (Ventura et al., 2019). Gut microbial diversity is significantly lower in patients with SLE with active disease than in non-SLE controls (Luo et al., 2018). In SLE patients, the relative abundance of Firmicutes decreased compared to the non-SLE controls, while Bacteroidetes increased (Hevia et al., 2014). A study conducted by Knip et al., to explore the relationship between gut microbiota and T1D, showed that children with positive islet-autoantibodies had a higher Bacteroidetes/Firmicutes ratio and lower Shannon diversity in the gut microbiota (Knip and Honkanen, 2017).




2.2 Characteristics of gut microbiota in patients with AITD

As shown in Table 1, some studies have proposed compositional modifications and bacterial ecological imbalances arise in the gut microbiota of patients with AITD, indicating that specific bacterial overgrowth and its impact on the gut-thyroid axis may play key roles in the occurrence and progression of AITD (Knezevic et al., 2020). This cross-sectional study compared 45 patients with HT of normal thyroid function (HTN), 18 patients with HT of hypothyroid status (HTH), and 34 healthy controls (CON). The bacterial abundance and diversity in patients with HTN and HTH were significantly lower than those in the healthy group, and patients with HTH showed the lowest intestinal microbial abundance (Liu et al., 2020a).


Table 1 | Characteristics of gut microbiota in patients with autoimmune thyroid disease.



Sequencing analysis by Zhao et al. identified specific differences in the microbiota. The feces of patients with HT showed an increase in Firmicutes and Actinobacteria levels, whereas Bacteroides and Proteobacteria decreased. The ratio of Firmicutes to Bacteroides was significantly increased, and patients with HTN had a higher abundance and diversity of gut microbiota than the CON group (Zhao et al., 2018). A recent study found that compared to patients with Graves’ disease, patients with HT had more abundant Firmicutes, fewer Bacteroidetes, and more Proteobacteria and Actinobacteria levels than the normal control group (Zhao et al., 2022). Ishaq et al. also proposed that the relative abundance of Proteobacteria in the feces of patients with HT was significantly increased, whereas the relative abundance of Firmicutes and Bacteroidetes was decreased (Ishaq et al., 2017). These three studies found that the HT group had high levels of Spirochaetaceae, Enterobacteriaceae, Alcaligenaceae, Trichocomaceae, Erythrobacteraceae, and Bacteroidaceae. In contrast, the levels of Prevotella, Ruminococcus, and Vibrio were decreased in the HT group (Zhao et al., 2018; Zhao et al., 2022; Ishaq et al., 2017).

At the genus level, the relative abundances of Bacteroides, fecal Bacillus, Prevotella, and Lactobacillus in the fecal samples of patients with HT decreased, while the relative abundances of Blautia, Ruminococcus, Rose, Clostridium, Longbuti, Dorea, and Eubacterium increased significantly (Zhao et al., 2018). Studies have also suggested a decrease in Prevotella levels in the feces of patients with HT (Ishaq et al., 2017). A meta-analysis showed that the abundance of Firmicutes, Bifidobacteria, and Lactobacillus in patients with AITD was lower than that in healthy controls; patients with HT having slightly higher levels of Bacteroides than in other bacteria. These taxa are associated with clinical indicators, such as an altered host metabolism or TPOAb and TgAb positivity in the host (Gong et al., 2021). A cross-sectional study of 22 patients with HT and 11 healthy individuals conducted by Zhao et al. showed that 18 genera in the microbiota of patients with HT were positively correlated with TPOAb or TgAb, whereas six genera were negatively correlated. In addition, the Heterobacteria genus is positively correlated with free thyroxine, Clostridium genus is negatively correlated with free thyroxine, and Pleurotus genus is negatively correlated with serum thyrotropin (TSH) (Zhao et al., 2018).




2.3 The mechanism of gut microbiota affecting the development of AITD

As shown in Figure 1, extensive research has been conducted on the mechanism by which the gut microbiota affects AITD development. Minerals such as selenium, iron, and zinc have a significant impact on the interactions between the host and gut microbiota (Knezevic et al., 2020), which affect TH levels by regulating iodine uptake, degradation, and hepatic-intestinal circulation (Fröhlich and Wahl, 2019). The gut microbiota produces its own antigens through protein post-translational modifications, activates Toll-like receptor 4 induced by lipopolysaccharide (LPS), induces T helper cell translocation from type 1 (Th1) to type 2 (Th2), reduces the integrity of intercellular connections, and promotes AITD development through intestinal leakage (Lerner et al., 2017). Some scholars also believe that changes in gut microbiota occur through post-translational modifications of luminal proteins, the transition of the intestinal mucosa to a pro-inflammatory environment, intestinal ecological imbalances leading to damage of the intestinal barrier, antigen entry into the circulation, activation of the immune system antibodies in the circulation, which react with bacterial antigens to enhance inflammatory body activations in the thyroid gland, and excessive bacterial growth that participates in the development of autoimmune thyroiditis (Mu et al., 2017; Cayres et al., 2021; Tomasello et al., 2015). Another theory suggests that a decreased population of beneficial bacteria such as Lactobacillus and Bifidobacterium is related to the development of AITD. Lactobacillus has been proven to protect TH17 cells and support their barrier integrity by secreting IL-22 and IL-17. The Th17/Treg imbalance may cause inflammatory disorders, indicating that Lactobacillus participates in the immune system balance. Bifidobacterium and Lactobacillus exhibit anti-inflammatory effects and protect the body from pathogens. Moreover, increased Bacteroides fragilis may account for the upregulation of IL-18, IL-1β, and caspase-1, promoting an inflammatory response (Kiseleva et al., 2011). It has been proposed that bacterial strains participate in the development of HT by influencing glutathione and arachidonic acid metabolism, and purine and pyrimidine metabolism pathways; however, further validation is still needed (Zhao et al., 2022).




Figure 1 | The possible mechanism of gut microbiota affecting the development of AITD.







3 The impact of AITD on pregnancy

Numerous studies have shown that AITD increases the risk of adverse pregnancy outcomes. Women may experience changes in hormone levels and metabolic needs during pregnancy, such as an increase demand for THs to meet the needs of fetal growth and brain development. Therefore, thyroid diseases are frequently observed during pregnancy (Krassas et al., 2010). Thyroid dysfunction during pregnancy can include overt hypothyroidism (OH) and subclinical hypothyroidism (SCH). The relative incidence rates of OH and SCH are approximately 0.3–1.0% and 4.0–17.8%, respectively (Shan and Wang, 2022). AITD is the main cause of hypothyroidism in pregnant women, with an average incidence of 7.8% (Krassas et al., 2015).



3.1 AITD and infertility

The incidence of infertility in women with AITD is high, with a prevalence of 52.3% in patients with GD and 47.0% in patients with HT (Quintino-Moro et al., 2014). In a prospective study, 438 women with infertility and 100 healthy women in postpartum were compared, and it was found that the prevalence of TPOAb positivity was significantly higher among women with infertility factors than those of the healthy group (Poppe et al., 2002).




3.2 AITD and miscarriage

AITD is associated with recurrent miscarriage (RM). Some scholars believe that autoimmunity in women with AITD affects embryo implantation by inducing endometrial receptive defects (Kim et al., 2011; Liu et al., 2020b; Wu et al., 2019), leading to an increase in fetal miscarriages. Some scholars also believe that, in women affected by thyroid autoimmunity, the thyroid may have insufficient TH release in the early stages of pregnancy, and their increased miscarriage rate may be due to TH deficiency rather than a systemic overreaction of the immune system (Abalovich et al., 2007). The local effects of TH on female reproductive organs and embryos during embryo implantation are crucial for successful pregnancies (Stavreus Evers, 2012).

A prospective cohort study conducted in women with infertility found that the median serum TSH levels were significantly higher in TPOAb- and TgAb-positive women than in women without AITD (Unuane et al., 2013). The TSH level is a sensitive indicator of thyroid function during pregnancy (Tortosa, 2011). The upper limit of the normal value of TSH in early pregnancy should be 4.0 mU/L, and 2.5 mU/L≤ TSH< 4.0 mU/L is called the normal high value of TSH. Women with positive thyroid antibodies or those undergoing assisted reproduction require levothyroxine (LT4) (Shan and Wang, 2022). Therefore, some scholars used LT4 intervention as adjuvant therapy in 227 women with AITD who suffered from RM and it was found that low-dose LT4 treatment can, to some extent, prevent miscarriage (Dal Lago et al., 2021). Another study also showed that administering LT4 treatment to pregnant women with a history of hypothyroidism and TPOAb-positivity can improve their live birth rates and reduce miscarriages (Leng et al., 2022). However, some studies have found that LT4 treatment did not increase live birth rates in women with RM, normal thyroid function, and positive TPOAb (van Dijk et al., 2022). Hong et al. also confirmed that LT4 treatment did not reduce miscarriage rates or increase live birth rates in women undergoing in vitro fertilization embryo transfer (IVF-ET) with intact thyroid function and positive TPOAb (Wang et al., 2017). The use of glucocorticoids and aspirin as adjunctive therapies in euthyroid women with AITD undergoing IVF-ET may not improve pregnancy or live birth rates either (Zhou et al., 2022).




3.3 AITD and other adverse pregnancy outcomes

After analyzing 35 studies, we found that TPOAb-positive women had a higher risk of premature birth than TPOAb-negative women. The relationship between TPOAb positivity and premature birth appears to be related to TSH concentration. TPOAb-positive women with TSH concentrations higher than 4.0 mU/L have a higher risk of premature birth (Korevaar et al., 2019). Tang et al. found that with an increase in TPOAb and TgAb (in early and mid-pregnancy), the maternal risk of gestational diabetes mellitus (GDM) significantly increased. Therefore, the presence of thyroid antibodies can predict postpartum glucose abnormalities in individuals with GDM (Tang et al., 2021). Some studies have evaluated the impact of LT4 on the risk of miscarriage, premature birth, preeclampsia, placental abruption, birth weight, gestational age at delivery, and neonatal admission rate in TPOAb-positive pregnant women with normal thyroid function; nevertheless, no significant differences between the LT4 administrated and control groups were found. However, there has been a downward trend in premature births and miscarriages.





4 Gut microbiota and pregnancy

In recent years, increasing evidence has shown that sex hormones can affect the structure of gut microbiota, and sex hormones act through steroid receptors directly regulate the metabolism of bacteria (Yoon and Kim, 2021). Autonomous diseases are typically more prevalent in women than in men (Quintero et al., 2012). A role for gut microbiota in the sex bias in autoimmunity has been revealed by different studies in animal models. This bias is at least partially mediated by the microbial metabolism of sex hormones (Ortona et al., 2016). Pregnancy is a special period for women, as the body undergoes various physiological changes, which provides the fetus with the best growth and development conditions (Costantine, 2014).Changes of hormones in pregnancy can alter the gut microbiota structure of pregnant women (Koren et al., 2012). As pregnancy progresses, there is a significant enrichment of Neisseria, Brautia, Collins, and Bifidobacterium genera. The increase in relative abundance of Bifidobacterium is highly likely mediated by progesterone (Nuriel-Ohayon et al., 2019). Throughout pregnancy, significant changes occur in the gut microbiota of mothers, which subsequently affect the gut microbiota of infants. Changes in microbiome composition occur between the first and third trimesters of pregnancy (Gorczyca et al., 2022). Scholars transplanted fecal microbiota from the first and third trimesters of pregnancy into sterile mice. Compared with mice transplanted with the first trimester of pregnancy microbiota, mice transplanted with the third trimester of microbiota showed significant weight gain, insulin resistance, and greater inflammatory response (Koren et al., 2012). Akkermansia, Bifidobacteria, and Firmicutes populations increase, which is related to an increase in energy storage requirements. Proteobacteria and Actinobacteria levels increase, owing to their pro-inflammatory properties, and have protective effects on both mothers and fetuses (Rodríguez et al., 2015). The mechanism of these changes involves the regulation of the brain and intestinal axes by production of maternal estrogen and progesterone, as well as immune activation of the intestinal mucosa (Mulak et al., 2014; Stanislawski et al., 2017).

As shown in Table 2, many studies have demonstrated that the gut microbiota is associated with many diseases during pregnancy. A study conducted among 100 women showed that 26 pregnant women with preeclampsia had a significantly lower abundance of Prevotella, Porphyromonas, Varibaculum, and Lactobacillus than pregnant women without this complication (Huang et al., 2021). Liu also reported significant structural changes in the gut microbiota of patients with preeclampsia. In these patients, there was an overall increase in the pathogenic bacteria Clostridium perfringens and Bulleidia moorei, but a reduction in the probiotic bacteria Coprococcus catus (Liu et al., 2017). Fetal growth restriction (FGR) is a common obstetric complication and also known as intrauterine growth restriction (IUGR) (Sharma et al., 2016). By 16S rDNA amplicon sequencing of samples, collected from pregnant women in the FGR and control groups, it was revealed that the genera Bacteroides, Faecalibacterium, and Lachnospira were highly abundant in the FGR group (Tu et al., 2022). GDM is one of the most common metabolic complications of pregnancy and its prevalence has significantly increased over the last few years (Filardi et al., 2019). Cortez et al. found an increase in Firmicutes and a decrease in Bacteroides levels in patients with GDM, as well as an increase in Firmicutes/Bacteroides (F/B) ratio in late pregnancy (Cortez et al., 2019). The increase in the F/B ratio is associated with low-grade inflammation, insulin resistance, and obesity (Pascale et al., 2019). Sililas et al. also found that the F/B ratio in the third trimester of pregnancy was higher in patients with GDM than in those of the control group (Sililas et al., 2021). Specific shifts in microbial composition were also associated with maternal factors such as BMI, weight, and weight gain during pregnancy. A higher number of Bifidobacterium organisms and lower levels of Staphylococcus may protect the mother from developing excess weight (Collado et al., 2008; Santacruz et al., 2010). A study found that overweight participants had significantly higher fecal concentrations of the genus Bacteroides and a lower F/B ratio (Schwiertz et al., 2010).


Table 2 | Characteristics of gut microbiota in pregnant women with other diseases.






5 Summary

AITD increases the risk of infertility, miscarriage, and other adverse pregnancy and neonatal outcomes. The use of LT4 intervention can reduce adverse outcomes in patients with normally high TSH levels. However, it is not effective in euthyroid patients with AITD who undergo IVF-ET assisted pregnancy. It is not clear whether other factors affect adverse pregnancy outcomes in patients with AITD (van Dijk et al., 2022). Therefore, a new interventional approach is required to reduce adverse outcomes. Some researchers have found differences in the composition of the gut microbiota between patients with AITD and the normal population. Specific bacterial overgrowth and its impact on the gut-thyroid axis may promote thyroid antibody production. Currently, little research has explored the relationship between specific differences in gut microbiota composition in patients with AITD, and especially of those who are pregnant. It is unclear how the gut microbiota contributes to adverse pregnancy outcomes in TPOAb-positive women. Whether it is possible to improve the pregnancy outcomes of patients with AITD by regulating the composition of the gut microbiota still needs to be confirmed.
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Bacterial abundance

‘The microbial richness of gut microbiota in
HT patients was significantly lower than in the
control group. HT patients with
hypothyroidism exhibited the least gut
‘microbial abundance.

Similar levels of bacterial richness and diversity
were found in the gut microbiota of HT
patients and healthy controls.

‘The gut microbiota abundance and diversity in
the GD and HT groups were similar to those
in the healthy groups, but the overall structure
was different.

‘The richness and diversity of bacterial
community were calculated at the 97%
similarity level.The diversity elevation indicates
a clear gut microbial overgrowth in patients
group in contrast to healthy control.

Specific differences in
the microbiota

HT patients with euthyroidism have more
Lachnospiraceae_incertae_sedis, Lactonifactor,
Alistipes, and Subdoligranulum, while HT with
hypothyroidism have more
Phascolarctobacterium. Phascolarctobacterium
‘may be involved in the progression of HT

in humans.

‘The abundance levels of Blautia, Roseburia,
Ruminococeus_torques_group, Romboutsia,
Dorea, Fusicatenibacter, and
Eubacterium_halli_group genera were increased
in HT patients, whereas the abundance levels of
Fecalibacterium, Bacteroides, Prevotella_9, and
Lachnoclostridium genera were decreased.

Compared to Graves' disease patients, HT
patients are more abundant in Firmicutes, and
have less Bacteroides, more Proteobacteria and
Actinobacteria than the normal control
‘group.Bacillus, Blautia, and Ornithinimicrobium
can be used as potential markers to distinguish
GD and HT patients from the healthy people.

‘The abundance of Prevotella_9 and Dialister
declines in HT group,while Escherichia-Shigella
and Parasutterella elevate. At the species leveit
also showed an increased abundance of E. coli
in HT.
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The most important taxa among women with excess gestational weight gain
(GWG) included Methanobrevibacter, Bifidobacterium, and Bacteroides, as well
as seven OTUs of the order Clostridiales. There were three OTUs,include
Blautia, SMB53, Methanobrevibacter, that were significantly higher among
women with excess GWG.
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Pregnant women with preeclampsia had significantly lower abundance of
Prevotella, Porphyromonas, Varibaculum, and Lactobacillus compared to those
without this complication. The abundance of Prevotella, Porphyromonas,
Lactobacillus, Mobiluncus, Campylobacter and Peptostreptococcus were
decreased significantly in the pregnant women with abnormal

placental growth

In preeclampsia patients, there was an overall increase in pathogenic bacteria,
Clostridium perfringens and Bulleidia moorei,but a reduction in probiotic
bacteria Coprococcus catus

At phylum level, Firmicutes was more abundant in the Fetal growth restriction
(FGR) group than in the control group. At genus level, Bacteroides,
Faecalibacterium, Lachnospira (all belong to Lachnospiraceae family) were
highly abundant in the FGR group as compared to the control group.

The GDM patients presented a significantly higher abundance of the genera
Bacteroides, Veillonella, Klebsiella, Escherichia-Shigella, Enterococcus, and
Enterobacter.There is an increase in Firmicutes and a decrease in Bacteroides
in GDM patients, as well as an increase in Firmicutes/Bacteroides (F/B ratio)
in late pregnancy.

There is a reduction in Lactobacillales from the time of GDM diagnosis to the
time before delivery (237 weeks gestation). F/B ratio was found higher in
GDM mother, when compared to their non-GDM counterparts, at the time
before delivery. However, these alterations were not observed in meconium
and the first feces of their newborn.

Bacteroides and Staphylococcus were significantly higher in the overweight
state than in normal-weight women. Mother’s weight and BMI before
pregnancy correlated with higher concentrations of Bacteroides, Clostridium,
and Staphylococcus. Microbial counts increased from the first to third
trimester of pregnancy. High Bacteroides concentrations were associated with
excessive weight gain over pregnancy.

Reduced numbers of Bifidobacterium and Bacteroides and increased numbers
of Staphylococcus, Enterobacteriaceae and Escherichia coli were detected in
overweight compared with normal-weight pregnant women. E. coli numbers
were higher in women with excessive weight gain than in women with normal
weight gain during pregnancy, while Bifidobacterium and Akkermansia
muciniphila showed an opposite trend.





